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Managing risks associated with environmental water delivery: 
a case study of the Goulburn River, Australia
Lubna Meempatta a, J. Angus Webb a, Avril C. Horne a, Louise A. Keogh b 

and Michael J. Stewardson a

aWater, Environment, and Agriculture Program, Department of Infrastructure Engineering, The University of 
Melbourne, Melbourne, VIC, Australia; bMelbourne School of Population and Global Health, The University of 
Melbourne, Melbourne, VIC, Australia

ABSTRACT
Effective environmental watering programmes improve the ecolo
gical conditions of river systems. This involves identifying and 
managing any significant risks that may hinder programme success. 
We undertook a qualitative study exploring how environmental 
water managers perceive and manage these risks while planning 
and delivering environmental water, using the Goulburn River, 
south-east Australia, as a case study. We developed a risk table 
detailing the progression of key risk events and how environmental 
water managers manage these. The findings highlight that many 
risk management strategies are tied to different organizations and 
water users, making it challenging to successfully deliver environ
mental water.
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Introduction

Many river ecosystems are in decline due to extraction for consumptive demands coupled 
with the increasing threat from climate change. Environmental flows are one approach to 
address this, providing water for the environment to sustain or restore ecosystem health 
(Arthington & Balcombe, 2017). There are two main mechanisms through which environ
mental flows are provided: rules-based methods and active environmental water manage
ment (Horne et al., 2018, 2017). In the rules-based approach, the environmental flows are 
provided by placing conditions on other water users (e.g., by placing restrictions on water 
abstraction) or on water managers or storage operators to release flows from storage, or 
by implementing a limit on a total abstraction of the water (called a ‘cap’) from the system 
(Horne et al., 2018). Where environmental flows are provided through a legal right 
(termed here ‘environmental water’) that requires active management of this water 
(Arthington et al., 2018; O’Donnell & Garrick, 2017). With active environmental water 
management, environmental water managers (EWMs) are required to make ongoing 
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decisions concerning how, when and where to use environmental water to achieve the 
best outcomes (Doolan et al., 2017; Horne et al., 2018). These decisions include planning 
and operational decisions such as deciding when to call water from storage, and which 
flow objectives to prioritize. There are risks associated with environmental water manage
ment and delivery, and how these risks are managed has a direct impact on the likely 
benefit achieved from the environmental water. This paper examines the perceived risks 
for environmental water planning and delivery from the perspective of EWMs, and how 
they are managed.

In the state of Victoria, Australia, environmental water is managed by multiple organi
zations. Environmental water holders own the water entitlement, catchment manage
ment authorities (CMAs) manage this water to benefit the environment, and water supply 
authorities (WSAs) deliver the water upon request from CMAs and environmental water 
holders. Environmental water holders may have broader interests than a single catch
ment, while CMAs and WSAs primarily focus on single catchments. Basin management 
agencies can also be involved in transboundary rivers (e.g., the Murray–Darling Basin 
Authority – MDBA). Collaborative arrangements across these multiple organizations 
remain a challenge for environmental water delivery, especially when these organizations’ 
priorities do not align (Bischoff-Mattson & Lynch, 2017; Kirsch et al., 2022; Margerum & 
Robinson, 2015; Natural Capital Economics, 2017).

EWMs make a range of decisions in the active management of environmental water 
(Horne & O’Donnell, 2014). The decisions within the scope of this paper are planning and 
implementation decisions. Horne and O’Donnell (2014) categorize planning decisions 
into: (1) planning for environmental outcomes, involving setting objectives focusing on 
different environmental outcomes, such as to protect and restore water-dependant 
ecosystems and to improve water quality (CEWO, 2013); and (2) planning for environ
mental water use, involving different flow events and watering actions. In this paper, we 
focus on planning for environmental water use (referred to as ‘planning’ from here 
onward) as this is where dynamic decisions come into play. In contrast, planning for the 
environmental outcome is much more deliberative and will be the same for both rules- 
based and active environmental water management (Doolan et al., 2017). The implemen
tation decisions involve sequencing watering actions for different flow objectives, making 
trade-offs to achieve targeted environmental outcomes when one objective may hinder 
other objectives, and liaising with environmental water holders and WSAs to deliver the 
water to the targeted environmental assets.

Environmental water management faces challenges due to factors such as climate 
change (Capon et al., 2018), competition for resources from different water users (Cai & 
Ringler, 2007), involvement of stakeholders with conflicting objectives (Conallin et al.,  
2017), and knowledge gaps (Bhuiyan, 2022). The increased frequency of extreme weather 
events associated with climate change significantly disrupts the planning and delivery of 
environmental water. In addition, a gradual shift to a scarcer water supply adds pressure 
to already stretched water resource systems (Capon et al., 2018), causing increased 
competition between different water users. A further challenge for environmental water 
delivery in Australia is its interaction with the delivery of consumptive water, as both 
compete for shared water resources and capacity within the delivery network (river and 
irrigation channels). When there are constraints in delivery capacity, consumptive water 
users are generally favoured by WSAs (DPIE EES, 2021; Meempatta et al., 2021). Since 
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environmental water is a relatively new management instrument, our knowledge and 
understanding are rapidly changing. These various challenges are considered in terms of 
the risk they pose to the planning and delivery process. If not managed appropriately, 
these challenges lead to a risk of failing to improve river health, or even causing adverse 
effects by delaying or not delivering the planned environmental watering actions.

While there are empirical studies examining the frequency and severity of different 
risks affecting environmental water delivery (Alluvium, 2016; Peter Cottingham & 
Associates and SKM, 2011; Wood et al., 2021), there remains a knowledge gap regarding 
how EWMs perceive and manage these risk events in their planning and delivery decision- 
making process. Addressing these gaps could help contribute to policies around improv
ing the efficacy of environmental water deliveries, and help to improve the representation 
of EWM decision-making in water resource models (WRMs). We undertook an exploratory 
qualitative study to examine how EWMs perceive and manage these risks while planning 
and delivering environmental water, using the Goulburn River, Australia, as a case study. It 
is worth mentioning that this work is being done as part of a larger project focusing on 
interactions in decision-making by EWMs, WSAs and irrigators.

Case study: Goulburn River, Australia

The Goulburn River is one of the largest tributaries to the Murray River, located in 
Taungurung and Yorta Yorta country in Northern Victoria. The river is 570 km long, 
extending from the Great Dividing Range near Woods Point to the Murray River in the 
north-west near Echuca (GB-CMA, 2005; VEWH, 2022). While the Goulburn River catch
ment is just 2% of the Murray–Darling Basin area, it contributes around 11% of the Basin’s 
surface water (MDBA, 2021). The river is highly regulated by Lake Eildon (3334 GL) and 
further downstream by Goulburn Weir (26 GL), the latter of which serves as a major 
diversion point for irrigation water (DELWP, 2019; MDBA, 2021).

The Goulburn River joins as a tributary to the Murray River near the township of Echuca 
(Zampatti et al., 2015). The Barmah Choke (Barmah–Millewa forests) – located upstream of 
the confluence of the Goulburn and Murray rivers (Figure 1), is the major natural con
straint on Murray River channel capacity, limiting the amount of water that can be 
transferred from the upper system storages to meet downstream demands. This means 
that the tributaries downstream of the Barmah Choke are important for meeting the mid- 
and lower Murray River water demands. Yarrawonga Weir divides the upper and mid- 
Murray River (Figure 1), and the water released from the weir is closely tied to the Barmah 
choke channel characteristics (MDBA, 2013). The pool formed by Torrumbarry Weir in the 
mid-Murray (Figure 1), is a major source to meet water demands in the Torrumbarry 
Irrigation Area by diverting water from the weir via National Channel. Lake Victoria – 
located in the lower Murray, is an off-river flow regulated lake that supports the con
sumptive and environmental water demands of the state of South Australia (MDBA, 2013) 
(Figure 1).

The Goulburn River provides water to consumptive users: agriculture, urban centres, 
industry, and recreational activities, and to key environmental assets in the region. The 
river and associated tributaries, floodplain and wetlands act as a conservation area for 
iconic and threatened species such as Murray cod, golden perch, trout cod, Macquarie 
perch, freshwater catfish, eastern egret and platypus (GB-CMA, 2022, 2014; VEWH, 2021).
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The Goulburn River is highly regulated primarily for the purpose of meeting irrigation 
demands (DELWP, 2017). This has resulted in changes in the seasonal flow patterns and a 
decline in several native species. The frequency and duration of overbank flows connect
ing floodplains covering 13,000 ha alongside the river have also been greatly reduced 
(DELWP, 2016, 2017). The Victorian Constraints Measures Program (Victorian CMP), a 
Victorian Government initiative, is currently underway, aimed at relaxing some of the 
constraints limiting overbank flows (DEECA, 2023a). However, the project is still in the 
feasibility stage to identify and manage third-party risks of overbank flows (i.e., flooding of 
private property and recreational areas). Once implemented, overbank flows are expected 
to provide significant improvements to the ecological values of the floodplains and 
wetlands of the Goulburn River (Horne et al., 2022). However, under current operating 
rules managers are not able to deliver overbank environmental flow events and all 
environmental water deliveries are targeted at delivering in-channel environmental 
outcomes.

The planning and delivery of environmental water in the region are undertaken in 
collaboration with several organizations (called delivery partners). The Goulburn–Broken 
Catchment Management Authority (GB-CMA) orders and manages environmental water 
delivery in the catchment, while EWMs in the GB-CMA actively manage the water by 
deciding the quantity and timing of the delivery and deciding priority watering actions. 
Goulburn–Murray Water (GMW) is the catchment’s rural WSA, and provides water delivery 

Figure 1. Case study area: Goulburn River catchments and some key locations along the Murray River 
in the Southern Murray–Darling Basin, Australia.
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services in response to water order requests from water users in the region. The environ
mental water is owned as water entitlements (also called water rights) by environmental 
water holders in the catchment. The water holders in the catchment are primarily the 
Victoria Environmental Water Holder (VEWH), which owns the state’s water entitlements; 
Commonwealth Environmental Water Holder (CEWH), which owns the federal govern
ment’s water entitlements; and Murray–Darling Basin Authority (MDBA), which owns the 
entitlements as part of the Living Murray Initiative – a river restoration programme jointly 
funded by federal and state governments. The MDBA is also authorized to determine 
water allocation and manage water delivery in the Murray River in coordination with 
WSAs in Victoria, New South Wales and South Australia. The Department of Energy, 
Environment and Climate Action (DEECA) is the state government department respon
sible for designing and implementing policies, investments and programmes concerning 
environmental water management (DEECA, 2023b).

