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Director’s foreword

Sustainable regional development is a priority for the Australian and Northern Territory
governments. Across northern Australia, however, there is a scarcity of scientific information on
land and water resources to complement local information held by Indigenous owners and
landholders.

Sustainable regional development requires knowledge of the scale, nature, location and
distribution of the likely environmental, social and economic opportunities and the risks of any
proposed development. Especially where resource use is contested, this knowledge informs the
consultation and planning that underpins the resource security required to unlock investment.

In 2019 the Australian Government commissioned CSIRO to complete the Roper River Water
Resource Assessment. In response, CSIRO accessed expertise and collaborations from across
Australia to provide data and insight to support consideration of the use of land and water
resources for development in the Roper catchment. While the Assessment focuses mainly on the
potential for agriculture, the detailed information provided on land and water resources, their
potential uses and the impacts of those uses are relevant to a wider range of regional-scale
planning considerations by Indigenous owners, landholders, citizens, investors, local government,
the Northern Territory and federal governments.

Importantly the Assessment will not recommend one development over another, nor assume any
particular development pathway. It provides a range of possibilities and the information required
to interpret them - including risks that may attend any opportunities - consistent with regional
values and aspirations.

All data and reports produced by the Assessment will be publicly available.

Chris Chilcott

Project Director
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Preface

Sustainable regional development is a priority for the Australian and Northern Territory
governments. For example, in 2023 the Northern Territory Government committed to the
implementation of a new Territory Water Plan. One of the priority actions announced by the
government was the acceleration of the existing water science program ‘to support best practice
water resource management and sustainable development’.

The efficient use of Australia’s natural resources by food producers and processors requires a good
understanding of soil, water and energy resources so they can be managed sustainably. Finely
tuned strategic planning will be required to ensure that investment and government expenditure
on development are soundly targeted and designed. Northern Australia presents a globally unique
opportunity (a greenfield development opportunity in a first-world country) to strategically
consider and plan development. Northern Australia also contains ecological and cultural assets of
high value and decisions about development will need to be made within that context. Good
information is critical to these decisions.

Most of northern Australia’s land and water resources, however, have not been mapped in
sufficient detail to provide for reliable resource allocation, mitigate investment or environmental
risks, or build policy settings that can support decisions. Better data are required to inform
decisions on private investment and government expenditure, to account for intersections
between existing and potential resource users, and to ensure that net development benefits are
maximised.

In consultation with the Northern Territory Government, the Australian Government prioritised
the catchment of the Roper River for investigation (Preface Figure 1-1) and establishment of
baseline information on soil, water and the environment.

Northern Australia is defined as the part of Australia north of the Tropic of Capricorn. The Murray—
Darling Basin and major irrigation areas and major dams (greater than 500 GL capacity) in Australia
are shown for context.

The Roper River Water Resource Assessment (the Assessment) provides a comprehensive and
integrated evaluation of the feasibility, economic viability and sustainability of water and
agricultural development.

While agricultural developments are the primary focus of the Assessment, it also considers
opportunities for and intersections between other types of water-dependent development. For
example, the Assessment explores the nature, scale, location and impacts of developments
relating to industrial and urban development and aquaculture, in relevant locations.

The Assessment was designed to inform consideration of development, not to enable any
particular development to occur. As such, the Assessment informs — but does not seek to replace —
existing planning, regulatory or approval processes. Importantly, the Assessment does not assume
a given policy or regulatory environment. As policy and regulations can change, this enables the
results to be applied to the widest range of uses for the longest possible time frame.

Preface | v



Preface Figure 1-1 Map of Australia showing Assessment area

It was not the intention —and nor was it possible — for the Assessment to generate new
information on all topics related to water and irrigation development in northern Australia. Topics
not directly examined in the Assessment are discussed with reference to and in the context of the
existing literature.

Functionally, the Assessment adopted an activities-based approach (reflected in the content and
structure of the outputs and products), comprising eight activity groups; each contributes its part
to create a cohesive picture of regional development opportunities, costs and benefits. Preface
Figure 1-2 illustrates the high-level links between the eight activities and the general flow of
information in the Assessment.
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Preface Figure 1-2 Schematic diagram of the high-level linkages between the eight activities and the general flow of
information in the Assessment.

Assessment reporting structure

Development opportunities and their impacts are frequently highly interdependent and
consequently, so is the research undertaken through this Assessment. While each report may be
read as a stand-alone document, the suite of reports most reliably informs discussion and
decisions concerning regional development when read as a whole.

The Assessment has produced a series of cascading reports and information products:

e Technical reports; that present scientific work at a level of detail sufficient for technical and
scientific experts to reproduce the work. Each of the eight activities has one or more
corresponding technical report.

e A Catchment report; that for the Roper catchment synthesises key material from the technical
reports, providing well-informed (but not necessarily-scientifically trained) readers with the
information required to make decisions about the opportunities, costs and benefits associated
with irrigated agriculture and other development options.

e A Summary report; that for the Roper catchment provides a summary and narrative for a
general public audience in plain English.

e A Summary factsheet; that for the Roper catchment provides key findings for a general public
audience in the shortest possible format.

The Assessment has also developed online information products to enable the reader to better
access information that is not readily available in a static form. All of these reports, information
tools and data products are available online at https://www.csiro.au/roperriver. The website
provides readers with a communications suite including factsheets, multimedia content, FAQs,
reports and links to other related sites, particularly about other research in northern Australia.

Preface | vii
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Executive summary

This report focuses on the flooding characteristics of the catchment of the Roper River. The impact
of flooding on agricultural production can be significant, potentially leading to the loss of livestock,
fodder, topsoil, and damage to crops and infrastructure. However, it is important to note that
flooding plays a vital role in river, wetland and coastal ecosystems. For example flood pulses
create opportunities for offstream wetlands to connect with the main river channels allowing the
exchange of water, sediments, chemicals, organic matter and biota.

This report provides an overview of the flooding characteristics over the region. It also details the
hydrodynamic modelling tools utilised to assess flooding. This includes information on model
configuration, data acquisition and the evaluation process, comparing the model results with
satellite-based flood inundation maps.

Hydrodynamic models offer several advantages over satellite-based approaches and conceptual
node-link river system models when it comes to evaluating flooding. These models enable the
assessment of not only the extent of inundation but also water depth and velocity, with the ability
to analyse these factors at very fine time intervals, often in the order of seconds. In contrast,
satellite-based approaches primarily focus on analysing historical flood events. Hydrodynamic
models, on the other hand, can be used to assess how flood characteristics might change under
future climate and development scenarios.

The outputs derived from the hydrodynamic modelling play a crucial role in various aspects, which
include:

e identifying areas prone to flooding under historical climate conditions and current development
levels (baseline)

e estimating changes in inundation across the floodplains under potential future climate and
development scenarios

e quantifying the hydrological connectivity of floodplain wetlands, considering the extent, timing
and duration of the connection between offstream wetlands and the main river channels

e assessing changes in hydrological connectivity resulting from altered flow regimes.

Model calibration

In the Assessment, a one-dimensional hydrodynamic river model (MIKE 11) was coupled to a two-
dimensional hydrodynamic floodplain model (MIKE 21 FM) to simulate floodplain hydraulics and
inundation dynamics within two (inland and coastal) zones in the Roper catchment.

Boundary conditions were derived from daily discharge from a calibrated river system model
called the Australian Water Resource Assessment — River model (AWRA-R), hourly tide gauge
information and Sacramento rainfall-runoff model simulations. Flood inundation maps for
individual flood events from 1988 to 2013 were created using high-quality Moderate-Resolution
Imaging Spectroradiometer (MODIS) and Landsat imagery. These maps were used to calibrate the
hydrodynamic model.
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Two separate hydrodynamic models were configured to optimise computation time. Zone 1
extends downstream of Jilkminggan to Red Rock gauge, covering approximately 1500 km?2. Zone 2
is the lower domain extending from the Red Rock gauge to the mouth of the Roper River, covering
approximately 2614 km?.

High-resolution Light Detection and Ranging (LiDAR) data (5 m) was acquired as part of the
Assessment over most of the floodplain area. This was a key input to the hydrodynamic model in
these areas, while 30-m grid Shuttle Radar Topography Mission (SRTM)-based hydrologically
corrected land elevation data (referred to as DEM-H) was used for the remaining model domain.

Each hydrodynamic model was calibrated to four flood events, carefully selected to ensure a range
of event sizes and availability of cloud-free MODIS and Landsat images. The hydrodynamic model
demonstrated reasonable simulation of spatial floodplain inundation patterns when compared to
MODIS and Landsat water maps. Overall, the hydrodynamic models performed better for large
floods, followed by medium-sized events, and then small events.

The calibrated hydrodynamic models were utilised to investigate flood characteristics in the two
zones and simulate future climate and development scenarios. Due to the extensive computation
time required, a limited number of simulation runs were conducted in each zone.

Flood characteristics

Inundation in Zone 1 is primarily driven by high flows down the Roper River, with areas along the
Maiwok Creek also displaying significant flooding. The Zone 1 domain consists of a network of
complicated braided channels that become activated as water levels rise. In addition to the
general anastomosing channel patterns, there are several noteworthy geomorphological features
along the Roper River where the main channel suddenly splits into many (more than 10)
anabranches that reconnect between 5 and 20 km downstream.

The characteristics of Zone 2 stand in stark contrast to those of Zone 1. Tidal influences reach all
the way to Roper Bar, 10 km downstream of the Red Rock gauge. A single Roper River channel is
better defined, and less anabranching occurs in the lower zone. Furthermore, Zone 2 contains tidal
flats towards the coast along the Roper and Phelp rivers.

Additional observations of flooding under the historical climate in the Roper catchment are as
follows:

e Flood peaks typically take about 3 days to travel from Mataranka Homestead to Red Rock, at a
mean speed of 3.3 km/hour.

e For flood events of annual exceedance probability (AEP) 1in 2, 1in 5and 1 in 13, the peak
discharge (discharge) at Red Rock on the Roper River is 1100, 1500 and 3000 m3/second,
respectively (i.e. 95, 130 and 259 thousand ML/d, respectively).

e Between 1966 and 2019 (53 years), events with a discharge greater than or equal to AEP 1in 1
occurred during all months between August and April, with about 85% of events occurring
between December and March. Of the ten events with the largest flood peak discharge at Red
Rock on the Roper River, four events occurred during December, three in January and one event
in each of February, March and April.

e The maximum areas inundated for events of AEP 1 in 2 (1988), AEP 1in 5 (2008), AEP 1in 13
(1991) were 374, 1476 and 1495 km?, respectively.

Executive summary | ix



Model scenario analysis

A limited number of simulations were conducted to investigate the hydrological effects of
potential climate and development changes in the future.

The model results revealed that the impacts of future projected wet (Scenario Cwet) and dry
(Scenario Cdry) climates on floodplain inundation and wetland connectivity were more
pronounced than the modelled impacts of water resource development. In both zones, the
increase in floodplain inundation and connectivity under Scenario Cwet was larger than the
decrease under Scenario Cdry, which is consistent with the changes in modelled streamflow under
these climate scenarios.

The inclusion of five hypothetical dams (sites on Flying Fox Creek, Jalboi River, Hodgson River,
Waterhouse River and Waterhouse River West Branch) resulted in a 4% decrease in the inundated
area downstream for an event with an AEP of 1 in 2 and an 7% decrease for an event with an AEP
of 1in 13. The relatively small impact on inundated area is partly because the potential dams are
located in small headwater catchments, and in the Roper catchment, local runoff on the coastal
floodplains and surrounding land exceeds that generated in the headwater catchments. That the
larger event experienced a larger reduction in maximum inundated area than the smaller event is
attributed to antecedent dam storage conditions prior to each event. The 1 in 13 event followed
several years of dry conditions and thus the simulated reservoir was largely empty.

The inclusion of only the hypothetical Waterhouse River dam (with a capacity of 219 GL) resulted
in a 1% decrease in the maximum inundated area for an event with an AEP of 1in 2 and an 2%
decrease for an event with an AEP of 1 in 13. As with the five hypothetical dams scenario, the
larger event experienced a larger reduction in maximum inundated area than the smaller event
because the antecedent dam storage conditions were lower for the larger event..

The incorporation of a hypothetical Flying Fox Creek dam, with a capacity of 133 GL, led to a
reduction of 1% in the maximum flooded area during both AEP of 1in 2 and 1 in 13 events.

Water harvesting (660 GL) resulted in a 11% decrease in the flooded area for an event with an AEP
of 1in 2. During an event with an AEP of 1 in 13, there was a very small (0.02%) reduction in the
extent of inundation.
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1 Introduction

While floods are generally perceived as natural disasters, they can provide many environmental
and ecological benefits (Tockner et al., 2008; Opperman et al., 2010). Floodplain inundation
contributes to species diversity and relative abundance, aquatic biota growth (Phelps et al., 2015),
groundwater recharge (Doble et al., 2012) and soil fertility (Ogden and Thoms, 2002). During
floods there is an exchange of water, sediments, chemicals, organic matter and biota between the
main river channels and floodplains (Thoms, 2003; Bunn et al., 2006; Tockner et al., 2010). Since
publication of the Flood Pulse Concept (Junk et al., 1989), the importance of floodplain inundation
for these exchanges and the productivity of diverse aquatic biota in river—floodplain systems has
been emphasised in many studies (e.g. Bayley, 1991; Heiler et al., 1995; Middleton, 2002;
Welcomme et al., 2006; Gallardo et al., 2009). Yet, our knowledge of the frequency and duration
of floodplain inundation and subsequent connectivity between water bodies and ecological
functioning of many of the world’s largest floodplain systems is very limited and insufficient to
inform water management and biodiversity protection, or adaptation to future climate (Beighley
et al., 2009; Arthington et al., 2014).

