


 

 
 

A thriving Murray-Darling Basin: Actions in the face of climate change 
 

46 

  

Challenges and Adaptation Needs for Water Quality in the Murray-
Darling Basin in response to Climate Change 

T. John Verhoeven1,2, Stuart J. Khan3 and Megan C. Evans4 
1 School of Civil & Environmental Engineering, UNSW Sydney, NSW 

2 Infrastructure and Natural Resources, Glenbrook NSW 
3 School of Civil Engineering, University of Sydney, NSW 

4 Public Service Research Group, School of Business, UNSW Canberra, ACT 
 

Abstract 

Water quality has a material impact on the effective amount of water available to meet water 
supply, cultural, environmental, social, and industrial water uses in the Murray-Darling Basin (MDB 
or Basin). As climate change is already reducing streamflow and degrading water quality, it is 
important to elevate water quality protection and management to meet future water uses. We 
describe the current water quality condition of the MDB, identifying six major primary threats; 
increasing salinity, nutrients, sediments, metals and other toxic chemicals, temperature, low 
dissolved oxygen concentrations, and two major consequential threats; cyanobacterial blooms 
and toxins, and blackwater events. An emerging threat is the increasing incidence of pathogens. 
Water quality condition in the southern Basin is highly variable, with quality generally deteriorating 
progressively downstream. Long term water quality has also varied over time. For example, major 
cyanobacterial blooms have increased in their occurrence, frequency, duration and extent, from 
two in the 1980s and 90s, to eight in the past 20 years, extending for hundreds of river kilometres 
and having major economic, environmental and social impacts. In contrast, salinity in the River 
Murray has decreased over the last 30 years, demonstrating the value to water quality of 
implementing a long-term basin wide salinity management strategy.  

We use available hydroclimate metrics to identify water use vulnerabilities and threats to future 
(50-year) MDB water quality under climate change. We explore adaptation opportunities to 
mitigate climate change impacts on MDB water quality, and make nine recommendations to 
address climate change, other anthropogenic impacts, and natural risks to water quality. The 
interlinked recommendations must all be implemented to effectively safeguard water quality 
under climate change. This approach requires formidable and on-going implementation by 
governments, communities and industries, and is built on their participation in a 50-year, 
integrated, comprehensive process. It requires long-term bipartisan and bilateral agreements at 
Commonwealth and State governments levels, and resourcing by governments at all levels. We 
outline a vision of a healthy MDB in 50 years having water quality and related quantity that 
achieves consumptive and environmental water use objectives identified in the original 2012 MDB 
Plan. We suggest that predicted future reduced flows under climate change will need to be 
redistributed to optimise consumptive and environmental uses, while the detrimental effects of 
flow reductions may be counterbalanced with benefits from the implementation of land 
management measures. 
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1. Introduction 

The availability and quality of the MDB’s surface waters, groundwaters and water-dependent 
ecosystems is vital for the health and sustainability of the MDB and its communities (adapted 
from RM Consulting Group Pty Ltd 2020). It provides drinking water for more than 2.3 million 
Australians; water to sustain 120 waterbird species, more than 50 native fish species and for 
30,000 wetlands; water for $22 billion of primary production; and water for recreation-based 
tourism (MDBA 2022). 

Climate change is already impacting the MDB, with increasing temperatures, more extreme 
weather patterns (floods and droughts) and lower annual rainfalls leading to reducing streamflow 
and to poorer water quality. Within the MDB, impacts on water quality vary between the northern 
and southern basins (Figure 1) as a result of differences in climate and climate change impacts 
over the MDB, in hydrological characteristics, and of differences between the States in water 
security and availability (dams, river regulation, water licensing and governance arrangements). 

The starting point for this essay is CSIRO’s Murray-Darling Basin Sustainable Yields Project (CSIRO 
2008) which assessed climate change, groundwater extraction and catchment development 
impacts on MDB water availability and use. Since that assessment, the known status of climate 
change has been updated by the Intergovernmental Panel on Climate Change (IPCC 2022), and by 
Zhang, Chiew et al. (2022). 

 

Figure 1. The Murray-Darling Basin and its Northern and Southern Basins  
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Figure 2: Framework for SW-GW interaction impacts for the MDB, with a focus on water quality (adapted 
from Conant, Robinson et al. 2019) 

 
Climate over the MDB varies from northern sub-tropical to southern temperate and western semi-
arid, and average annual rainfalls range from more than 2,100 mm in the north-east of the MDB to 
less than 300mm in the south-west (BoM 2020). There are large seasonal differences in 
streamflow in the unregulated parts of the MDB, with higher flows in late summer–early autumn in 
the northern Basin, higher flows in late winter–early spring in the southern Basin, and large year-to-
year variability across the MDB including lengthy droughts. Details of the MDB hydroclimate 
including temperature, rainfall, potential evapotranspiration and annual runoff variability are 
reported by Zhang, Chiew et al. (2024). 