Methods

We conducted an exploratory qualitative study using the Goulburn River as a case study. 
There were two sources of data: (1) data collected from experts during and after semi- 
structured interviews (hereafter primary data); and (2) published reports or documents 
relevant to their decision-making and referred to in the primary data (hereafter docu
mentary data). Semi-structured interviews allowed us to collect data on key themes of 
interest while allowing the interviewees to elaborate on their responses (Liamputtong & 
Serry, 2013). Documentary data were used to supplement the primary data and included 
available documents and databases from various secondary sources identified by experts 
as relevant to their decision-making (Kothari, 2004; Winter, 2019). The analysis of these 
data in this paper focussed on how EWMs manage the risks associated with environ
mental water planning and delivery in the Goulburn River catchment, thereby contribut
ing to the broader project aim of understanding EWMs’ decision-making behaviour.

Population and sampling

The population of interest was EWMs and WSAs operating in the case study catchment 
within the organizations GB-CMA, GMW and CEWH. The participants for the semi-struc
tured interviews were selected using a purposive sampling strategy. The officials were 
selected based on their role and experience in the participating organizations, selecting 
those most able to share experiences and insights into the decision-making processes 
related to environmental water management. The officials selected from the participating 
organizations were decision-makers for environmental water delivery. The participants 
were identified (1) based on recommendations from experts in the water industry or (2) by 
contacting the organization to find a suitable candidate for the research. We used a 
snowball approach for further recruitment when the selected participants were not able 
to participate in the study. Participants were contacted by email regarding their avail
ability, and were sent the plain language statements and interview questions ahead of the 
interview. In addition to interviews, participants were invited to share relevant 
documents.
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Data collection

The data collection was conducted within a broader project aimed at gaining an in-depth 
understanding of the decision-making behaviour of participants in these organizations, 
while the data analysis for this study focuses on how these participants perceive and 
manage risks in their decision-making process. Interviews were guided by a set of open- 
ended questions, allowing the interviewer to spontaneously generate questions in the 
natural flow of the interview (see S1 in the supplemental data online). We followed up 
with the participants after the interview to obtain the documents identified as critical to 
their decision-making processes.

The collected data were grouped into primary data and documentary data. The 
primary data consisted of interview transcripts, notes taken during the interviews and 
the documents shared by the participants during and after the interviews. Though all 
interviews were recorded, the interviews towards the end of the data collection were 
conducted primarily to get answers to specific questions to validate the information 
obtained from the earlier participants. Hence transcriptions of these later interviews 
were not needed as their duration was short, instead only relevant quotes were tran
scribed. The documents shared by the participants consist of (1) file notes and operational 
logs prepared by EWMs during their decision-making and water delivery processes; and 
(2) email communications between the CMA and their water delivery partners or custo
mers. The documentary data were published reports and journal papers recommended 
by the participants during the interview or referred to in their file notes. The documents as 
part of the primary data differ from that of documentary data, as these are shared by the 
participants and not published anywhere else. Primary data were the key source of data 
for this research, and the documentary data were used to understand the context and, in 
some cases, for better clarity on some of the information in the primary data.

Data analysis

Thematic analysis was used to analyse the primary and documentary data, a commonly 
used method in qualitative research for finding patterns or themes in the data (Hansen,  
2006). All data collected were analysed together. After reading the data several times, we 
developed a coding/thematic framework around the key themes in the data and grouped 
the data under each theme. We analysed the data under each theme separately. The 
analysis was carried out using qualitative analysis software QSR NVivo 20.6.1.113. The 
results are presented in this paper with the relevant quotes from the primary data and 
citations from the documentary data to support the claims wherever necessary.

Results

A total of 71 documents were collected as part of the primary data from five participants 
across the three organizations, and 10 as part of documentary data (Table 1). The primary 
and documentary data included references to organizations beyond the three within 
which we did interviews; hence, they are also mentioned in this study where required. 
Most of the primary data comes from the documents shared by the participants after the 
interview (Table 1).
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The thematic analysis was guided by the question: How do environmental water 
managers perceive and manage risks while planning and delivering environmental 
water? In order to answer this question, primary and documentary data were organized 
into themes based on different types of risk events. This meant that for each type of risk 
event, further analysis could be performed to explain how each risk was perceived and 
managed. Data were analysed this way because the perception and management of risk 
varied depending on the type of risk. We defined risk in this study context as a potential 
adverse event that affects the planning, delivery or outcome of the environmental water
ing actions. The primary data mention several such risks.

The meaning of the term risk used in the paper reflects its use by our interviewees and 
differs from traditional risk assessment terminologies. It is derived from the thematic 
analysis and hence does not necessarily fit the traditional definition related to likelihood 
and consequence. The term risk used in this paper somewhat aligns with the term hazard 
from the literature (Scheer et al., 2014); hazard is used as the potential for adverse effects. 
We used the term risk in this study solely because the term hazard did not appear in the 
data, whereas the term risk occurred several times in the context of potential adverse 
events associated with environmental watering. The terms threats and consequences as 
the causes and effects of the risk events broadly align with the literature, especially in the 
cases where they represent a risk in the ‘bow-tie’ method of risk assessment (Abdi et al.,  
2016; Jones & Israni, 2012). It is worth noting that our observation that EWMs did not 
mention the likelihood of risk events in their file notes defied our initial expectation of 
how they consider risks in their decision-making process.

The results were organized into a risk table (see Table S2 in the supplemental data 
online) centred around seven key risk events (Table 2) identified during the analysis. Each 
key risk event could be understood to include the following:

● The progression of the risk starting from threats, through the key risk event and to the 
consequences (Figure 2) from columns 1 to 5.

● Key drivers contributing to the risk events in column 6.
● Risk management strategies adopted or proposed by the GB-CMA in column 7.

The seven risk events identified in the risk table are listed in Table 2 with a brief 
description of each event.

The risk table includes additional columns for threat and consequence to clarify the 
pathway from threat to the risk event and onto consequence (Figure 2). An indirect threat 

Table 1. Details of the primary and documentary data collected for the study.
Data types Item Count

Primary data Notes taken during interviews with officials from the GB-CMA, GMW and CEWH 5
Transcript of the interview recordings from the GB-CMA, GMW and CEWH 4
File notes and operational logs shared by the GB-CMA related to their decision-making and 

water-delivery process
42

Communication between GB-CMA and their stakeholders shared by the GB-CMA relevant to 
their decision-making process

20

Total 71
Documentary 

data
Reports or publications relevant to the risks and risk management strategies associated with 

environmental water delivery in Goulburn
10

Total 82
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leads to a direct threat, which is the immediate cause of the risk event. The risk event 
causes an outcome (an immediate consequence), which leads to a fundamental conse
quence of concern. This is perhaps best demonstrated through the example in Figure 2. 
The indirect threat of unseasonably high volumes of consumptive inter-valley trade (IVT; 
water traded out of the Goulburn catchment for consumptive purposes in the Murray 
River) water being traded out of the system during summer, leads to a direct threat of 
failure to meet maximum low flow requirements for bank vegetation along the Goulburn 
River. This leads to a risk to bank vegetation due to prolonged inundation during the 
growing season. The immediate consequence of this risk event is a loss of vegetation and 
consequent bank erosion, and this will ultimately lead to the fundamental consequence 
of loss of community support for the environmental water programme.

The risk table also contains the key drivers that influence the different elements of the 
risk progression (in column 6) and the management strategies from EWMs (here, GB-CMA) 
to manage the risk event (in column 7). The drivers are identified based on their mention 
in the primary and documentary data under key risk event themes. The management 
strategies are a list of decisions that EWMs (1) currently undertake to manage different 
elements of the risk progression or (2) propose to adopt in the future and are formed 
based on the lessons learned from their past decisions. The scope of the decisions in this 
paper is limited to the management strategies listed in the risk table, which are discussed 
in detail in the subsequent sections and listed in Table S1 in the supplemental data online. 
The example section of Figure 2 lists these decisions in response to ‘risks to vegetation 
due to prolonged inundation’. They include negotiating with the delivery partners to 
reduce the flow rate of IVT and delivering it as a series of pulses, monitoring vegetation 

Table 2. Details of the key risk events listed in the risk table. The first three (risk events 1–3) are 
explained in further detail in the main body of this paper.

No. Key risk events Details

1 Risk to vegetation due to prolonged inundation from 
high flows

Seedling mortality occurs if high flow events occur 
within 6 weeks of spring fresh. Low flow is required 
after seed germination for early seedling 
establishment

2 Risk of not meeting the conditions required for 
coordinated water delivery to assist fish migration

There is a management goal to provide coordinated 
water delivery aiming to stimulate the migration of 
silver and golden perch fishes into the Goulburn from 
the Murray River

3 Risk of insufficient water or channel capacity to 
deliver environmental water

Risk of not having sufficient water to meet the 
environmental water demand in Goulburn or not 
having sufficient capacity in the channel to deliver it

4 Risk of creating uncertainty due to the difference 
between forecasted versus actual water demands 
and availability

Actual water demand and availability differ from what 
is planned, leading to modification or cancelling 
some of the planned environmental delivery

5 Risks from other water users and weather variability Environmental water delivery in Goulburn was affected 
by demands from other water users and weather 
variability

6 Risk of getting an adverse outcome from planned 
water delivery

Risk of getting an adverse outcome for planned 
environmental delivery

7 Risk of not meeting intended environmental 
outcome

Risk of not meeting intended Goulburn environmental 
objective specified in the GB-CMA’s annual seasonal 
watering proposal, even after successfully delivering 
planned environmental water due to unknown 
reasons
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growth in response to these pulses and adjusting other planned freshes to minimize the 
damage to vegetation.

