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Real-time validation of a digital flood-inundation model: 
A case-study from Lakes Entrance, Victoria, Australia
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ABSTRACT: Extensive flooding in the Gippsland Lakes catchment (Victoria, Australia) during June/July 
2007 caused much damaging urban area inundation within townships located on subdued, low-lying areas 
along semi-enclosed coastal lagoon shores. Data capture during the 2007 flood event facilitated ‘real-time’ 
validation of a photogrammetrically-derived high-resolution bare-earth terrain model, suitable for flood and 
storm surge/storm tide inundation modelling, which was independently developed for the townscape of Lakes 
Entrance, Victoria, Australia, by Wheeler et al. (2007). A lack of Integrated Coastal Zone Management (ICZM) 
stakeholder flood-risk digital spatial decision-support characterised this flood event, despite these stakehold-
ers experiencing a similar serious flooding event taking place some nine years previously (in late-June 1998). 
The results presented here indicate the immediate need for deployment of ‘detailed geography’; namely, the 
high-resolution digital elevation modelling of low-lying townscapes located along the shores of the Gippsland 
Lakes. It is argued that this type of modelling, and subsequent spatial data dissemination and stakeholder access 
(via regional SDI or issues-based web-map server) is essential to provide sectorally-based public and private 
management agencies with an integrated spatial decision-support capacity vis a vis future flood inundation risk, 
planning and management, in support of ICZM initiatives.

1 INTRODUCTION

Low-lying areas adjacent to coastal lagoons, tidal 
inlets and/or estuaries experience inundation condi-
tions when certain environmental ‘forcings’ (Tan et al., 
2002, Townend and Pethick, 2002), primarily act in 
concert: high influent catchment streamflows (caused 
by periods of extreme catchment rainfall), temporarily 
elevated coastal tidal and sea levels, and the regional 
effects of strong winds, not to mention storm surges 
(refer Bird, 2000: 20–21), can all act to temporarily 
raise coastal lagoon, tidal inlet or estuary water levels, 
especially if corresponding with highest astronomical 
tides. These locations often harbour high-value real 
estate and infrastructure developments, which have 
been constructed over long periods under the controls 
of changing land-use planning schemes. Vital to land-
use planning scheme credibility is the timely supply 
and mandating of accurate data and information on 
possible inundation scenarios for use in a stakeholder 
decision-support capacity.

The shorelines of the coastal lagoon system known 
as the Gippsland Lakes (comprising three intercon-
nected ‘lakes’: Lakes King, Victoria and Wellington), 
located in Victoria, Australia (refer Figure 1) possess 
extensive low-lying areas of subdued terrain which 
are subject to periodic inundation, and which contain 
areas of high-value urban development. Located at the 

eastern extremity of this lagoon system is the township 
of Lakes Entrance (refer Figure 2). Here, urban devel-
opment which began in the mid-Nineteenth Century 
now extends over an area that has become officially 
classed as ‘land subject to inundation’ (DSE, 2006). 
Over the past decade (in late-June 1998 and June/July 
2007), two damaging inundation events have occurred 
at the Lakes Entrance township, which were caused 
by convergence of environmental forcings mentioned 

Figure 1. The Gippsland Lakes (Victoria, Australia): 
location.
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above. During both events, Gippsland Lakes catch-
ment floodwaters produced the dominant environmen-
tal forcing contribution. In both cases, as Gippsland 
Lakes catchment floodwaters travelled through the 
lagoon system in their attempt to escape to sea through 
an artificially engineered entrance (located adjacent to 
the Lakes Entrance township—refer Figure 2), wide-
spread inundation of the Lakes Entrance township 
occurred. Both events were notably characterised by 
a lack of inundation information of a ‘spatial’ nature, 
to enable inundation scenario event planning and man-
agement by sectorally-based regional public Integrated 
Coastal Zone Management (ICZM) (refer Cicin-
Sain and Knecht, 1998) stakeholder agencies. Given 
the growth in coastal township property values over 
the past decade (part of the Australian demographic 
‘sea-change’ phenomenon—refer Salt, 2004), both 
planners and landholders have an interest in upgrad-
ing vulnerability assessments.

