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Foreword

Australia is very exposed to damage caused by extreme rainfall. Damaging floods are increasing in
severity, duration and frequency, owing to changes in climate, land use, and population demographics.
This increases the risk to people, infrastructure, agriculture and ecosystems. The challenges of

flood risk management are being compounded by climate change. These impacts of climate change
primarily arise from the increased moisture holding capacity of warmer air and the related increase

in rainfall intensity. Sea-level rise, the nature and frequency of storms, and other climate-affected
drivers are exposing vulnerabilities in flood risk management strategies that have been implemented
over the past century. With an increased frequency and severity of extreme weather events due to
climate change, we need to learn from these experiences and prepare better for floods. Effective
flood risk management is critical to limit future losses. In providing and selecting options, there must
be high confidence in flood modelling and adequate access to data. To effectively address flood risks
and impacts, existing flood management strategies must be augmented by new options that consider
and create systemic co-benefits and consider the likely future climatic conditions associated with
climate change. Nature-based Solutions draw inspiration from natural systems to address flooding
while providing co-benefits such as biodiversity gains. They reduce risk to human settlements and
infrastructure, while maintaining catchment ecology, hydrology and river-floodplain connectivity —
balancing ecosystem and flood resilience, resistance, risk, and redundancy, across flood scenarios.
While there exist some Australian Guidelines for Nature-based Solutions for coastal flooding, this is
the first Australian-specific information available to communities or planners to integrate NBS into their
riverine flood risk management plans. These Guidelines provide an introduction to NbS, evidence-
based and quantified information on NbS types and where they might be used. A series of tools are
provided within an assessment framework to assist you to plan NbS initiatives that are technically
robust, offer environmental and social co-benefits, and are culturally and institutionally acceptable and
financially feasible.

Associate Professor Roslyn Prinsley
The Australian National University
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Abbreviations
1D one-dimensional
2D two-dimensional
3D three-dimensional
AAD average annual damage
ABS Australian Bureau of Statistics
ACCU Australian Carbon Credit Unit
AEP annual exceedance probability
AIATSIS Australian Institute of Aboriginal and Torres Strait Islander Studies
AIDR Australian Institute of Disaster Resilience
ALSA agricultural land suitability assessment
ANU The Australian National University
ARI average recurrence interval
ARR Australian Rainfall and Runoff
BAI biodiversity assessment instrument
BCA benefit-cost analysis
BCR benefit-cost ratio
BoM Bureau of Meteorology
CAM carbon accounting method
CBD central business district
CN curve number
CSIRO Commonwealth Scientific and Industrial Research Organisation
DEM digital elevation model
DPE Department of Planning and Environment
DRR Disaster Risk Reduction
EbA ecosystem-based adaptation
EIA Environment Information Australia
EU European Union
FFA flood frequency analysis
FRM flood risk management
FPIC Free, Prior and Informed Consent
GDP gross domestic product
GEV generalised extreme value
Gl green infrastructure
GIS geographic information system
ha hectare
HAP Historical Aerial Photo
IACCG Inter-Agency Climate Change Group
I1AP2 International Association for Public Participation
ICIP Indigenous Cultural and Intellectual Property
IFD intensity-frequency-duration
ILUA Indigenous Land Use Agreement
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[0} input-output

IPA Indigenous Protected Area

IPBES Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
IPCC Intergovernmental Panel on Climate Change
JNCC Joint Nature Conservation Committee

km kilometre

LGA local government areas

LULC land use and land cover

m metre

MEM monitoring, evaluation and maintenance

MER monitoring, evaluation and reporting

MERI monitoring, evaluation, reporting and improvement
NAILSMA North Australian Indigenous Land and Sea Management Alliance
NbS Nature-based Solution/s

NDIS natural infrastructure in dryland streams

NFM natural flood management

NGO non-governmental organisation

NHMRC National Health and Medical Research Council
NPV net present value

NRM natural resource management

NWRM Natural Water Retention Measures

PBC Prescribed Bodies Corporate

PMF probable maximum flood

PMP probable maximum precipitation

PV present value

QRA Queensland Reconstruction Authority

QRCC Queensland Resilience Coordination Committee
RAF runoff attenuation feature

RoG rain-on-grid

SDG Sustainable Development Goals

SEED (NSW) Sharing and Enabling Environmental Data
SIX (NSW) Spatial Information eXchange

STRM Shuttle Radar Topography Mission
SWAT soil and water assessment tool
SWMM Storm Water Management Model
SWUD water-sensitive urban design

