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Disclaimer
This publication has been prepared as a general, non-technical, public reference document.
The general content, and generic nature of the document means that this publication is unlikely
to address all of the hydrologic issues relevant to a particular drainage catchment, or provide
sufficient information to allow the reader to interpret flood maps. Rather, the focus of this
document is on answering many of the commonly asked questions about storm hydrology.
The hydrologic principles presenting within this publication are aligned with current Australian
practice; however, individual states and territories may adopt flood warning and mapping
procedures that differ from those presented within this document.
The author cannot and does not claim that the document is without error, or that the
explanations are relevant to all circumstances or catchment conditions.
The author shall not hold any liability or responsibility to the reader with respect to any liability,
loss, or damage caused, or alleged to be caused, directly or indirectly, by the adoption of any
part of the document to a site specific situation.
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Purpose of field guide
The primary goal of this document is to assist the general public to improve their knowledge of
storm and flood hydrology. It is hoped that by improving the public’s overall knowledge of flood
hydrology, there will be a corresponding improvement in the public’s understanding of, and
response to, future flood warnings.
The purpose of the document is to:
• improve the community’s knowledge of flood hydrology
• improve the community’s preparation for, and management of, property flooding
• improve the community’s understanding of, and response to, flood warnings
• provide a community-education tool for those professionals working within the flood
control industry
• assist government officers in responding to flood inquiries.
This publication does not aim to represent a comprehensive engineering or technical guide to
flood and storm hydrology.

About the author
Grant Witheridge is a civil engineer with both Bachelor and Masters degrees from the University
of NSW (UNSW). He has over 35 years experience in the fields of hydraulics, stormwater
management, creek engineering and erosion & sediment control, during which time he has
worked for a variety of federal, state and local governments, and private organisations.
Grant commenced his career at the UNSW Water Research Laboratory constructing and
operating physical flood models of river floodplains. He later worked for Brisbane City Council
on creek engineering and stormwater management issues. He currently works through his own
company Catchments & Creeks Pty Ltd.
Grant is the principal editor of the revised Queensland Urban Drainage Manual (2007, 2013 &
2016), Brisbane City Council’s Natural Channel Design and Creek Erosion guidelines; the IECA
(2008) Best Practice Erosion & Sediment Control documents, and the 2002 engineering
guidelines on the Fish Passage Requirements for Waterway Crossings.

Introduction
According to the Macquarie Dictionary, hydrology ‘is the science dealing with water on the land,
or under the earth’s surface, its properties, laws, geographical distribution, etc.’ However, within
the general community, the term is most commonly associated with the prediction of flooding
and flood levels.
The career of a hydrologist is probably no more difficult than any other profession, but it is a job
where it is hard to be ‘right’ and easy to be accused of being ‘wrong’. The fact is, no matter what
prediction of rainfall or flood severity a hydrologist makes, there will always be some degree of
‘error’, simply because there is so much dependency on factors that are subject to
uncontrollable natural variation.
It is not uncommon for a hydrologist to provide a prediction for an expected flood level only to
add several ‘provisos’. For example: ‘A flood peak of 5.8 m will be achieved at the city gauge
around 9pm on Thursday evening provided . . .
• the rainfall continues as expected
• the extent of rainfall across the catchment does not expand
• dam releases are maintained at their current programmed rates, and
• predicted tide levels are not affected by storm surge.
The truth is, flood levels are affected by many variable, all of which are difficult to predict. Only
on very large river systems, such as the Darling and the Murray rivers, where a ‘flood wave’ can
travel outside the rain-affected area, is it possible to provide accurate predictions of flood levels.
In simple terms; if it is still raining, then it is still too early to accurately predict peak flood levels!
The good news is that the science of flood hydrology is constantly improving, as too is the
sophistication of the instruments used to measure and predict rainfall and flood levels.
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Overview of Flood Hydrology
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A short overview of flood hydrology
Storm intensity, duration and extent
•

The most critical factor that influences the
severity of property flooding is the intensity
of the rainfall; however, rainfall intensity is
not the only hydrologic consideration.

•

There are in fact three critical parameters
that dictate the impact that rainfall is likely
to have on flood levels, those being:
− the intensity of the rainfall
− the duration of the storm
− the aerial extent of the storm

Approaching storm front
Surface condition of the catchment
•

Many people are aware that the existence
of impervious surfaces, such as roads
and roofs, can increase the volume of
stormwater runoff, but other catchment
influences include:
− the type and density of vegetation cover
− the frequency of burning of bushland
− the type of soil
− the type of underlying rock
− the existence of surface depressions
and can capture and hold water.

Street drainage
Hydraulic capacity of the waterway
•

The severity of creek and river flooding is
directly related to the difference between
the peak discharge passing down the
waterway, and the maximum flow capacity
of the waterway.

•

Similarly, the severity of stormwater
flooding, that being property flooding
caused by stormwater run-off passing over
the land on its way to a creek or river, is
directly related to the hydraulic capacity of
the property’s stormwater drainage
system.

Enlarged floodway channel
Backwater effects
•

Flood levels can sometimes be influenced
by factors that relate to conditions
downstream of your property, this is
known as a ‘backwater’ effect, which can
include:
− tide levels
− flood levels within a major waterway
located downstream of your property
− barometric air pressure, which can
cause sea levels to rise above normal
tide levels.