Research and development of a digital inundation 
modelling package for the Lakes Entrance township 
was commenced in early 2006 independently by 
Wheeler et al. (2007, 2008). The rationale for this 
research project was to produce Geographic Informa-
tion Systems (GIS)-based outputs and tools suitable 
for flood inundation extent modelling and inundation 
event scenario visualisation for the Lakes Entrance 
townscape to enable: a) possible future inundation 
extent estimation/prediction with individual land 
parcel resolution; b) the integration of digital spatial 
information to assist future land-use planning and 
decision-making regarding inundation events; c) the 
integration of digital spatial inundation information 
into local emergency services information systems to 
support flood event contingency planning; d) the pro-
vision of rapid ICZM stakeholder ‘mental map’ stabi-
lisation and consensus-building regarding inundation 
event scenarios, and; f) the assessment (including 

land parcel attribute documentation and geographical 
partitioning) of the relative inundation risk implica-
tions for insurance purposes.

During the inundation event of June/July 2007, 
data capture at the Lakes Entrance township, involv-
ing both ground-based oblique and aerial vertical 
and oblique photography, was completed. This data 
has been used to validate the GIS-based inundation 
modelling outputs derived from this research project. 
We report here the results of GIS-based inundation 
extent modelling and ‘open-access’ inundation visu-
alisation ‘tool’ development and validation. This type 
of research, when applied to other coastal low-lying 
settled areas on the shores of the Gippsland Lakes, 
could be applied and integrated into future land-
use planning schemes so that regional ICZM stake-
holder groups can obtain detailed inundation scenario 
decision-support. Interest attaches not only to new 
model and visualisation development, but to model-
ling with more detail than has hitherto been possible.

2 CONTEXT

2.1 The study area

Lakes Entrance, situated in the East Gippsland region 
of Victoria, Australia, is located adjacent to an artifi-
cially engineered entrance to the 400 km2 Gippsland 
Lakes. The artificial entrance to the Gippsland Lakes 
was engineered through a Holocene sandy barrier 
formation (see Bird, 1965) and opened in 1889. The 
contributing catchments of the Gippsland Lakes total 
20,000 km2 in area. The western rivers (the Latrobe, 
Thomson and Macalister Rivers) are highly regulated 
via large impoundments. The eastern rivers (the Avon, 
Mitchell, Nicholson, and Tambo Rivers) are presently 
ungated, excepting a small dam on the Nicholson 
River.

The progressive development of the Lakes Entrance 
urban townscape has taken place upon a former sandy 
barrier (Bird, 1965) whose terrain is now mostly 
below 1.8 m above Australian Height Datum (AHD). 
Since being dissected by streams during periods of 
lower sea levels, and eroded by post-Flandrian wave 
attack, it has been protected from swell wave attack 
by the development of an outer Holocene sandy bar-
rier. It persists to the present as a chain of islands, 
extending seaward of the marginal bluff that marks 
the pre-depositional interglacial marine limit.

2.2 Historical flooding at Lakes Entrance

The Victorian State Rivers and Water Supply Commis-
sion (SRWSC) (1952) identified that during a severe 
flood event at Lakes Entrance in June 1952, areas 
of the township experienced floodwater inundation 

Figure 2. The township of Lakes Entrance, showing 
proximity to the Gippsland Lakes artificial entrance.
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heights of between +1.844 m AHD and +1.392 m 
AHD. The current ‘Land Subject to Inundation Over-
lay’ (LSIO) value for the Lakes Entrance township is 
based on the 1:100 year return flood level height value 
of +1.8 m AHD (DNRE, 1998). The Victorian Gov-
ernment defines the LSIO as an area that can be ‘used 
as an interim measure to identify flood-affected areas 
where detailed information to define the floodway is 
not available’ (VPP, 2000). This value (+1.8 m AHD) 
was initially derived by application of the 1952 inun-
dation event data.