The three risk events most commonly discussed in the primary data were: (1) risks to 
vegetation from prolonged inundation, (2) the risk of not meeting conditions required for 
coordinated water delivery to assist fish migration, and (3) insufficient water or channel 
capacity for environmental water delivery (risks events 1–3) (Table 2). We discuss each of 
these key risk events with further details below, including relevant extracts from the risk 
table in Tables 3–5. Risk events 4–7 (Table 2) were less common in the data. They are 
included in the risk table (see Table S2 in the supplemental data online) but not described 
further here.

Risks to the vegetation due to prolonged riverbank inundation

The thematic analysis revealed that riverbank vegetation is threatened by prolonged 
inundation in summer during periods of high flows and not meeting a minimum duration 
between these high flows at the early stages of their seedling establishment. This is 
supported through the environmental flow assessment literature for the Goulburn River. 
Low flows are essential during summer and autumn seasons to support the growth of 
aquatic macrophytes – aquatic vegetation that grows in or near the water (Chee et al.,  
2009; EPA, 2022; Treadwell et al., 2021; Wood et al., 2021). Hence, periods of sustained 
high flows (more than 1000 ML/day in the Goulburn River) during summer are particularly 

Figure 2. Risk progression organized in the risk table with one example from the table. (a) The key risk 
event proceeded with direct and indirect threats to the key risk event and is succeeded by immediate 
fundamental consequences from the key risk event. Management strategies affect each element of 
the risk progression. (b) An example of different elements of the risk progression and their manage
ment strategies for the key risk event – risk to vegetation due to prolonged inundation.
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damaging, as the littoral vegetation is actively growing during this time (Wood et al.,  
2021). In addition, at least five weeks of low flows following a high-flow event is also 
important to ensure that seedlings are well established and survive inundation by later 
summer/autumn flows (DELWP, 2022).

Based on the primary and documentary data, the direct threat leading to this risk event 
is a failure to meet the minimum duration of low flows between two high-flow events 
(Table 3). There are four indirect threats that cause this: (1) the delivery of consumptive 
IVTs from the Goulburn River to the Murray River; (2) the delivery of environmental IVT 
(similar to consumptive IVTs, i.e., water delivered from the Goulburn catchment for 
environmental purposes in the Murray River) from the Goulburn River to the Murray 
River; (3) the delivery of environmental water for the Goulburn River (if delivered as a high 
flow and by not meeting the minimum required interval between high-flow events); and 
(4) prolonged inundation due to flooding from natural events. The immediate conse
quences of lost vegetation due to unseasonal inundation are bank slumping, bank erosion 
and reduced habitat for aquatic biota (column 4), which has a fundamental consequence 
of increased reputational risk for the environmental water programme within the com
munity (column 5). Therefore, in addition to failing to achieve the vegetation outcomes, 
the CMA also has to manage the reputational risks arising from the community falsely 
assuming that the adverse effects on the riverbanks from IVTs and high natural flow 
events are due to environmental water delivery.

The CMA have previously had issues with bank slumping and local community concerns that 
environmental water caused this. The CMA and water holders have spent a lot of time and 
resources, including monitoring of bank slumping and erosion since 2012.(file notes, 
November 2018)

The consumptive IVT is the most frequently mentioned threat compared with the other 
three indirect threats. Consumptive IVT demands are higher during dry weather, causing 
the MDBA and GMW to negotiate the volume and timing of transfers as the Goulburn 
becomes a major source of water to meet the IVT demand. These transfers normally 
happen during naturally low flow conditions in summer when there is adequate capacity 
in the downstream storages (primarily in Lake Victoria) (Figure 2) to meet the South 
Australian demand. This high volume of consumptive IVT deliveries happens at the time 
of early seedling establishment of river bank vegetation, killing most of these seedlings. 
Unfortunately, WSAs do not get the flexibility to plan the deliveries at a time that 
minimizes the threat due to delivery capacity constraints in the lower Murray.

The largest volume ever of IVT was delivered through the Goulburn River in summer/autumn 
2018, and the lower banks were continuously inundated for approximately 98 days. 
Consequently, much of the fringing vegetation died along the entire lower Goulburn River, 
with some small sections remaining above the 2,500 ML/day level.(file notes, August 2018)

The threat from environmental IVT is due to the conflict in priorities between the regional 
and catchment-scale managers. While the priorities of these organizations complement 
each other in most cases, there are instances mentioned in primary data where the 
delivery of environmental water to meet the environmental demands of the lower and 
mid-Murray River pose risks to vegetation in the Goulburn River if delivered at specific 
times. For example, the CEWH’s request to delay the spring fresh in the Goulburn for a 
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couple of weeks to meet environmental water objectives in the mid-Murray River (from 
Torrumbarry to Wentworth) was not accepted by the CMA (but they did agree to delay by 
one week). The rationale was that postponing spring fresh for longer than one week 
would have shortened the gap in high flows between spring and summer freshes, 
creating a risk for Goulburn vegetation.

There was discussion about the timing of the Goulburn spring pulse and whether a delay was 
possible to assist meeting some of the mid and lower Murray (environmental) objectives. I 
was prepared to delay the start date of the fresh by one week only. Rationale: the spring fresh 
is aimed at dispersing seed and enabling plants to grow and increase vigour, flower and 
produce seed. They cannot do this if there is not enough time between the fresh and 
subsequent high flows.(file notes, August 2018)

The thematic analysis of data revealed a range of strategies adopted by the GB-CMA to 
manage different elements of this key risk event (column 7). These strategies included 
negotiations with organizations outside of environmental water management to limit the 
consumptive IVT volume, negotiations with WSAs to restrict or change the delivery of 
consumptive water for the Goulburn River, and modifying the timing and peak flow of the 
planned environmental water deliveries. A recent example of negotiations with organiza
tions outside of environmental water management is the CMA’s lobbying of the state 
government to revise the trade rules to reduce the volume of IVT and timing of delivery to 
limit impacts on the environment.

If more water was requested, the CMA would not be very supportive. The focus for 2018/19 is 
to build resilience into the lower and mid bank riparian vegetation, so it can cope with 
drought and flood in a sustainable and resilient way. Riparian vegetation is vital to a healthy 
functioning riverine environment by protecting the toe of the bank and preventing erosion, 
providing habitat and protection for macroinvertebrates and small bodied fish, providing 
carbon to aquatic food webs, and regulating stream temperature and water quality. Altering 
the timing and seasonality of flow in regulated rivers can encourage seed production and 
plant germination of different plants, ultimately resulting in a changed vegetation structure. 
(file notes, September 2018)

The highest priority for delivery of the high-water volumes in 2019 is to pulse the flow to 
enable existing lower bank vegetation to recover, grow and withstand temporary inundation. 
Recovery of vegetation on the lower bank, will assist in future bank stabilization.(file notes, 
November 2018)

The risk of not meeting the conditions required for coordinated water delivery to 
assist fish migration

While each CMA is responsible for managing the environmental water in their respective 
catchment, where targeted environmental processes occur at a regional scale, coordina
tion of flow events may be needed across several catchments (and therefore with multiple 
delivery partners). Interviews highlighted a prominent example of this, with the coordi
nated water delivery required between the Murray River (low flows) and the Goulburn 
River (high flows) to facilitate migration of juvenile (about 1.5 years old) silver and golden 
perch fishes from the Murray River to the Goulburn River to recruit into the local popula
tion (Koster et al., 2021; Zampatti et al., 2021).
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The CMA thought about these issues, knowing environmental water management has 
evolved from one river only viewpoint, to wider southern connected basin viewpoint and 
benefits (file notes, June 2017)

A summer fish attractant/migration flow, targeting juvenile Golden and Silver perch, was 
included in the Goulburn Seasonal Watering Proposal (SWP) for 2016/17. At the time, details 
of this flow were still to be finalised. However, its inclusion in the SWP was to enable its 
delivery if sufficient water, operational details and field monitoring became available.(file 
notes, May 2017)

Managing water delivery in the Goulburn River alone will not help fish migration if there 
are inappropriate conditions in the Murray River to initiate this migration. For example, 
primary data (file notes, May 2017) specified the preferred water levels and corresponding 
flow rates at different locations in the Murray and Goulburn rivers to facilitate the fish 
migration from the Murray into the Goulburn. This is achieved by first varying the water 
level downstream of Torrumbarry Weir (Figure 2) on the Murray River to initiate the 
migration via fishways, and then adjusting the water levels upstream of Torrumbarry 
Weir timed to match high flows from the Goulburn River to facilitate fish migration into 
Goulburn River at the confluence of the Goulburn and Murray rivers (Figure 2).

The thematic analysis of primary and documentary data reveals the complexities 
associated with the coordinated deliveries to facilitate this fish migration (Table 4). The 
data highlight several discussions among delivery partners and frequently mention the 
direct threat of delay in receiving communication from the partner organizations caused 
by the indirect threat of conflicting priorities among organizations. For example, during 
the coordinated delivery planned in 2017, the file notes mentioned delays in MDBA staff 
responding to hydrograph suggestions because their attention was being directed 
towards managing spring flooding.

This communication commenced in September, however due to spring floods MDBA 
resources where not available to provide feedback for a number of weeks.(file notes, May 
2017)

A new, and coordinated, watering action requires a lot of time in the planning stage prior to 
delivery and much communication between all interested parties.(file notes, May 2017)

During dry weather conditions there is an indirect threat that the Murray River will be 
already at capacity with water to meet consumptive demands from lower Murray water 
users, restricting the ability to manipulate the water levels in Murray River upstream of 
Torrumbarry Weir to facilitate the coordinated delivery. Natural flows in the Murray River 
during wet weather conditions can also reduce the capacity to deliver these coordinated 
conditions. Hence, if there is already a high flow in the Murray River upstream of the 
Torrumbarry Weir (either due to the water deliveries that are already committed or natural 
flows), water releases from the Goulburn River will not be adequate to provide sufficient 
cues for the fish to migrate into that system as there will be insufficient difference 
between flows in the two rivers.

