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Disclaimer

This map has been prepared to a standard of accuracy sufficient for broad scale flood risk management and planning. The flood extents are not based on actual historical floods. The map does not
increase the risk or affect the level of flooding over an area or property. The limit of flooding shown on this map is not a boundary between flood prone and flood free land. Land outside the flood extent
shown on this map could be affected by:

Floods with a different Annual Exceedence Probability (AEP).
Blockage in drainage systems, creeks or culverts caused by vegetation or other debris carried by floodwaters.
Further development, earthworks and other changes to the catchment that alter the actual flood extents.

The flood extents shown are a prediction of land subject to a specific level of flood risk and do not necessarily indicate a threat to buildings located on that land. Confidence in the prediction is reduced
in areas affected by flood depths less than 0.1 m, due to the effects of fences, walls, buildings and landscaping which affect the flow of floodwaters. Such effects, which require detailed modelling, are
beyond the capabilities of the modelling process. Flood assessment for particular sites will require more detailed interpretation, survey and analysis by qualified and experienced persons.

This map is provided on the basis that those responsible for its preparation and publication do not accept any responsibility for any loss or damage alleged to be suffered by anyone as a result of the
publication of the map, and the notations on it, or as a result of the use or misuse of the information provided herein.

More detail can be found in the report associated with this study.
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Disclaimer

This map has been prepared to a standard of accuracy sufficient for broad scale flood risk management and planning. The flood extents are not based on actual historical floods. The map does not
increase the risk or affect the level of flooding over an area or property. The limit of flooding shown on this map is not a boundary between flood prone and flood free land. Land outside the flood extent
shown on this map could be affected by:

Floods with a different Annual Exceedence Probability (AEP).
Blockage in drainage systems, creeks or culverts caused by vegetation or other debris carried by floodwaters.
Further development, earthworks and other changes to the catchment that alter the actual flood extents.

The flood extents shown are a prediction of land subject to a specific level of flood risk and do not necessarily indicate a threat to buildings located on that land. Confidence in the prediction is reduced
in areas affected by flood depths less than 0.1 m, due to the effects of fences, walls, buildings and landscaping which affect the flow of floodwaters. Such effects, which require detailed modelling, are
beyond the capabilities of the modelling process. Flood assessment for particular sites will require more detailed interpretation, survey and analysis by qualified and experienced persons.

This map is provided on the basis that those responsible for its preparation and publication do not accept any responsibility for any loss or damage alleged to be suffered by anyone as a result of the
publication of the map, and the notations on it, or as a result of the use or misuse of the information provided herein.

More detail can be found in the report associated with this study.
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Disclaimer

This map has been prepared to a standard of accuracy sufficient for broad scale flood risk management and planning. The flood extents are not based on actual historical floods. The map does not
increase the risk or affect the level of flooding over an area or property. The limit of flooding shown on this map is not a boundary between flood prone and flood free land. Land outside the flood extent
shown on this map could be affected by:

Floods with a different Annual Exceedence Probability (AEP).
Blockage in drainage systems, creeks or culverts caused by vegetation or other debris carried by floodwaters.
Further development, earthworks and other changes to the catchment that alter the actual flood extents.

The flood extents shown are a prediction of land subject to a specific level of flood risk and do not necessarily indicate a threat to buildings located on that land. Confidence in the prediction is reduced
in areas affected by flood depths less than 0.1 m, due to the effects of fences, walls, buildings and landscaping which affect the flow of floodwaters. Such effects, which require detailed modelling, are
beyond the capabilities of the modelling process. Flood assessment for particular sites will require more detailed interpretation, survey and analysis by qualified and experienced persons.

This map is provided on the basis that those responsible for its preparation and publication do not accept any responsibility for any loss or damage alleged to be suffered by anyone as a result of the
publication of the map, and the notations on it, or as a result of the use or misuse of the information provided herein.