A major inundation event took place at Lakes 
Entrance during late-June 1998, caused by heavy 
sustained rainfall in the eastern sections of the 
Gipp-sland Lakes catchment (Rooney, 1998). Research 
by Tan et al. (2002) found that streamflows from 
eastern rivers (the Avon, Mitchell, Nicholson and 
Tambo) dominated Gippsland Lakes inflows over 
the course of this event, contributing a combined 
flow of 320,000 ML/day. At Lakes Entrance, flood-
water inundation levels of up to +1.3 m AHD were 
sustained during this event. McMaster (1998) relates 
that the water levels at Lakes Entrance reached their 
maximum height when the peak of the spring (flood) 
tide through the artificial entrance met the outgo-
ing floodwaters on the evening of 24 June 1998. The 
event coincided with the passage of a low pressure 
system across the Gippsland Lakes catchment (e.g. 
an East Coast Cyclone, or East Coast Low—refer 
Sturman and Tapper, 2001: 192) with concurrent 
winds of 10 m/s (Tan et al., 2002). Damages in the 
entire East Gippsland region from resultant flooding 
totalled $AU 77.5 million (Yeo, 2002).

Recent inundation height estimates for Lakes 
Entrance by Grayson et al. (2004: 6) recommend 
a 1:20 year return flood level of +1.3 m AHD; a 
1:50 year return flood level of +1.6 m AHD; and a 
1:100 year return flood level of +1.8 m AHD. Given 
the low-lying nature of the terrain upon which the 
Lakes Entrance township has been developed, it is 
clear that varying areas of the townscape are at risk 
of inundation. However, until GIS-based inunda-
tion extent research by Wheeler et al. (2007) was 
carried out prior to the June/July 2007 flood event, 
there existed no means of digitally visualising (in 
two and/or three-dimensions) any recommended or 
stakeholder-defined inundation extent scenarios for 
the Lakes Entrance township. Phase 1 of this research 
was devoted to development of an accurate bare-earth 
digital elevation model (DEM) of the Lakes Entrance 
township, such that this model could be deployed as 
suitable for inundation extent mapping.

2.3 Phase 1: Inundation extent modelling

The study area bare-earth DEM suitable for inunda-
tion extent modelling was produced by Wheeler et al. 

(2007) via deployment of stereo photogrammetry 
(using Leica LPS). Ground Control Point (GCP) 
collection was undertaken using survey-level RTK 
differential GPS (using Trimble R8). After manual 
validation of the bare-earth DEM and GCPs, con-
tours at 0.1 metre intervals, and flood inundation 
extent polygons (using ESRI ArcMap) were extracted. 
Separation of ground and non-ground height point 
clouds and digitisation of individual roofs allowed 
the true height of townscape buildings to be applied 
for three-dimensional visualisation purposes. These 
outputs are capable of being deployed within a GIS 
environment two or three-dimensionally, so that flood 
inundation scenario analysis can be supported with 
individual land parcel resolution.

The inundation modelling in this project refers to a 
uniform elevation of water heights in the North Arm, 
the Cunninghame Arm and the Reeves Channel (sur-
rounding the Lakes Entrance township) and, it is in these 
terms that the probable maximum extent flood inun-
dation (called the probable maximum flood, or PMF) 
for each inundation height above 0 m AHD is visual-
ised. Floodwater behaviour in an urban environment 
(e.g. refer Hingray et al., 2000; Tanguy et al., 2001; 
Aronica and Lanza, 2005) imposes more complexity 
upon scenario modelling than can be represented using 
this methodology. However, Smith (2002) suggests 
that to be useful for a variety of purposes, including 
insurance appraisal, inundation mapping must extend 
to the level of the worst case event (e.g. the PMF). It 
is also recognised that the duration of each respective 
flood height ‘peak’ at Lakes Entrance, which would be 
sustained by a combination of environmental forcings 
(such as highest astronomical tides), will influence the 
area and duration of maximum floodwater inundation 
extent.