Backwater flooding
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Different storms cause different floods in different locations
There are many different types of 1 in 100
year storms
•

The media often talks about the 1 in 100
year storm, but what is usually not
mentioned is that there are many different
types of 1 in 100 year storms.

•

There are short duration thunder storms.

•

There are long duration rainfall
depressions and cyclones.

•

There are storms that start with periods of
light rainfall followed by a heavy
downpour, and storms that start with a
heavy downpour.

Cyclone off the Western Australian coast

Storm ‘duration’ is critical

Overflowing roof drainage system

•

Storm duration is a critical factor in
determining where the worst flooding will
occur along a waterway.

•

Short duration storms cause their greatest
impacts around the outer edges of a
waterway catchment.

•

The longer the duration of the storm, the
further down the creek or river will be the
location that experiences the worst
flooding.

•

As with any field of science, storm
hydrology can appear to be both complex
and confusing.

Understanding ‘your’ critical storm duration
•

Every location along a waterway will have its own ‘critical storm duration’, which will
ultimately determine the severity of flooding during any given storm event.

•

The ‘critical storm duration’ for a given property is determined by calculating how long it
would take for flood waters to travel from the top of the catchment to the property location.

•

If the critical storm duration for your property is 3 hours, then flood levels at your property, at
any given point in time, will be strongly influenced by the total depth of rainfall that had
occurred over the previous 3 hours, even if the storm lasted longer than 3 hours.

•

This means that if a storm lasts for 2 days, then severity of your flooding will be largely
dependent on the depth of rainfall that occurred during the worst 3-hour period of rainfall
during those two days.

•

It also means that your property will only experience a 1 in 100 year flood level if the rainfall
intensity averaged over the worst 3-hour period during a given storm is equal to the 1 in 100
year, 3-hour rainfall intensity (which is determined by studying the long-term rainfall records
in your area).

•

Consequently, if your waterway catchment experiences a 1-hour, 1 in 100 year storm burst,
then the flooding will be worst for those properties that have a 1 hour critical storm duration,
while your property may only experience a 1 in 20 year or 1 in 50 year flood level.

•

Similarly, if your waterway catchment experiences a 4-day, 1 in 100 year storm, then the
flooding will be worst for those properties that have a 4-day critical storm duration, while
your property may only experience a 1 in 1 year flood level, or possibly no flooding at all.

•

In a waterway catchment the size of the Murray-Darling basin, different parts of the
waterway will experience 1 in 100 flood levels in different years as a result of different
floods, but each flood could correctly be referred to as a 1 in 100 year event, which is
partially why 100 year storms appear to occur more frequently than once in 100 years.
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Factors Affecting Flood Level
Prediction
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Introduction
What is flooding
•

Flooding is the inundation of a building or
land by water.

•

Different names can be applied to different
types of flooding based on the origin of the
water.

•

Away from coastal areas, the most
common types of flooding are creek and
river flooding.

Property flooding
What makes a flood
•

Creek and river flooding results from
excess stormwater run-off passing down a
watercourse.

•

Stormwater run-off occurs when:
− the ground or land surface become
saturated and unable to accept the
further infiltration or surface storage of
rainwater; or
− the intensity of rainfall exceeds the
soil’s infiltration rate, even through the
ground is not yet saturated.

Stormwater run-off

Saturated land surface

Factors affecting flood flows
The factors that affect the volume of
stormwater run-off include:
• The size of the drainage catchment.
• The extent, intensity and duration of
rainfall across the catchment.
• The ability of the ground to absorb water,
which is influenced by land slope, the
depth of soil above rock, the type of rock,
and the type of vegetation cover.
• The percentage of the land area covered
by impervious surfaces (eg roads & roofs).
• Water retention on the land surface.
Factors that affect the height of flooding
The factors that influence the height of
flooding at a particular location include:

Debris blockage at a road culvert

© Catchments & Creeks Pty Ltd

•

The peak flow rate passing down a
drainage system, be it a pipe, channel or
watercourse.

•

The hydraulic capacity if the drainage
system.

•

The extent of ‘blockages’ within the
floodway (e.g. flood debris, fences,
structures and fallen trees).

•

Backwater influences such as tides.
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Impact of storm intensity on flood hydrology
Impacts of storm intensity
•

The severity of flooding is strongly
influenced by the severity of the storm.

•

The storm severity can be assessed
through the following variables:
− rainfall intensity (measured in mm/hr)
− the duration of rainfall
− the extent or coverage of rainfall over
the drainage catchment.

•

Thunder storms, for example, have a high
rainfall intensity, but a short storm duration
and typically a small coverage area.

Example river catchment
Intensity of rainfall
• In general terms, the severity of flooding is
directly related to the storm’s average
rainfall intensity (Iave), which is averaged:
− over a specific time period that is
unique to a given location, known as
the ‘critical storm duration’; and
− over the up-slope catchment area (A).
• Even though the relationship between
peak flood discharge (Q) and rainfall
intensity can be very complex, in its
simplest form it can be described as:
Q = Constant . Iave . (A)

Storm extending over the whole catchment

Constant

Duration of rainfall
•

Each location along a waterway will have
a particular ‘critical storm duration’ that
governs flood severity at that location.

•

The critical storm duration is a measure of
the time floodwaters take to travel from the
top of the drainage catchment to a given
location along the waterway.