TEV total economic value

TN total nitrogen

TSS total suspended solids

WWNP Working with Natural Processes
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Glossary

annual exceedance
probability (AEP)

the probability that a given rainfall total accumulated over a given
duration will be exceeded in any one year

antecedent conditions

the pre-existing state of a catchment area before a rainfall event,
such as soil moisture levels or groundwater saturation from
previous rainfall

assessment framework

a structured approach to guide the selection and design of NbS to
address flooding of urban areas in a catchment

avoided costs

expenses that would be incurred if a specific intervention does not
take place

barriers

factors that limit consideration or use of NbS

benefit-cost analysis (BCA)

the accepted economic decision support to aid social decision-
making by monetising the significant effects of a project to enable
direct comparison of the diverse social benefits against social
costs in a common currency

benefit-cost ratio (BCR)

the ratio of the present value of quantifiable benefits to the
present value of quantifiable costs

bespoke analysis

numerical modelling that has been calibrated to local conditions
and processes using monitored data

calibration involves adjusting model parameters to align the outputs with
observed data

capability the collective ability and power to deliver and sustain an effect
within a specific context and timeframe

capacity the key determinant of how long a capability can be sustained at

a particular level of ability

catchment-based solutions

NbS land use practices that optimise forest and grassland cover
and enhance agricultural practices and surface permeability
across the catchment

co-benefit

environmental, social and some economic improvements
generated from an NbS project that are additional to the primary
flood mitigation benefits

Commonwealth Government

national government of Australia

counterfactual scenario

simulation of a scenario that has not occurred

de-poldering

returning reclaimed land, originally created by constructing dykes
and draining a body of water for agricultural purposes, back to the
river

detailed analysis

numerical modelling or data from experiments or trials to support
elements of the conceptual model

diversion solutions

redirection and channelling of water flows divert floodwater from
sensitive urban areas and minimise potential flood risks

economic assessment

compares the effects on human activity from observed or
modelled interventions; involves valuing changes in human
activities or the condition of assets humans place value on and so
is necessarily human centric
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ecosystem services

describes the benefits that humans obtain from ecosystem
functions, including provisioning services such as food and
water; regulating services such as regulation of floods, drought,
land degradation and disease; supporting services such as soil
formation and nutrient cycling; and cultural services such as
recreational, spiritual, religious and other non-material benefits

El Nifio

a naturally occurring climate pattern in the equatorial Pacific
Ocean where sea surface temperatures become unusually warm,
impacting weather patterns, which leads to warmer weather and
drought conditions

enablers

factors that facilitate consideration or use of NbS (and/or remove
barriers)

evaluation

a systematic determination of a project’s value or significance,
using selected criteria that logically align with the objectives or
purpose

expert judgement

judgement of NbS and flood impacts by a suitable qualified
professional, generally qualitative

externalities

the actions of an individual that impart a benefit or cost on others
but are not considered in the individual's decision (the classic
externality example is that an orchard owner does not incorporate
the benefit to the beekeeper when deciding how many trees to
plant)

flash flood a flood that is sudden and unexpected; often caused by sudden
local or nearby heavy rainfall
Flood a natural phenomenon that occurs when water covers land that is

normally dry

flood damage

the tangible (direct and indirect) and intangible costs (financial,
opportunity costs, clean-up) of flooding

flood frequency analysis

(FFA)

a crucial component of flood risk management that can aid
understanding of the probability of flood events and their impacts

flood fringe areas

areas within the extent of flooding for an event but outside of
floodways and flood storage areas; they are not sensitive to
changes in either flow conveyance or storage

flood risk

a combination of the probability of occurrence and the impact of
the flood

flood severity

a qualitative indication of the ‘size’ of a flood and its hazard
potential

flood storage areas

areas that store a significant proportion of the volume of
floodwater and where flood behaviour is sensitive to changes that
impact on water storage during a flood

floodplain

an area of land that is subject to inundation by floods up to and
including the probable maximum flood event — that is, flood-prone
land

flood-prone land

land susceptible to flooding by the probably maximum flood event;
synonymous with the floodplain

floodways

areas that convey a significant portion of water during floods; they
are particularly sensitive to changes that impact flow conveyance
and often align with naturally defined channels
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gabion

cage, cylinder or box filled with rocks

grey flood control measures

conventional flood control that relies on building engineered
infrastructure such as dams, barriers and levees

grey literature

materials produced by all levels of government, academics,
business and industry in print and electronic formats, but not
controlled by commercial academic publishers

hydrograph

a graph that shows the flow of water over time or stage (flood
level) at any particular location (typically a stream or river);
illustrates how water levels change over a period, often plotted
with discharge (water volume) on the vertical axis and time on the
horizontal axis

intangible

difficult to reliably measure or meaningfully monetise due to
its intrinsic nature, complexity or the absence of markets that
express its true value