2.4 Phase 2: Inundation scenario visualisation

Phase 2 of this project (carried out in the post-June/July 
2007 flood event period) entailed the construction of 
an Adobe Flash-based inundation visualisation ‘tool’ 
for the Lakes Entrance township study area, derived 
from the GIS-based inundation modelling outputs 
previously generated (refer Wheeler et al., 2008). 
This inundation visualisation allows public and private 
ICZM stakeholder groups, many of whom possess no 
GIS capabilities, to access inundation scenario infor-
mation for the Lakes Entrance township freely via the 
internet. The internet and the World Wide Web have 
long been recognised as having the potential to trans-
form the often closed view of GIS by dramatically 
increasing GIS applications to create new forms of 
geographic information representation, and to present 
new ways of addressing problems important to soci-
ety (MacEachren, 1998). Our approach has been to 
produce a visualisation tool that focuses specifically 
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on local flood risk, employing an interface following 
the principle of ‘functional minimalism’ to maxim-
ise ease of use and rate of adoption by new users. 
Carver (2001) suggests that application of intelligent 
interfaces to specific problem areas would encourage 
greater use by all stakeholder groups. The resultant 
zoomable and pannable interactive flood modelling 
visualisation ‘tool’ (refer Figure 3) enables all non-
expert ICZM stakeholders to obtain an overview of 
the effect of flooding at the Lakes Entrance township. 
The final visualisation has been deployed on the Web, 
and can be freely sourced at: http://sahultime.monash.
edu.au/LakesEntrance/.

McGlashan and Williams (2003) suggest that 
often, frameworks for coastal zone decision-making 
exclude participation by individuals and those with-
out institutional representation. Innovative participa-
tory techniques and tools, such as the interactive flood 
visualisation developed during Phase 2 of this project, 
can potentially strengthen the role of all coastal stake-
holders, especially those lacking institutional repre-
sentation, by providing spatial information which is 
easy to access and comprehend.

2.5 2007 flood event—description

A synthesis of data from the Commonwealth Bureau 
of Meteorology (BOM, 2008) for the Gippsland area 
for the months of June/July 2007 shows that a com-
plex low pressure system caused locally heavy rain-
fall in sections of the Gippsland Lakes catchment 
during 18–19 June 2007. This rainfall event caused 
minor flooding in the Mitchell River and Macalister 
River catchments. Between 26 and 28 June 2007, an 
intense East Coast low pressure system made land-
fall over the Gippsland Lakes catchment, which pro-
duced extremely heavy rainfall (in the order of over 
300 mm over a 24 hour period at some locations 
within the catchment). Most sub-catchments in the 
Gippsland Lakes catchment were already saturated 

due to the earlier rainfall event of 18–19 June 2007. 
Rainfall to runoff yields in some catchments (such as 
the Macalister River catchment) were increased dur-
ing these rainfall events due to the effects of intense 
bushfires experienced in Gippsland during the sum-
mer of 2006/7. For example, geomorphological stud-
ies of small montane catchments in the Macalister 
River catchment by Dunkerley (2008) shows that 
extraordinary runoff efficiencies of up to ∼50 m3/s/km2 
were achieved, which are presently amongst the high-
est known from any part of the world.

Due to the extreme nature of this event within the 
Macalister River catchment, both rainfall and stream-
flow gauges at some locations were washed away, and 
thus, their data could not be consulted. Discharges 
from Lake Glenmaggie to the Macalister River 
peaked at 147,000 ML/day, recorded at 1000 hrs 
on 28 June 2007. This figure is 112,000 ML/day 
higher than the recognised major flood class (which 
is 35,000 ML/day) for this stream, and this figure 
represents 46% of the total peak flow contributed by 
all four eastern catchment rivers (the Avon, Mitchell, 
Nicholson and Tambo Rivers) during the 1998 floods. 
Flood peaks recorded along the Macalister River dur-
ing this event were the largest on record. The Latrobe 
River, Thomson River, Avon River and Mitchell River 
catchments also experienced major levels of flooding 
during this event.