•

If the duration of rainfall is less than the
critical storm duration, then both the
effective ‘average’ rainfall intensity (Iave)
and peak flood discharge (Q) will be
reduced.

Critical storm duration along a river

Extent of rainfall

Partial catchment storm

© Catchments & Creeks Pty Ltd

•

The severity of flooding can also be
reduced if the storm cell does not extend
across the full catchment area.

•

If part of the catchment remains dry, then
the effective ‘average’ rainfall intensity will
be reduced, and consequently the flood
severity will also be reduced.

•

In large drainage catchments, such as the
Murray River, it is possible for flooding to
occur at downstream locations even
though no rain has fallen at these
locations.
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Impact of land surface conditions on flood hydrology
Commercial and city centres
•

The volume of stormwater run-off is
strongly influenced by the percentage of
the land covered by impervious surfaces
such as roads and roofs.

•

Areas such as city centres, and industrial
and commercial precincts, have extensive
amounts of impervious surfaces.

•

These surface areas also provide few
opportunities for stormwater to pool on the
surface of the land, an issue known as
‘surface storage’.

Town centre
Urban areas
•

Urban areas contain significant amounts
of impervious roads and roofs interlaced
with areas of vegetated soil.

•

Modern, high-density residential areas
typically consist of around 70 to 90 per
cent impervious surfaces.

•

Older, low-density residential areas
typically contain around 40 to 80 per cent
of impervious surfaces.

•

These areas also facilitate only limited
amounts of temporary surface storage.

Residential area
Grassed surfaces
•

Land surfaces covered with shallowrooted vegetation, such as grasses and
most commercial crops, typically infiltrate
less stormwater than land surfaces
covered by dense bushland.

•

Land clearing can significantly increase
the total volume of stormwater run-off that
is expected to discharge from a drainage
catchment on an annual basis.

•

The impact that land clearing has on
individual storms is very complex and
varies greatly from storm to storm.

Cleared bushland

Bushland
•

Natural bushland typically has the greatest
infiltration capability of all land surfaces,
with the exception of sand dunes.

•

It takes around 100–200 mm of rainfall to
saturate bushland, compared to just 20–
50 mm of rainfall to saturate grassland.
Bushland can also hold large volumes of
rainwater on leaf surfaces and within the
leaf-litter and mulch layer.
Bushfires can cause significant short-term
changes to the run-off characteristics of
bushland.

•
•
Bushland

© Catchments & Creeks Pty Ltd
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Factors affecting the hydraulic capability of waterways
Hydraulic capacity of a waterway channel
The discharge capacity of simple channels
may be estimated using Manning’s equation:
Q = (1/n) A . R

2/3

.S

1/2

where:
3
Q = discharge (m /s)
n = Manning’s roughness coefficient
2
A = cross-sectional area of flow (m )
R = hydraulic radius (m) = A/P
P = wetted perimeter of flow (m)
S = channel slope (m/m)
Channel geometry and flow conditions
Channel roughness (n)
•

It is not surprising that the hydraulic
capacity of a waterway channel is
inversely proportional to its roughness.

•

In engineering, channel roughness is
typically defined using the Manning’s
roughness coefficient (n).

•

The type of vegetation that exists along a
waterway can have a significant impact on
channel roughness and flood levels.

•

Trees with branches above flood level
typically represent minor roughness.

Trees with high branches
Impact of low trees and shrubs
•

Trees and shrubs with low branches can
represent significant channel roughness.

•

During severe floods, this low-branch
vegetation must bend with the flow or
otherwise be broken and damaged.

•

Consequently, the riparian plants that
survive best over the long-term are those
made from flexible timbers, such as many
of the Callistemons.

•

Plant selection within, and adjacent to
waterways, is a complex science.

In-bank vegetation damaged by a flood
Grassed waterways

Mat-forming grasses in a waterway

© Catchments & Creeks Pty Ltd

•

Grasses can be grouped into two main
categories; flexible mat-forming grasses,
and stiff grasses.

•

Mat-forming grasses generally fold flat
during floods and therefore do not
represent significant channel roughness.

•

Stiff grasses, such as reeds and
Lomandra, can represent significant
roughness in certain low-flow conditions.

•

Stiff grasses can be very important within
waterways for fish passage and erosion
control.
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Backwater effects
Backwater effects
•

Peak flood levels at some locations may
not be controlled by the flow capacity of
the adjacent drainage channel, but instead
by flood conditions within a downstream
waterway—known as a ‘backwater effect’.

•

Floodwaters can ‘back-up’ a waterway as
a result of tides, debris blockages, or
natural constrictions within the waterway.

•

‘Backwater flooding’ is the term used to
describe floodwaters spreading laterally
into partially-isolated, low-velocity areas of
a floodplain.

Backwater flooding

Blockages at watercourse crossings
•

Flood debris can partially or fully block
watercourse crossings, such as bridges
and culverts, causing an increase in
upstream flood levels.

•

The extent of these backwater effects (i.e.
the distance over which the effects are
felt) depends on the gradient of the
floodwater, which in most cases is near
parallel with the waterway gradient.

•

In low-gradient waterways, the backwater
effect of debris blockages can extend for
kilometres upstream of the blockage.

Severe debris blockage of a road culvert

Tidal influences
•

Near the coast, flood levels can be
strongly influenced by tide levels.