Despite centuries of human activities that alter river floodplains, remnant permanent water
bodies still exist on the floodplains, but they are diminishing at increasing rates (Bayley, 1995;
Sparks, 1995; Tockner et al., 2008). An important issue for the management of floodplain water
bodies, including wetlands of historical, cultural and economic values, is to know the extent,
frequency and duration of floodplain inundation and hydrological connectivity between them to
derive ways to maintain or even enhance an optimal level of biophysical exchanges between rivers
and floodplains. The study area in the Assessment has large floodplains in its middle and lower
reaches and they support a larger number of offstream wetlands with high ecological, cultural and
biodiversity values. Therefore, it is important to quantify the inundation dynamics in terms of
extent, frequency and duration, and hydrological connectivity between offstream wetlands and a
main channel or several channels under historical climate, and to assess how the inundation and
connectivity could be impacted under future climate and development.

However, quantification of floodplain inundation dynamics and hydrological connectivity between
water bodies is still a great challenge. Several studies have used a combination of remotely sensed
inundated area and concurrent river flow to predict how flooded area changes with river flow (e.g.
Townsend and Walsh, 1998; Hess et al., 2003; Overton, 2005; Frazier et al., 2003; Peake et al.,
2011). The same approach has also been used to quantify how the number of inundated wetlands
changes with river flow (Shaikh et al., 2001; Frazier et al., 2003; Ganf et al., 2010). However, this
approach is not dynamic and cannot produce a continuous time series of inundation extent and it
is not possible to quantify the duration of wetland connectivity, which can have an important
influence on wetland ecology. With the development of computational methods and computer
technology, hydrodynamic modelling has become popular for the study of floodplain hydraulics
and for quantifying the time course of flood inundation with high spatial and temporal resolution
(Nicholas and Mitchell, 2003; Stelling and Verwey, 2005; Schumann et al., 2009). By combing these
modelling techniques with high-resolution topography, the duration, frequency and timing of
wetland connectivity can be quantified (Karim et al., 2012; Karim et al., 2015). Previous studies of
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this type have used a combination of hydrological and hydrodynamic models of simplified one-
dimensional (e.g. Beighley et al., 2009; Chormanski et al., 2009; Ganf et al., 2010) to more complex
two-dimensional (Tuteja and Shaikh, 2009) modelling. In the Assessment, a coupled one- and two-
dimensional hydrodynamic model (MIKE FLOOD) has been used with advanced model configuring
tools to simulate floodplain inundation and hydrological connectivity between offstream wetlands
and rivers.

1.1 Objectives

The Roper River Water Resource Assessment flood modelling activity seeks to answer the
following questions:

e What areas on the floodplains are susceptible to flooding under the historical climate?
e What were the extent, duration and frequency of flooding under the historical climate?

e What could be the changes in inundation dynamics under future projected climate and
hypothetical development scenarios?

e How offstream wetlands are hydrologically connected with the main rivers?

e What could be the changes in hydrological connectivity between floodplain water bodies due to
flow regime change under future projected climate and hypothetical development scenarios?

This report describes the configuration and calibration of the coupled one- and two-dimensional
river and floodplain hydrodynamic model (MIKE FLOOD) and scenario modelling using the
calibrated model for the study area to address the above questions.

1.2 Previous flood studies in the catchment of the Roper River

Past flood modelling in the Roper catchment is very limited. A flood study of the upper Roper River
was undertaken by Connell Wagner Pty Ltd in 2001 and aimed to achieve two primary objectives:
(i) to conduct a flood risk analysis for the Beswick Community situated on the Waterhouse River,
and (ii) to develop a flood warning model for the communities of Beswick, Mataranka Resort,
Djilkminggan and Elsey Station. The study employed the MIKE 11 surface water modelling package
in tandem with boundary condition discharge hydrographs derived from the Unified River Basin
Simulator (URBS) rainfall-runoff model (Connell Wagner Pty Ltd, 2001).

1.3 Overview of flood modelling frameworks used in the Assessment

Hydrodynamic models have been in common use for several decades worldwide and are used for
a wide variety of purposes including simulating flood events for engineering design, land-use
planning and risk assessment studies (Nicholas and Mitchell, 2003). Because these models have a
strong underlying physical basis (e.g. the use of water equilibrium equations, such as Saint—-Venant
equations) they can be used to model water movement in river channels and over floodplains and
used to estimate inundation extent, duration, depth and frequency of wetting and velocity of
travel. Depending on the modelling objectives of the study and the availability of data and
resources, a variety of hydrodynamic models can be selected including one-dimensional models,
two-dimensional models or coupled one- and two-dimensional models. The hydrodynamic models
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need to be calibrated against historical streamflow and inundation data before they can be
applied with a degree of confidence. Traditionally flood models are calibrated by comparing
instream water heights (commonly gauge records) and floodplain inundation (commonly water
marks on trees, buildings and electric poles). However, for relatively remote and sparsely
populated catchments, it is often not possible to collect the field data that are necessary to
robustly calibrate the model. This serves as a major constraint to the use of hydrodynamic models
in remote and data-sparse areas. In recent years there have been major advances in flood
inundation mapping using satellite and airborne remote sensing. While the satellite imagery based
approaches have some limitations, including spatial and temporal resolutions, these techniques
provide very useful data for hydrodynamic model calibration. In the Assessment, a combination of
field-based observed stage heights and satellite-based inundation maps were used to calibrate the
hydrodynamic model. Figure 1-1 shows the general steps in configuring and calibrating the one-
and two-dimensional coupled hydrodynamic model (MIKE FLOOD), and scenario modelling for
future climate and resource development impact assessment.
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Figure 1-1 Flowchart illustrating the method used to calibrate a hydrodynamic model (MIKE 21) and scenario
modelling for future climate and dam impact assessment

DEM = digital elevation model.
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1.4 Report overview and structure

This report has been prepared to:

e document the methods that were used to calibrate the MIKE FLOOD hydrodynamic models for
the study area

e assess and report on hydrodynamic model performance relative to satellite-based flood
inundation mapping

e report on potential flood inundation extent under historical climate and current level of
development

e report on potential changes to flood inundation and wetland connectivity under future climate
and development.

This report is structured as follows. Chapter 2 describes the inundation mapping approach using
satellite data and provides a summary of long-term inundation extent for the study area. Chapter
3 describes the hydrodynamic modelling approach, including the rationale for the selection of the
MIKE FLOOD models, their input/output data requirements and model calibration algorithm.
Chapters 4, 5 and 6 describe the hydrodynamic model configuration and calibration results against
satellite-based flood inundation for the Roper catchment. Chapter 7 provides results and
discussion on impacts of future climate and infrastructure on floodplain inundation and Chapter 8
summarises the impacts on wetland connectivity.

1.5 Key terminology and concepts

151 WATER YEAR AND WET AND DRY SEASONS

Northern Australia has a highly seasonal climate, with most rain falling from December to March.
Unless specified otherwise, the Assessment defines the wet season as the 6-month period from
1 November to 30 April, and the dry season as the 6-month period from 1 May to 31 October.

All results in the Assessment are reported over the water year, defined as the period 1 September
to 31 August, unless specified otherwise. This allows each individual wet season to be counted in a
single 12-month period, rather than being split over two calendar years (i.e. counted as two
separate seasons). This is more realistic for reporting climate statistics from a hydrological and
agricultural assessment viewpoint.

1.5.2 SCENARIO DEFINITIONS

The Assessment considered four scenarios, reflecting a combination of different levels of
development and historical and future climates, much like those used in the Northern Australia
Sustainable Yields project (CSIRO, 2009a, 2009b, 2009c¢) and the Flinders and Gilbert Agriculture
Resource Assessment (Petheram et al., 2013a, 2013b):

e Scenario A — historical climate and current development

e Scenario B — historical climate and hypothetical future water resource development

e Scenario C— future climate and current development
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e Scenario D — future climate and hypothetical future water resource development.

Scenario A

Scenario A is historical climate and current development. The historical climate series is defined as
the observed climate (rainfall, temperature and potential evaporation for water years from

1 September 1910 to 31 August 2019). All results presented in this report are calculated over this
period unless specified otherwise. The current level of surface water, groundwater and economic
development were assumed (as of 31 August 2019). Scenario A was used as the baseline against
which assessments of relative change were made. Historical tidal data were used to specify
downstream boundary conditions for the hydrodynamic modelling.

Scenario B

Scenario B is historical climate and future development, as generated in the Assessment. Scenario
B used the same historical climate series as Scenario A. River inflow, groundwater recharge and
flow, and agricultural productivity were modified to reflect future development. The impacts of
changes in flow due to this future development were assessed, including impacts on:

e instream, riparian and near-shore ecology

Indigenous water values

e economic costs and benefits

opportunity costs of expanding irrigation

institutional, economic and social considerations that may impede or enable adoption of
irrigated agriculture.

Scenario C

Scenario Cis future climate and current development. Future climate impacts on water resources
were explored within a sensitivity analysis framework by applying percentage changes in rainfall
and potential evaporation to modify the 109-year historical climate series (as in Scenario A). The
percentage change values adopted were informed by projected changes in rainfall and potential
evapotranspiration under Shared Socioeconomic Pathways SSP2-4.5 and SSP5-8.5, which are used
in the United Nations Intergovernmental Panel on Climate Change Sixth Assessment Report. SSP2-
4.5 is broadly considered representative of a likely projection given current global commitments to
reducing emissions and SSP5-8.5 is representative of an (unlikely) upper bound. The current level
of surface water, groundwater and economic development were assumed.

Scenario D

Scenario D is future climate and future development. It used the same future climate series as
Scenario C. River inflow was modified to reflect future development, as in Scenario B. Therefore, in
this report, the climate data for scenarios A and B were the same (historical observations from

1 September 1910 to 31 August 2019) and the climate data for scenarios C and D are the same
(the above historical data scaled to reflect a plausible range of future climates).
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2 Floodplain inundation mapping

Spatial maps of water in the landscape derived from satellite imagery for dates coinciding with
flood events are useful to help calibrate and post-audit the hydrodynamic models used to simulate
flood events for the floodplain of the Roper catchment. These maps were produced using satellite
imagery from the Moderate-Resolution Imaging Spectroradiometer (MODIS) and Landsat sensors.
However, frequent cloud occurrence during the wet season across northern Australia limits optical
remote sensing opportunities for capturing inundation extents over the different rivers and
floodplains in the hydrodynamic model domain, particularly during the flood peak. Refer to the
technical report on Earth observation methods, Sims et al. (2016), for further details on the
satellite data, processing methods and calibration of these products.

2.1 Satellite imagery acquisition and pre-processing

MODIS satellite data were used for producing daily maps of surface water. The MODIS sensor is an
optical/infrared sensor from the National Aeronautics and Space Administration. There are two
MODIS sensors currently orbiting the Earth (TERRA since 2000 and AQUA since 2002). They
acquire daytime images of Australia around 10 am (TERRA) and 2 pm (AQUA). MODIS surface
reflectance data are available from early 2000 until the present
https://dap.nci.org.au/thredds/catalog.htmlfrom the United States Geological Survey (USGS) Land
Processed Distributed Active Archive Center (LP-DAAC) (https://Ipdaac.usgs.gov/) as grided tiles,
which are also stored at CSIRO for the whole of Australia. These data are available in hierarchical
data format (HDF), in a sinusoidal projection, with a pixel size of 0.004697 degrees (approximately
500 m). Daily images of surface reflectance from both the TERRA and AQUA MODIS sensors
(MODO09GA and MYDO09GA respectively), as well as an 8-day composite product (based on cloud-
free, good quality images; from TERRA — MOD09A1) were used.

Landsat data, when available, are also useful for mapping surface water. These data are at a much
finer spatial resolution (30-m pixels) than MODIS, which is better suited to identify narrow or small
water features. However, Landsat images are only available every 16 days at best. This is usually
less frequent due to cloud cover and missing data. Landsat 5 data (also called Thematic Mapper or
TM), Landsat 7 data (also called Enhanced Thematic Mapper or ETM), and Landsat 8 data (also
called Operational Land Imager or OLI) are available from Digital Earth Australia (DEA) from 1987
until the present. The DEA provides consistent pre-processing, organisation and analytics of
Landsat data for the Australian continent (Dhu et al., 2017). This processing involves corrections
for illumination and observation angles, the Bidirectional Reflectance Distribution Function (BRDF,
which influences relative pixel brightness across large scene areas) and atmospheric conditions.
Refer to the companion technical report on Earth observation methods, Sims et al. (2016), for
further details on Landsat data processing.
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2.2 Inundation mapping using MODIS

The Open Water Likelihood (OWL) algorithm (Guerschman et al., 2011) was used for mapping
open surface water with MODIS imagery at a 500-m pixel resolution. The OWL was developed
using empirical statistical modelling and calculates the fraction of water within a MODIS pixel. A
cloud mask was applied using the MODIS state band associated with each product, which contains
information on cloud and cloud-shadow location. Refer to the companion technical report on
Earth observation methods, Sims et al. (2016), for further details on the MODIS OWL algorithm.
The daily MODIS OWL water maps (one from TERRA — MOD, and AQUA — MYD), as well as 8-day
MODIS OWL water maps (from TERRA — MOD) were extracted from the Australia-wide products
for the study area using python code.

A limitation of MODIS maps of surface water is that they are not of sufficient detail to map narrow
water features of less than 1 pixel in width (~500 m). This problem is even more exaggerated when
the narrow river channel is covered by vegetation along the banks, or floating vegetation, which
obscures the water from the sensor.

2.2.1 Event maps

The daily MODIS maps were subset for the Roper hydrodynamic model domains for flood events
used for inundation modelling. The years 1988, 1991, 2008 and 2013 were considered. The MODIS
OWL water maps were converted into a map of water and non-water pixels. A threshold was used
to stratify the MODIS OWL water fraction into water/non-water. Ticehurst et al. (2015) showed
that in the Flinders catchment a 10% threshold resulted in the best match when comparing MODIS
and Landsat inundation maps. Thus, all pixels above the OWL threshold of 10% were mapped as
water, and the images reprojected to the geographic latitude/longitude (coordinate system code
EPSG:4326) coordinate system, before conversion to a GeoTIFF format for use with the
hydrodynamic models.

2.2.2 Summary maps

Summary maps were also produced for the flood events used in the hydrodynamic modelling
(Figure 2-1). These used composites of the MOD09A1 MODIS OWL water maps to show maximum
inundation extent, and the percentage of clear observations (i.e. without clouds and/or nulls).
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Figure 2-1 MODIS satellite based flood inundation map of the Roper catchment

Data captured using MODIS satellite imagery. This figure illustrates the maximum percentage of MODIS pixel
inundation between 2000 and 2020.