Gippsland Lakes catchment floodwaters travelled 
through the coastal lagoon system towards the arti-
ficial entrance, and caused elevated water levels at 
Lakes Entrance township from 28 June 2007 until 
floodwater levels gradually subsided after approxi-
mately one week. During this inundation event, apart 
from the GIS-based flood extents derived via Phase 1 
of this project (which were made available to ICZM 
stakeholders involved with inundation event man-
agement), no regional ICZM agency possessed any 
high-resolution spatial information to facilitate user-
defined inundation scenario decision-support for 
Lakes Entrance emergency management. Maximum 
floodwater heights reached at Lakes Entrance town-
ship during this event were recorded at 15 separate 
locations by the East Gippsland Catchment Manage-
ment Authority (EGCMA) as ranging from +1.055 m 
AHD to +1.292 m AHD. This variation is consist-
ent with recorded variations in maximum floodwa-
ter height obtained during the 1952 Lakes Entrance 
inundation event.

3 RESULTS

3.1 Validation of modelled inundation extents

Real-time capture of ground-based and aerial vertical 
and oblique imagery during the June/July 2007 Lakes 

Figure 3. The Flash-based open-access Lakes Entrance 
inundation visualisation tool interface.
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Entrance inundation event facilitated limited validation 
of modelled inundation extents. Aerial oblique digital 
imagery capture took place during two flights in light 
aircraft on 30 June and 2 July 2007 respectively, with 
collectively 300 separate digital images taken from a 
flying height of 500 ft above mean sea level. As suc-
cessive flood peaks at Lakes Entrance corresponded 
with highest astronomical tides at night, no imagery 
could be obtained representing the maximum extents 
reached during this event; the only record of maxi-
mum floodwater heights reached being recorded via 
manual survey by EGCMA of water level marks left 
by receeding floodwaters on standing infrastruc-
ture. Ground-based imagery was collected at various 
times throughout the inundation event. Vertical aerial 
imagery was obtained during 1 June 2007 was made 
available by the West Gippsland Catchment Manage-
ment Authority (WGCMA). Vertical aerial imagery 
capture at other times was restricted by the presence 
over Lakes Entrance of meteorological conditions 
unsuitable for air photo acquisition.

Three well-known townscape areas have been cho-
sen to exemplify our imagery-intensive visual valida-
tion process (refer Figure 4). Modelled inundation 
extents were compared with vertical and oblique aer-
ial imagery using ESRI ArcMap. Three-dimensional 
modelled extent validation was carried out by deploy-
ment of GIS-based inundation extent layers in ESRI 
ArcScene, and use of the ‘fly’ tool to position the on-
screen visualisation to approximately match the posi-
tion of the aerial oblique imagery.

Additionally, the Lakes Entrance visualisation tool 
provides scope for further modelling validation, as 
digital flood imagery collected during the inundation 
events of June/July 1998 and June/July 2007 has been 
incorporated as an interactive layer. Using this tool, 
images can be displayed on screen alongside inunda-
tion extents, which can be altered using the interactive 

flood slider to resemble inundation extents captured 
in real-time imagery.

3.2 Location A: Apex Park, Lakes Entrance

Apex Park is located at the western end of the Lakes 
Entrance township. Oblique aerial imagery data 
capture of this location was obtained at 1132 hrs on 
30 June 2007 (refer Figure 5). Comparison of figure 5 
with modelled inundation extents (refer Figure 6) at 
this time shows that actual floodwater inundation 
height was between +1.1 m AHD and +1.2 m AHD. 
Modelled extents at +1.2 m AHD compare favourably 
with actual photographed extents at this location. At 
Apex Park, there are no protective seawalls or coastal 
armouring for floodwaters to surmount before inun-
dating townscape urban areas.

Figure 4. Locations of Lakes Entrance township areas 
chosen to exemplify modelled inundation extent validation.

Figure 5. The Apex Park area, Lakes Entrance. Imagery 
captured 1132 hrs on 30 June 2007.

Figure 6. 2D modelled inundation extent image (+1.2 m 
AHD) for the Apex Park area, Lakes Entrance township.
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3.3 Location B: ‘The Oval’ area, Lakes Entrance

The area to the north-west of the Lakes Entrance 
cricket oval (‘The Oval’) was used as an area to exem-
plify the validation process. Aerial oblique imagery 
at Figure 7 shows actual flood extents reached at this 
location on 30 June 2007 at 1133 hrs. Figure 8 shows 
the +1.2 m AHD modelled inundation extent, dis-
played three-dimensionally. It is estimated that actual 
flood heights at this location at this time were between 
+1.1 and +1.2 m AHD. At this location, modelled 
extents again compare favourably with actual extents 
captured in aerial imagery.