•

However, the influence of tides can reduce
rapidly as you move away from the coast.

•

Tidal effects on flood levels generally:
− decreases with increasing flood severity
− extend inland a distance significantly
less than the normal (non-flood) tidal
limits of the waterway.

•

Long-duration floods (> 12 hours) are
likely to experience at least one high tide.

High tide backing-up into a coastal drain

Storm surge
•

Storm surge is the temporary rise in sea
level caused by the extreme surface winds
and low atmospheric pressures associated
with severe weather conditions, such as
cyclones.

•

This rise in sea level is additional to the
normal tidal movement.

•

Storm surges most commonly impact flood
levels within coastal waterways during the
occurrence of cyclones.

Storm surge inundation
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The Science of Predicting Flood
Levels
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Introduction
The science of storm hydrology
•

Hydrology ‘is the science dealing with
water on the land, or under the earth’s
surface, its properties, laws, geographical
distribution, etc.’ (Macquarie Dictionary)

•

The science of storm and flood hydrology
is most commonly associated with the
issuing of flood warnings and the
prediction of flood levels.

•

The hydrology profession can be seen as
a cross-over between the fields of
science-based climatology and
engineering-based hydrodynamics.

Average annual rainfall map (BoM)
The mechanics of flood hydraulics
•

Hydraulics ‘is the science that deals with
the laws governing water or other liquids
in motion and their application in
engineering practical or applied
hydrodynamics’ (Macquarie Dictionary)

•

Both physical and numerical (computer)
models can be used to convert storm runoff estimates (flood hydrology) to peak
flood levels (flood hydraulics).

•

Flood hydraulics is primarily an
engineering-based profession.

Physical flood model
Flood prediction is not an exact science
•

In general there are two types of flood
predictions:
− predictions made while rain is still
falling on a drainage catchment
− flood predictions for large catchments
where a known flood wave travels
slowly down a river after rainfall has
ceased.

•

It is the former case that is the most
difficult to predict with certainty because
these flood predictions are based on
estimates of ‘future’ rainfall.

Rainfall radar map (BoM)

Confusing terminology

Property flooding

© Catchments & Creeks Pty Ltd

•

Terminology within the science of flood
prediction can be confusing.

•

A ‘1 in 100 year flood’ does not mean the
flood is likely to occur only once every 100
years; in fact it can, and has, occurred in
consecutive years.

•

A ‘1 in 100 year flood’ simply means that
there is a 1% chance of the flood being
exceeded within any 12-month period.

•

It is for this reason that the term ‘1 in 100
year flood’ is more commonly referred to
as the ‘1% flood’.
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How do hydrologists predict flood levels during a flood
Measuring distant rainfall
•

A combination of weather balloons, fixed
gauging stations and Doppler radars are
routinely used to develop global weather
maps.

•

As a storm approaches a particular
drainage catchment, special radars can
measure the variations in rainfall intensity
across the storm front.

•

This radar data can then be compared
with the ‘actual’ rainfall data collected from
remote rainfall gauges located within the
drainage catchment.

Doppler weather radar
Measuring actual rainfall data
•

Automatic rainfall gauges measure the
rainfall intensity and send this data back to
a central office for processing.

•

The data collected from these rainfall
gauges is processed automatically to
determine if the rainfall depth (mm) or
intensity (mm/hr) exceeds any predetermined ‘trigger values’.

•

If any of the trigger values are exceeded,
then a flood warning is generated and
issued to the public.

Rainfall monitoring station
Turning rainfall data into flood predictions
•

Well before any flooding occurs, computer
models are set up and calibrated for each
drainage catchment.

•

As a storm approaches an area, early
rainfall ‘predictions’ can be used within
these computer models to provide
‘preliminary’ flood level predictions.

•

As rain begins to fall on the catchment,
these computer models are then updated
using a combination of actual and
predicted rainfall data.

Output from numerical hydrology model
Measuring actual flood levels

Manual flood height gauge

© Catchments & Creeks Pty Ltd

•

Finally, as flood levels rise along the
waterway, a combination of automatic and
manual flood height gauges record and
report on river flood levels.

•

These measured river flood levels are
used to further update and refine flood
predictions until the flood has past.

•

Consequently, flood level predictions
continually updated because the
‘predicted’ storm data used within the
computer models is slowly replaced with
‘actual’ rainfall and river flood data.

August 2017

Page 17

Why is it so difficult to accurately predict flood levels during a flood
Trying to predict a moving target
•

It is relatively easy for computer models to
predict the height and timing of floods
once the rain has stopped and the
floodwaters are moving slowly along a
long river system.

•

Unfortunately, it is usually necessary for
flood levels to be predicted well before the
rain has stopped.

•

In such cases, flood level predictions need
to be based on ‘predicted’ rainfall rather
than ‘actual’ rainfall.

Satellite imagery (BoM)
Not just a case of predicting rainfall
Predicting flood levels is not just a simple case
of knowing if rainfall will continue over the next
few days—hydrologists also need to know the
following:
− estimated rainfall depths at various
locations across the drainage catchment
for each day that rain is likely to occur
− soil moisture conditions
− predicted discharges from any dams
located within the catchment
− coastal tide and storm surge information.