La Nina

a complex weather pattern that pushes warm water towards the
western side of the Pacific, which includes Australia and Asia;
because of this warmer water, there is more evaporation, which
means more rainfall over Australia, and cyclones are formed with
more intensity

landscape solutions

NbS that modify and optimise how catchment areas, streams
and floodplains are used to enhance natural processes, largely
through reducing the energy and speed of floodwaters, and also
through detaining water by infiltration (e.g. by afforestation, or
within dense riparian vegetation)

leaky weirs

structures built into waterways to slow down and filter water,
allowing it to infiltrate and recharge the aquifer

monitoring, evaluation
and maintenance (MEM)
framework

sets out how an NbS project will be monitored and evaluated for
the purposes of steering or governing, and how the necessary
maintenance will be organised and delivered

multiplier effects (also known
as second-round impacts)

the flow-on effects from changes in income as they circulate
through the economy

NbS process map

outlines the steps to follow to implement the assessment
framework

NbS

NbS harness natural processes to address challenges such as
flooding while simultaneously delivering environmental, social
and economic benefits. NbS: are inspired and powered by nature;
address (societal) challenges or resolve problems; and provide
multiple services/benefits, including biodiversity gain

net present value (NPV)

the difference between the present value of quantifiable benefits
and the present value of quantifiable costs

non-use value

the benefit that people assign to outcomes (e.g. improved
biodiversity) even if they never have and never will use it

offline storage

occurs outside the river's main channel network; includes
options that restore floodplain and wetland storage functions, or
store floodwaters in anabranches, floodways or palaeovalleys,
providing long-term flood mitigation, groundwater recharge and
ecological benefits
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online storage

functions within the river network; includes solutions such as
leaky weirs or detention basins that temporarily detain floodwaters
and release them more gradually

optimism bias

a cognitive bias that results in people systematically
underestimating the likelihood of negative events occurring

palaeochannels

ancient, inactive river channels

palaeovalleys

ancient, buried inactive river valleys

planning fallacy

a bias that results in overoptimistic projections of how smoothly a
planned project will run

runoff

the amount of rainfall that drains into the surface drainage
network to become stream flow; also known as rainfall excess;
runoff that flows over land before reaching a watercourse is
referred to as surface runoff or overland flow, and once in a
watercourse, runoff is referred to as streamflow or river runoff

spongy catchment

working with the natural landscape across the whole catchment
to slow water movement at multiple points, store excess water in
appropriate locations and reduce peak flows before they reach
vulnerable communities downstream

stakeholder

anyone who has an interest (financial, moral, legal, personal,
community-based, direct or indirect) in an issue or a project (e.g.
residents, business owners, land managers, recreational fishers,
and community and government organisations)

storage solutions

structures (e.g. wetlands) that retain water effectively within the
landscape

stream and floodplain-based
solutions

involve interventions that manage floodplain connectivity, storage
and conveyance; includes measures to enhance stream channel
management, improve river-floodplain connectivity and restore
riparian vegetation

surface roughness

reduces the water’s flow velocity, delaying the water reaching the
stream network

tangible benefits and costs

can be reliably measured or meaningfully quantified in terms of
monetary values

theory of change a useful framework to assist in communicating why an NbS may
be a preferred option for flood mitigation

validation assesses a model’s performance using independent datasets

wetlands an area where the land is saturated with water, either permanently

or periodically, supporting vegetation and other life adapted to
wet conditions; can include swamps, marshes, billabongs, lakes,
lagoons, saltmarshes and mudflats

The Australian National University
TEQSA Provider ID: PRV12002 (Australian University) | CRICOS Provider Code: 00120C 13







Nature-based Solutions for flood mitigation in Australia- Book 1: National Guidelines

Chapter 1:

Introduction to Nature-based Solutions

for flood mitigation in Australia

Roslyn Prinsley, Jason Alexandra, Barry Croke

Key Points

The objective of these Guidelines is to provide practical,
evidence-based advice and tools to support the design and
implementation of Nature-based Solutions (NbS) for flood
mitigation.