3.4 Location C: Mechanics’ Hall, Lakes Entrance

The Lakes Entrance Mechanics’ Hall is a prominent 
local landmark, which is situated in the approximate 
centre of the township. This area is located some 
distance from shorelines and protective seawalls. 
Aerial oblique imagery at Figure 9 depicts the actual 

Figure 7. ‘The Oval’ area at Lakes Entrance township. 
Imagery captured at 1133 hrs on 30 June 2007.

Figure 8. 3D modelled inundation extent image (+1.2 m 
AHD) for ‘The Oval’ area of the Lakes Entrance township.

Figure 9. The Mechanics’ Hall area at Lakes Entrance 
township. Imagery captured at 1254 hrs 30 June 2007.

Figure 11. 2D modelled inundation extent image (+1.0 m 
AHD) for the Mechanics’ Hall area, showing contribution 
of the stormwater network to inner-township floodwater 
inundation.

Figure 10. 3D modelled inundation extent image (+1.0 m 
AHD) for the Mechanics’ Hall area of the Lakes Entrance 
township.
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inundation extent at this location when captured on 
30 June 2007 at 1254 hrs. A modelled inundation 
extent scenario of +1.0 m AHD most favourably 
matches the actual extents reached at this time (refer 
Figure 10). Modelled inundation extents for this 
area shows that inundation occurs due to floodwater 
backflow along the stormwater pipe network (refer 
Figure 11) before floodwaters can overtop seawall and 
shoreline areas.

4 DISCUSSION

Outcomes from this research project produced thus far 
can be seen as exemplifying the utility of GIS tech-
nologies in support of ICZM initiatives. Within the 
overall context of ICZM, it is clear that GIS has the 
potential to act as an important tool not only for coastal 
zone inundation risk assessment, but also in support 
of many coastal planning and management issues and 
problems (e.g. see Bartlett and Smith, 2001). As Uttal 
(2000) and Golledge (2002) relate, the preparation 
and use of spatial representations provide a perspec-
tive and understanding of human and natural phe-
nomena and environments that is not matched by any 
other means. In this case, the research outcomes can 
be readily applied to provide relevant ‘user-defined’ 
spatial inundation scenario information to all public 
and private ICZM stakeholders. As Eves (2004: 85) 
suggests, continued stakeholder flood awareness in 
inundation-prone areas is extremely important, due to 
post-inundation event decrease in public flood aware-
ness, and a loss of public appreciation of flood event 
impacts.

Despite extensive flooding of Lakes Entrance 
township (and many other East Gippsland town-
ships fringing the Gippsland Lakes) during June/July 
1998 and June/July 2007, the development of any 
high-resolution spatial information regarding inun-
dation extent modelling or mapping for terrestrial 
areas vulnerable to coastal area flooding is not yet 
in train. The enhanced level of inundation scenario 
decision-support offered to coastal zone decision-
makers and managers via this kind of spatial data and 
representations exemplified in this paper is clearly 
applicable. The suitably accurate spatial information 
regarding coastal inundation scenario modelling that 
is now within reach shows that local government 
land-use planning schemes can be upgraded to: a) 
play a crucial role in the development of a regula-
tory framework regarding future sustainable plan-
ning and development; to b) involve a wide range 
of public and private stakeholders in consensus-
building and decision-making activities, and c) to 
assist in achieving more efficient long-term ICZM 
programs and initiatives through land-use planning 
scheme evolution.