Flood release from a dam

What can go wrong in flood prediction
The following are some of the problems that
can be faced when predicting flood levels:

Approaching storm front

•

Weather systems can change very
quickly. If you think that predicting whether
it will or will not rain in three days time is
hard, then try predicting the likely depth of
rainfall in three days time!

•

Sometimes rainfall gauges can record
unusually high or low rainfall readings,
which could mean a high-intensity storm
burst is actually occurring, or that the rain
gauge has been damage by the storm.

•

As the flood moves down a river,
hydrologists use automatic river gauges to
confirm that their numerical models are
accurately predicting flood levels.
Occasionally these gauges can also give
high or low readings. Thus hydrologists
need to determine if:
− there is a problem with their model, or
− the high water levels are being caused
by excessive debris blockage of a
downstream culvert or bridge, or
− the gauging station has been damaged
by floodwaters.

Automatic river flood level gauge
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How are flood maps produced
Physical models
•

Historically, flood maps were produced
through the operation of large physical
models.

•

Recent developments in computer models
now means that the days of operating
physical flood models have almost past.

•

Today the role of physical models is
limited to the study of complex hydraulic
conditions such as the design of dam
spillways, and investigations into some
coastal engineering projects.

Physical river and floodplain model
Analysis of historical rainfall data
•

Flood mapping starts with the analysis of
historical rainfall data.

•

From this data hydrologists determine the
statistical probabilities of various rainfall
intensities for different storm periods.

•

When interpreting this information,
hydrologists need to consider the duration
of the recording period in order to account
for known climatic cycles. For example, it
is noted that the period 1950–2000
typically contained more severe flooding
than the period 1900–1950.

Analysis of a real storm

Computer models
•

A separate computer model must be
prepared and calibrated for each
waterway.

•

In large river systems there is usually one
model that incorporates the full catchment,
and several smaller models prepared for
key locations and important tributaries.

•

The full catchment model is typically used
for flood predictions, while the smaller
models can be used for detailed flood
mapping and hydraulic design.

Numerical modelling
Plotting flood inundation maps

Flood map (Brisbane City Council)
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•

Flood maps can provide two forms of
information; flood levels (usually to
Australian Height Datum, AHD) and the
expected extent of flood inundation.

•

Converting a ‘flood level map’ to a ‘flood
inundation map’ requires accurate land
topography information. Only with recent
advances in aerial survey technology have
hydrologists had access to such data.

•

The ‘actual’ extent of the flood risk can
also change from time to time as a result
of ongoing property development.
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Why do authorities focus on the 1 in 100 year flood
Living with floods
•

It is unrealistic to expect everyone to live
and work above the maximum flood level.

•

People need to regularly interact with
waterways and floodplains for many
purposes, including:
− movement of good by ships
− farming on highly-productive floodplains
− recreational pursuits.

•

Authorities needed to define a specific
flood that can be used to regulate land use
activities, such as the setting of minimum
floor levels.

River flooding

Social importance of the 1 in 100 year flood
•

The 1 in 100 year flood level has been
favoured by governments because, rightly
or wrongly, it is considered to be the
maximum flood that a person is likely to
experience within their lifetime.

•

Statistics show that there is approximately
a 50% chance of a 1 in 100 year flood
being exceeded at least once, at a given
location, over a period of 70 years.

•

There is also a 15% chance of the flood
being exceeded at least twice in 70 years.

River flooding
Definition of a 1 in 100 year flood
•

A 1 in 100 year flood is defined as a flood
that has a 1% probability of being equalled
or exceeded within any 12 month period.

•

However, this does not mean that there is
a 100 % probability of the flood occurring
at least once in 100 years!

•

Historical records indicate that in Australia
there is a 63% probability of a 1 in 100
year flood being exceeded over a 100
year period, and a 39% chance of
exceedance over a period of 50 years.

Flood marks on building
Likelihood of a 1 in 100 year (1%) flood
•

River flooding
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The following table outlines the probability
of the 1 in 100 year (1%) flood occurring at
least once over a specified period.
Time period
1 year
10 years
50 years
70 years
100 years
200 years
500 years
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Probability
1%
10%
39%
50%
63%
86%
99%
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What is the maximum possible flood
Probable Maximum Flood (PMF)
•

The maximum expected flood level is
normally defined by the Probable
Maximum Flood (PMF).

•

A PMF is the outcome of the maximum
probable rainfall precipitation coupled with
the worst possible flood-producing
catchment conditions that could
reasonably be expected to occur
simultaneously within a given catchment.

•

It is the PMF that defines the full extent of
the floodplain.

Flood map, Mt Ommaney, Brisbane (BCC)
The likelihood of a PMF
•

The PMF has a likely occurrence of once
in 10,000 to 10,000,000 years.

•

Australia may have existed as a continent
for millions of years, but our current
climatic conditions would have only
existed for possibly a few hundred or
thousands of years.

•

Even though the world’s climatic
conditions are constantly changing, some
parts of Australia would have already
experienced a PMF.

River flooding
Flood grouping
•

Most hydrology text books indicate that
the probability of a 1 in 100 year flood
occurring within any given year is 1%, and
that this probability is independent of what
flooding occurred in the previous year.

•

However, severe floods have a tendency
to group within ‘wet years’, while non-flood
years group within periods of drought.

•

Consequently, it is common for two or
more severe floods to occur within a
relatively short period of time.