We outline flood risk in Australia, how human interventions have
affected river functions and flood impacts, the effects of climate
change and how these set the scene for the role of NbS.

We also introduce our interdisciplinary assessment framework,
including our approaches to stakeholder collaboration, and
option assessment and design.

Our framework prioritises the extent to which NbS can mitigate
floods as a primary decision-making criterion.

With careful planning and design, combined NbS can effectively
mitigate moderate floods (up to 1-in-20 year flood) and reduce
impacts of rare floods (1-in-100 year flood).

Most NbS are unlikely to be effective during very rare floods
(over a 1-in-1,000 year flood).

Single NbS can generally mitigate impacts of moderate flood
events.

The Australian National University
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Book 1: National Guidelines

1.1 Your roadmap to flood resilience: a practical guide
to implementing Nature-based Solutions

In the face of increasing flood risks, these Guidelines put practical, evidence-based tools in your
hands. Developed as a direct partnership between an interdisciplinary team at the Australian National
University (ANU) and local councils and communities in regional Australia, we address a critical

gap: how to design and implement effective flood mitigation strategies using Nature-based Solutions
(NbS). NbS approaches harness natural processes to address challenges such as flooding while
simultaneously delivering environmental, social and economic benefits. Inspired and powered by
nature itself, NbS work with - rather than against - natural systems to protect communities, enhance
resilience and provide multiple co-benefits that traditional engineering solutions often cannot match.
Our Guidelines specifically focus on applying these principles to Australian conditions, where our
unique ecosystems require tailored approaches.

We provide tested approaches to model flood impacts at the catchment scale and evaluate NbS
options to address flood mitigation in a range of catchments. As climate change intensifies and
development pressures mount, these Guidelines will help to equip you with the capacity to make
evidence-informed decisions that protect your community while maximising limited resources.

The intent of these Guidelines is to provide:

+ anintroduction to NbS
» evidence-based and quantified information on NbS types and where they might be used

 a series of tools within an assessment framework to assist you to plan NbS initiatives that are
technically robust, socially acceptable and financially feasible.

Our objective is to build local capacity to understand, model, implement and evaluate nature-based
approaches to flood management that are tailored to Australian landscapes and communities. By
providing an evidence base from national and international analyses, we aim to show the impacts
of NbS on flooding and to help you assess and plan NbS. We include locally relevant frameworks,
assessment tools and implementation strategies. We emphasise that to reduce flood impacts and
achieve desired co-benefits, deliberative planning and skilled design are essential. The approach we
advocate empowers councils and community leaders to confidently integrate sustainable solutions
into existing flood management planning.

Why NbS? Because these nature-inspired approaches are changing how floods are managed
globally. While engineering solutions often require costly maintenance and eventual replacement,
carefully designed NbS may grow stronger over time, becoming more effective while also delivering
multiple co-benefits - such as improved water quality, enhanced biodiversity and recreational
spaces, and increased property values. International bodies such as the World Bank have already
documented their success, but until now Australian communities lacked locally relevant guidance to
integrate these approaches successfully into their flood management strategies.

In these Guidelines we translate evidence, sourced from the international literature, into a form
suitable for the Australian context. We have partnered with local councils and communities to develop
catchment studies to provide examples of NbS projects and illustrate how to use the planning and
assessment framework outlined here. You should read the catchment study reports in conjunction
with these Guidelines. Together, the global evidence and catchment studies provide quantified
evidence of benefits across diverse locations as well as practical advice for integrating NbS solutions
into flood risk management plans.
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Chapter 1: Introduction to Nature-based Solutions for flood mitigation in Australia

Guidance note 1-1: These Guidelines translate evidence sourced from the
international literature, together with catchment studies in partnership with
local councils and communities, to illustrate how to use the planning and
assessment framework and tools.

Throughout the chapters we include boxes demonstrating how the topics under discussion apply to
the assessment and design of NbS in our Bremer River catchment study (see example below).

Successful NbS design to achieve flood mitigation in the Bremer River catchment study

Carefully planning a combined NbS design for the Bremer River catchment in Queensland - including riparian
vegetation, reafforestation, leaky weirs and urban permeability - led to a modelled 80% reduction in flood depth in
urban areas in a 2% AEP flood. Substantial co-benefits include water quality improvements and carbon sequestration.

Whether you are facing immediate flood challenges or planning for future resilience, this resource
provides the frameworks, tools and real-world examples you need to implement solutions that work
with nature.