It is apparent that relevant Gippsland Lakes catch-
ment decision-makers involved with land-use planning 
for low-lying coastal areas must consider future 
climate change scenarios and their likely impacts. 
For example, research by the Victorian Department 
of Sustainability and Environment (DSE, 2004) esti-
mates that under future climate change scenarios for 
the Gippsland Lakes catchment, hotter, drier con-
ditions will increase bushfire risk (and potentially 
increase rainfall to runoff yields), and extremely 
heavy rainfall events may become more intense. This 
information, combined with projected global sea 
level rise scenarios developed by the Intergovernmen-
tal Panel for Climate Change (IPCC, 2007), and also 
regional coastal storm surge scenarios developed for 
the Gippsland coastline by the Australian Common-
wealth Science and Research Organisation (CSIRO) 
(McInnes, et al., 2005), suggests that flooding of 
low-lying Gippsland coastal areas may become more 
frequent and severe. In view of these projections, it is 
likely that in the future, Gippsland ICZM stakehold-
ers will be faced with balancing ‘mitigation and/or 
managed retreat’ for vulnerable low-lying coastal 
townships such as Lakes Entrance. In the present, as 
McDonald (2007) suggests, with increased scientific 
consensus over the likely range of climate change 
impacts, every decision made carries a risk of legal 
exposure; decision-makers need to make the risks of 
climate change induced impacts an explicit part of 
their decision-making criteria, or risk unpredictable 
future liability.

This project has also exemplified the value of data 
sharing and integration. For example, the access and 
deployment of spatial information regarding Lakes 
Entrance stormwater network has allowed a greater 
understanding of the role this network plays regard-
ing inundation of certain areas of the township. 
Analysis has shown that the stormwater network acts 
as a ‘conduit’ for the flooding of many low-lying 
inner-townscape areas at Lakes Entrance, in many 
cases before floodwaters can overtop shorelines and 
seawalls. The Lakes Entrance sewerage network over-
lay can also be applied to visualise ‘at-risk’ assets (for 
example, unsealed manhole covers and sewer vents), 
which can allow concurrent floodwater ingress into 
the sewerage system, and raw sewage egress from this 
system to coastal floodwaters and within dwellings. 
This scenario can potentially create both environ-
mental pollution and human health risks, and much 
property damage.

In Victoria, despite the progressive development of 
a centralised statewide Spatial Data Infrastructure (or 
SDI—known as the Victorian Spatial Data Directory) 
since 1992 (e.g. see Jacoby et al. 2002), there currently 
exists no spatial data sharing framework in support 
of state-wide or regional ICZM programs. Globally, 
similar findings have been made by Bartlett et al. 
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(2004), whose research confirms that few of the extant 
national, regional or local SDI implementations make 
much provision for the inclusion of basic coastal and 
marine framework datasets. In consequence, Victorian 
ICZM stakeholders who currently utilise spatial tech-
nology as an intra-organisational decision support 
tool must assemble their own ‘site-specific’ spatial 
databases in order to provide an adequate decision 
support capacity with appropriate local resolution. In 
the absence of inter-organisational spatial data sharing 
agreements, it is only via ad hoc data sharing that this 
data can be utilised by other ICZM stakeholders. The 
contents of such intra-organisational datasets may be 
largely unknown to other integrated coastal zone man-
agers and organisations, and thus, they are not avail-
able for inclusion in the decision support flowpaths 
of other stakeholder agencies. Furthermore, organisa-
tions may not wish to share their databases, nor have 
any incentive to share them. They are often compiled 
at high cost to the organisation concerned. Such frag-
mented and uncoordinated database activities often 
results in duplications and redundancies, and wast-
age of organisational/public resources, particularly in 
organisations with the same or similar administrative 
jurisdictions (Nedovic-Budic and Pinto, 1999). Such 
databases may also lack the common data standards 
and policies which are important to ensure the validity 
of spatial datasets for use in the decision-making 
process.