There is also an indirect threat of discrepancies between the weather conditions at the 
time of coordinated delivery and weather conditions forecast during the planning stage, 
resulting in a direct threat of unexpected changes in water demand from other water 
users. This is because the actual water demands from consumptive users are not known at 
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the time of planning the coordinated delivery, creating uncertainty regarding how these 
demands will influence the watering actions. For example, during the coordinated water
ing action in 2017, when there was high unexpected irrigation demand from the 
Torrumbarry Irrigation Area, the weir staff had to divert the water to irrigation flows 
instead of delivering flows to trigger the fish migration.

An increase in irrigation demand in the Torrumbarry Irrigation Area on February 25, led to an 
increase in diversions from the National Channel. This was combined with increased irrigator 
diversions and an expected drop in Murray River flow due to operations. These factors meant 
that the ideal steady releases or river level rises were not met.(file notes, May 2017)

There is also an indirect threat of high volumes of water released from the Goulburn River 
as coordinated deliveries causing a direct threat of adverse impacts on some water users 
or environmental assets along the Goulburn River. This is because these high flows may 
flood private properties along the river or damage riverbank vegetation (columns 3 and 
4). However, this impact on vegetation is not a major threat as it is not a peak vegetation 
growing season. The immediate consequence of this risk event is that the coordinated 
delivery may be delayed or cancelled (column 5), which has a fundamental consequence 
of not providing sufficient cues for fish migration (column 6). It is worth noting that 
despite the many variables to manage, the coordinated delivery provided enough cues in 
2017 to trigger fish to migrate upstream into the Goulburn (file note, May 2017).

The thematic analysis of data revealed a range of management strategies by the GB- 
CMA to target each indirect threat (column 7). These management strategies are already 
in place or planned for future watering actions by the GB-CMA. Examples of management 
strategies that are already being used by the GB-CMA include negotiating with partner 
organizations to adjust the volume and timing of their priority watering actions to align 
with the targeted fish migration, and only proceeding with the water delivery when there 
is capacity in the Murray River (required low flow condition) to manipulate the water 
levels upstream of Torrumbarry Weir. An example of management strategies planned for 
future watering actions by the GB-CMA is to use Kow Swamp (Figure 2) and storages other 
than the Torrumbarry Weir to meet high irrigation demand from the Torrumbarry 
Irrigation Area. This would allow for low flow conditions and manipulation of water levels 
upstream of the Torrumbarry Weir.

There is no specific requirement to coordinate a hydrograph in the Murray River, as the 
Goulburn design is based on the Murray running at near capacity. At the time of developing 
the hydrograph, this was believed to be the most likely scenario given the climate outlook 
was for hot and dry, and entitlements and water availability was good.(file notes, December 
2017)

Following discussions with GMW, it was noted that filling Kow Swamp and other Torrumbarry 
Irrigation Area storages prior to the event would have meant National Channel diversions 
could have been kept more constant throughout the event as there would have been more 
water in storages to meet irrigation demand. This is a learning that could be considered in 
future events.(file notes, May 2017)
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Risk of insufficient water or channel capacity to meet the environmental water 
demand in the Goulburn

The risk of insufficient water to fulfil the environmental water demand and inadequate 
capacity in the delivery network to supply the requested environmental water were 
frequently discussed in both primary and documentary data (Table 5). We defined these 
two conditions as the risk of not meeting the lower environmental threshold and exceed
ing the upper environmental threshold, respectively. Not meeting the lower environmental 
threshold means not having adequate water in the system to meet the priority environ
mental watering actions, resulting in a failure to achieve the desired environmental 
outcomes. Exceeding the upper environmental threshold means that there is excessive 
water in the system to meet the environmental objectives, damaging some key environ
mental assets. For example, the high flow required for consumptive IVT delivery through 
the Goulburn River in summer crosses the upper environmental threshold needed to 
maintain vegetation.

Drier weather conditions are an indirect threat to this risk event, causing direct threats 
of both (1) not leaving sufficient water to fulfil priority environmental actions due to lower 
allocations, and hence not meeting the lower environmental threshold; and (2) high flows 
in the Goulburn River to meet the high consumptive demands within and outside the 
Goulburn River system (consumptive IVTs), and hence exceeding the upper environmen
tal threshold. While the environmental water demands of instream river habitats may be 
satisfied with the consumptive water delivery (if delivered at a flow rate and during a 
season favourable to the habitats), this is not the case for watering actions required for 
wetlands and floodplains in the Goulburn River. This risk event leads to the immediate 
consequence of not meeting environmental objectives, resulting in a fundamental con
sequence of reduced community support for environmental watering actions. Failure to 
achieve the desired environmental outcome itself can be considered as a fundamental 
consequence of the cost of environmental water management.

If irrigation demand in the Goulburn Murray irrigation district continues as it is, GMW are not 
confident they can deliver the entire fresh, and instead suggested the likely peak flow rate 
could be around 7,500 ML/day. This will depend on conditions at the time and irrigation 
demand. (file notes, September 2018)

High consumptive IVT demand is a direct threat to vegetation, as discussed in key risk 
event 1, above, as the high flow required to meet demand in summer exceeds the upper 
environmental threshold. The file notes discussed instances of using IVT deliveries to 
assist some of the freshes for Goulburn environmental water. However, there were 
concerns mentioned in the file notes that IVT demand can be unreliable and cease 
abruptly because of a change in demand, followed by the suggestions from EWMs to 
only proceed with delivering these freshes if there is a certainty about IVT demands. One 
consequence of the threat of high IVT delivery during summer is that the community can 
incorrectly assume that the high water in the river during summer is for environmental 
water delivery. The management strategy for GB-CMA is to communicate with community 
members on the drivers of the high flows, especially during dry conditions.
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If we commence the fresh and IVT drops off, it is likely this will occur because there is rainfall, 
which may then be able to be used to complete the fresh (with a small volume of environ
mental water to manage the recession if required and available). (file notes, December 2017)

Sections of the community perceive (incorrectly) that high river flows are due to environ
mental releases in dry conditions, leading to a loss of support for watering activities. 
(Documentary Data, Seasonal Watering Proposal 2020; GB-CMA, 2020)

In addition to consumptive IVTs, albeit to a minor extent, environmental IVTs can also be a 
direct threat when using the Goulburn River to supply environmental water to the Murray 
River system. For example, the file notes refer to a request from the CEWH to deliver an 
August fresh to coordinate with environmental water delivered from the Murrumbidgee 
River (Figure 2) for water to break out into ‘junction wetlands’ at the confluence of the 
Murrumbidgee and Murray rivers. The rationale behind the CEWH’s request was that these 
junction wetlands had received natural freshes the previous season, and the CEWH 
wanted to continue to support the wetlands. However, the EWMs in GB-CMA expressed 
their concern that delivering these freshes would not leave enough water to meet 
Goulburn’s objectives later in the season, hence not meeting the lower environmental 
threshold. To manage these threats from environmental IVT demands, the EWMs decided 
not to support any deliveries that did not complement objectives for the Goulburn River 
(Table 5, column 7; see also Table S2 in the supplemental data online).

the CMA concluded not to deliver an August pulse in the Goulburn River. Although environ
mental water delivery in the Goulburn (and southern basin) has evolved substantially since its 
inception, the Goulburn Broken CMA is charged with managing the river systems in the GB 
catchment, and consequently the Goulburn and Broken River/Creeks are the first priority in 
the delivery of environmental water. It was thought that water used in an August fresh can 
provide greater benefit to the Goulburn River if used at another time throughout the year e. 
g., a pre conditioning spawning pulse around October. (file notes, June 2017)

The CMA was also concerned if this water was used so early in the year, the planned 
winter fresh for 2018 may need to be modified, or unable to be fully delivered. And 
although a lower priority in the Goulburn SWP, a summer/autumn fresh to attract native 
fish into the river is also a priority that can be delivered if enough water is available.(file 
notes, June 2017)

The thematic analysis of data revealed a range of management strategies adopted by 
the GB-CMA to target each indirect threat (column 7). These strategies primarily involve 
meeting high-priority environmental demands, reducing the peak flow rate of the hydro
graph to accommodate consumptive water delivery, negotiating with water holders to 
release a higher volume of water to meet the Goulburn demands, making use of IVT 
deliveries to deliver environmental freshes or baseflows where possible, and communi
cating early with community members regarding possible watering actions when there is 
limited availability of environmental water in dry weather conditions.

There are other lower priorities but due to low water availability this year, the priorities 
mentioned above are likely to be the only ones delivered (with the exception of higher 
baseflows over summer using IVT).(file notes, December 2015) 

If modifications of deliveries are required due to lack of water later in the season, the 2018–19 
winter fresh is likely to be modified to a smaller peak flow rate or shorter duration. (file notes, 
June 2019) 
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This suggests, that without using environmental water, there will still not be enough water to 
deliver the full winter fresh. It might be worth discussing options with VEWH and CEWO 
(preceding organisation of CEWH) for trading water into the Goulburn system for later in the 
year, or modifying the proposed hydrograph of the winter fresh.(file notes, December 2017)

Discussion

The risk table provides a structure to show the progression of different risk events 
associated with the planning and delivery of environmental water. The research shows 
that many of the risk management strategies for EWMs require cooperation from different 
organizations and consumptive water users, making it challenging to successfully deliver 
environmental water. There are implications of these findings for operations, planning 
and water resource modelling.

Implications for operations

The risk table is a comprehensive guide to assist EWMs in their decision-making. It 
identifies key risk events, key drivers contributing to the risk event, and the management 
strategies they have used or listed in their documents to use in future. Contrary to 
empirical studies quantifying different risk events for each environmental asset 
(Alluvium, 2016; Peter Cottingham & Associates and SKM, 2011; Wood et al., 2021), this 
study sheds light on how EWMs manage risks in their day-to-day operations and how they 
negotiate with their partner organizations in planning environmental water deliveries.