2.3 Inundation mapping using Landsat

2.3.1 Algorithm used

Landsat 5 Thematic Mapper (TM), 7 Enhanced Thematic Mapper (ETM) and 8 Operational Land
Imager (OLI) data were extracted from the DEA. For mapping flood inundation, the Normalized
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Difference Water Index (NDWI)x, (Xu, 2006) — an index based on the green and mid infrared
wavelengths — was used. Water was separated from other features using a threshold of NDWilx, 2
—0.3, which is consistent with Sims et al. (2014) and balances errors of omission and commission in
most landscapes. Masking of cloud cover was undertaken by extracting the pixel quality band
available with each Nadir BRDF-Adjusted Reflectance (NBAR) product.

2.3.2 Event maps

Landsat water maps were selected for the same hydrodynamic model domains and flood events as
the MODIS data. These were examined to find those images least affected by cloud cover, which
greatly limited the number of available images, given that deep clouds and sustained rain prevail
during the wet season across northern Australia and the infrequent satellite overpass. These were
then converted to the geographic latitude/longitude (EPSG:4326) coordinate system and GeoTIFF
format for use with the hydrodynamic models.

2.3.3 Summary maps

Summary maps were produced for the flood events used in the hydrodynamic modelling by

combining all images to delineate maximum flooding extent (Figure 2-2). These used the Landsat
composite water maps, which used all available images to show maximum inundation extent for
the selected periods, and the percentage of clear observations (i.e. without clouds and/or nulls).
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Figure 2-2 Landsat satellite based flood inundation map of the Roper catchment

Data captured using Landsat satellite imagery. This figure illustrates the maximum percentage of Landsat pixel
inundation between 2000 and 2020.

2.4 Summary

Flood inundation maps were produced using MODIS and Landsat imagery for the Roper
catchment. MODIS surface reflectance data are available since 2000 for the whole of Australia.
Daily images of surface reflectance from both the TERRA and AQUA MODIS sensors (MOD0O9GA
and MYDO9GA, respectively), and 8-day composite images of surface reflectance from the TERRA
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MODIS sensor (MODO09A1) were used in the analysis. Landsat data are available from DEA from
1987 until the present in a consistent analysis-ready format.

The OWL algorithm was used for mapping open surface water with MODIS imagery at a 500-m
pixel resolution. The OWL was developed using empirical statistical modelling and calculates the
fraction of water within a MODIS pixel. The daily MODIS OWL water maps (one each from TERRA —
MOD and AQUA — MYD) were extracted and subset for the Roper catchment hydrodynamic model
domains and a series of flood maps were produced for selected flood days for hydrodynamic
model calibration.

The NDWI algorithm was used for mapping flood inundation based on Landsat imagery. Water was
separated from other features using a threshold of NDWI > -0.3, which balances errors of
omission and commission in most landscapes. Similarly, for MODIS, a set of event-based and
summary maps were produced using Landsat data.

Water maps generated from satellite imagery are particularly useful for covering large areas at a
reasonable temporal frequency. While MODIS can provide daily water maps, it is of a poorer
spatial resolution (~500 m) compared to Landsat (30 m pixel), and surface water of less than

1 pixel in width (~500 m) cannot be mapped, particularly if there is vegetation along the river
banks. In general, it was found that in northern Australia’s wet—dry tropical/monsoonal climate,
MODIS produces better flood maps for the large floodplains and/or big flood events. Care must be
taken when interpreting the MODIS water maps due to artefacts in the imagery and confusion
with dark soils and dark rocks as well as residual cloud and topographic shadow. Unusual water
features appearing in only one image need to be treated with caution, and a flood-likelihood mask
would greatly benefit interpretation of the data.

The Landsat water maps are very useful for detecting fine water features, however, the temporal
frequency of the imagery made it difficult to analyse flood events as the flood peak was often
missed due to the timing of satellite overpass and cloud. However, like MODIS, the Landsat water
maps will also be affected by the same difficulties in detecting water under flooded vegetation, as
well as confusion with dark features (e.g. residual cloud and topographic shadow).

The maximum percentage water cover for MODIS imagery is higher compared to Landsat imagery.
The reason for this is that MODIS OWL water maps can identify wet soil as water (Sims et al.,
2016). Another reason for the difference could be due to MODIS having a much higher temporal
frequency (daily) than Landsat (every 16 days), which means Landsat will fail to coincide with more
flood events than MODIS.
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3 Floodplain inundation modelling

3.1 Hydrodynamic models

Two-dimensional hydrodynamic models (e.g. MIKE 21, TUFLOW, LISFLOOD-FP) are commonly used
to simulate flood levels and inundation extent in a river—floodplain system (Neal et al., 2012; Neelz
and Pender, 2013; Kvocka et al., 2015). The main strengths of the hydrodynamic models are that
they produce floodplain hydraulics to estimate inundation extent, duration, depth and frequency
of wetting and drying at desired spatial (e.g. 5 to 10 m grid) and temporal (e.g. hourly) scales
(Horritt and Bates, 2002). Based on the modelling objectives and availability of input data, either a
two-dimensional regular grid model (DHI, 2012) or a two-dimensional flexible grid model (DHI,
2016) can be selected. Technical considerations include the size of the hydrodynamic model
domain, irregularity in land topography, availability of topography data and complexity of the
hydraulic regime. These two-dimensional models have the option to be coupled with one-
dimensional river models, which allows a finer representation of the highly dynamic river
processes with river cross-sections.

For the Assessment, a two-dimensional flexible mesh model (MIKE 21 FM) coupled with a one-
dimensional river model (MIKE 11) was selected for the Roper catchment primarily based on
availability of fine-scale laser altimetry (LiDAR) data and the one-dimensional MIKE 11 model
provided by Northern Territory Government (Knapton, 2009). A brief description of the models is
presented in the following sections.

3.11 ONE-DIMENSIONAL HYDRODYNAMIC MODEL - MIKE 11

The MIKE 11 hydrodynamic module uses an implicit, finite difference scheme for the computation
of unsteady flows in rivers and estuaries (DHI, 2021). The model simulates user-defined networks
composed of channel cross-sections. MIKE 11 routes water while accounting for bed roughness
and both point and diffuse fluxes. The model is appropriate for efficient simulation of channelised
flow but is not suitable for large overbank events.

Model input data includes river cross-sections, inflow and outflow conditions, and bed resistance.
Rainfall and evaporation data can be incorporated in MIKE 11. Model output includes time series
of water depth, velocity and discharge.

The one-dimensional Roper River model was provided by the Northern Territory Government
(Knapton, 2009), which was adapted for use in the flood study by updating boundary conditions
and river bed roughness coefficients. The MIKE 11 model was coupled to the MIKE 21 FM model.

3.1.2 TWO-DIMENSIONAL HYDRODYNAMIC MODEL — MIKE 21 FM

The hydrodynamic module of the MIKE 21 Flow Model FM (hereafter referred to as MIKE 21 FM) is
based on the numerical solution of the two-dimensional incompressible Reynolds-averaged
Navier—Stokes equations, assuming hydrostatic pressure. Primitive variable equations are
discretised using an element-centred finite volume method. The spatial domain is discretised into
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non-overlapping elements, which can be either triangular or quadrilateral (DHI, 2016). The finite
volume method sets up an equivalent Riemann problem (ERP) across each element interface, and
solves it to determine the variable fluxes between elements. The technique used in MIKE 21 FM
determines an exact solution to an approximate Riemann problem. The approach treats the
problem as one-dimensional in the direction perpendicular to each element interface (Guinot,
2003).

MIKE 21 FM has two options for time integration accuracy, with these being a first order explicit
Euler method (referred to as the lower temporal order scheme), and a second order Runge—Kutta
method (referred to as the higher temporal order scheme). There are also two options for spatial
integration, with the second order (higher order) accuracy being achieved through a variable
gradient reconstruction technique prior to the ERP formulation (DHI, 2016). In the Assessment, a
triangular flexible mesh model was coupled to a MIKE 11 model for the Roper catchment
floodplain inundation modelling.

The flexible mesh model is preferable over the classic MIKE 21 regular grid model when highly
detailed elevation data (e.g. LiDAR) are available because the model allows selection of a very
small grid at the area of interest and the alignment of model grids to the river banks.

3.13 ONE- AND TWO-DIMENSIONAL HYDRODYNAMIC MODEL COUPLING — MIKE
FLOOD

As mentioned in the previous sections, the Roper catchment floodplain inundation modelling was
performed by coupling the one-dimensional MIKE 11 model with the two-dimensional MIKE 21 FM
model. This is to utilise the precise and efficient representation of the within river bank processes
of MIKE 11, while using the MIKE 21 FM model to simulate floodplain processes. The combination
of the two models is nominally called MIKE FLOOD. The two models are linked via overbank flow
connections (or lateral links). That is, water is exchanged between the MIKE 11 and MIKE 21 FM
model when the water levels in the river exceed the height of the river bank markers. Water can
be exchanged from the river to the floodplain and also from the floodplain to the river (to
represent return flows and overland flooding).
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4 Roper catchment hydrodynamic model
calibration

4.1 Physical and hydro-meteorological properties

The Roper catchment is 77,432 km? in area and features flat, tidally affected coastal plains that
extend 20 to 60 km inland. These plains typically lie at less than 10 mAHD and are prone to
seasonal flooding (Figure 4-1). The Roper River extends approximately 300 km from the east of the
Roper mouth with major tributaries, the Wilton River and the Hodgson River, entering the Roper
mid-river from the north and south respectively. In headwater catchments situated in the north-
western part of the catchment, altitudes reach up to 420 mAHD. Tidal influence on streamflow is
detectable as far upstream as Roper Bar, around 130 km from the mouth of the Roper River.
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Figure 4-1 Roper catchment map showing major and minor rivers and stream gauges

4.1.1 CLIMATE

The Roper catchment has a highly seasonal climate with an extended dry season (Figure 4-2). It
receives, on average, 792 mm of rain per year, 96% of which falls during the wet season. Mean
daily temperatures and potential evaporation are high relative to other parts of Australia. On
average, potential evaporation is approximately 1900 mm/year; however, the annual net
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evaporative loss (annual evaporation minus rainfall) ranges from about 350 to 1770 mm. Since
1969-1970, the Roper catchment experienced one tropical cyclone in 40% of cyclone seasons and
two tropical cyclones in 8% of seasons.

Approximately a third of global climate models (GCMs) project an increase in mean annual rainfall
by more than 5%, a fifth project a decrease in mean annual rainfall by more than 5% and about
half indicate ‘little change’.

Figure 4-2 Historical monthly rainfall (range shows the range in values between the 20 and 80% monthly
exceedance rainfall) and historical annual rainfall at Ngukurr

Blue line represents 10-year moving mean.

4.1.2 STREAMFLOW

Driven by the highly seasonal climate, streamflow in the Roper River displays very strong seasonal
patterns (e.g. Figure 4-3). The reaches of the Roper catchment exhibit a wide range of flow
regimes. While the Roper and Wilton rivers are perennial, streams in upper parts of the catchment
are intermittent/ephemeral. Streamflow gauges in southern portions of the catchment exhibit, in
general, fewer days of observed flow per year than streams in the northern areas of the
catchment, sometimes in combination with very low runoff coefficients associated with the Sturt
Plateau (Watson et al., 2023). The end-of-system discharge volume is relatively large compared to
the other catchments, draining into the Gulf of Carpentaria with a mean annual streamflow of
5560 GL (estimated for the reporting period 1910-2019) (see companion technical report on river
modelling in the Roper catchment, Hughes et al., 2023).
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Figure 4-3 Monthly flow distribution at Red Rock on the Roper River based on observed flow data for the period of
1966 to 2019

4.1.3 FLOODING

The Roper catchment experiences intense seasonal rains from December to March causing
significant flooding. Coastal flooding is common downstream of Ngukurr (around 100 km from the
mouth of the Roper River), particularly in the intertidal flats along the coastline and Phelp River.
Flooding is also pronounced in inland areas between Mataranka and Ngukurr where the Roper
River splits into large anabranching features and along tributaries such as the Hodgson and Wilton
rivers and Maiwok Creek. There are several interesting geomorphological features along the Roper
River where the main channel suddenly splits into more than ten anabranches, which reconnect
between 5 and 20 km downstream.

There have been 54 floods (ranging from small to large) since 1966. This was based on an
overbank threshold of 40 m3/second, which was estimated by obtaining daily streamflow at the
Red Rock (9030250) gauge that corresponded to floodplain inundation from available satellite
imagery. Figure 4-4 Annual maximum discharge at Red Rock (9030250) on the Roper River since
11966

shows the annual maximum mean daily discharge (m3/second) over the past 53 years (1966 to
2019) at Red Rock. While floods can occur in any month between November to June, about 88% of
historical floods have occurred between January and March (Figure 4-5). Flood peaks typically take
about 3 days to travel from Mataranka Homestead to Red Rock, at a mean speed of 3.3 km/hour.
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Figure 4-4 Annual maximum discharge at Red Rock (9030250) on the Roper River since 11966

Figure 4-5 Monthly flood frequency in the Roper catchment based on floods of AEP greater or equalto 1in 1

4.2 Model configuration

The floodplain inundation area was broken into two model domains (Figure 4-6) to make the
modelling more manageable. The two hydrodynamic model domains include:

e Roper Zone 1: Upper domain, which extends downstream of Jilkminggan to Red Rock gauge
(1500 km?)

e Roper Zone 2: Lower domain, which extends from the Red Rock gauge to the mouth of the
Roper River (2614 km?)

The two zones were run independently for several reasons. First and foremost, this was to
improve run time efficiency. Running the zones independently allows for corrections at the model
boundaries of discharge errors that might be introduced by the upstream Roper Zone 1 model. In
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addition, the flood scenario simulations are dependent on the simulations generated by the river
system model proposed by Hughes et al. (2023), and therefore, it is imperative to maintain a high
degree of consistency between them.