More detail can be found in the report associated with this study.
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Disclaimer

This map has been prepared to a standard of accuracy sufficient for broad scale flood risk management and planning. The flood extents are not based on actual historical floods. The map does not
increase the risk or affect the level of flooding over an area or property. The limit of flooding shown on this map is not a boundary between flood prone and flood free land. Land outside the flood extent
shown on this map could be affected by:

Floods with a different Annual Exceedence Probability (AEP).
Blockage in drainage systems, creeks or culverts caused by vegetation or other debris carried by floodwaters.
Further development, earthworks and other changes to the catchment that alter the actual flood extents.

The flood extents shown are a prediction of land subject to a specific level of flood risk and do not necessarily indicate a threat to buildings located on that land. Confidence in the prediction is reduced
in areas affected by flood depths less than 0.1 m, due to the effects of fences, walls, buildings and landscaping which affect the flow of floodwaters. Such effects, which require detailed modelling, are
beyond the capabilities of the modelling process. Flood assessment for particular sites will require more detailed interpretation, survey and analysis by qualified and experienced persons.

This map is provided on the basis that those responsible for its preparation and publication do not accept any responsibility for any loss or damage alleged to be suffered by anyone as a result of the
publication of the map, and the notations on it, or as a result of the use or misuse of the information provided herein.

More detail can be found in the report associated with this study.
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Disclaimer

This map has been prepared to a standard of accuracy sufficient for broad scale flood risk management and planning. The flood extents are not based on actual historical floods. The map does not
increase the risk or affect the level of flooding over an area or property. The limit of flooding shown on this map is not a boundary between flood prone and flood free land. Land outside the flood extent
shown on this map could be affected by:

Floods with a different Annual Exceedence Probability (AEP).
Blockage in drainage systems, creeks or culverts caused by vegetation or other debris carried by floodwaters.
Further development, earthworks and other changes to the catchment that alter the actual flood extents.

The flood extents shown are a prediction of land subject to a specific level of flood risk and do not necessarily indicate a threat to buildings located on that land. Confidence in the prediction is reduced
in areas affected by flood depths less than 0.1 m, due to the effects of fences, walls, buildings and landscaping which affect the flow of floodwaters. Such effects, which require detailed modelling, are
beyond the capabilities of the modelling process. Flood assessment for particular sites will require more detailed interpretation, survey and analysis by qualified and experienced persons.

This map is provided on the basis that those responsible for its preparation and publication do not accept any responsibility for any loss or damage alleged to be suffered by anyone as a result of the
publication of the map, and the notations on it, or as a result of the use or misuse of the information provided herein.

More detail can be found in the report associated with this study.
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Flood damages have been estimated using the Rapid Appraisal Method (RAM) developed by the Victorian
Department of Natural Resources and Environment (DNRE, 2000). This approach allows for a rapid and
consistent evaluation of floodplain management measures in a cost-benefit analysis framework.

1.1 Methodology
The RAM relies primarily on geographic datasets, including the flood depth maps, cadastral data, land use
types and property valuations. The general procedure for calculating the flood damages is detailed below:

· Process the cadastral dataset within the study area to include or exclude specific parcels, assign a
category for calculations (residential or low, medium, high non-residential), and include valuation data
for every parcel.

· Identify areas subject to inundation in a range of design flood events (63%, 39%, 20%, 10%, 5%, 2%,
1% and 0.2% AEP events).

· Use the flood depth maps to determine whether the building within a parcel is flooded for each of the
design flood events. A building was considered flooded if the flood depth was above the adopted floor
level for that type of building.

· Calculate the depth of flooding above floor level for residential buildings.
· Calculate the potential direct damage using stage-damage curves (for residential buildings) and areal

damage rates for non-residential buildings.
· Factor in the community’s preparedness to respond to a flood risk to convert potential direct damages

to actual direct damages.
· Calculate the indirect damages as a percentage of the direct damages.
· Sum the actual direct and indirect damages to get the total damages for each design storm event and

to produce a damage-probability relationship.
· Calculate the annual average damage (AAD) using the damage-probability relationship.