Historical flood records, Brisbane
Flooding above the PMF

Stormwater flooding
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•

A common error found in some
publications is the statement that homes
located above the nominated PMF are
effectively ‘flood free’.

•

It would be unwise to suggest that any
building is truly ‘flood free’.

•

Property flooding can originate from a
variety of sources, including groundwater
and local stormwater run-off.

•

Even a home built on the top of a hill could
be subject to flooding if appropriate
stormwater drainage was not installed.
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Why is it so difficult to predict the 1 in 100 year flood level
Flood mapping assumptions
When engineers run computer models for the
purpose of producing flood maps, they need to
make several assumptions in relation to the
condition of the drainage catchment, including:
− expected travel path of the storm
− soil moisture levels at the start of rainfall
− degree of debris blockage at crossings
− tidal and storm surge conditions.
If the ‘actual’ conditions are different from the
‘assumed’ conditions, then a different flood
level will be reached.
Computer modelling of creek & bridge
A problem of insufficient rainfall data
•

It would be a mistake to assume that
predicted 1 in 100 year (1%) flood levels
will always be correct.

•

The reality is that in Australia we have
only been collecting rainfall data of around
100 years. This means that there is only
around a 63% chance that a 1 in 100 year
rainfall event has actually been recorded
at any given weather station.

•

It would take hundreds of years to confirm
the true 1% flood level, by which stage the
world’s climate would likely have changed.

Automatic rain gauge

Extent of rainfall
•

The severity of flooding is strongly
influenced by the extent and uniformity of
rainfall across the drainage catchment.

•

It is possible that a severe storm would
only impact upon a part of the drainage
catchment.

•

For a drainage catchment the size of the
Murray-Darling basin it would be highly
unlikely for a single storm to extend over
the whole catchment. In such cases, flood
mapping relies upon historical flood levels
rather than rainfall-runoff modelling.

Partial catchment storm

Waterway conditions

Woody debris in a rural stream
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•

Flood levels in minor waterways can be
highly dependent on the vegetation
roughness that exists within the waterway
at the time of the flood.

•

If two floods occur in close proximity, then
the flood levels achieved during the
second flood can be altered as a result of
the flood damage that occurred to the
waterway vegetation during the first flood.

•

Waterway vegetation also has a tendency
to change over time, sometimes from
season to season.
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Does a 1 in 100 year storm always produce a 1 in 100 year flood
A 1 in 100 year storm does not always
produce a 1 in 100 year flood!
•

It should be noted that a 1 in 100 year
storm will not necessarily produce a 1 in
100 year flood level.

•

If the storm occurs when the tides are low,
or the catchment is very dry, or the dams
are nearly empty, then a lower flood level
would be expected to occur.

•

If the storm occurs when the tides are
high, or the catchment is wet, or the dams
are full, then a higher flood level would
result.

Low water level within dam

Soil moisture conditions
•

If a severe thunderstorm occurs after a
long period of dry weather, then creek
flooding may not even occur.

•

However, if the same thunderstorm was to
occur after several days of moderate
rainfall, then the risk of creek flooding is
significantly increased.

•

The ability of the soil to adsorb and
infiltrate large quantities of rainwater
greatly influences the occurrence and
severity of downstream flooding.

Dry soil
Debris blockage
•

Flood levels are not only influenced by the
flow rate, but also the hydraulic conditions
that exist within the watercourse.

•

In some cases, a minor 1 in 1 year creek
flow approaching a fully blocked road
culvert can result in higher flood levels
than a 1 in 100 year creek flow
approaching a clean (non blocked) culvert.

•

Debris blockage is usually random, highly
variable, and often not directly related to
the severity of the storm.

Severe debris blockage of a road culvert
Tidal conditions
•

Tidal conditions can significantly influence
flood levels in coastal regions.

•

In the case of large rivers, there is a high
probability that peak tidal conditions will
occur during the expected duration the
peak of the flood.

•

However, for the smaller creeks, there is
often only about a 50% chance that the
flood peak will occur during a high tide.

•

In addition to tides, there is also the risk of
a storm surge adding to flood levels.

Storm surge

© Catchments & Creeks Pty Ltd

August 2017

Page 23

Why does a 1 in 100 year flood appear to occur so often
Different storms cause different outcomes
•

During any given flood, there will always
be one location along a waterway where
the severity of flooding will be the worst.

•

In one flood it will be Town X that suffers
the worst flooding, while in the next flood it
will be Town Y.

•

The fact that one town experiences 1 in
100 year flood levels during a particular
flood does not mean that 1 in 100 year
flood levels will have been reached at all
locations along the waterway.

Flooded road crossing
Many different types of 1 in 100 year floods
•

One of the most important things to know
about storm hydrology is that there is not
just one type of storm that can be called a
1 in 100 year, or 1%, flood.

•

Severe storms come in all different shapes
and sizes.

•

If we consider a large river catchment the
size of the Murray–Darling basin, then
there will never be just one storm that
produces 1 in 100 year flood levels at all
locations along the waterway.

Storm hydrographs
Critical storm duration
•

Each storm has its ‘worst-case’ storm
duration, that being the period of the storm
where the rainfall intensity (averaged over
this time period) is considered to be the
most severe.

•

Similarly, each town along a waterway will
have its own ‘critical storm duration’, that
being the storm duration that governs the
severity of flooding at that town’s location.