4.3 Model input

4.3.1 TOPOGRAPHY

A digital elevation model (DEM) was produced for the Roper MIKE 21 FM model domain by using
LiDAR 5-m DEM and patching with the 30-m DEM-H. The highest resolution topographic
information across the entire Roper catchment is the 1-second (i.e. approximately 30 m) DEM-H
(Gallant et al., 2011), which was used to represent the north-eastern area surrounding upper
Phelp River in Zone 1. Laser altimetry (LiDAR) derived fine resolution (5 m grid) topography data
(0.3 m horizontal and +0.1 m vertical accuracy) collected for the Assessment was acquired by
Fugro.

The LiDAR covers the Roper River from Jilkminggan to the river mouth and includes the tributary
Maiwok Creek, which regularly floods (Figure 4-6). While there was LiDAR coverage for all of Zone
1, Zone 2 required patching by the coast mainly outside the northern and southern LiDAR extents.
The lower two-dimensional model domain covered an area of approximately 2614 km?. The area
covered by LiDAR is 1716 km?, which is about 66% of the Zone 2 domain.
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Figure 4-6 Roper hydrodynamic model domain showing the LiDAR data coverage
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4.3.2 SURFACE ROUGHNESS

Hydraulic roughness coefficients of the land surface were derived from a remotely sensed land
cover map (Geoscience Australia, 2011) and were represented in the model using Manning’s
roughness coefficient (n). A roughness map was then produced by replacing land-cover categories
with roughness coefficients. Roughness coefficients were estimated based on published literature
(e.g. Chow, 1959; Arcement and Schneider, 1989; LWA, 2009) (Table 4-1).

Table 4-1 Manning’s roughness coefficient (n) for the Roper catchment

LAND COVER TYPE MANNING'S n (s/m*73)

Open water 0.02
Natural aquatic vegetation 0.04
Natural terrestrial vegetation 0.05
Cultivated terrestrial vegetation 0.03
Natural bare surface 0.04
Artificial surface 0.02

4.3.3 STREAMFLOW AND SEA LEVEL BOUNDARY CONDITIONS

The upstream river boundary conditions of the hydrodynamic models were generated from
Australian Water Resource Assessment — River model (AWRA-R) simulations (see companion
technical report on river modelling in the Roper catchment, Hughes et al., 2023). The river model
discharge gauge nodes used in the hydrodynamic models are shown in Table 4-2. In addition to
these, the tidal sea level data was used for the downstream coastal boundary. For this the Milner
Bay — Groot Eylandt tidal station was used, which is the closest long-term tide gauge station to the
mouth of the Roper River. Remaining inflows to the boundary of the hydrodynamic model domain
which were not captured by the river model were simulated using the Sacramento rainfall-runoff
model based on the residual reach parameters from the AWRA-R calibrations (Hughes et al.,
2023). The boundary rainfall-runoff model nodes are shown in Figure 4-7.

Table 4-2 River model boundary gauge nodes used for the flood model domains

STATION ID STATION NAME CATCHMENT AREA PERIOD OF RECORD
(km?)

9030001 Elsey Crk — Warlock Ponds 16,945 1966-2022

9030102 Hodgson River — Wulli Pulli 12,417 1965-1985

9030176 Roper River — D/S Mataranka Homestead 5,819 1961-2023

9030250 Roper River — Red Rock 43,161 1966-2023

9035283  Wilton River Xng, Ngukurr Road 12,482 2006-2023
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Figure 4-7 Boundary nodes for the flood domains

4.3.4 RAINFALL AND EVAPORATION

Gridded scientific information for land owners (SILO) climate data (Jeffrey et al. 2001) were used
for the rainfall and evaporation fluxes over the floodplain. The SILO daily data are available at 0.05
x 0.05 degree resolution across Australia from 1889 to present.

4.3.5 INFILTRATION

The infiltration rates for the floodplain were based on soil permeability maps (see companion
technical report on soil and land suitability for the Roper catchment, Thomas et al., 2022), which
show that most of the two-dimensional model domain is made up of low permeability (5—

50 mm/day) with some moderate permeability (50-500 mm/day) soils (Figure 4-8). During initial
simulations, the durations of modelled floodplain inundation were found to be longer than what
was observed in the satellite imagery, particularly for large events. Thus, the saturated
conductivity of 100 mm/day was later chosen for the whole study area. This assumes that the
infiltration is dominated by faster draining soils, which would be the case when flood waters are
connected.
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Figure 4-8 Map of soil permeability

See companion technical report on soil and land suitability for the Roper catchment, Thomas et al. (2022), for details
on digital soil mapping.

4.4 Selected flood events for model calibration

The magnitude of flood events were calculated using a flood frequency analysis that used the Red
Rock (9030250) gauge on the Roper River as the reference station. A flood event was defined as
the occurrence of overbank flows that could be identified through satellite imagery. Based on
these observations, a threshold flow rate of 40 m3/second was established as the starting point for
flood events. If the flow rate dropped below this threshold for three consecutive days, the event
was considered to have ended. To determine the number of times each event was exceeded, the
occurrences of events with higher peak discharge and larger total event volume were counted.
Due to the extensive cloud cover during the flooding periods, the availability of Landsat satellite
imagery to assist the calibration of the hydrodynamic model was severely restricted.

Flood events were selected for model calibration based on the availability of cloud free Landsat
satellite imagery, and to ensure the magnitude of flood events spanned the annual exceedance
probabilities of interest to ecologists and the land suitability analysis. Four events were selected
and these are presented in Table 4-3. The requirement for a large number of simulations involving
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all combinations of scenarios and calibration events necessitated the use of only the 1988 and
1991 events for scenario simulations.

Table 4-3 Flood events used for calibration

EVENT PERIOD FREQUENCY DURATION NUMBER OF PURPOSE
(DAYS) MODIS/LANDSAT
IMAGES

13/2/1988 — 29/2/1988 1in2 17 1 Calibration, scenario modelling
9/1/1991 - 23/3/1991 1in13 74 3 Calibration, scenario modelling
11/2/2008 - 14/4/2008 1in5 64 23 Calibration

30/3/2013 - 21/4/2013 1in3 23 7 Calibration

4.5 Hydrodynamic model simulation and outputs

The simulations for the hydrodynamic models in calibration were undertaken at a 1- to 5-second
time step to satisfy numerical stability criteria for the biggest flood event in the analysis. The MIKE
FLOOD models were run on graphics processing unit (GPU) machines consisting of 4 P100 Nvidia
GPUs.

It took about 4 weeks of computer time to simulate the 1 in 13 event (74 days) for Roper Zone 2.
At inflow boundaries, daily discharge was specified and at the seaside boundaries, hourly tide level
was specified. The model used its inbuilt interpolation technique to derive sub-daily flow variables
at each computational time step.

Total water depths and water velocities were obtained from the one-dimensional and two-
dimensional models. For ease of postprocessing, the two-dimensional triangular flexible mesh
output for the floodplain was converted to 5 x 5 m gridded data via an inverse distance weight
interpolation algorithm. Using the same method, the river chainage output was converted to 5 x
5 m gridded data to cover the area within the river banks. Finally, the one-dimensional and two-
dimensional gridded outputs were merged for each zone so that analyses could be performed on
the river and floodplain simultaneously.

4.6 Hydrodynamic model calibration

The calibration process was constrained by the excessive hydrodynamic model simulation times,
which limited the number of iterations for tuning. However, simulations were checked to ensure
correct activation of anabranches and connectivity to waterholes such as Red Lily Lagoon. The
duration of floodplain inundation was tuned by adjusting the floodplain infiltration rates to ensure
wetland connectivity was consistent with observations of the satellite/remotely sensed imagery.
In addition to evaluations against satellite imagery, the hydrodynamic model discharge and stage
height outputs were compared to observed data at the Red Rock (9030250) gauge on the Roper
River, which is located on the downstream boundary of Zone 1.
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The evaluation of hydrodynamic modelled inundation extent was performed using all available
and suitable Landsat and MODIS inundation maps for the selected flood events (including at least
one image for each flood event). To evaluate the performance of the hydrodynamic model using
the remotely sensed flood extent observations, two evaluation methods were employed:

e A visual comparison of spatial inundation area between satellite image and model simulation
was performed to assess how the main inundation patterns are represented by the
hydrodynamic model.

e Quantitative assessment of spatial inundation metrics (whether the model correctly simulates
inundated pixels or not) were computed to assess how well the hydrodynamic model captures
overall inundation extent.

Both evaluation methods were performed by resampling the remotely sensed inundation maps
(Landsat 30 m and MODIS 500 m) to 5 m grid pixel horizontal resolution to be consistent with the
hydrodynamic model gridded output. The satellite inundation maps were masked to only include
the modelled area within the hydrodynamic model domains.

In many cases, satellite-derived inundation maps (even for a sensor like MODIS, with a twice-daily
satellite overpass frequency) will only capture portions of the hydrodynamic model domain due to
persistent cloud cover during flood events. Thus, only pixels in the satellite images showing
inundated or non-inundated were considered; this means all cloudy or no data pixels were
removed from the analysis.

4.6.1 Categorical statistics

Detection metrics were computed for each adjusted hydrodynamic model domain and per grid
cell. Every available satellite inundation map and modelled inundation extent was classified with a
contingency table following Ebert et al. (2007) as a hit (H, observed inundation correctly detected),
miss (M, observed inundation not detected by product), or false alarm (F, inundation detected but
none observed) (Figure 4-9).
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Figure 4-9 Classification at the grid cell level using a contingency table (Ebert, 2009)

The following statistics were computed from the contingency table (description from
http://www.cawcr.gov.au/):

e The probability of detection, POD = H/(H + M), gives the fraction of inundated pixels correctly
detected (range 0 to 1 and perfect score of 1). Sensitive to hits, but ignores false alarms. Should
be used in conjunction with the false alarm ratio (below).

e The false alarm ratio, FAR = F/(H + F), gives the fraction of wrongly detected inundated pixels
(range 0 to 1 and perfect score of 0). Sensitive to false alarms, but ignores misses.

e The frequency bias, FB = (H + F)/(H + M), gives the ratio of the simulated to observed inundated
pixels frequency (range 0 to == and perfect score of 1). Measures the ratio of the frequency of
modelled inundated pixels to the frequency of satellite inundated pixels. Indicates whether the
hydrodynamic model tends to underestimate (FB < 1) or overestimate (FB > 1) events. It does
not measure how well the modelled inundation extent corresponds to the satellite inundation
extents, only measures relative frequencies.

e The equitable threat score (ETS), used as an overall performance metric, gives the fraction of
inundated pixels that was correctly detected, adjusted for correct detections (He) that would be
expected due to random chance: ETS = (H—He)/(H + M + F — He), where He = (H + M)(H + F)/N
and N the total number of estimates (range —1/3 to 1, perfect score of 1 and 0 indicating no
skill). It is sensitive to hits. Because it penalises both misses and false alarms in the same way, it
does not distinguish the source of error.

Although the detection statistics described above are well constrained, there are issues to
consider in the interpretation of the results such as:

e Satellite inundation images may show areas inundated that remain in the landscape as ponded
areas in between flood events, partly because of the gentle topography and low infiltration
rates.
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e Results of grid-to-grid comparison between hydrodynamic model and satellite will be inherently
poor where satellite images (MODIS in particular) are of a lower spatial resolution than river
channel widths, river morphology and resulting inundation dynamics.

The two approaches mentioned above (visual comparison and detection statistics) complement
each other — visual comparisons, although labour intensive and subjective, highlight the sources or
nature of the errors and provide diagnostic information on possible changes in the inputs or
hydrodynamic model set up. On the other hand, statistical metrics provide an objective and
comparable metric to assess overall model performance. The calibration is considered successful if
both comparisons provide a reasonable assessment in the form of overall inundation patterns
captured and reasonable detection statistics.

4.7 Results and discussion

4.7.1 DISCHARGE AND STAGE HEIGHT

Due to the lack of observed stage and discharge data within the model domains, evaluations of
these variables were only possible for Zone 1 using information from the Red Rock (9030250)
gauge site, which lies on the downstream boundary of Zone 1. Discharge comparisons for each of
the calibration events are presented in Figure 4-10. The simulated peaks from the hydrodynamic
model occurred 1 to 4 days earlier than what was observed and the magnitude of the peaks were
underestimated. However, discharges at the start and end of the events were well matched. The
stage height results (Figure 4-11) show similar behaviour except that water heights are generally
overestimated at the start and end of the events by 1 to 2m.

There are multiple possible reasons for the performance issues concerning the discharge and stage
height simulations of the Zone 1 hydrodynamic model. Firstly, surface roughness values were not
tuned during the calibration; instead they were estimated based on land-cover mapping (see
Section 4.3.2 for further details). It is likely that improvements in timing and magnitude of the
peaks could be obtained through reduction of surface roughness. Secondly, the infiltration rates
used for the floodplain assumed moderate permeability (see Section 4.3.5 for further details),
which would have intercepted some volume entering or re-entering the main river channel.
Finally, the river-floodplain connections require adjustment so that more floodplain waters are
able to return to the river. Future development of the Zone 1 hydrodynamic model should include
more connectivity between the river and floodplains. If this is combined with a reduction of
infiltration rates, peak magnitudes should be better matched to observed while preventing
excessive duration of water on the floodplain.
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Figure 4-10 Comparison of the Zone 1 hydrodynamic model simulated discharge and observed discharge at the Red
Rock (9030250) gauge on the Roper River.
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Figure 4-11 Comparison of the Zone 1 hydrodynamic model simulated stage height and observed stage height at the
Red Rock (9030250) gauge on the Roper River.