Phase 2 of this project has shown the value of open-
access spatial information dissemination in terms 
of facilitating stakeholder consensus and capacity-
building activities. ‘Capacity-building’ is a concept 
central to ICZM (UNCED, 1992), and is defined by 
Cicin-Sain et al. (2000: 294) as ‘the design and con-
duct of a range of activities necessary to enhance the 
capacity of institutions and the individuals that com-
prise them to undertake effective ICZM programs’. 
In Victoria, development of a system of ‘bottom-up’ 
regionally-based and purpose-built SDI model for 
ICZM would offer potential to include all relevant 
regional and local stakeholder groups, so providing 
regional and localised user-based ‘ownership’ of spa-
tial data and information collection, maintenance and 
dissemination (including high-resolution site-specific 
spatial information, such as data derived through 
flood inundation modelling). Thus the ‘top-down’ and 
‘centralised’ state-wide SDI model which is currently 
adhered to in Victoria can be complemented with high 
resolution site-specific spatial data via such a ‘grass-
roots’ approach. As Williamson (2003) suggests, user-
needs will drive future development of SDIs, and this 
aspect will require a change in focus in the develop-
ment of SDIs away from government directives to lis-
tening to the needs of the community. Accordingly, 
spatial data could be delivered not only via regional 
ICZM SDI, but also through an open-access web-map 

server, so as to allow the widest range of public and 
private ICZM stakeholder access. Thus, high levels 
of community and stakeholder agency inundation 
understanding, awareness, education and consensus-
building would be supported. It is argued that these 
types of spatial data dissemination, which would 
enable ready access by sectorally-based public and 
private ICZM stakeholders, is essential to provide an 
integrated spatial decision-support capacity vis a vis 
future flood inundation risk, planning and manage-
ment, in support of ICZM initiatives.

International experiences may provide valuable 
information to guide the effective integrated use 
of spatial technologies for ICZM in Victoria. For 
instance, in Europe, where ICZM initiatives often 
extend over not only organisational but national 
administrative boundaries, a concept known as 
integrated coastal and river basin management 
(ICARM) (UNEP, 1999) has evolved, which explic-
itly links coastal areas and their catchments in man-
agement and planning. ICARM is defined as the 
‘adoption of goals, objectives and policies and the 
establishment of governance mechanisms which 
recognise the interrelationships between coastal and 
river basin systems with a view for environmental 
protection and socio-economic development’ (Coc-
cossis, 2004:414). Central to the ICARM concept 
is provision of information and decision support 
using an integrated spatial technologies (GIS) capa-
bility. Advanced implementation of this approach 
is exemplified in parts of Europe. The Oder/Odra 
river basin, which spans geographical areas of the 
Czech Republic, Poland, and Germany, became the 
subject of an international ICARM case study (e.g. 
see Schernewski et al., 2005). Among the key recom-
mendations of this study has been that provision of 
a regional information and GIS planning system is 
required in support of ICARM initiatives, and that 
such a system must contain different types of infor-
mation, and must give stakeholders direct access 
to relevant spatial information of adequate spatial 
resolution required for management. Thamm et al., 
(2007) relate that in the Oder/Odra ICARM case 
study, an internet-based GIS regional information 
and planning system has been deployed since 2004, 
and the authors note that the way in which the various 
stakeholders utilised this system was very positive.

5 CONCLUSIONS

The outcomes from all phases of this research project 
so far completed constitute a ‘proof of concept’ in 
support of adaptive management and ICZM initia-
tives in Gippsland, Australia. Validation of inundation 
extents derived for the Lakes Entrance township via 
GIS-based modelling using actual inundation event 
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imagery have validated the detail found in the model. 
Spatial information derived via GIS-based modelling 
has been transformed into an interactive visualisation 
‘tool’ to support open-access user-defined stakeholder 
inundation awareness and consensus-building. How-
ever, it remains clear that when faced with future 
projected climate change scenarios, similar high-
resolution inundation extent modelling needs to be 
completed for all other coastal townships in Gipps-
land (and potentially in other areas of Victoria) which 
are at risk of future inundation. The spatial data and 
information derived through such work can provide all 
stakeholders with a credible two and three-dimensional 
visualisation and decision-support capacity vis a vis 
current land-use planning and management, and most 
importantly, the ability to plan for likely future coastal 
inundation event scenarios. Stakeholder percep-
tion and participation are important components of 
inundation hazard awareness and control measures, 
and to achieve the necessary consensus, all relevant 
stakeholders must be involved in decision-making 
processes. In this regard, digital inundation modelling 
spatial outputs, when combined with an effective dis-
semination framework, have much potential to provide 
the tools necessary to enable stakeholder consensus-
building and decision-making in support of adaptive 
ICZM and sustainable development concepts.
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