Guidance note 1-2: Throughout these Guidelines we introduce each chapter with
a summary of key points and include short guidance notes that summarise the
recommended approach, provide directions or offer succinct advice.

1.1.1 The challenge

In Australia, floods cause significant damage to homes, businesses and infrastructure, disrupting
community wellbeing. Since the 1800s, we have dramatically altered our landscape in ways that have
reduced its ability to manage floods:

 land clearing and soil compaction have occurred extensively
» wetlands have been drained
» floodplains have been separated from rivers by levee banks
 infrastructure such as roads and railways has created barriers to flood waters
» streams have been eroded, incised, channelised and straightened.
As a result of these changes, floodwater travels faster downstream, creating larger and more

damaging floods. Urban development on flood-prone land has further disrupted natural flow paths, in
some cases dramatically increasing risks to people and property.

Climate change is compounding these challenges, raising temperatures and increasing the water-
carrying capacity of the atmosphere, increasing the probability of intense rainfall at hourly to sub-
hourly time scales.! Climate change is making floods more frequent, severe and unpredictable due
to the increased rainfall and intensification of the water cycle.23 We therefore need to complement
traditional flood management approaches.

Conventional or grey flood control relies on either limiting land uses on floodplains or building
engineered infrastructure such as dams, barriers and levees. The latter can have significant
drawbacks, including adverse environmental impacts, high maintenance costs, limited adaptability
and, ironically, increased flood risk due to expanded urban development on ‘protected’ floodplains.*®
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Book 1: National Guidelines

1.1.2 The role of NbS

NbS offer an alternative approach that avoids the disadvantages of grey flood control measures while
improving environmental resilience and health. These solutions work with natural processes rather
than against them, potentially offering more sustainable and resilient solutions over the long term. By
leveraging the inherent resilience and adaptive capacity of natural systems, NbS can provide effective
flood risk reduction while maintaining ecological integrity® and/or restoring ecological and hydrological
functions.

Formally recognised by the World Bank in 2008,5 NbS represent an innovative way to address
flooding by sustainably managing, enhancing and mimicking natural processes. Over time, the
term has been refined and now, based on several international definitions,” we characterise NbS as
interventions that:

» are inspired and powered by nature

» address (societal) challenges or resolve problems

» provide multiple services/benefits, including biodiversity gain
 are highly effective and economically efficient.8

NbS include measures such as afforestation, re-establishment of riparian vegetation, wetlands, flow
barriers such as leaky weirs and restoration of paleochannels. The full suite of measures is described
and evaluated in Chapter 2.

But NbS offer multiple benefits beyond flood control. Unlike conventional infrastructure, these
solutions deliver various environmental co-benefits, including biodiversity conservation, climate
change adaptation and ecosystem service provision.? As outlined in Chapter 8, the multifunctional
approach makes NbS particularly attractive for communities seeking to address multiple
environmental challenges concurrently using holistic or integrated approaches.

The 2021 Intergovernmental Panel on Climate Change (IPCC) and Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services (IPBES) joint report'® emphasises this
interconnectedness, stating that climate change and biodiversity loss must be tackled together for
effective solutions. The report highlights that 55% of global gross domestic product (GDP) depends
on biodiversity and ecosystem services, with nature-dependent industries generating half of the
world’s GDP. This economic dimension underscores the pressing need for scaling up nature-positive
approaches, as environmental degradation directly impacts livelihoods and economic stability.

While grey flood control measures alone may not sustainably address growing challenges, it is
important to recognise that meeting societal expectations for flood risk reduction solely through NbS
is often beyond the scope of catchment-based approaches. Instead, NbS may serve as one suite of
components within broader land and water planning and management strategies.

What makes NbS particularly valuable is their ability to manage floods, droughts and extreme
weather events in ways that offer greater flexibility and resilience compared with many conventional
engineered solutions.

In the context of flood mitigation, NbS mark a considerable shift away from traditional engineering-
centric approaches towards more sustainable and integrated flood management strategies. While
conventional flood management has historically relied on structural measures such as levees,
dams and channel modifications, growing evidence suggests that complementary approaches may
better address emerging challenges, particularly regarding environmental impacts and adaptation to
changing conditions.'"12
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Chapter 1: Introduction to Nature-based Solutions for flood mitigation in Australia

Guidance note 1-3: NbS offer multiple benefits beyond flood control. Unlike
conventional infrastructure, these solutions deliver various environmental
co-benefits, including biodiversity conservation, climate change adaptation and
ecosystem service provision.