4.7.2 SATELLITE-BASED FLOOD MAPS

The MODIS and Landsat inundation maps were processed for the Roper River hydrodynamic
model domains for the calibration periods (Table 4-4). The availability of images and the
proportion of cloud/null effects were reported. Due to the large number of MODIS images, only
those images containing 80% or less clouds/nulls were processed to obtain inundation maps. Also,
to exclude images with no to little flooding, only images with 1% or more observed inundated area
were used for Zone 1 and 5% or more for Zone 2.
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Table 4-4 Flood event dates, and number of Landsat/MODIS images for the Roper River hydrodynamic model

domains
ZONE START DATE END DATE NUMBER OF LANDSAT IMAGES ~ NUMBER OF MODIS IMAGES
1 13/2/1988 29/2/1988 0 0
1 9/1/1991 23/3/1991 1 0
1 11/2/2008 14/4/2008 1 6
1 30/3/2013 21/4/2013 0 3
2 13/2/1988 29/2/1988 1 0
2 9/1/1991 23/3/1991 2 0
2 11/2/2008 14/4/2008 4 12
2 30/3/2013 21/4/2013 1 3

4.7.3 INUNDATION EXTENT

Results of the hydrodynamic modelling in the Roper catchment were compared to satellite
inundation maps through a direct visual comparison and detection metrics. In the first instance,
images that passed the first cloud cover filtering were further scrutinised to coincide with flood
patterns that could be used to inform the calibration of the hydrodynamic modelling. The images
within the modelling simulation period (Table 4-4) that showed limited inundation, or images with
large cloud cover over the inundated areas, were omitted from further analysis. Generally, at least
one image was retained for each flood event to assist in the calibration. As examples, Figure 4-12
and Figure 4-13 show Landsat/MODIS inundation maps with corresponding hydrodynamic model
inundation maps for one date in each flood event, where available.

Table 4-5 and

Table 4-6 present the detection statistics for all images considered in the analysis (see Table 4-3
for the flood events). For Zone 1, POD values were generally low (POD mean 0.24, POD range
0.06-0.52). In addition, FAR was generally high with an average of 0.69 (range 0.15-0.94)
indicating a misalignment of inundation patterns. ETS values (mean 0.11, range 0.02-0.3) imply
some but limited model skill. Reasonable FB values (close to 1) coincided with high FAR and low
POD, which suggests that on occasion total inundation area might be reproducible while
inundated patterns may be unreliable. There is an apparent underestimation during peak flows
demonstrated by low FB values. Conversely, there is also overestimation during lower flows
demonstrated by high corresponding FB values.

Compared to Zone 1, inundation patterns generated by the hydrodynamic model in Zone 2 were
better matched to the Landsat/MODIS inundation maps. This resulted in reasonable detection
statistics for most images analysed. Detection statistics showed that on average, ETS was 0.32
(range 0.06—0.52), POD was 0.52 (range 0.08—0.89), FAR was 0.37 (range 0.08-0.71) and FB was
0.85 (range 0.13-1.67).

Locations of poor fit in Zone 1 generally coincided with complex anabranching networks. Closer
inspection of satellite imagery in these locations revealed that they often do not display flooding
of these anabranches. The inability of MODIS to capture inundation in narrow floodplains has
been reported in the Fitzroy (Karim et al., 2011) and other catchments in Australia (Ticehurst et al.,
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2013). This explains much of the poor fit performance in Zone 1. Furthermore, MODIS regularly
falsely identifies cloud shadow as inundation, which is particularly an issue when using imagery
with high (up to 80%) cloud cover.

Figure 4-12 Examples of the comparison of the Landsat/MODIS inundation map versus the inundation area
simulated by the hydrodynamic modelling for Zone 1
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Figure 4-13 Examples of the comparison of the Landsat/MODIS inundation map versus the inundation area
simulated by the hydrodynamic modelling for Zone 2
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Table 4-5 Detection statistics for the Landsat/MODIS images considered in the analysis for Zone 1

Percentage available refers to pixels other than cloud/null (including inundated and non-inundated pixels) within the
hydrodynamic model domain. Percentage wet refers to observed inundated pixels within the hydrodynamic model
domain. ETS stands for equivalent threat score (a measure of overall performance), POD for the probability of
detection, FAR for the false alarm ratio and FB for frequency bias.

SATELLITE DATE % % WET ETS POD FAR FB
AVAILABLE

Landsat 1/3/1991 36 12 0.07 0.12 0.15 0.14
MODIS 27/2/2008 34 3 0.13 0.25 0.65 0.72
Landsat 28/2/2008 55 7 0.3 0.4 0.27 0.54
MODIS 29/2/2008 62 3 0.13 0.37 0.79 1.76
MODIS 3/3/2008 97 2 0.06 0.31 0.91 3.45
MODIS 5/3/2008 39 2 0.03 0.12 0.89 1.02
MODIS 12/3/2008 71 2 0.18 0.52 0.77 2.22
MODIS 17/3/2008 44 4 0.03 0.1 0.83 0.58
MODIS 4/4/2013 94 5 0.21 0.31 0.52 0.66
MODIS 6/4/2013 58 1 0.04 0.11 0.9 1.09
MODIS 7/4/2013 60 2 0.02 0.06 0.94 1.13

Table 4-6 Detection statistics for the Landsat/MODIS images considered in the analysis for Zone 2

Percentage available refers to pixels other than cloud/null (including inundated and non-inundated pixels) within the
hydrodynamic model domain. Percentage wet refers to observed inundated pixels within the hydrodynamic model
domain. ETS stands for equivalent threat score (a measure of overall performance), POD for the probability of
detection, FAR for the false alarm ratio and FB for frequency bias.

SATELLITE DATE % AVAILABLE % WET  ETS POD  FAR FB

Landsat 21/2/1988 93 11 0.13 0.17 035 0.25
Landsat 1/3/1991 81 24 037 048 0.08 0.52
Landsat 17/3/1991 93 10 0.17 0.21 034 0.32
Landsat 28/2/2008 60 11 032 042 021 054
MODIS 1/3/2008 21 6 037 078 04 1.3
MODIS 9/3/2008 25 5 0.45 0.67 028 0.93
MODIS 10/3/2008 67 8 0.48 0.74 034 1.12
MODIS 11/3/2008 78 8 05 084 039 138
MODIS 12/3/2008 59 7 0.52 081 034 123
MODIS 13/3/2008 79 7 047 089 045 161
MODIS 16/3/2008 42 5 046 0.75 037 1.19
MODIS 17/3/2008 35 8 031 047 025 0.63
MODIS 18/3/2008 46 5 0.44 0.76 041 1.27
MODIS 19/3/2008 74 7 04 072 046 134
MODIS 21/3/2008 93 7 043 085 049 1.67
MODIS 23/3/2008 85 6 045 083 047 158
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SATELLITE DATE % AVAILABLE % WET  ETS POD  FAR FB

Landsat 23/3/2008 76 10 043 055 022 0.71
Landsat 31/3/2008 97 13 0.22 0.28 0.28 0.39
Landsat 8/4/2008 78 8 0.13 0.16 0.29 0.23
MODIS 4/4/2013 49 6 0.14 0.19 044 035
MODIS 6/4/2013 59 6 0.12 0.19 059 047
MODIS 11/4/2013 89 6 0.06 0.09 0.71 0.32
Landsat 14/4/2013 88 11 0.06 0.08 039 0.13

Although overall fit performance was poor in Zone 1, satisfactory detection statistics were found
in localised areas. Masks were determined by creating two kilometre buffers around Zone 1’s
points of interest (Figure 4-14). These points represent the ecologically important wetlands in
Zone 1 (See Section 6.3 for the methods for establishing the water assets). The detection statistics
were then computed for each masked area. Eleven sites had satisfactory performance based on
their average detection statistics results (Table 4-7).

Figure 4-14 Zone 1 hydrodynamic modelling domain showing wetlands

34 | Floodplain inundation mapping and modelling for the Roper catchment



Table 4-7 Average detection statistics for wetland sites in Zone 1

*indicates the site had satisfactory performance. ETS stands for equivalent threat score (a measure of overall

performance), POD for the probability of detection, FAR for the false alarm ratio and FB for frequency bias.

WETLAND MEAN ETS MEAN POD MEAN FAR MEAN FB
33 0 0.07 0.82 0.29
34* 0.15 0.61 0.35 1
35% 0.11 0.52 0.5 1.32
36 -0.01 0.01 0.92 0.11
106* 0.11 0.32 0.32 0.5
107 0.04 0.08 0.31 0.1
108 0.04 0.19 0.55 0.41
109 0.03 0.11 0.46 0.16
110* 0.13 0.29 0.24 0.39
111%* 0.15 0.64 0.36 1.1
112 -0.01 0.06 0.34 0.11
113 0.09 0.19 0.41 0.28
114 0 0.05 0.18 0.06
115 0.01 0.07 0.48 0.17
116 0.01 0.04 0.44 0.07
117 0.03 0.14 0.46 0.32
118 0.02 0.1 0.82 0.35
119 0.07 0.39 0.62 1.04
120 0.08 0.53 0.27 0.87
121 0.02 0.19 0.47 0.8
122* 0.17 0.62 0.48 1.25
123* 0.11 0.38 0.4 0.75
124* 0.13 0.55 0.25 0.82
125* 0.14 0.64 0.36 1.12
126* 0.13 0.46 0.31 0.74
127* 0.1 0.5 0.34 0.86
4.8 Summary

The Roper catchment has large floodplain areas in its upper and lower reaches and it supports
several offstream and instream wetlands with high ecological and cultural value. Floodplains,

including the offstream wetlands, are inundated during seasonal flooding between the months of

December to March.

Flood inundation maps were produced using MODIS and Landsat imagery. MODIS imagery of 500-
m resolution at a daily interval were acquired from November 2000 to March 2013 and processed
using the OWL algorithm. Landsat imagery of 30-m resolution at 16-day intervals were acquired
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from 1990 to 2018 and processed using the NDWI algorithm. A total of 10 Landsat images and 24
MODIS images were processed based on data quality and relevance to selected flooding events for
the hydrodynamic model calibration. Event-based inundation maps were produced for individual
floods and composite flood maps were produced by combining all images. Cloud cover was a
challenge when producing event-based inundation maps. The Landsat shows inconsistencies in the
spatial flood extent due to limited cloud-free observations. The inability of MODIS to capture
inundation in narrow floodplains has been reported in the Fitzroy (Karim et al., 2011) and other
catchments in Australia (Ticehurst et al., 2013).

The Roper River floodplain inundation area was modelled using two domains. Zone 1 extends
downstream of Jilkminggan to the Red Rock gauge covering an area of 1500 km?. Inundation in
Zone 1 is primarily driven by high flows down the Roper River, with areas along the Maiwok Creek
also displaying significant flooding. The Zone 1 domain consists of a network of complicated
braided channels that become activated as water levels rise. In addition to the general
anastomosing channel patterns, there are several noteworthy geomorphological features along
the Roper River where the main channel suddenly splits into many (more than 10) anabranches,
which reconnect between 5 and 20 km downstream.

The characteristics of Zone 2 stand in stark contrast to those of Zone 1. The Zone 2 domain
extends from the Red Rock gauge to the mouth of the Roper River and covers a much larger area
of 2614 km?. Tidal influences reportedly reach all the way to Roper Bar (Faulks, 2001), which is

10 km downstream of the Red Rock gauge. A single Roper River channel is better defined, and less
anabranching occurs in the lower zone. Furthermore, Zone 2 contains tidal flats towards the coast
along the Roper and Phelp rivers.

One-dimensional hydrodynamic river models (MIKE 11) were coupled with two-dimensional
hydrodynamic floodplain models (MIKE 21 FM) to produce MIKE FLOOD models for Zone 1 and 2.
The hydrodynamic model was calibrated for the 1988, 1991, 2008 and 2013 flood events using
inundation maps derived from MODIS and Landsat imagery. The models were calibrated primarily
by adjusting the infiltration rate.

Compared to the Landsat and MODIS inundation maps, the hydrodynamic model captured overall
inundation patterns for Zone 2, including the inundation of coastal flat areas and ephemeral
waterways that become active during flood events. However, the detection statistics show that
the cell-to-cell matching of Zone 1 against observed satellite data was overall poor, largely due to
the inability of MODIS to detect inundation of narrow floodplains. For Zone 1, the detection
metrics suggest that there is underestimation during peak flows, and conversely, overestimation
during lower flows, as well as a general misalignment of inundation patterns. Although overall fit
performance was poor in Zone 1, satisfactory detection statistics were found for eleven
ecologically important wetland sites.
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5 Flood modelling under future climate and
development scenarios

5.1 Introduction

Rising global air temperatures are likely to be accompanied by changes in the intensity and
patterns of rainfall. AR5 GCM projections were used to produce climate data reflecting a future
where the global mean surface air temperatures are 2.2 °C higher relative to approximate 1990
global temperatures under an RCP8.5 emissions scenario for approximately 2060. Mclannet et al.
(2023) found that pattern-scaled GCMs (GCM-PS) results indicated changes in rainfall in the Roper
catchment. These changes in rainfall are usually amplified in runoff. Consequently, increases in
global temperatures may be accompanied by changes to the extent and patterns of flood
inundation.

In addition, the development of the surface water resources for irrigated agriculture in the highly
seasonal streamflow regime prevailing in the Roper River is likely to require some degree of
storage and river regulation. Surface water storage options were evaluated at five hypothetical
dam locations (refer to the companion technical report on surface water storage, Petheram et al.
(2022)). Flood waters stored during the wet season and their gradual release during the dry
season will modify the timing and magnitude of floods and subsequent inundation of floodplains.
The impacts of water harvesting during high-flow events were also evaluated during the flood
study.