Importance of gaining community support for environmental water deliveries
Loss of support from the community for environmental watering actions is a fundamental 
consequence of some key risk events. On certain occasions, EWMs also have to manage 
the consequence of the community falsely perceiving that adverse outcomes from con
sumptive deliveries are the result of environmental water deliveries. For example, the 
water delivery associated with the consumptive IVTs in summer can cause the community 
to falsely perceive that high-flows and associated adverse outcomes result from environ
mental water deliveries (see the key risk event 3 in the Results section). The risk table can 
be used to inform programmes to raise community awareness and increase engagement 
from community and partner organizations. In adaptive environmental water manage
ment, with changing management strategies in the wake of new knowledge, simulta
neously engaging with the community members to discuss the benefit of environmental 
watering is essential to prevent misconceptions.

Shift in risk perception and management strategies with changes in circumstance
The risk perception of EWMs has changed as the nature of the associated threats changed. 
This shift in risk perceptions comes about because of (1) a change in the severity of the 
different elements of the risk progression, or (2) an improved understanding of the risk 
based on new evidence from scientific studies, experience or community input.

A prominent example of a shift in management strategies is associated with a change 
in EWMs’ perception of consumptive IVT deliveries. In the early years of IVT deliveries 
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(2015–16), EWMs were using consumptive IVT deliveries to help meet environmental 
water deliveries. However, as the volume of IVTs grew, EWMs had concerns that con
sumptive IVT quantities were excessive and becoming a considerable threat to riverbank 
vegetation. The key reason for the changing attitude is the increase in the severity of the 
threat with rising IVT volumes. This shifted the management strategy from one of advising 
the GMW to top up the IVT delivery hydrograph to aid environmental outcomes, to 
instead taking a stance against excessive IVT deliveries.

Attitudes have also shifted over the role of environmental deliveries for local as 
opposed to regional environmental outcomes. The GB-CMA has shifted its position over 
time from using Goulburn water to assist wider basin outcomes, to now not supporting 
water delivery requests that do not simultaneously meet a direct Goulburn objective, or 
worse, that pose a risk to Goulburn environmental assets (see the key risk event 1 in the 
Results section for further details). Their rationale is that their primary objective as an 
organization was to support environmental assets in the Goulburn River. Sometimes, the 
Goulburn and mid-Murray environmental water objectives are incompatible; in that case, 
each organization works toward their own best interest.

Lack of probabilistic thinking on managing risks
The lack of any mention by the EWMs of the likelihood of occurrence or severity of the risk 
events defied our initial expectation on how they perceive and manage risks in planning 
and delivering environmental water. As EWM decision-making becomes increasingly 
dependent upon other water users and delivery partners, having mechanisms to quantify 
different risk events, especially those threats arising from other organizations, would be 
beneficial for better managing different elements of the risk progression. This approach 
would also help EWMs to discuss the reasoning behind certain watering decisions with 
community members by demonstrating why managing certain risk factors is of higher 
priority, especially for the cases where community interest does not align with the 
environmental watering actions. In addition, this approach would aid negotiations with 
the delivery partners, especially for risk events where the risk tolerance is very low.

A comparison with the decision-making of consumptive water users
While this paper focuses on the risk management strategies perceived and adopted by 
EWMs in their decision-making processes, there are some fundamental similarities and 
differences between the decision-making processes of EWMs and consumptive users in 
using their allocated water. In active environmental water management, EWMs decide 
when and where to use the allocated water to achieve the best ecological response. 
Irrigators also make similar decisions for their allocated water (Horne et al., 2018). These 
include options such as (1) deciding whether to trade water in the market instead of 
planting crops this season, and (2) if they decide to plant, then how much water to order 
for the crops planted. While the biophysical characteristics of the system (e.g., weather 
conditions) is a key driver contributing to some of the major risk events for both EWMs 
and consumptive water users, the results show that EWMs’ decisions are also governed by 
the decisions made by other water users and WSAs, and are also concerned with public 
support. In contrast, irrigators are mainly concerned with environmental and market 
conditions when making water use decisions (Meempatta et al., 2019).
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Since the same WSAs allocate and deliver water to both these water user groups 
(Meempatta et al., 2021), knowing what contributes to their stakeholders’ decision-mak
ing in managing risks would help WSAs plan water allocation and delivery efficiently. This 
is also important when representing these water users and suppliers in the WRMs used to 
understand the system and plan for future interventions.

Implications for planning

When designing policy instruments for environmental water deliveries, the impor
tance of acknowledging and specifying the role of various decision-makers and 
influencers is increasing as environmental water planning evolves from the catch
ment to a broader regional scale. While these cross-institutional arrangements are 
essential for successful environmental water outcomes (MDBA, 2019), this study 
shows that organizations with conflicting priorities are a significant threat to 
coordinated water delivery (see the key risk event 2 in the Results section). 
Additionally, existing governance structures in the Basin are complex and lack 
transparency across the organizations and government departments responsible 
for environmental water planning and delivery (Kirsch et al., 2022). Currently, EWMs 
have to spend a lot of time communicating with other delivery partners (Table 5, 
column 2), which can result in missing the ideal conditions for delivery. Since the 
primary purposes of each delivery partner differ, it is important to design policy 
instruments that clearly distinguish the roles of individual organizations responsi
ble for managing the threats to any risk event.

We also acknowledge that many of the challenges are newly emerging, given that 
environmental water planning and delivery is a relatively new field (DPIE EES, 2021). 
Therefore, it is important to have provisions for reviewing the policy instruments as 
new challenges emerge. For example, despite the floodplains along the Goulburn River 
being identified as ‘wetlands of national significance’ (GB-CMA, 2014), and the delivery of 
overbank flows to these floodplains being identified as a priority for local stakeholders 
(Horne et al., 2020), none of the interviewees nor the file notes discussed this flow event or 
its associated risks. This may be because managed overbank flows are not allowed under 
the current operating rules. It would be interesting to see how recommendations from the 
Victorian Constraints Management Program (see the case study section above) to relax 
the restrictions on these flow events affect the resulting policy instruments, and how 
those policies acknowledge and specify the role of various decision-makers and 
influencers.

Since environmental water management is an evolving area, some management 
strategies considered best practices in the past have changed with improved knowledge 
of the systems and better understanding between different organizations (DPIE EES,  
2021). EWMs revealed during the interviews that their management strategies are gen
erally based on EWMs’ individual knowledge of the system, which is based on their 
experience and not always formally recorded in operational plans. This management 
approach is inconsistent with the best principles of evidence-based environmental man
agement (Keene & Pullin, 2011). We also observed that the way information is logged can 
differ among EWMs within the same organization. Hence there remains a need for a 
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unified approach and policies in place to organize and synthesize new information so that 
it may be used to respond to new challenges that arise in planning and operation.

There needs to be an effort at the organizational level (the CMA in this case) to shift 
planning for environmental water deliveries from person dependent to policy/process 
dependent and evidence-based. If not, this will lead to the loss of institutional knowledge 
when EWMs change jobs (DPIE EES, 2021; Margerum & Robinson, 2015). A comprehensive 
document of management strategies for the key risk events, people or organizations 
responsible for managing these risks, and antecedent conditions required to initiate the 
management strategies would be helpful to create consistency in long-term environ
mental water management.

Implications for water resource modelling

There is an increasing focus in existing WRMs on finding optimal water allocations for 
different water users (Dobson et al., 2019; Hassanzadeh et al., 2016; Steinschneider et al.,  
2014). The optimal water allocation for environmental water is often unrealistic due to the 
constraints that exist for environmental water delivery. In addition, the current WRMs do 
not accurately represent the decision-making behaviour of the different human compo
nents of a water resources system (Meempatta et al., 2021). We need a realistic represen
tation of environmental water delivery in WRMs, which considers the decision-making 
power of EWMs and their delivery partners and how they are influenced by various threats 
that lead to key risk events. A good approach would be to use bottom-up models that 
allow modelling of the decision-making behaviour of EWMs and their interactions with 
delivery partners and the surrounding environment. However, there is also a challenge 
with this approach, as we might overlook the basin-scale implications of environmental 
water releases and their outcome. Extending the survey to officials in other higher level 
organizations would help to identify solutions for water releases when there are conflict
ing priorities. The comprehensive risk table developed in this research could be a basis to 
help modellers better understand the decision-making of EWMs.

We acknowledge that it would be challenging to capture the impact of EWM decision- 
making on environmental water delivery using existing WRMs. The thematic analysis of 
our primary data reveals extensive communication between EWMs and their delivery 
partners during environmental water planning and delivery. There are also instances in 
the data where EWMs successfully negotiated with their delivery partners to modify water 
release patterns to minimize the risks to environmental assets (see the key risk event 2 in 
the Results section above). While communication is an inherent part of any policy delivery, 
what makes it particularly relevant in this context is that the EWMs need to negotiate with 
organizations that have different objectives, and that successful environmental water 
deliveries are increasingly dependent on these interactions. Hence EWMs cannot make 
rationally optimum decisions related to environmental delivery, and current WRMs do not 
adequately capture these complexities. While incorporating such complexities could be 
difficult for traditional WRM models, bottom-up models such as agent-based models have 
been shown to be an effective way to give autonomy to different participants in a 
modelled system.
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Conclusions

Our research shows that many factors contributing to the key risks to environmental 
water delivery are challenging to control and require negotiations with partner organiza
tions and action at the policy level to control the risks. The findings are currently being 
used to define attributes for EWMs as agents in bottom-up models (i.e., agent-based 
modelling).

To our knowledge, this is the first study to conduct in-depth research on how EWMs 
manage the risks associated with environmental water during the planning and delivery 
stage. While the scope of this study is to understand the risk perception of EWMs in the 
Goulburn River basin, there are also larger scale risks that need to be managed by higher 
level organizations that oversee water releases affecting other states and the Murray 
River. Extending the research to officials of these water holders and state and federal 
government departments would give us a better understanding of the severity of risks 
perceived by EWMs compared with those that occur at a basin scale. It would also be 
interesting to know how risk management in the Goulburn affects the catchments that 
are hydrologically connected to it (the Campaspe and Loddon rivers).