1.2 Introduction to these Guidelines

These Guidelines draw on international NbS approaches and research and case studies, as well as
recent Australian catchment studies to outline types of NbS interventions and the mechanisms and
principles by which they achieve flood risk mitigation. We provide guidance on planning, designing
and assessing NbS projects. In Chapter 3 we describe a planning and assessment framework to
guide the development of NbS projects. Using this framework can help facilitate robust decision-
making and assist high-value projects to attract funding based on their potential to achieve long-term
positive outcomes for society and the environment. These evidence-based methods provide the
resources necessary to assess and design NbS for flood mitigation.

Our review of international examples of NbS and associated guidelines (see Table 13-4) highlights
that Australia needs to build a body of professional practitioners who can learn from the experience
of implementing NbS. Adopting an adaptive approach and gathering hydrological and ecological data
will further build our understanding of the value (and limits) of these types of interventions.

1.2.1 Target audience and structure of the Guidelines

These Guidelines are aimed at those who work in local government, natural resource management,
floodplain management, community groups and policy-making. They provide a guide to the design of
NbS in catchments to mitigate flooding of urban areas.

* In Chapter 1 we provide background information on flooding and the role of NbS for flood
mitigation.

* In Chapter 2 we examine types of NbS and their applications in flood mitigation, including
their quantified impacts. This information is based on an extensive review of the international
literature and our analysis undertaken in six catchment studies in Australia.

* In Chapter 3 we outline an assessment framework that provides a structured approach to the
selection and analysis of NbS options.

* The assessment framework consists of nine major components, which are presented in
Chapters 4-12. These provide guidance on designing and assessing NbS for flooding, as well
as how to make a convincing business case.

> In Chapter 4 we outline the initial scoping and planning stages, including identifying the
nature of flood risk and existing flood defences, plus information gathering on the nature of
the catchment and its community.

> In Chapter 5 we provide advice on consultation and engagement.

o In Chapters 6 and 7 we provide advice on methods and approaches, including modelling,
that supports the selection, design, analysis and assessment of NbS options for flood
mitigation.

> In Chapters 8 and 9 we identify potential environmental and social co-benefits and provide
advice on identifying institutional enablers and barriers.

> In Chapter 10 we outline a benefit-cost assessment framework to enable you to compare
different flood mitigation options.

o In Chapter 11 we propose a framework and approach for monitoring and evaluation.
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o In Chapter 12 we advise how to prepare a compelling business case that will support
investment in NbS for flooding.

* In the final chapter, Chapter 13, we present catchment studies to illustrate how NbS are
being designed and implemented in Australia and internationally. Significantly, in six detailed
catchment studies in Australia we demonstrate how the assessment framework was used by
the ANU team to identify, locate and design NbS options. We include quantitative analysis of the
extent to which NbS options mitigate flooding, as well as provide co-benefits. We also outline
NbS projects at various stages of implementation from across Australia and provide databases
of international case studies targeting flood mitigation through NbS.

These Guidelines are designed to be accessible to a wide range of audiences while maintaining
technical accuracy. Each chapter has been authored by experts in their respective fields, and
necessarily incorporates specialised terminology and concepts relevant to those disciplines. While
we have strived for consistency throughout, writing styles may vary across the chapters, particularly
in technically complex areas such as hydraulic modelling and engineering. This interdisciplinary
approach ensures that each section maintains the precision required by its subject matter, even as
the document serves diverse stakeholders.

Using expert panels in the Bremer River catchment study

A key element of the assessment framework is working together with local stakeholders. For our Bremer River catchment
study, we established expert panels with relevant stakeholders to collaborate with us to select and co-design NbS

for flood mitigation. They provided local context and expertise in assessing the suitability of catchment study options,
agreed on NbS options to model for catchment areas, advised on types and sources of data required to fully assess the
NbS selected, and recommended who we should engage with to ensure that the NbS options being assessed had the
appropriate inputs.