To explore how flood characteristics may change under projected future climate and hypothetical
development scenarios, a series of simulation experiments or scenarios were devised. Due to the
long run times of the hydrodynamic model it was only possible to explore a limited number of
scenarios. Hence scenarios were selected to enable generalised conclusions to be drawn. A
summary of the future climate and development scenarios undertaken in each study area is
presented in Table 5-1

Table 5-1 Summary of selected future climate and development scenarios

ASSESSMENT AREA SCENARIO NAME FLOOD START DATE EXCEEDANCE
(DURATION OF SIMULATION PROBABILITY
IN DAYS) (YEARS)
Roper catchment  Scenario B 13/2/1988 (17) 1in2
(Zone 1 and 2) ictaric ol ;
Historic climate and hypothetical future 9/1/1991 (74) 1in13

development (soil-limited water harvest,

Waterhouse River dam site, Flying Fox

Creek dam site, all dams)

Scenario C 13/2/1988 (17) 1in2

Projected future climate (dry and wet) and

9/1/1991 (74) 1in13
current levels of development
Scenario D 13/2/1988 (17) 1in2
Projected future climate (dry and wet) and
hypothetical future development (soil- 9/1/1991 (74) 1in 13

limited water harvest, all dams)
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5.2 Future climate scenarios

To simulate and assess the uncertainty in the range of future runoff predictions, future climate
projections from a large range of archived GCM simulations were downloaded from the Coupled
Model Intercomparison Project (CMIP5) website (https://pcmdi.linl.gov/mips/cmip5/). There were
42 GCMs available for the Representative Concentration Pathways RCP8.5 emissions scenario with
rainfall and temperature data; however, ten of these GCMs did not have solar radiation and/or
humidity data, which were required for other parts of the Assessment such as hydrological
modelling, groundwater recharge modelling, agricultural production systems simulator crop
modelling and pasture modelling. From the 32 GCMs that have data available for rainfall,
temperature, solar radiation and humidity, a subset of 21 GCMs were selected after taking into
account the results of a comprehensive assessment of the skill of GCMs for: (i) mean climate over
Australia, (ii) variability, (iii) teleconnections, and (iv) important climate features such as Madden—
Julian Oscillation, Southern Annular Mode, blocking and cut-off lows (Moise et al., 2015). Refer to
Charles et al. (2016) and Mclannet (2023), from where these methods were adopted.

For hydrological modelling analyses, which provide runoff inputs into the hydrodynamic
modelling, three pattern-scaled GCMs (GCM-PS) — a ‘wet’, a ‘mid’ and a ‘dry’ — were selected for
further analysis and reporting for the Assessment. The GCMs were selected based on ranked mean
annual rainfall (September 1910 to August 2019) averaged across each Assessment study area,
with the wet, mid and dry GCMs corresponding to those GCMs with the 10th, 50th and 90th
percentile, respectively. The seasonal pattern scaling (PS) method employed used output from the
21 GCMs to scale the 109 years of historical daily rainfall, temperature, radiation and humidity
sequences (i.e. SILO climate data), to construct the 21 by 109-year sequences of future daily
rainfall, temperature, radiation and humidity. The method comprised two broad steps. The first
step involved estimating the seasonal scaling factors for four 3-month blocks — December to
February, March to May, June to August, and September to November — for the changes between
two time slices centred around 1990 (1975 to 2005) and 2060 (2046 to 2075). This is
representative of a 2.2 °C temperature rise under an RCP8.5 emissions scenario. The total rainfall
was calculated for each season and over each time slice.

Seasonal scaling factors were then calculated as the ratio of the total season’s rainfall over the
2060 time slice divided by the total rainfall over the 1990 time slice. The historical climate
sequence was then scaled using these seasonal scaling factors. The second step involved rescaling
the entire series so that it matched the annual scaling factors, to maintain consistency with annual
projected changes in the GCMs (Chiew et al., 2009; Petheram et al., 2012). Refer to the companion
technical report on climate, McJannet et al. (2023), for further details on future climate selection
and scaling. The catchment average runoff for the Roper catchment under ‘mid’ scaled projections
was similar to the mean runoff under Scenario A, hence all comparisons of ‘wet’ and ‘dry’ climates
were performed against this scenario. The calibrated river system models of the Assessment
catchments were used to simulate streamflow under future climate scenarios (Cwet and Cdry) for
the upstream boundary and climate conditions to the hydrodynamic models for the future climate
scenarios. The future climate was also to re-simulate the Sacramento rainfall-runoff model to
update the ungauged boundary inflows.

The Roper catchment rainfall under scenarios Cwet and Dwet (corresponding to the 90th
percentile ranked mean annual rainfall) were represented by climate projections of the FIO-ESM
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model, whereas the Cdry and Ddry (corresponding to the 10th percentile ranked mean annual
rainfall) were represented by climate projections of the ACCESS1-0 model.

Figure 5-1 shows projected monthly streamflow (catchment mean runoff used as inflow input in
the hydrodynamic model plus upstream inflows into the main river) in the Roper catchment under
scenarios A, Cwet and Cdry from 1988 to 2013 (the hydrodynamic model was calibrated for flood
events within this period). Under Scenario Cwet the mean annual catchment streamflow increased
by 51%, and the mean wet-season (December to March) streamflow increased by 49%. Under
Scenario Cdry, mean annual catchment streamflow decreased by 29% and mean wet-season
streamflow by 28%. The maximum annual flow in the water year 1990-1991 increased by 37%
under Scenario Cwet whereas it decreased by 21% under Scenario Cdry.

Figure 5-1 Comparison of inflow time series within the hydrodynamic model domain in the Roper catchment from
1988 to 2013 (period over which hydrodynamic model was calibrated) for Zone 1 (a) and Zone 2 (b)
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Figure 5-2 compares the simulated discharge under the current and future climate for the Roper
River system and rainfall-runoff models used as inflows to the hydrodynamic model for the 1988,
and 1991 flood events (Section 4.4). It shows relatively large changes in peak and total discharge
under scenarios Cwet and Cdry compared to Scenario A for each event. Under Scenario Cdry, peak
streamflow decreased by 22 and 21% for the 1988 and 1991 flood events, respectively, for Zone 1.
Zone 2 showed similar changes with peak streamflow decreasing by 24 and 19% for the 1988 and
1991 flood events, respectively. For Zone 1, total discharge decreased by 25 and 18% for the 1988
and 1991 flood events, respectively; and a 27 and 22% decrease for 1988 and 1991 flood events,
respectively, for Zone 2.

Figure 5-2 Simulated aggregated streamflow used as inflows in the hydrodynamic model for two different flood
events (1988 and 1991) under scenarios A (baseline), Cwet and Cdry

Under Scenario Cwet for Zone 1, peak streamflow is increased by 46 and 25% for the 1988 and
1991 flood events, respectively; and total discharge is increased by 44 and 36% for the 1988 and
1991 and 2008 flood events, respectively. For Zone 2, peak streamflow is increased by 33 and 25%
for the 1988 and 1991 flood events, respectively; and total discharge is increased by 38 and 30%
for the 1988 and 1991 and 2008 flood events, respectively.
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5.3 Potential development scenarios

Potential dams identified in the companion technical report on surface water storage, Petheram
et al. (2022), were located outside of each of the hydrodynamic model domains. Hence to explore
the impact of in-stream dams and water harvesting on flood inundation downstream, river system
models were configured with various scenarios (refer to the companion technical report on river
model calibration and scenario analysis, Hughes et al. (2023)) and the resulting river system model
output provided for the upstream boundary of the hydrodynamic model domains. Only
streamflow at the upstream boundaries of the hydrodynamic model domains were updated,
whereas the remaining input datasets and boundary conditions in the calibrated hydrodynamic
models remained unchanged.

Three dam scenarios were considered:

1. “all dams” — five potential dam sites with no transparent flows including sites on Flying Fox
Creek (FSL: 177m EMG96, maximum capacity: 174 GL), Jalboi River (FSL: 70m EMG96,
maximum capacity: 189 GL), Hodgson River (FSL: 106 m EMG96, maximum capacity: 394 GL),
Waterhouse River (FSL: 200 m EMG96, maximum capacity: 391 GL) and Waterhouse River
West Branch (FSL: 188 m EMG96, maximum capacity: 223 GL)

2. Waterhouse River potential dam site only with no transparent flows (FSL: 200 m EMG96,
maximum capacity: 391 GL)

3. Flying Fox Creek potential dam site only with no transparent flows (FSL: 177m EMG96,
maximum capacity: 174 GL).

Within the Roper catchment, the availability of soils suitable for irrigation with a reasonable
distance of surface water is relatively limited. For this reason, soil-limited water harvesting
scenarios were investigated using the flood inundation models. The soil-limited water harvesting
scenario represented an annual diversion of 660 GL at 75% annual reliability with no end-of-
system requirement (Hughes et al., 2023). Where water harvesting occurred within the
hydrodynamic model domains, distributed extractions were introduced along the relevant river
sections within the MIKE 11 model set-up. Refer to the companion technical report on river model
calibration and scenario analysis, Hughes et al. (2023), for further details about instream dam and
water harvesting scenarios.

5.4 Floodplain inundation scenario analyses

The evaluation of hydrodynamic modelled scenarios was performed by comparing future
development (Scenario B), future climate (Scenario C), and future climate and development
(Scenario D) to the baseline simulation (Scenario A). Two types of evaluations were performed
across the hydrodynamic model domains (note that connectivity of selected floodplains is
discussed in Chapter 6) for each scenario in the two model domains (Table 5-1):

e a spatial comparison using maps of percentage inundation frequency (the ratio of the times a
pixel is inundated to the entire duration of the simulation), maximum inundation extent and
inundated depth at maximum inundation extent

e a time-series comparison of inundated area and mean depth.
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54.1 SCENARIO B CURRENT CLIMATE AND ALL DAMS

Maps of percentage inundated frequency (Figure 5-3 and Figure 5-4), maximum inundation extent
(Figure 5-5 and Figure 5-6) and depth at maximum inundation (Figure 5-7 and Figure 5-8) show
that for both the 1988 (AEP of 1 in 2) and 1991 (AEP of 1 in 13) flood events, the dams decrease
inundation (frequency, extent and depth) downstream of the potential dam sites however the
effects are relatively small.

The impacts of the dams on flood characteristics over the hydrodynamic model domain are small
(Figure 5-9). The maximum inundated area under Scenario A for the 1988 event is 545 km?, and
523 km? under Scenario B (all dams). This represents a decrease in inundated area of about 4%.
The maximum inundated area under Scenario A for the 1991 event (1 in 13 AEP) is 1697 km?, and
1583 km? under Scenario B (all dams), representing a decrease of about 7%. The larger relative
impact found for the 1 in 13 AEP event during 1991 was due to the different antecedent storage
levels at the beginning of each event. Dam storage was 56% of total capacity at the beginning of
the 1988 event opposed to only 10% at the beginning of the 1991 event. The Roper River had
experienced several years of only small flow events prior to 1991, where relatively high flows were
seen the year before the 1988 event (Figure 4-4). Also, higher impact is expected to events earlier
in the wet season (as in the 1991 event) since dams will generally be emptier then, thus capturing
more flood waters.
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Figure 5-3 Percentage inundation frequency in the Zone 1 model domain under Scenario A (Baseline) and B (all
dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-4 Percentage inundation frequency in the Zone 2 model domain under Scenario A (Baseline) and B (all
dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Scenario A 1988 flood event Scenario B all dams 1988 flood event
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Figure 5-5 Maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and B (all dams)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-6 Maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and B (all dams)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-7 Depth at maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and B (all
dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-8 Depth at maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and B (all
dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-9 Comparison of inundated area in square kilometres over Zone 1 (left) and 2 (right) under scenarios A
(Baseline) and B (all dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

54.2 SCENARIO B CURRENT CLIMATE AND WATERHOUSE RIVER DAM SITE

Maps displaying the frequency of inundation as a percentage of the total days during the event
(Figure 5-10 and Figure 5-11), maximum extent of inundation (Figure 5-12 and Figure 5-13), and
the depth at the peak inundation (Figure 5-14 and Figure 5-15) reveal that both the 1988 flood
event (with an AEP of 1 in 2) and the 1991 flood event (with an AEP of 1 in 13) experienced
reduced inundation (in terms of frequency, extent, and depth) downstream of the Waterhouse
dam site. However, it's important to note that these effects were found to be relatively minor.
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Figure 5-10 Percentage inundation frequency in the Zone 1 model domain under Scenario A (Baseline) and B
(Waterhouse River dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-11 Percentage inundation frequency in the Zone 2 model domain under Scenario A (Baseline) and B
(Waterhouse River dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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The impacts of the Waterhouse Dam on flood characteristics over the hydrodynamic model
domain are small (Figure 5-16). The maximum inundated area under scenarios A and B
(Waterhouse dam) for the 1988 event (1 in 2 AEP) is 545 km? and 540 km? respectively. This
represents a decrease in inundated area of about 1%. The maximum inundated area under
scenarios A and B (Waterhouse dam) for the 1991 event is 1697 km? and 1658 km? respectively,
representing a decrease of about 2%. As per Scenario B (all dams), the larger relative impact was

found for the 1 in 13 AEP event was due to the different antecedent storage levels at the
beginning of each event.

Scenario A 1988 flood event Scenario B Waterhouse Dam 1988 flood event

|:| Modelling domain

- Maximum flood extent 0 20 40

1 |
Kilometres

Figure 5-12 Maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and B
(Waterhouse River dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-13 Maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and B
(Waterhouse River dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-14 Depth at maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and B
(Waterhouse River dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-15 Depth at maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and B
(Waterhouse River dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-16 Comparison of inundated area in square kilometres over Zone 1 (left) and 2 (right) under scenarios A
(Baseline) and B (Waterhouse River dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

54.3 SCENARIO B CURRENT CLIMATE AND FLYING FOX CREEK DAM SITE

Maps of percentage inundated frequency (Figure 5-17 and Figure 5-18), maximum inundation
extent (Figure 5-19 and Figure 5-20) and depth at maximum inundation (Figure 5-21 and Figure
5-22) show that for both the 1988 (AEP of 1 in 2) and 1991 (AEP of 1 in 13) flood events, the dams
decrease inundation (frequency, extent and depth) downstream of the Flying Fox dam site
however the effects are minor.
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Figure 5-17 Percentage inundation frequency in the Zone 1 model domain under Scenario A (Baseline) and B (Flying
Fox Creek dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-18 Percentage inundation frequency in the Zone 2 model domain under Scenario A (Baseline) and B (Flying
Fox Creek dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-19 Maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and B (Flying Fox
Creek dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Scenario A 1988 flood event Scenario B Flying Fox Dam 1988 flood event

Scenario A 1991 flood event
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Figure 5-20 Maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and B (Flying Fox
Creek dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-21 Depth at maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and B

(Flying Fox Creek dam)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-22 Depth at maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and B

(Flying Fox Creek dam)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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The impacts of the potential Flying Fox dam on flood characteristics over the hydrodynamic model
domain are small (Figure 5-23). The maximum inundated area under scenarios A and B (Flying Fox
dam) for the 1988 event is 545 km? and 539 km? respectively. This represents a decrease in
inundated area of about 1%. The maximum inundated area under scenarios A and B (Flying Fox
dam) for the 1991 event is 1697 km? and 1675 km? respectively, again representing a decrease of
about 1%.