We would gain further insights into EWM’s management of risks by testing the findings 
of this study in different river basins. While there will be aspects of the risk table unique to 
individual water resource systems, the results from this study likely apply to EWMs in 
other regions in Australia and elsewhere around the world. The state of Victoria, where the 
Goulburn River is located, has a network of CMAs whose primary interest is in protecting 
the environment. However, elsewhere in Australia and the world, the same organization 
that manages water for the environment may also manage water for consumptive 
purposes. This creates conflicting priorities within the same organization in addition to 
those identified here between different organizations. These conflicts could result in a 
new threat to several of the risk events identified here, which could be explored in further 
studies. It would also be interesting to see if we could generate a risk table universally 
applicable for all catchments in the Murray–Darling Basin, and to see how they are 
different for environmental water management in other developed and developing 
countries.

Acknowledgements

The authors thank Emma Barnard for her assistance in the initial phase of the project, and Robert 
Morden for preparing the case study figure. They also thank all the interview participants for 
providing data for this research

Credit author statement

L.M.: conceptualization, investigation, methodology, data curation, formal analysis and writing – 
original draft preparation. J. A. W.: conceptualization, methodology, writing – review and editing, 
funding acquisition and supervision. A. C. H.: conceptualization, methodology, formal analysis, 
validation, writing – review and editing, and supervision. L. A. K.: conceptualization, methodology, 
writing – review and editing, and supervision. M. J. S.: conceptualization, writing – review, and 
supervision.

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT 23



Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

L.M. was funded through an Australian Government Research Training Program (RTP) Scholarship. 
A.H. was funded through an ARC DECRA award [grant number DE180100550]. M.J.S.’s, A.C.H.’s and J. 
A.W.’s contributions were all supported by the ARC Linkage Project Grant [number LP170100598].

ORCID

Lubna Meempatta http://orcid.org/0000-0002-8915-7383
J. Angus Webb http://orcid.org/0000-0003-0857-7878
Avril C. Horne http://orcid.org/0000-0001-6615-9987
Louise A. Keogh http://orcid.org/0000-0003-2963-6451
Michael J. Stewardson http://orcid.org/0000-0003-1356-0472

References

Abdi, Z., Ravaghi, H., Abbasi, M., Delgoshaei, B., & Esfandiari, S. (2016). Application of bow-tie 
methodology to improve patient safety. International Journal of Health Care Quality Assurance, 
29(4), 425–440. https://doi.org/10.1108/IJHCQA-10-2015-0121 

Alluvium. (2016). Water resource plan preliminary risk assessment. Final report. Alluvium Consulting 
Australia for Victorian Government Department of Environment Land Water and Planning, 
Melbourne. Retrieved October 2022, from https://s3.ap-southeast-2.amazonaws.com/hdp.au. 
prod.app.vic-engage.files/2714/9456/3209/Draft_Wimmera-Mallee_WRP_Appendix_2_-_ 
Preliminary_Risk_assessment.pdf 

Arthington, A. H., & Balcombe, S. R. (2017). Natural flows drive the ‘boom and bust’ ecology of fish in 
Cooper Creek, an arid-zone floodplain river. In R. Kingsford (Ed.), Lake Eyre basin rivers: 
Environmental, social and economic importance (pp. 43–54). CSIRO Publishing. https://doi.org/ 
10.1071/9781486300792 

Arthington, A. H., Bhaduri, A., Bunn, S. E., Jackson, S. E., Tharme, R. E., Tickner, D., Young, B., Acreman, M., 
Baker, N., Capon, S., Horne, A. C., Kendy, E., McClain, M. E., Poff, N. L., Richter, B. D., & Ward, S. (2018). The 
Brisbane declaration and global action agenda on environmental flows (2018) [Policy and practice 
reviews]. Frontiers in Environmental Science, 6. https://doi.org/10.3389/fenvs.2018.00045 

Bhuiyan, C. (2022). Environmental flows: Issues and gaps—A critical analysis. Sustainability Science, 
17(3), 1109–1128. https://doi.org/10.1007/s11625-022-01092-4 

Bischoff-Mattson, Z., & Lynch, A. H. (2017). Integrative governance of environmental water in 
Australia’s Murray–Darling basin: Evolving challenges and emerging pathways. Environmental 
Management, 60(1), 41–56. https://doi.org/10.1007/s00267-017-0864-x 

Cai, X., & Ringler, C. (2007). Balancing agricultural and environmental water needs in China: Alternative 
scenarios and policy options. Water Policy, 9(S1), 95–108. https://doi.org/10.2166/wp.2007.047b 

Capon, S. J., Leigh, C., Hadwen, W. L., George, A., McMahon, J. M., Linke, S., Reis, V., Gould, L., & 
Arthington, A. H. (2018). Transforming environmental water management to adapt to a changing 
climate. Frontiers in Environmental Science, 6, 80. https://doi.org/10.3389/fenvs.2018.00080 

CEWO. (2013). Commonwealth environmental water–The environmental water outcomes framework. 
Commonwealth Environmental Water December 2013 V1.0’. Retrieved October 2013, from https://www. 
dcceew.gov.au/sites/default/files/documents/environmental-water-outcomes-framework.pdf 

Chee, Y. E., Webb, J. A., Stewardson, M., & Cottingham, P. (2009). Victorian environmental flows 
monitoring and assessment program: Monitoring and assessing environmental flow releases in 
the Thomson River. eWater Cooperative Research Centre, Canberra.

24 L. MEEMPATTA ET AL.

https://doi.org/10.1108/IJHCQA-10-2015-0121
https://s3.ap-southeast-2.amazonaws.com/hdp.au.prod.app.vic-engage.files/2714/9456/3209/Draft_Wimmera-Mallee_WRP_Appendix_2_-_Preliminary_Risk_assessment.pdf
https://s3.ap-southeast-2.amazonaws.com/hdp.au.prod.app.vic-engage.files/2714/9456/3209/Draft_Wimmera-Mallee_WRP_Appendix_2_-_Preliminary_Risk_assessment.pdf
https://s3.ap-southeast-2.amazonaws.com/hdp.au.prod.app.vic-engage.files/2714/9456/3209/Draft_Wimmera-Mallee_WRP_Appendix_2_-_Preliminary_Risk_assessment.pdf
https://doi.org/10.1071/9781486300792
https://doi.org/10.1071/9781486300792
https://doi.org/10.3389/fenvs.2018.00045
https://doi.org/10.1007/s11625-022-01092-4
https://doi.org/10.1007/s00267-017-0864-x
https://doi.org/10.2166/wp.2007.047b
https://doi.org/10.3389/fenvs.2018.00080
https://www.dcceew.gov.au/sites/default/files/documents/environmental-water-outcomes-framework.pdf
https://www.dcceew.gov.au/sites/default/files/documents/environmental-water-outcomes-framework.pdf


Conallin, J. C., Dickens, C., Hearne, D., & Allan, C. (2017). Chapter 7–Stakeholder engagement in 
environmental water management. In A. C. Horne, J. A. Webb, M. J. Stewardson, B. Richter, & M. 
Acreman (Eds.), Water for the environment (pp. 129–150). Academic Press. https://doi.org/10. 
1016/B978-0-12-803907-6.00007-3 

DEECA. (2023a). The Victorian constraints measures program. Department of Energy, Environment 
and Climate Action. Retrieved August 2023, from https://www.water.vic.gov.au/murray-darling- 
basin-plan/victorias-progress/projects/constraints-measures 

DEECA. (2023b). How we manage water for the environment. Department of Energy, Environment, 
and Climate Action. Retrieved October 2023, from https://www.water.vic.gov.au/waterways/ 
water-for-the-environment/how-we-manage-water-for-the-environment 

DELWP. (2016). Goulburn constraints measure business case–Phase 2 investigations. Retrieved August 
2023, from https://www.gbcma.vic.gov.au/downloads/Constraints/Goulburn_Constraints_ 
Measure_Business_Case_-_FINAL_-_26_Apr_2016.pdf 

DELWP. (2017). New Goulburn constraints measure business case. Department of Environment, Land, 
Water and Planning, East Melbourne, Victoria. Retrieved August 2023, from https://www.water.vic. 
gov.au/__data/assets/pdf_file/0031/568372/New-Goulburn-BC-FINAL.pdf .

DELWP. (2019). Chapter 4. Water resources. Victoria’s North And Murray Water Resource Plan. The 
State of Victoria Department of Environment, Land, Water and Planning. Retrieved October 2022, 
from https://www.water.vic.gov.au/data/assets/pdf_file/0030/484284/Victoria-NorthMurray- 
WRP-Comprehensive_Report-Chapter4-ACCREDITED.pdf 

DELWP. (2022). Goulburn to Murray trade review. The State of Victoria Department of Environment, 
Land, Water and Planning. Retrieved April 2023, from https://www.waterregister.vic.gov.au/ 
images/documents/Goulburn-to-Murray-Trade-Review–Final-Report-and-Recommendations.pdf 

Dobson, B., Wagener, T., & Pianosi, F. (2019). How important are model structural and contextual 
uncertainties when estimating the optimised performance of water resource systems? Water 
Resources Research, 55(3), 2170–2193. https://doi.org/10.1029/2018WR024249 

Doolan, J. M., Ashworth, B., & Swirepik, J. (2017). Chapter 23 – Planning for the active management 
of environmental water. In A. C. Horne, J. A. Webb, M. J. Stewardson, B. Richter, & M. Acreman 
(Eds.), Water for the environment (pp. 539–561). Academic Press. https://doi.org/10.1016/B978-0- 
12-803907-6.00023-1 

DPIE EES. (2021). Environmental water management program 2014–2019 evaluation. Department of 
Planning, Industry and Environment and State of New South Wales. Retrieved October 2022, from 
https://www.environment.nsw.gov.au/-/media/OEH/Corporate-Site/Documents/Water/Water- 
for-the-environment/environmental-water-management-program-evaluation-2014-19.pdf 

EPA. (2022). Indicators: Macrophytes. United States Environmental Protection Agency. Retrieved July 
2022, from https://www.epa.gov/national-aquatic-resource-surveys/indicators-macrophytes#:~: 
text=Macrophytes%20are%20aquatic%20plants%20growing,National%20Lakes%20Assessment 
%20in%20Colorado 

GB-CMA. (2005). Regional river health strategy 2005–2015. Goulburn Broken Catchment Management 
Authority, Shepparton. Retrieved October 2023, from https://www.gbcma.vic.gov.au/downloads/ 
GBRRHStrategy/Goulburn_Broken_RRHS_Strategy_2005.pdf 

GB-CMA. (2014). Goulburn broken waterway strategy 2014–2022. Goulburn Broken Catchment 
Management Authority, Shepparton. Retrieved August 2023, from https://www.gbcma.vic.gov. 
au/downloads/We%20Connect/gbcma_waterway_strategy_2014-2022/gbcma_waterway_strat 
egy_2014-2022.pdf 

GB-CMA. (2022). Goulburn river. Goulburn Broken Catchment Management Authority. Retrieved 
September 2022, from https://www.gbcma.vic.gov.au/our-region/waterway-floodplain-manage 
ment/waterways/environmental-water_copy/environmental-water-use-in-the-catchment/goul 
burn-river 

Hansen, E. C. (2006). Analysing qualitative data: Interpretive content analysis. In E. Hansen (Ed.), 
Successful qualitative research (pp. 137–160). Allen & Unwin, Crow’s Nest NSW.