1.3 Flooding in Australia

Before embarking on the task of assessing and designing NbS for flood mitigation, it is essential

to understand Australia’s unique flooding dynamics. This foundational knowledge underpins the
identification of effective, context-specific strategies that can protect communities and ecosystems.
By understanding the patterns of flooding across Australia’s diverse landscapes, you will be equipped
to craft NbS that are not only scientifically sound but also strategically tailored to local environmental
conditions and challenges.
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1.3.1 Overview

Australia’s floodplain rivers have evolved with the boom/bust cycle of drought and flood, driven

by our highly variable climate patterns. Floods drive the wet stage of the cycle, bringing a period

of abundance in biological productivity and triggering the reproductive stages of many plants

and animals. While flood events can be destructive to human settlements, they are vital natural
phenomena playing a crucial role in maintaining healthy river ecosystems. Floodwaters bring turbid
water and nutrients to floodplains, estuaries and coastal waters - vital for floodplain fertility as well
as stimulating the spawning and recruitment of many coastal and marine species. Over most of
Australia, floods sustain riverine and floodplain ecosystems, fill wetlands, trigger the breeding of
native fish and birds, recharge groundwater supplies and support magnificent floodplain forests, often
dominated by iconic river red gums (Eucalyptus camaldulensis). Floods are ecologically important
and therefore economically beneficial, except where humans have built towns and infrastructure

on floodplains. Floods can have both a detrimental and a beneficial impact on farms located on
floodplains: on the one hand, floodwaters can damage or destroy crops, and erosion can lead to loss
of farmland; but on the other hand, the sediment and nutrients deposited on a floodplain will benefit
future farming activities.

T
- . \‘ L L : Ay
Flooding in Maryborough, Queensland
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Aflooded road on the Sunshine Coast, Queensland

The nature of a flood is influenced by the size of the catchment, the capacity of the river network

and the intensity and duration of rainfall. In small catchments, floods occur on short timescales (flash
floods), with a rapid rise in water levels and high flow velocities, leaving little time for preparation. In
very large catchments, the lead time can be considerable, allowing time for preparation, although
the duration of flooding can last much longer. The capacity of a river network to carry floods can be
influenced by the history of high-flow events as well as the topography and geology of the catchment.
Furthermore, the intensity and duration of rainfall events affect the magnitude and duration of flood
events.

1.3.2 Riverine flooding

Riverine flooding occurs when water inundates land that is normally dry - that is, when a river’s
waters surge beyond its banks. Over thousands of years, riverine systems including floodplains have
evolved to not only withstand but also actively benefit from periodic flooding events. Major floods
shape the landscape, distribute nutrients, replenish groundwater and support the complex web of
life in floodplain and estuarine ecosystems. Plants and animals have adapted their life cycles to take
advantage of these natural events, with many species depending on flood events for reproduction
or seed dispersal. For example, red gum seed is dispersed on flood waters, while golden perch
(Macquaria ambigua) have been recorded swimming 1,000 km upstream in the Darling system to
spawn, with their journeys triggered by rising floodwater.

This natural flooding rhythm creates dynamic environments that foster biodiversity and maintain the
ecological balance of riparian zones, even though the timing and magnitude of floods may appear
chaotic (stochastic) from a human perspective.
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Despite these beneficial characteristics, floods can have significant detrimental impacts on
infrastructure and human settlements located on floodplains. Riverine flooding is one of the most
financially devastating natural hazards worldwide, accounting for 20% of the total economic losses
reported from disasters globally.” These river-related flood events create extensive damage to
infrastructure, homes and businesses, and disrupt agricultural production and economic activities in
the affected regions. The substantial financial impact stems not only from direct damage to property
and assets but also from indirect losses such as interruptions to business, reduced productivity
and the long-term costs of recovery and reconstruction. The economic burden highlights the critical
importance of effective flood management strategies to help mitigate these losses and protect
vulnerable communities living in flood-prone areas.

Flash flooding happens when intense downpours cause water levels to surge, usually within minutes
to hours. These rapid floods typically affect smaller geographic areas and catchments. In contrast,
flooding in larger river catchments develops more slowly. As rain accumulates over extended periods
- from several hours to many weeks - the water gradually builds up to levels beyond those that can
be conveyed in the river's main channels and spills onto the floodplain. This flooding can submerge
vast regions, with floodwaters potentially remaining for days, weeks or even months. Individual flood
events in the same river can propagate in different ways because rivers are dynamic systems that
change over time. Floods are one of the significant features that can change their dynamics, shifting
materials such as logs, fallen trees, sand and sediment.

Flooded Merri Creek and bicycle path, Brunswick East, Melbourne
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1.3.3 Rivers have multiple benefits

Rivers are a primary source of fresh water upon which human civilisations heavily depend, and are
a source of life, energy, revenue, recreation and spiritual inspiration." Rivers provide drinking water
and water for irrigation, fertile floodplains for agriculture, and transportation corridors for people,
agriculture and industry. They sustain fisheries - subsistence, commercial and recreational - and
provide critically important fish and wildlife habitat and migration corridors. Rivers and floodplains
also depend on surface—groundwater exchanges, with groundwater recharge replenishing aquifers
that sustain ecosystems, drive base flows and store freshwater resources. Fertile rivers are often
the centre of cultural and economic activities for the world’s many diverse cultures. These important
cultural, economic and ecological functions of rivers must be considered when developing flood
management and mitigation approaches.