Anthropogenic impacts vary widely as a result of surface water and groundwater management by 
governments. The MDBA and five state and territory jurisdictions operate a large number of water 
storages, weirs, and waterways, with associated rules for water release; and operate many 
diversions and extractions for irrigation areas, key environmental assets, cities and towns 
throughout the MDB. Anthropogenic impacts are also a function of land use practices (Williams, 
Hunter et al. 2021) resulting in point and diffuse pollution sources, and of the policy and 
management decisions of governments, communities and industries.  
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2.2 Water quality policy framework 

MDB water quality is governed by legislation and policy instruments including the Commonwealth 
Water Act (2007), the MDB Plan (2012), and the National Water Quality Management Strategy 
(1998) (NWQMS). The NWQMS sets out water quality targets in Water Quality Guidelines. The 
NWQMS also  promotes water quality protection by a systematic approach to catchment-based 
planning and management of water quality, provided by a ‘Water Quality Management 
Framework’ (Bennett 2008, Bycroft 2017). A simplified water quality policy framework for the 
MDB, adapted from the NWQMS, is outlined in Figure 3. 

 

 

 

Figure 3: Simplified water quality policy framework for the MDB (adapted from Bennett 2008, Dovers and 
Hussey 2013) 
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2.3 Current water quality condition 

We describe the current water quality condition across the MDB focusing on two primary and two 
consequential threats: salinity, nutrients (Nitrogen (N) and Phosphorus (P)), the occurrence of 
cyanobacterial blooms, and blackwater events. Primary threats to MDB water quality include 
increasing salinity, nutrients, sediments, metals and other toxic chemicals, temperature, and low 

https://creativecommons.org/licenses/by/4.0/
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Nutrients N and P contribute to water quality and are essential for aquatic organisms. In excess, 
these nutrients can cause eutrophication by stimulating excessive, nuisance levels of 
phytoplankton (cyanobacteria, algae and macrophytes). In large numbers these phytoplankton 
can displace other organisms, smother bed habitats, and disturb aquatic food webs, and in the 
case of cyanobacteria, can result in toxic blooms.  

Nutrient budgets have been modelled by Young, Prosser et al. (2001) in large-scale networks 
across Australia. The modelling was upgraded using an improved channel network, simulated 
regulated river flows, improved estimates of sediment inputs and improved regionalisation of 
hydrological parameters to model nutrient inputs, transport and export for the MDB (DeRose, 
Prosser et al. 2003). Modelling assessed N and P annual loads in 27 MDB regions for erosion 
processes including hillslope to stream delivery, gully erosion, riverbank erosion, dissolved runoff, 
and point sources. The modelling predicted that most P (48%) is transported with suspended 
sediment, while dissolved N (45%) was predicted to be the largest proportion of the Total N load. 
Modelling also predicted the amounts of nutrients deposited on floodplains, in reservoir storages, 
exported dissolved or as particulates, and lost to denitrification, and demonstrated that the MDB 
is one of nutrient redistribution rather than net export. Predicted mean annual loads were N 8x104 
tonnes/yr and P 1.1x104 tonnes/yr. These annual loads were the same as those predicted in 
modelling studies of major river basins globally by Mekonnen and Hoekstra (2015, 2018), who also 
found that the MDB’s ability to assimilate N had been exceeded by 80%, and to assimilate P had 
been exceeded by 2200%. 

The default water quality trigger guideline for lowland rivers in south-eastern Australia for TN is 
500 µg/L and for TP is 50 µg/L (ANZECC ARMCANZ 2000). In the southern Basin, nutrient 
concentrations increased with distance downstream in the River Murray, with median 
concentrations of TN increasing from 200 µS/cm at Jingellic to 700 µS/cm at Tailem Bend, and TP 
increasing from 20 µS/cm to 100 µS/cm (Biswas and Mosley 2019). TN and TP concentrations were 
highly variable over time. Improved agricultural management practices in recent decades have 
reduced nutrient loss, and Walker and Prosser (2021) hypothesise that the peak of catchment loss 
of nutrients may have passed and that loads are reducing. However, there is little quantitative 
evidence to test this hypothesis; current monthly nutrient monitoring in MDB rivers is inadequate 
to examine loads transported, particularly during high flow events. 