Damage to public infrastructure, such as roads, has not been included in the analysis as it has been
assumed that these damages would be small.

1.2 Pre-processing the cadastral data
The cadastral dataset provided by Council was pre-processed to provide the property information on which
the damage calculations were based. Some of the adjustments that were made to the cadastral datasets
include:

· Above ground floors of multi-storey properties were removed.
· Private carparks and common areas within strata title properties were removed to avoid double

counting clean-up costs for these areas.
· Parcels only containing areas unaffected by floodwaters, including private roads, reserves or

watercourses, were removed.

1.3 Calculations
1.3.1 Potential direct damages

Residential allotments

In the absence of surveyed floor levels, it has been assumed that the floor level of residential buildings is
150 mm above ground level at the centroid of the allotment.

Where flood depths are above the floor level, the damages were calculated using a relationship between
flood depth and residential property damage, developed by URS in 2002 as part of work undertaken for the
City of Charles Sturt. This relationship has been adjusted to bring costs in line with present values and
modified to adjust damages (either up or down) based on capital value. An additional $4,000 of damage
has been included for damage to outbuildings and general external clean-up costs. The adopted
relationship is shown in Equation 1.

($) = , + , × × Equation 1



Where, = ℎ ( )
=

=

In the absence of valuation data, an average value of $750,000 has been adopted for all residential
properties.

Where there is flooding at the centroid of the allotment less than 150 mm, a direct damage value of
$2,000 has been applied.

Non-residential allotments

In the absence of surveyed floor levels, it has been assumed that the floor level of non-residential buildings
is 100 mm above ground level. This is slightly lower than the adopted floor level for residential buildings as
a portion of non-residential buildings are typically set lower, to allow for vehicular access.

The RAM describes the calculation of damages for non-residential buildings based on floor area. Small
non-residential allotments (less than 1,500 m2 in size) were considered flood-affected when the flood
depth was above the floor level (100 mm). In the absence of building footprints, the affected floor area
was calculated as 70% of the site area for smaller allotments and equal to the flooded area for larger
allotments (greater than 1,500 m2 in size).

The buildings were divided into either low, medium or high categories based on their likely value of
contents. The damage rates for the floor area of flood-affected buildings were extracted from the RAM
guidelines. Table 1 provides estimates of the mean potential damage and gives an indication of the typical
land use types associated with each category.

Table 1 Adopted damages for non-residential buildings

Value of
contents Typical land use Mean direct potential damage

($/m2)

Low Offices, sporting pavilions, churches 71

Medium Libraries, clothing retailers, caravan parks 126

High Electronic retailers, printing 316

1.3.2 Actual direct damages

Damages that actually occur to a property (actual direct damages) are generally less than those that could
occur if the landowners took no action to reduce damages during a flood (potential direct damage). Ratios
to convert potential to actual damages were used as per the recommendations of RAM. For this study, a
factor of 0.9 was used. This is representative of a community that is generally unaware of their flood risk
and who have a warning time of less than 2 hours.

1.3.3 Indirect damages

Indirect damages refer to the costs incurred by a community during and after a flood occurs, including
emergency response costs, disruptions to employment, commerce, transport and communication. These
damages are in addition to the direct damages described above.

The RAM report suggests that these costs are approximately 30% of the actual direct damages and this
was adopted to estimate the indirect damages for this study.

1.3.4 Annual average damage

The annual average damage (AAD) is an estimate of the average annual cost of flood damages (direct and
indirect) over a long period of time. It balances small frequent flood damages with large but less frequent
flood damages and provides a convenient way to compare different floodplain management measures. It is
a probability-weighted mean of the actual flood damages and is equivalent to the area beneath the flood
damage-probability curve.