Hassanzadeh, E., Elshorbagy, A., Wheater, H., & Gober, P. (2016). A risk-based framework for water 
resource management under changing water availability, policy options, and irrigation expan
sion. Advances in Water Resources, 94, 291–306. https://doi.org/10.1016/j.advwatres.2016.05.018 

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT 25

https://doi.org/10.1016/B978-0-12-803907-6.00007-3
https://doi.org/10.1016/B978-0-12-803907-6.00007-3
https://www.water.vic.gov.au/murray-darling-basin-plan/victorias-progress/projects/constraints-measures
https://www.water.vic.gov.au/murray-darling-basin-plan/victorias-progress/projects/constraints-measures
https://www.water.vic.gov.au/waterways/water-for-the-environment/how-we-manage-water-for-the-environment
https://www.water.vic.gov.au/waterways/water-for-the-environment/how-we-manage-water-for-the-environment
https://www.gbcma.vic.gov.au/downloads/Constraints/Goulburn_Constraints_Measure_Business_Case_-_FINAL_-_26_Apr_2016.pdf
https://www.gbcma.vic.gov.au/downloads/Constraints/Goulburn_Constraints_Measure_Business_Case_-_FINAL_-_26_Apr_2016.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0031/568372/New-Goulburn-BC-FINAL.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0031/568372/New-Goulburn-BC-FINAL.pdf
https://www.water.vic.gov.au/data/assets/pdf_file/0030/484284/Victoria-NorthMurray-WRP-Comprehensive_Report-Chapter4-ACCREDITED.pdf
https://www.water.vic.gov.au/data/assets/pdf_file/0030/484284/Victoria-NorthMurray-WRP-Comprehensive_Report-Chapter4-ACCREDITED.pdf
https://www.waterregister.vic.gov.au/images/documents/Goulburn-to-Murray-Trade-Review%E2%80%93Final-Report-and-Recommendations.pdf
https://www.waterregister.vic.gov.au/images/documents/Goulburn-to-Murray-Trade-Review%E2%80%93Final-Report-and-Recommendations.pdf
https://doi.org/10.1029/2018WR024249
https://doi.org/10.1016/B978-0-12-803907-6.00023-1
https://doi.org/10.1016/B978-0-12-803907-6.00023-1
https://www.environment.nsw.gov.au/-/media/OEH/Corporate-Site/Documents/Water/Water-for-the-environment/environmental-water-management-program-evaluation-2014-19.pdf
https://www.environment.nsw.gov.au/-/media/OEH/Corporate-Site/Documents/Water/Water-for-the-environment/environmental-water-management-program-evaluation-2014-19.pdf
https://www.epa.gov/national-aquatic-resource-surveys/indicators-macrophytes#:~:text=Macrophytes%2520are%2520aquatic%2520plants%2520growing,National%2520Lakes%2520Assessment%2520in%2520Colorado
https://www.epa.gov/national-aquatic-resource-surveys/indicators-macrophytes#:~:text=Macrophytes%2520are%2520aquatic%2520plants%2520growing,National%2520Lakes%2520Assessment%2520in%2520Colorado
https://www.epa.gov/national-aquatic-resource-surveys/indicators-macrophytes#:~:text=Macrophytes%2520are%2520aquatic%2520plants%2520growing,National%2520Lakes%2520Assessment%2520in%2520Colorado
https://www.gbcma.vic.gov.au/downloads/GBRRHStrategy/Goulburn_Broken_RRHS_Strategy_2005.pdf
https://www.gbcma.vic.gov.au/downloads/GBRRHStrategy/Goulburn_Broken_RRHS_Strategy_2005.pdf
https://www.gbcma.vic.gov.au/downloads/We%2520Connect/gbcma_waterway_strategy_2014-2022/%E2%80%8Cgbcma_waterway_strategy_2014-2022.pdf
https://www.gbcma.vic.gov.au/downloads/We%2520Connect/gbcma_waterway_strategy_2014-2022/%E2%80%8Cgbcma_waterway_strategy_2014-2022.pdf
https://www.gbcma.vic.gov.au/downloads/We%2520Connect/gbcma_waterway_strategy_2014-2022/%E2%80%8Cgbcma_waterway_strategy_2014-2022.pdf
https://www.gbcma.vic.gov.au/our-region/waterway-floodplain-management/waterways/environmental-water_copy/environmental-water-use-in-the-catchment/goulburn-river
https://www.gbcma.vic.gov.au/our-region/waterway-floodplain-management/waterways/environmental-water_copy/environmental-water-use-in-the-catchment/goulburn-river
https://www.gbcma.vic.gov.au/our-region/waterway-floodplain-management/waterways/environmental-water_copy/environmental-water-use-in-the-catchment/goulburn-river
https://doi.org/10.1016/j.advwatres.2016.05.018


Horne, A., & O’Donnell, E. (2014). Decision making roles and responsibility for environmental water 
in the Murray–Darling Basin. Australasian Journal of Water Resources, 18(2), 118–132. https://doi. 
org/10.1080/13241583.2014.11465445 

Horne, A., Webb, A., Rumpff, L., Mussehl, M., Fowler, K., & John, A. (2020). Kaiela (Lower Goulburn 
River) environmental flows study. The University of Melbourne.

Horne, A. C., Kaur, S., Szemis, J. M., Costa, A. M., Nathan, R., Webb, J. A., Stewardson, M. J., & Boland, N. 
(2018). Active management of environmental water to improve ecological outcomes. Journal of 
Water Resources Planning and Management, 144(12), 04018079. https://doi.org/10.1061/(ASCE) 
WR.1943-5452.0000991 

Horne, A. C., O’Donnell, E. L., & Tharme, R. E. (2017). Mechanisms to allocate environmental water. In A. 
C. Horne, J. A. Webb, M. J. Stewardson, B. Richter, & M. Acreman (Eds.), Water for the environment (pp. 
361–398). Academic Press. https://doi.org/10.1016/B978-0-12-803907-6.00017-6 

Horne, A. C., Webb, J. A., Mussehl, M., John, A., Rumpff, L., Fowler, K., Lovell, D., & Poff, L. (2022). Not 
just another assessment method: Reimagining environmental flows assessments in the face of 
uncertainty [Original research]. Frontiers in Environmental Science, 10. https://doi.org/10.3389/ 
fenvs.2022.808943 

Jones, F. V., & Israni, K. (2012). Environmental risk assessment utilising Bow-Tie methodology. Paper 
presented at the International Conference on Health, Safety and Environment in Oil and Gas 
Exploration and Production, held in Perth, Australia, 11–13 September 2012. https://doi.org/10. 
2118/156833-MS 

Keene, M., & Pullin, A. S. (2011). Realising an effectiveness revolution in environmental management. 
Journal of Environmental Management, 92(9), 2130–2135. https://doi.org/10.1016/j.jenvman.2011. 
03.035 

Kirsch, E., Colloff, M. J., & Pittock, J. (2022). Lacking character? A policy analysis of environmental 
watering of Ramsar wetlands in the Murray–Darling Basin, Australia. Marine and Freshwater 
Research, 73(10), 1225–1240. https://doi.org/10.1071/MF21036 

Koster, W. M., Stuart, I., Tonkin, Z., Dawson, D., & Fanson, B. (2021). Environmental influences on 
migration patterns and pathways of a threatened potamodromous fish in a regulated lowland 
river network. Ecohydrology, 14(2), e2260. https://doi.org/10.1002/eco.2260 

Kothari, C. R. (2004). Research methodology: Methods & Techniques (2nd ed.). New Age International Ltd.
Liamputtong, P., & Serry, T. (2013). The in-depth interviewing method in health. In P. Liamputtong 

(Ed.), Research methods in health: foundations for evidence-based practice (pp. 39–53). Oxford 
University Press.