Figure 5-23 Comparison of inundated area in square kilometres over Zone 1 (left) and 2 (right) under scenarios A
(Baseline) and B (Flying Fox Creek dam)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

5.4.4 SCENARIO B CURRENT CLIMATE AND WATER HARVESTING

Maps of percentage inundated frequency (Figure 5-24 and Figure 5-25), maximum inundation
extent (Figure 5-26 and Figure 5-27) and depth at maximum inundation (Figure 5-28 and Figure
5-29) show that water harvesting of an annual volume of 660 GL decreases inundation extent by a
small to moderate amount for the 1988 (AEP of 1 in 2) event, but the relative decrease is far less
for the 1991 (AEP of 1 in 13) event.
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Figure 5-24 Percentage inundation frequency in the Zone 1 model domain under Scenario A (Baseline) and B (Water
Harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-25 Percentage inundation frequency in the Zone 2 model domain under Scenario A (Baseline) and B (Water
Harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Scenario A 1988 flood event Scenario B Water Harvesting 1988 flood event

Scenario A 1991 flood event

|:| Modelling domain

- Maximum flood extent 0 20 40
1 |

Kilometres

Figure 5-26 Maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and B (Water
Harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Scenario A 1988 flood event Scenario B Flying Fox Dam 1988 flood event

Scenario A 1991 flood event

] Modelling domain B Maximum flood extent 0 25 50
|:| Roper River catchment
® Locality Kilometres

Figure 5-27 Maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and B (Water
Harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-28 Depth at maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and B

(Water Harvesting)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-29 Depth at maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and B

(Water Harvesting)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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The impacts of water harvesting on flood characteristics over the hydrodynamic model domain are
larger for the smaller event relative to the size of the events (Figure 5-30). The maximum
inundated area under scenarios A and B (water harvesting of 660 GL)for the 1988 event is 545 km?
and 485 km? respectively. This represents a decrease in inundated area of about 11%. The
maximum inundated area under Scenario A for the 1991 event is 1697 km?. Under Scenario B
(water harvesting of 660 GL), there was very little modelled change in maximum inundated area
(decrease of about 0.02%).

Figure 5-30 Comparison of inundated area in square kilometres over Zone 1 (left) and 2 (right) under scenarios A
(Baseline) and B (Water Harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

5.4.5 SCENARIO C SIMULATIONS

Figure 5-31 to Figure 5-36 show the difference between scenarios A, Cdry and Cwet in terms of
percentage inundated frequency, maximum inundation extent and depth at maximum extent for
the two events. The Zone 1 Roper River floodplains show marked decreases from baseline
conditions in terms of inundated frequency, maximum inundated area and flood depth for
Scenario Cdry. Conversely, a significant increase can be seen in Scenario Cwet compared to
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Scenario A. Zone 2 displays similar responses to dry and wet conditions, however, under Scenario
A more area is inundated in the south of the model domain than under Scenario Cwet. This
flooding is driven by a boundary water source from the Towns River. Floodplains from Towns River
connects to Roper floodplains during large floods, however, Towns River lies outside the Roper
River system model domain. Consequently, this runoff source was erroneously mapped from the
river system model and underestimated local flooding in the future climate scenarios. Towns River
flooding is not likely to be impacted on potential water resource development in the Roper
Catchment since it is external to the Roper River system and Towns River flooding appears to be
largely driven by local runoff. Thus, this area will be largely ignored in this climate impacts analysis.
It is recommended that the runoff of Towns River should be corrected in future work so the full
effects of projected climate change could be assessed. The maximum inundated area for Zone 2
climate scenarios should be corrected by an additional 140 km?.

Figure 5-31 Percentage inundated frequency in the Zone 1 model domain under scenarios A and C
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

60 | Floodplain inundation mapping and modelling for the Roper catchment



Figure 5-32 Percentage inundated frequency in the Zone 2 model domain under scenarios A and C
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Scenario Cdry 1988 flood event Scenario A 1988 flood event Scenario Cwet 1988 flood event

Scenario Cdry 1991 flood event Scenario A 1991 flood event Scenario Cwet 1991 flood event

|:| Modelling domain 0 20 40
- Maximum flood extent 1 ]
Kilometres

Figure 5-33 Maximum inundation extent in the Zone 1 model domain under scenarios A and C
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-34 Maximum inundation extent in the Zone 2 model domain under scenarios A and C
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-35 Depth at maximum inundation extent in the Zone 1 model domain under scenarios A and C
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-36 Depth at maximum inundation extent in the Zone 2 model domain under scenarios A and C
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

The time series in Figure 5-37 shows large differences between climate scenarios in inundated
area occurred under scenarios Cdry and Cwet when compared to under Scenario A for both
events. The differences are largest at times of peak inundation particularly during Scenario Cwet.
This shows that the hydrodynamic models are able to simulate higher intensity flood events based
on different climate inputs. As mentioned, the peak inundation areas under scenarios Cwet and
Cdry are underestimated by about 140 km? around Towns River in Zone 2.

Under Scenario Cdry, the peak in inundated area decreased by about 25% and 22% for the 1988
and 1991 flood events, respectively. Under Scenario Cwet, the peak in inundated area increased
by about 30 and 8% for each flood event, respectively. Figure 5-37 summarises inundated area
under Scenario C and associated changes compared to Scenario A for the selected flood events.
When adjusting for the underestimation around Towns River, inundated areas for the Scenario
Cwet for Zone 2 1991 flood event (green line in lower right plot of Figure 5-37) would be higher
than that for Scenario A (blue line in lower right of Figure 5-37).
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Figure 5-37 Comparison of inundated area in square kilometres (left) and mean depth in metres (right) over the
Zone 1 and 2 domains under Scenario C

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Table 5-2 Summary of inundated area under Scenario C and associated changes compared to Scenario A

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
* underestimation due to underpredictions for Towns River floodplain

1988 1991 1991 1988
FLOOD FLOOD FLOOD FLOOD

ZONE 2 ZONE 1 ZONE 2 ZONE 1
Cdry Cdry Cdry Cwet

Maximum inundated area

(km?) 129.2 292.1%* 364.3 1019.5* 218.6 539.2* 593.0 1255.5*
% change in maximum

inundated area -18.2 -29.3% -21.3 -20.3* 38.5 30.4* 28.2 -1.9%
Mean inundated area (km2?)  70.2 176.2* 141.2 376.8%* 119.7 290.8* 226.1 590.3*

% change in mean
inundated area -19.3 -21.0* -17.3 -27.6* 37.6 30.4* 32.4 13.3*
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5.4.6 SCENARIO D DRY (ALL DAMS) SIMULATIONS

Maps of percentage inundated frequency (Figure 5-38 and Figure 5-39), maximum inundation
extent (Figure 5-40 and Figure 5-41) and depth at maximum inundation (Figure 5-42 and Figure
5-43) show that for both the 1988 (AEP of 1 in 2) and 1991 (AEP of 1 in 13) flood events, the dams
combined with future dry climate decrease inundation (frequency, extent and depth) particularly
for the 1991 event.

The impacts of the dams and future dry climate on flood characteristics over the hydrodynamic
model domain are significant although the climate appears to be the main driver of the differences
(Figure 5-44). The maximum inundated area under scenarios A and B (all dams) for the 1988 event
is 545 km? and 401 km? respectively. This represents a decrease in inundated area of about 26%.
The maximum inundated area under scenarios A and B (all dams) for the 1991 event is 1697 km?
and 1204 km? respectively, representing a decrease of about 29%.

Figure 5-38 Percentage inundation frequency in the Zone 1 model domain under Scenario A (Baseline) and Ddry (all
dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-39 Percentage inundation frequency in the Zone 2 model domain under Scenario A (Baseline) and Ddry (all

dams)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Scenario A 1988 flood event Scenario D dry + all dams 1988 flood event

Scenario D dry + all dams 1991 flood event

|:| Modelling domain
- Maximum flood extent 0 20 40
1 |
Kilometres

Figure 5-40 Maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and Ddry (all

dams)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-41 Maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and Ddry (all
dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-42 Depth at maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and
Ddry (all dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-43 Depth at maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and
Ddry (all dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-44 Comparison of inundated area in square kilometres over Zone 1 (left) and 2 (right) under scenarios A
(Baseline) and Ddry (all dams)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

5.4.7 SCENARIO D DRY (WATER HARVESTING) SIMULATIONS

Maps of percentage inundated frequency (Figure 5-45 and Figure 5-46), maximum inundation
extent (Figure 5-47 and Figure 5-48) and depth at maximum inundation (Figure 5-49 and Figure
5-50) show that water harvesting under future dry climate substantially decreases inundation for
the 1988 (AEP of 1 in 2) event, but there is relatively less of a decrease for the 1991 (AEP of 1 in
13) event.
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Figure 5-45 Percentage inundation frequency in the Zone 1 model domain under Scenario A (Baseline) and Ddry

(water harvesting)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-46 Percentage inundation frequency in the Zone 2 model domain under Scenario A (Baseline) and Ddry

(water harvesting)
The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-47 Maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and Ddry (water

harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-48 Maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and Ddry (water

harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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The impacts of water harvesting under future dry climate on flood characteristics over the
hydrodynamic model domain are relatively larger for the smaller event (Figure 5-51). The
maximum inundated area under scenarios A and Ddry (waterharvesting) for the 1988 event is

545 km? and 374 km? respectively. This represents a decrease in inundated area of about 31%. The
maximum inundated area under Scenario A for the 1991 event is 1697 km?, and under Scenario D
dry with water harvesting, it was 1330 km? (decrease of about 22%).

Figure 5-49 Depth at maximum inundation extent in the Zone 1 model domain under scenarios A (Baseline) and
Ddry (water harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.

Figure 5-50 Depth at maximum inundation extent in the Zone 2 model domain under scenarios A (Baseline) and
Ddry (water harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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Figure 5-51 Comparison of inundated area in square kilometres over Zone 1 (left) and 2 (right) under scenarios A
(Baseline) and Ddry (water harvesting)

The 1988 flood event had an AEP of 1 in 2 and the 1991 flood event had an AEP of 1 in 13.
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6 Wetland connectivity assessment

6.1 Hydrological connectivity

Hydrological connectivity is defined as the water-mediated transfer of sediments, nutrients and
organisms within and between water bodies (Pringle, 2003). It is a crucial determinant of
ecosystem structure and functioning in freshwater habitats (Ward, 1989; Pringle, 2001; Hughes et
al., 2009) and drives linkages among ecosystem elements in space and time (Fullerton et al., 2010).
Habitat quality and the ecological integrity of floodplain wetlands depends on many factors, but a
key determinant is how the wetland is hydrologically connected to the main river channel over
time (Bunn and Arthington, 2002). In a wet tropical region, permanent flows often provide
continuous instream connectivity; however, offstream wetlands may be isolated for significant
periods when low flows are constrained to the main river channels. Flood pulses provide the
opportunities for these offstream wetlands to be connected with the main river channels. During
floods there is an exchange of water, sediments, chemicals and biota between the main channels
and floodplain wetlands (Thoms, 2003). The importance of overbank flow connection for the
productivity and exchanges of major aquatic biota in river—floodplain systems has been
emphasised in many studies (e.g. Junk et al., 1989; Welcomme et al., 2006). The single most
important factor for the persistence of the fish assemblage in an isolated wetland is the flow
connection between the wetland and a river (Lasne et al., 2007). A high connectivity level is
needed to conserve native fish diversity because the number of protected and native species
increases with connectivity and the number of alien species and individuals can increase with
isolation (Bunn and Arthington, 2002; Lasne et al., 2007).

Floodplain wetlands in the wet—dry tropics are under increasing pressure from water resource
development, and there is a need for methods to assess the biophysical dynamics of these
extensive and often remote ecosystems (Ward et al., 2013). These systems are characterised by
strong seasonality in rainfall, with high river flows and extensive floodplain inundation occurring
over an often brief wet season, followed by low to zero flows and water body contraction and
isolation during the dry season (Cresswell et al., 2009; McDonald and McAlpine, 1991). The timing,
extent, duration and inter-annual variability of inundation control the exchanges of water and
biota between rivers and their floodplains and the degree of seasonal isolation and desiccation of
water bodies determine the distribution of aquatic refugia that persist during the dry season (Junk
et al., 1989). Wet—dry tropical savannas that are subject to seasonal inundation exhibit large
differences in the length of the wet season and the amount of rainfall over the dry season (Warfe
et al.,, 2011).

The river—floodplain systems in northern Australia are mostly unregulated and they support
several offstream and instream wetlands of distinct ecology and environmental value (Close et al.,
2012; Kennard, 2011). An important issue for the management of these wetlands under present
and future climates, as well as future developments, is to know the extent, timing and duration of
their connectivity within and between the waterbodies. This helps to drive ways of maintaining or
even enhancing an optimal level of connection and biophysical exchanges between offstream
wetlands and a river. This information is scarce for most of the Australian floodplains, since field-
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based monitoring of connectivity for numerous individual wetlands is both difficult and time
consuming. Several studies have used a combination of remotely sensed inundated area and
concurrent river flow to predict how flooded area changes with river flow (Townsend and Walsh,
1998). The same approach has also been used to quantify how the number of inundated wetlands
changes with river flow (Shaikh et al., 2001; Frazier et al., 2003). However, this approach is not
dynamic and only gives information on potential wetland inundation when flow is not changing
rapidly (due to the time difference between acquisition of the satellite images and the peak of
inundation) and it is not possible to define the duration of wetland connectivity, which can have
an important influence on wetland ecology. In the Assessment hydrodynamic modelling is used,
which can quantify the time of floodplain inundation at a user-defined spatial and temporal
resolution, and duration of hydrological connectivity between wetlands and rivers at a sub-daily
time step.