•

In the hydrology profession, the term
‘critical storm duration’ is used to define
that period of a storm where the rainfall
intensity (averaged over that period) is
directly related to the severity of the
flooding that can be expected at a given
location along a waterway.

•

For homes or towns in the upper part of
the catchment, the critical storm duration
may be less than one hour.

•

For homes or towns in the lower part of
the catchment, the critical storm duration
may be several hours.

•

In large river catchments the critical storm
duration can be several days, or even
weeks.

Upper catchment flooding

Lower catchment flooding
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Why does a 1 in 100 year flood appear to occur so often (cont.)
Different storms affect different waterways
•

It is common for severe thunderstorms to
cause significant flooding along minor
waterways; however, thunderstorms are
short duration storms that cannot release
enough rain to cause river flooding.

•

River flooding usually requires long
duration storms, such as those produced
by cyclones or widespread low pressure
cells.

•

The larger the river system, the longer the
rainfall event required to cause flooding.

Thunder storm
Many types of 1 in 100 year storms
•

For any given waterway there is not just
one type of 1 in 100 year storm, but
several different types of storms that are
required to achieve 1 in 100 year flood
levels along the length of the waterway.

•

Thus a 30-minute 1 in 100 years storm
may flood the upper foothills one year,
then several years later a 2-hour 1 in 100
year storm may cause severe flooding
further downstream.

•

Unfortunately, each of these storms will
still be reported as a 1 in 100 year storm!

Cyclone
Example river catchment
•

It would be extremely rare for a single 1 in
100 year (1%) storm to be able to produce
1 in 100 year (1%) flood levels at all
locations along a large river system.

•

The diagram (left) shows an example river
catchment with the critical storm duration
(in hours) identified at various locations
along the river and its tributaries.

•

Different types of 1 in 100 year storms
would produce different flood level peaks
at each of these locations.

Example river catchment
Example 1 in 100 year storms
•

The table opposite shows rainfall depths
for a variety of 1 in 100 year storms for the
Brisbane region, each having a different
critical storm duration.

•

In each case the rainfall continues for 24
hours; however, the duration of the main
‘storm burst’ is different for each storm.

•

Even though all of these storms (A to E)
would be classified as ‘1 in 100 year’ or
1% storms, each storm would produce
different flood levels at different locations
along the Brisbane River.

Cumulative rainfall over different periods
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Why does a 1 in 100 year flood appear to occur so often (cont.)

Rainfall hydrographs for example 1 in 100 year storms A to E
Maximum average rainfall intensity
measured over a specified duration
•

In reality, a 1 in 100 year (1%) storm
should be defined not just by its rainfall
intensity, but also by the duration of the
critical rainfall period.

•

The table opposite provides the average
rainfall intensities for different periods of
rainfall for each of the above storms.

•

Storm A has the most severe 30 minutes
of rainfall intensity, while Storm E has the
most severe average rainfall intensity
measured over a 24 hour period.

Average rainfall intensity vs duration

Storm frequency vs storm duration
•

The table opposite provides the
approximate storm frequencies if the worst
30 min, 60 min, 3 hr, 12 hr & 24 hr periods
of rainfall intensity are considered for each
storm.

•

In very simplistic terms, if a person lived at
a location along a river where the critical
storm duration was 60 minutes, then
‘Storm B’ would likely produce a 1 in 100
year flood level, while ‘Storm D’ would
only be expected to produce about a 1 in 4
year flood level.

Storm frequency vs storm duration
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Why does a 1 in 100 year flood appear to occur so often (cont.)
Areas with a 1 hour critical storm duration
•

This diagram identifies those areas along
the waterway where the severity of the
flooding is likely to be a direct response to
the worst 30 to 60 minutes of rainfall within
any given storm.

•

In the example provided over the page,
only storms A or B would likely produce
near 1 in 100 year flood levels within the
regions shown in red.

30 to 60 minute critical storm region
Areas with a 1 to 3 hour critical storm
duration
•

This diagram identifies those areas where
peak flood levels are likely to be directly
related to the severity of the worst 1 to 3
hours of rainfall within a given storm.

•

Only storms B or C would likely produce
near 1 in 100 year flood levels within the
regions shown in red.

1 to 3 hour critical storm region
Areas with a 3 to 12 hour critical storm

3 to 12 hour critical storm region

12 to 24 hour critical storm region
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•

The diagram (left) identifies those areas
where the severity of the flooding is likely
to be related to the worst 3 to 12 hours of
rainfall within a given storm.

•

The diagram bottom-left, identifies those
areas where the severity of the flooding is
likely to be related to the worst 12 to 24
hours of rainfall.

•

The diagram bottom-right, identifies those
areas where the severity of the flooding is
likely to be related to the worst 24 hours of
rainfall.

24 hour critical storm region
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Why does a 1 in 100 year flood appear to occur so often (cont.)
Media coverage of storms
•

The public generally learns about the
occurrence of severe storms through the
media.

•

The wide coverage area of most media
outlets means they can report on storm
activities across several waterway
catchments.

•

Consequently, the frequent reference to
the occurrence of 1 in 100 year (1%)
storms is more a reflection of their broad
coverage area, rather than the frequency
of such storms at a given location.