>

Little River in the Nattai wilderness, Wollondilly, NSW; this river joins p with the Nattai Rivr, part of the Sydney \
water catchment

1.3.4 How land use change affects river functions

In many regions, human societies have dramatically re-engineered major river systems and
surrounding landscapes so that they can inhabit floodplains and control or re-route river flows. In
many urban areas, rivers flow through highly modified and industrialised landscapes. Channels have
been reshaped for transportation, agriculture, flood risk reduction and urban development, with the
dynamic meandering nature of rivers often constrained. Many rivers have been affected in this way,
with resulting changes in width and depth, and are no longer in a state of equilibrium or sediment
balance.
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In many regions of Australia, catchments are affected by the removal of vast areas of natural
vegetation, altering a river’'s catchment and flow patterns. Removing or changing the vegetation
cover affects the functionality of native plant communities and often results in the simplification of
landscapes, modifying complex ecosystems to become monocultures. Land use changes result in
ecosystem alterations that modify the complex interactions among physical, chemical and biological
processes that drive changes in a river’s form and function.

Clearing of slopes and floodplains also interferes with the physical and biological functions of
catchments that would otherwise store and release water slowly. The erosion of cleared soil and the
removal of the organic-rich surface layers lead to less rainfall being absorbed, increased runoff rates
and further soil erosion. Excess erosion destabilises the river system and increases floods as eroded
material is deposited in river channels.

Meanders of the Murray River, SA

1.3.5 The impact of urban development

The expansion of cities and urban areas - including residential, commercial and industrial
development - leads to more land being under roofs and paved surfaces, which shed water rapidly
and reduce absorption into soils. Urbanisation can destabilise the entire hydrological system. The
increase in the area under hard surfaces fundamentally changes how water moves through the
landscape, accelerating runoff, increasing stream velocity and fundamentally disrupting the former
relationships between rivers and their floodplains. As urbanisation expands, people build closer to
rivers and construct infrastructure such as bridges and flood barriers. These modifications squeeze
river channels, change water flow patterns, prevent normal sediment movements, damage local
ecosystems and often lead to increased flooding in particular locations.
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Replacing vegetation with buildings and pavements creates large areas that rainwater cannot

soak into, forcing more water to flow across these surfaces at faster rates and in larger quantities,
increasing flood dangers. Communities downstream face greater flooding risks as floodwaters travel
more rapidly through the system.

Land use planning can play a critical role in minimising flood impacts. However, when new urban
development is permitted in flood zones such as floodplains, river fans or river deltas, it places
people, homes and businesses directly in areas prone to flooding. Many existing cities, suburbs and
towns have been established on floodplains and have records of historic flood events.
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Floodwaters in the city of Lismore, NSW, 2022

1.4 Hydro-climatic processes and flooding
1.4.1 Climate change and NbS planning

Concerns about risks arising from climate change are leading to the reformulation of water and
natural resources policies.’>-'¢ For example, in southeast Australia, more intense storm events and
longer, more frequent and more intense droughts and significant drying trends are predicted. 92
Australia’s water management regimes evolved under a highly variable climate with recurrent,
decadal droughts interspersed with episodic floods.2!22 The concept of ‘stationarity’ (the idea that
past patterns reliably predict future conditions) is no longer valid, making historical data less useful
for predicting future water patterns.? To adapt water strategies to climate change, we need new
approaches that differ from traditional water management methods. 52425

Operating in highly variable climates poses substantial challenges for Australia’s urban areas — firstly,
to secure reliable supplies of potable water, usually from large dams in the hinterlands designed

to handle long dry periods; and secondly, to drain excess water away through stormwater systems
designed for episodic floods.% The infrastructural technologies adopted in cities have had a powerful
bearing on the urban environment, including on urban stream networks and their aquatic ecosystems.
Urban runoff is a source of major water quality problems with litter, nutrients, pollution and sediment
draining into streams, lakes, rivers and estuaries. In addition, impervious surfaces (e.g. roofs,

roads, pavements, car parks) shed rainfall more rapidly, leading to flash flooding in creeks, posing
challenges for stream restoration. 7
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