6.2 Method of connectivity assessment

In the Assessment, connectivity of wetlands with rivers was considered through floodplain flows
(i.e. overbank flooding). Connection and disconnection during overbank flooding were computed
by identifying contiguous flow paths at every 6-hour time step. For this purpose, it was required to
define a threshold water depth to ensure continuous water connection across minor topographic
variations in the landscape. Following consideration of the low resolution of the floodplain
topographic data and the high roughness of the floodplain landscape due to vegetation cover, a
threshold water depth of 10 cm was used to distinguish between connected and disconnected
flow paths. A wetland was considered hydrologically connected to other water bodies when it
started receiving water from overbank flow and was considered disconnected when water
receded below its bank level as shown in Figure 6-1.

Figure 6-1 A schematic representation of wetland connectivity assessment

Connection to the flood waters and surrounding water bodies starts at time t1 and ends at t2
when the depth of inundation falls below the wetland bank height. The difference between t2 and
t1 is the duration of the hydrological connection.

The connectivity analysis was undertaken in an ArcGIS 10 environment with geoprocessing
scripted in Python to iterate through the flood extent raster for each 6-hour time step. The
computational grid cells in the flood extent raster were classified as either a water cell or a dry
cell, based on simulated water depth information. The spatial analyst ‘pathdistance’ function was
used to calculate the least accumulative cost distance to the nearest source river line feature.
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Point features representing the wetland locations were attributed with their connectivity distance
for each time step with the ‘extract multivalues to point’ function. Points at a location which the
flood extent did not reach for that time step, or did not connect with the source river network,
returned a null connection for that time step. The same procedures were repeated for the entire
simulation period and the results were accumulated to obtain the temporal sequence of
connection and disconnection. Details of the connectivity analysis technique can be found in Karim
et al. (2015).

6.3 Connectivity assessment for the Roper catchment

6.3.1 WATER ASSETS

The Roper floodplain supports several water assets including wetlands of national and
international significance. The wetlands were identified using a combination of data sources.
These included A directory of important wetlands in Australia (Environment Australia, 2001) and
Google Earth imagery. Flood inundation layers of 50 days and 100 days were used to locate the
wetlands. A total of 128 wetlands located within the hydrodynamic modelling domain were
initially selected for connectivity assessment (Figure 6-2).

Figure 6-2 Wetlands and river network used for hydrological connectivity analysis in the Roper catchment
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Given the very large number of wetlands on the Roper floodplain, initial connectivity results were
investigated to select a subset of wetlands for further analysis. A total of 15 wetlands were
selected based on spatial representation and inundation characteristics (Table 6-1). Refer to the
companion technical report on ecology, Stratford et al. (2023), for further details on the physical
and ecological characteristics of wetlands in the Roper catchment.

Table 6-1 List of selected wetlands in the Roper catchment

WETLAND ID TYPE LATITUDE (°) LONGITUDE (°)
3 Walmaja -14.738 134.815
Melaleuca open

32 forest floodplain -14.983 135.296
39 Waterbird colony  -14.458 135.217
42 Waterbird colony  -14.7 135.3
55 Mangrove -14.697 135.272
60 Mangrove -14.718 135.299
65 Mangrove -14.725 135.349
68 Mangrove -14.821 135.343
72 Mangrove -14.726 135.319
75 Mangrove -14.743 135.324
78 Mangrove -14.777 135.115
79 Mangrove -14.75 135.139
100 Waterbody -14.773 134.796
125 Waterbody -14.873 133.427
3 Walmaja -14.738 134.815

6.3.2 WETLAND INUNDATION

The time series of simulated inundation depths from the hydrodynamic model, at a 24-hourly
interval, were used to compute inundation duration. By analysing this information for the flooding
periods, the total inundation duration at each computational grid was estimated. Figure 6-3 shows
the maximum areal extent of inundation and spatial differences in inundation duration for the
Roper hydrodynamic model domain for the flood event in 1991 (AEP 1 in 13). In general, duration
of inundation is longer in the lower part of the floodplain. This is primarily due to the flat
topography in this region compared to the upper floodplains. In addition to the Roper River,
flooding along Maiwok Creek resulted in large areas of inundation along braided channels.
Flooding adjacent to other rivers in the Roper catchment was limited in spatial extent. The results
show some wetlands were located outside the overbank inundation zone. These wetlands,
however, could be connected to the river through floodplain creeks (tributaries of the Roper
River). Floodplains downstream of Ngukurr experienced more than 20 days of inundation. This was
primarily due to the low relief of this area compared with Zone 1. Importantly it can be noted that
inundation in Zone 1 is relatively short, typically 5 to 10 days, even during the large flood in 1991.
As expected, areas close to the river experienced longer duration of inundation.
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Figure 6-3 Typical example of spatial variation in inundation duration across floodplains of the Roper River for 1991
flood (AEP of 1 in 13)

6.3.3 CONNECTIVITY

Figure 6-4 shows a typical example of the timing and duration of the hydrological connection of
wetlands to the major rivers in the Roper catchment during small, medium and large floods. The
flood event of 2008 (AEP 1 in 5) produced the highest duration of connectivity. Large floods tend
to inundate more of the floodplain, and also create longer duration of connectivity. However local
variation in runoff and flood hydrographs (e.g. more than one peak) play an important role in
connectivity duration. For example, the flood peak for the 1991 event is greater than that during
2008, however, the wetland connectivity is generally higher for the 2008 event. This is due to the
persistence of relatively high volumes during the 2008 event compared to 1991. All wetlands were
connected to the river during the 1991 (AEP of 1 in 13) and 2008 (AEP of 1 in 5) floods but one did
not connect to the river during the 1988 flood (AEP of 1 in 2) and another in 2013. Some wetlands
showed a pattern of connection and disconnection for all events, in particular 1991. This is due to
the secondary peak in the flood hydrograph.
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(a) 1988 flood

(b)
1991 flood
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(c) 2008 flood

(d) 2013 flood

Figure 6-4 Timing and duration of connectivity of selected wetlands in the Roper catchment under Scenario A for
the (a) 1988 flood (AEP of 1 in 2) (b) 1991 flood (AEP of 1 in 13) (c) 2008 flood (AEP of 1 in 5) and (d) 2013 flood (AEP

1in 3) events
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The effects of projected future climate and potential developments on hydrological connectivity
were investigated. Table 6-2 presents a summary of predicted changes in connectivity for 128
wetlands in the Roper catchment under scenarios Cwet and Cdry and Scenario D for the flood
events in 1988 and 1991 with annual exceedance probability (AEP) of 1in 2, and 1in 13
respectively. As expected, under Scenario Cwet the duration of connectivity increased and under
Scenario Cdry the connectivity reduced. It is worth noting that the effect of changes in flow
regimes under Scenario C is disproportionate between wetlands. For example, wetlands that are
located far from rivers are more affected by changes in flow regimes compared to those that are
close to rivers. The impacts to wetland connectivity under Scenario C also vary with flood
magnitude. All scenario B runs saw decreases in connectivity but higher relative impacts were seen
for the larger event and for climate change scenarios (Table 6-2).

Large changes in wetland connectivity were pronounced under projected future climate scenarios,
particularly under Scenario Cwet. The impacts were generally more evident for the large flood (i.e.
the 1991 event, AEP of 1 in 13) than the smaller flood event (i.e. the 1988 event. AEP of 1in 2). A
reduction in connectivity of approximately 28% was projected under Scenario Cdry. The changes in
connectivity varies based on flood magnitude. As expected under Scenario B (all dams) the
reduction in wetland connectivity (19%) was found to be higher than under scenario B
(Waterhouse River dam) (9%) and B (Flying Fox Creek dam) (6%). Under Scenario B (water harvest
of 660 GL) the wetland connectivity was modelled to reduce by up to 8%. The greatest reductions
in wetland connectivity were found under Scenario D. Under Scenario Ddry (all dams) wetland
connectivity reduced by 41% and under Scenario D (water harvesting) wetland connectivity
reduced by 30%. Antecedent effects and flood timing relative to the start of the wet season are
important to acknowledge here. In particular, the larger of the two events (1991) is earlier in the
wet season and follows a reasonably dry period. It is likely that any dams in this situation are not
full or at least have substantial free airspace. Additionally, water harvest operations are more
likely to be active at the start of the wet season or following the first substantial flow of the wet
season. In the late wet season water harvest licence volumes may have been already pumped, and
therefore, pumping will have ceased or partly ceased.

Changes in wetland connectivity follow the same pattern as changes in maximum inundation
extents for both development and future climate scenarios. However, the magnitude of the
changes to wetland connectivity are particularly pronounced showing that wetland connectivity is
more sensitive to changes in flow regime than maximum inundation extent.

Table 6-2 Summary of mean changes in wetland connectivity for 171 wetlands under Scenario D for the flood events
of 2001 (AEP of 1 in 16), 2006 (AEP of 1 in 2) and 2009 (AEP of 1 in 5)

‘+’ indicates increase and ‘~ indicates decrease in duration of connectivity. The number in parenthesis is the change in

% with respect to mean connectivity at historical climate.

FLOOD EVENT AEP MEAN CHANGE IN MEAN CONNECTIVITY, DAYS (%)
CONNECTIVITY
(DAYS) DRY WET ALLDAMS WATER DRYWITH DRYWITH WATER- FLYING
CLIMATE CLIMATE HARVEST ALL DAMS WATER HOUSE FOX DAM
HARVEST DAM
1988 1/2 116 -0.03 +0.55 -0.02 -0.05 -0.03 -0.06 0 -0.02
(-2.2) (+47.1)  (-2) (-4.7) (-2.2) (-4.7) (0) (-1.3)
1991 1/13 17.4 -4.93 +5.89 -3.23 -1.38 7.11 5.14 -1.57 -1.06
(-28.4) (+33.9) (-18.6)  (-7.9) (-41) (-29.6)  (-9) (-6.1)

Chapter 6 Wetland connectivity assessment | 81



6.4 Summary

Typical examples of the timing and duration of the hydrological connection of wetlands to the
major rivers in the Roper catchment during small, medium and large floods showed that the flood
event of 2008 (AEP 1 in 5) produced the highest duration of connectivity even though the flood
peak for the 1991 event (AEP 1 in 13) is greater than that during 2008. This is due to the
persistence of relatively high volumes during the 2008 event compared to 1991. The 1991 event
displayed patterns of connections and disconnection due to the secondary peak in the flood
hydrograph.

Large changes in wetland connectivity were pronounced under Scenario C, particularly under
Scenario Cwet. Changes to wetland connectivity were generally highest for the large flood (e.g. the
1991 event, AEP of 1 in 13). As expected the changes to wetland connectivity under Scenario B (all
dams) were found to be high compared to scenarios B (Waterhouse River dam) and B (Flying Fox
Creek dam) highlighting the cumulative impact of multiple dams. The greatest reductions in
wetland connectivity were found under Scenario D.
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7/ Summary

This part of the Assessment had two major components: calibration of one- and two-dimensional
coupled floodplain hydrodynamic (MIKE FLOOD) models; followed by scenario modelling under
projected future climates (Cdry and Cwet) and hypothetical developments (dams and water
harvesting). The outputs from the hydrodynamic modelling were used to:

e identify areas susceptible to flooding under historical climate and current development

e estimate changes in inundation across the floodplains under projected future climate and
hypothetical development scenarios

e quantify hydrological connectivity of floodplain wetlands in terms of extent, timing and duration
of connection of offstream wetlands to main river channels

e quantify changes in hydrological connectivity due to changed flow regimes.

Observed daily discharge and stage height data were obtained from Northern Territory
Government. A MIKE FLOOD model was configured for each study area (Zone 1 and Zone 2) and
observed tidal data, Sacramento rainfall-runoff simulations and discharge data from AWRA-R
simulations were used as input at the model boundaries. Flood inundation maps for individual
flood events were produced using high-quality MODIS and Landsat imagery. Composite flood
maps were also produced by combining all images to delineate maximum flooding extent. These
were used to calibrate hydrodynamic models for each zone. A calibrated hydrodynamic model was
used to simulate the impacts of future climate and developments on floodplain inundation and
hydrological connectivity of wetlands.

The hydrodynamic model was calibrated for the 1988, 1991, 2008 and 2013 flood events using
inundation maps derived from MODIS and Landsat imagery. The models were calibrated primarily
by adjusting the infiltration rate. While a good match was attained for the flood peaks, there were
differences in rising and falling limbs of the flood hydrograph. In general, model predictions were
found to be better for large floods.

Compared to the Landsat and MODIS inundation maps, the hydrodynamic model captured overall
inundation patterns. This includes the coastal flat areas and ephemeral waterways that become
active during flood events.

Future climate scenario modelling showed marked changes in inundation areas in the Roper River
floodplain compared Scenario A, with the major differences observed under scenarios Cdry and
Cwet. For example, maximum inundation extents increased by 39 and 28% for the 1988 (AEP of 1
in 2) and 1991 (AEP of 1 in 13) events, respectively, for Zone 1 under Scenario Cwet. For the same
zone but under Scenario Cdry, maximum inundation extents decreased by 18 and 21% for the
1988 and 1991 events, respectively.

The reduction in modelled maximum inundation extent under Scenario B was small relative to the
reduction in Scenario Cdry. Under Scenario B (all dams) the reduction in maximum inundation
extent was up to 7% for the 1991 event (AEP of 1 in 13). Reductions in maximum inundation
extent under scenarios B (Waterhouse River dam) and B (Flying Fox Creek dam) were 2 and 1%
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respectively, for the 1991 event (AEP of 1 in 13). Under Scenario B (water harvesting of 660 GL)
the reduction in maximum inundation extent for the 1988 (AEP of 1 in 2) event was 11%. The
development scenario modelling demonstrated that these reductions in maximum inundation
extent are largely dependent on the timing of the events, i.e. dam volumes and thus their
capturing capacities varies depending on the time of the wet season and how dry the catchment
has been in years prior.

Under Scenario C large changes in wetland connectivity relative to Scenario A were observed.
Increases in wetland connectivity (up to 47%) under Scenario Cwet were greater than the decrease
(up to 28%) in connectivity under Scenario Cdry. This pattern is consistent with the changes in
maximum inundation area, however wetland connectivity is shown to be more sensitive to
changes to flow regime than maximum inundation extent. It is worth noting that the effect of
changes in flow regimes under Scenario C is disproportionate between wetlands, with more
impacts on wetlands that are located far from rivers. The impacts of future climate also vary with
flood magnitude.
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