ABC Australia

Creek catchments
•

Creek catchments are generally much
smaller than river catchments, and their
critical storm duration is normally less than
a few hours rather than days or weeks.

•

Even in creek catchments, 1 in 100 year
storms can often appear to occur more
frequently than most people would
normally expect.

•

Because of their small size, creeks are
more likely to experience flooding as a
result of high-intensity thunderstorms.

Example creek catchment
Example 1 in 100 year storm events

Example 1 in 100 year storm

Example 1 in 100 year storm
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•

In small creeks, it is common for a 1 in
100 year storm to produce 1 in 100 year
flood levels along the full length of a creek.

•

However, in large creeks a 1 in 100 year
storm may only cause flooding along parts
of the creek (the same as in rivers).

•

These three diagrams (left & below) show
various 1 in 100 year storms passing over
a large creek catchment. Each storm
produces severe flooding along different
parts of the creek, but each storm will still
be reported as a 1 in 100 year event.

Example 1 in 100 year storm
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How the flood risk can change over time
Changes to bushland hydrology
•

Floods are a response to extreme rainfall.
If the hydrologic response of a catchment
changes over time, then so will the flood
risk.

•

There are many activities that can change
the hydrologic response of a catchment,
including bushfires, land clearing, dam
construction and channelisation.

•

The risk of flooding normally increases for
a period of 5 to 10 years after severe
bushfires—the shorter time frame typically
applying to tropical regions.

Control burning
Changes in vegetation cover
•

Land clearing can significantly increase
the frequency and severity of minor floods.

•

The influence of land clearing on flooding
is less pronounced when the rainfall
extends for several days or weeks.

•

Deep-rooted plants, such as trees, help to
lower the watertable, thus increasing the
quantity of rainfall required to saturate the
catchment.

•

Vegetation along the waterway channel
helps to hold back floodwaters and reduce
the severity of downstream flooding.

Land clearing

Changes in urban density
•

Urbanisation not only clears the drainage
catchment of its vegetative cover, but also
covers much of the earth with impervious
surfaces such as roads and roofs.

•

Urbanisation has its greatest impact on
the frequency and severity of minor floods.

•

A significant impact on major flooding is
only likely to result from changes to the
flood storage capacity of the floodplains,
either due to the construction of flood
control levees, or the filling of floodplains
to create flood-free urban land.

Urban catchment
Climate change

Climate change

© Catchments & Creeks Pty Ltd

•

The risk of flooding also varies over time
as a result of changes to the world’s
climate.

•

Ongoing climate change is a natural
phenomenon; however, there is ample of
evidence in support of the claim that
human activities are significantly
increasing the ‘rate’ of this change.

•

Climate change is likely to increase the
frequency of severe flooding within those
catchments primarily affected by
thunderstorms.
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Glossary of terms
1 in 100 year flood

A flood that has a 1% probability of being equalled or exceeded
within any 12 month period at a given location.

Australian Height
Datum

A level datum, uniform throughout Australia, which is based on
observations of mean sea level at 30 tide gauge stations around
the Australian coastline.

Backwater

The water of a stream kept above an otherwise expected elevation
due to some downstream influence such as floodwaters within a
downstream reach or tributary.

Blockages

Flood debris trapped in and around hydraulic structures in such a
manner that cause either a reduction in the maximum flow capacity
of the structure, or an increase in upstream water levels.

Critical storm duration

The storm duration that correlates most closely the relationship
between the frequency of the storm intensity with the frequency of
the flood peak at a given location within a given catchment.

Flooding

The inundation of land or structures by water.

Floodplain

Land area adjoining rivers, streams, artificial channels, lakes,
dams, bays, or oceans, that is inundated during flood events due to
over-bank stream flows or abnormal high tides resulting from
severe storms. Their extent is defined by tidal limits, or the expanse
of the probable maximum flood (PMF).

Floodplain storage

The volumetric flood-holding capacity of a floodplain defined over a
specified reach length and to the peak elevation of a specified
flood.

Floodway

A channel or passage through which floodwaters pass.

Isohyet

A contour of constant rainfall depth shown on a rainfall map.

Manning’s equation

A formula used to predict the velocity of uniform fluid (water) flow in
an open channel or other conduit.

Manning’s roughness

The numerical representation of the hydraulic roughness of a
conduit, flow path or channel as used in the Manning’s formula.

Probable maximum
flood (PMF)

The largest flood that could conceivably occur at a particular
location, resulting from the probable maximum precipitation (PMP)
and, where applicable, snowmelt, coupled with the worst floodproducing catchment conditions that can be realistically expected in
the prevailing meteorological conditions. The PMF defines the
extent of flood-prone land.

River gauge

A device for measuring water levels at a given location along a
watercourse.

Run-off

That part of rainfall, snow or hail not lost to infiltration, evaporation,
transpiration or depression storage that flows from the catchment
area past a specified point. It includes that portion of precipitation
that appears as flow in streams; and drainage or flood discharges
that leave an area as surface flow or as pipeline flow, having
reached a channel or pipeline by either surface or sub-surface
routes.

Storm surge

An atmospherically driven rise in sea level caused by extreme
surface winds and low atmospheric pressure associated with
severe weather conditions, usually cyclones.

Surface storage

The volume of stormwater retained on the surface of the catchment
and within minor surface depressions causing a reduction in
expected stormwater run-off.
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