Margerum, R. D., & Robinson, C. J. (2015). Collaborative partnerships and the challenges for 
sustainable water management. Current Opinion in Environmental Sustainability, 12, 53–58. 
https://doi.org/10.1016/j.cosust.2014.09.003 

MDBA. (2013). Preliminary overview of constraints to environmental water delivery in the Murray– 
Darling Basin. Murray–Darling Basin Authority, Canberra. Retrieved December 2022, from https:// 
cdn.environment.sa.gov.au/environment/docs/enhanced-environmental-water-delivery.pdf 

MDBA. (2019). Basin-wide environmental watering strategy. Murray–Darling Basin Authority. 
Canberra. Retrieved July 2023, from https://www.mdba.gov.au/sites/default/files/publications/ 
basin-wide-environmental-watering-strategy-second-edition.pdf 

MDBA. (2021). Goulburn–Broken. Murray–Darling Basin Authority, Canberra. Retrieved October 2022, 
from https://www.mdba.gov.au/water-management/catchments/goulburn-broken 

Meempatta, L., Webb, A. J., Horne, A. C., Keogh, L. A., Loch, A., & Stewardson, M. J. (2019). Reviewing the 
decision-making behavior of irrigators. WIREs Water, 6(5), e1366. https://doi.org/10.1002/wat2.1366 

Meempatta, L., Webb, J., Keogh, L., Horne, A., & Stewardson, M. (2021). Exploring the role and 
decision-making behavior of irrigation water supply authorities in Australia. International Journal 
of Water Resources Development. https://doi.org/10.1080/07900627.2021.1982680 

Natural Capital Economics. (2017). Review of the commonwealth environmental water holder’s 
operations and business processes–Prepared for the commonwealth environmental water holder. 
Retrieved October 2022, from https://www.agriculture.gov.au/sites/default/files/documents/ 
cewh-review-final-report.pdf 

26 L. MEEMPATTA ET AL.

https://doi.org/10.1080/13241583.2014.11465445
https://doi.org/10.1080/13241583.2014.11465445
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000991
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000991
https://doi.org/10.1016/B978-0-12-803907-6.00017-6
https://doi.org/10.3389/fenvs.2022.808943
https://doi.org/10.3389/fenvs.2022.808943
https://doi.org/10.2118/156833-MS
https://doi.org/10.2118/156833-MS
https://doi.org/10.1016/j.jenvman.2011.03.035
https://doi.org/10.1016/j.jenvman.2011.03.035
https://doi.org/10.1071/MF21036
https://doi.org/10.1002/eco.2260
https://doi.org/10.1016/j.cosust.2014.09.003
https://cdn.environment.sa.gov.au/environment/docs/enhanced-environmental-water-delivery.pdf
https://cdn.environment.sa.gov.au/environment/docs/enhanced-environmental-water-delivery.pdf
https://www.mdba.gov.au/sites/default/files/publications/basin-wide-environmental-watering-strategy-second-edition.pdf
https://www.mdba.gov.au/sites/default/files/publications/basin-wide-environmental-watering-strategy-second-edition.pdf
https://www.mdba.gov.au/water-management/catchments/goulburn-broken
https://doi.org/10.1002/wat2.1366
https://doi.org/10.1080/07900627.2021.1982680
https://www.agriculture.gov.au/sites/default/files/documents/cewh-review-final-report.pdf
https://www.agriculture.gov.au/sites/default/files/documents/cewh-review-final-report.pdf


O’Donnell, E. L., & Garrick, D. E. (2017). Chapter 19–Environmental water organizations and institutional 
settings. In A. C. Horne, J. A. Webb, M. J. Stewardson, B. Richter, & M. Acreman (Eds.), Water for the 
environment (pp. 421–451). Academic Press. https://doi.org/10.1016/B978-0-12-803907-6.00019-X 

Peter Cottingham & Associates and SKM. (2011). Environmental water delivery: Lower Goulburn 
River. Commonwealth Environmental Water Holder for the Australian Government. Retrieved 
October 2022, from https://www.dcceew.gov.au/sites/default/files/documents/ewater-delivery- 
lower-goulburn-river.pdf 

Scheer, D., Benighaus, C., Benighaus, L., Renn, O., Gold, S., Röder, B., & Böl, G.-F. (2014). The 
distinction between risk and hazard: Understanding and use in stakeholder communication. 
Risk Analysis, 34(7), 1270–1285. https://doi.org/10.1111/risa.12169 

Steinschneider, S., Bernstein, A., Palmer, R., & Polebitski, A. (2014). Reservoir management optimization for 
basin-wide ecological restoration in the Connecticut river. Journal of Water Resources Planning and 
Management, 140(9), 04014023. https://doi.org/10.1061/(ASCE)WR.1943-5452.0000399 

Treadwell, S., Webb, A., Hou, X., Baghbanorandi, P., Baker, B., Bovill, W., Casanelia, S., Christopher, N., 
Grace, M., Greet, J., Kellar, C., Koster, W., Lovell, D., McMahon, D., Morris, K., Pettigrove, V., Russell, 
L., Sutton, N., & Vietz, G. (2021, December). Commonwealth environmental water office monitor
ing, evaluation and research program: Goulburn river selected area summary report 2020–21. 
Commonwealth of Australia. Retrieved October 2022, from https://www.agriculture.gov.au/sites/ 
default/files/documents/2020-21-goulburn-mer-annual-summary-report.pdf 

VEWH. (2021). Goulburn river. Victoria Environmental Water Holder. Retrieved July 2022, from https:// 
www.vewh.vic.gov.au/rivers-and-wetlands/northern-region/goulburn-river 

VEWH. (2022). Seasonal watering plan 2022–23. Victorian Environmental Water Holder. Retrieved October 
2023, from https://www.ghcma.vic.gov.au/wp-content/uploads/2022/07/VEWH-2022-23.pdf 

Winter, L. (2019). Payment default entries among young adults in Finland – A desktop study. Arcada 
University of Applied Sciences. Retrieved July 2022, from https://www.theseus.fi/bitstream/handle/ 
10024/266326/Linda%20Winter_Thesis.pdf?sequence=2 .

Wood, M., Fitzpatrick, C., Vietz, G., Morris, K., Jones, C., Tonkin, Z., & Koster, W. (2021). Environmental 
risk and opportunities assessment of flow scenarios in the Lower Goulburn River to inform the 
development of river operating rules, Melbourne. Retrieved July 2023, from https://scholar.google 
usercontent.com/scholar?q=cache:7WGQ5VNR9cwJ:scholar.google.com/+Environmental+Risk 
+and+Opportunities+Assessment+of+Flow+Scenarios+in+the+Lower+Goulburn+River+to 
+Inform+the+Development+of+River+Operating+Rules&hl=en&as_sdt=0,5 

Zampatti, B. P., Leigh, S. J., Wilson, P. J., Crook, D. A., Gillanders, B. M., Maas, R., Macdonald, J. I., & 
Woodhead, J. (2021). Otolith chemistry delineates the influence of natal origin, dispersal and flow 
on the population dynamics of golden perch (Macquaria ambigua) in a regulated river. Marine 
and Freshwater Research, 72(10), 1484–1495. https://doi.org/10.1071/MF20280 

Zampatti, B. P., Wilson, P. J., Baumgartner, L., Koster, W., Livore, J. P., McCasker, N., Thiem, J., Tonkin, 
Z., & Ye, Q. (2015). Reproduction and recruitment of golden perch (Macquaria ambigua ambigua) in 
the southern Murray–Darling Basin in 2013–2014: An exploration of river-scale response, connectivity 
and population dynamics. South Australian Research and Development Institute (Aquatic 
Sciences), Adelaide. Retrieved December 2022, from https://researchoutput.csu.edu.au/ws/por 
talfiles/portal/19919086/12051826_published_report.pdf

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT 27

https://doi.org/10.1016/B978-0-12-803907-6.00019-X
https://www.dcceew.gov.au/sites/default/files/documents/ewater-delivery-lower-goulburn-river.pdf
https://www.dcceew.gov.au/sites/default/files/documents/ewater-delivery-lower-goulburn-river.pdf
https://doi.org/10.1111/risa.12169
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000399
https://www.agriculture.gov.au/sites/default/files/documents/2020-21-goulburn-mer-annual-summary-report.pdf
https://www.agriculture.gov.au/sites/default/files/documents/2020-21-goulburn-mer-annual-summary-report.pdf
https://www.vewh.vic.gov.au/rivers-and-wetlands/northern-region/goulburn-river
https://www.vewh.vic.gov.au/rivers-and-wetlands/northern-region/goulburn-river
https://www.ghcma.vic.gov.au/wp-content/uploads/2022/07/VEWH-2022-23.pdf
https://www.theseus.fi/bitstream/handle/10024/266326/Linda%2520Winter_Thesis.pdf?sequence=2
https://www.theseus.fi/bitstream/handle/10024/266326/Linda%2520Winter_Thesis.pdf?sequence=2
https://scholar.googleusercontent.com/scholar?q=cache:7WGQ5VNR9cwJ:scholar.google.com/+Environmental+Risk+and+Opportunities+Assessment+of+Flow+Scenarios+in+the+Lower+Goulburn+River+to+Inform+the+Development+of+River+Operating+Rules%26hl=en%26as_sdt=0,5
https://scholar.googleusercontent.com/scholar?q=cache:7WGQ5VNR9cwJ:scholar.google.com/+Environmental+Risk+and+Opportunities+Assessment+of+Flow+Scenarios+in+the+Lower+Goulburn+River+to+Inform+the+Development+of+River+Operating+Rules%26hl=en%26as_sdt=0,5
https://scholar.googleusercontent.com/scholar?q=cache:7WGQ5VNR9cwJ:scholar.google.com/+Environmental+Risk+and+Opportunities+Assessment+of+Flow+Scenarios+in+the+Lower+Goulburn+River+to+Inform+the+Development+of+River+Operating+Rules%26hl=en%26as_sdt=0,5
https://scholar.googleusercontent.com/scholar?q=cache:7WGQ5VNR9cwJ:scholar.google.com/+Environmental+Risk+and+Opportunities+Assessment+of+Flow+Scenarios+in+the+Lower+Goulburn+River+to+Inform+the+Development+of+River+Operating+Rules%26hl=en%26as_sdt=0,5
https://doi.org/10.1071/MF20280
https://researchoutput.csu.edu.au/ws/portalfiles/portal/19919086/12051826_published_report.pdf
https://researchoutput.csu.edu.au/ws/portalfiles/portal/19919086/12051826_published_report.pdf

	Abstract
	Introduction
	Case study: Goulburn River, Australia

	Methods
	Population and sampling
	Data collection
	Data analysis

	Results
	Risks to the vegetation due to prolonged riverbank inundation
	The risk of not meeting the conditions required for coordinated water delivery to assist fish migration
	Risk of insufficient water or channel capacity to meet the environmental water demand in the Goulburn

	Discussion
	Implications for operations
	Importance of gaining community support for environmental water deliveries
	Shift in risk perception and management strategies with changes in circumstance
	Lack of probabilistic thinking on managing risks
	A comparison with the decision-making of consumptive water users

	Implications for planning
	Implications for water resource modelling

	Conclusions
	Acknowledgements
	Credit author statement
	Disclosure statement
	Funding
	ORCID
	References