For turbidity, the default water quality trigger guideline for lowland rivers in south-eastern 
Australia is 50 NTU (ANZECC ARMCANZ 2000). In the southern Basin turbidity was highly variable 
but generally increased with distance downstream in the River Murray, from a median of 4 NTU at 
Jingellic and a large increase below the Darling River confluence to 40-50 NTU at Tailem Bend 
(Biswas and Mosley 2019). There was large variability of turbidity with time at all monitoring sites.  

In tarF (in)1 (ARM)1 (C.J -0.002 Tc )1 (r)1 (c )1 (r)1 (c )1 (1 (i)-1om)1 ( )-1 (a )-1 (m)1 (edi)- [((B)1 (isa)1 (r)1 (i-0.001 Tc r -0.001 Tc (her) 0 Td [(. T)B1 (thi)-1 (s )aes6))]TJ pb)
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3. Climate change challenges for future (50-year) MDB water quality 

3.1 Climate change threats to water quality 

Climate change and other anthropogenic activities, and natural processes including droughts, 
floods and high temperatures vary across the MDB and threaten already declining water quality. 
Firstly, rainfall variability spatially and temporally across the MDB is expected to remain high, with 
dry and wet years. Modelling for the MDB indicates that under a future drier climate scenario 
annual rainfall could reduce by around 15%, whereas under a future wetter scenario annual rainfall 
could increase by up to 10% from the present (BoM 2020). Rainfall decline across the MDB, 
particularly across the southern Basin in winter months, has been amplified in declining winter and 
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The impacts of the predicted threats (Table 4) occur locally but can also magnify downstream 
under low flow conditions which can reduce dilution of salt loads, toxins and nutrients, reduce 
turbulence in waterways, or reduce connectivity 
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where environmental assets should be protected (Prosser, Chiew et al. 2021). A dominant 
theme in the conservation literature is to rationalise and optimise prioritisation, using 
mathematical algorithms and cost-effectiveness analysis (Wilson, Carwardine et al. 2009). 
However, decision making is not always rational, with policymakers drawing on many sources 
of information to make decisions. Many water use decisions (volumetric and quality) are highly 
complex, and given the size of the MDB, decisions will involve trade-offs between multiple 
objectives, values and interests (Evans et al. 2017, Evans 2021). 
 

8. As described in Section 4.1, measures are necessary to provide better accounting for 
uncertainties in the MDB water balance so that they are not disproportionately carried by 
environmental water uses (Prosser, Chiew et al. 2021), and so that they provide better 
predictive capacity for water managers to respond effectively to water quality emergencies 
and to maintain acceptable water quality for its various uses. 
Upgrade water volumetric (resource and extraction) and water quality monitoring, use 
double-entry water accounting for both quality and quantity, develop a new basin-wide 
model to replace the various State agency models, conduct independent and transparent 
reviews and audits, and make water data publicly available (Wentworth Group of Concerned 
Scientists 2021, Colloff and Pittock 2022).  
 

9. As noted in Section 4.1, there is a need for MDB participatory processes to engage with all 
relevant stakeholders for all water uses, including consumptive, environmental, recreational 
and cultural uses (Grafton 2021). The traditional approach has been government-led, with 
agencies helping the wider community (MDBA 2020c). There is a need to assess if this is the 
most appropriate approach to combine governments’ resourcing of technical assessments, 
monitoring, modelling and evaluation with community/industry-led visioning, learning and 
resourcing. 
Assess what policy and institutional arrangements are needed for effective water quantity, 
water quality and ecosystem management for the MDB. As shown in Figure 3, this includes 
public participation and community involvement, policy coordination and integration, 
communication, transparency, and potentially institutional change. 

4.3 Visions of water quality for the MDB in 50 years 

Under a changing climate, there is a range of possible visions for MDB water quality in 50 years. 
Based on the hydroclimate scenario in Table 3, current MDB water quality condition (Section 2) 
and climate change challenges for future (50-year) MDB water quality (Section 3), two competing 
qualitative visions are presented below: a degraded MDB with poorer water quality limiting water 
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plans and catchment management plans at a state and not a basin-scale, will result in sub-
optimal solutions to address water quality threats. 
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and managing conditions in weir pools and other waterways under an overarching cyanobacteria 
management strategy. Finally, occurrences of blackwater events and of low dissolved oxygen 
events would be stabilised by managing the accumulation of organic matter on floodplains, and 
the strategic use of overbank flows.  

All nine recommendations need to be implemented to deliver a healthy MDB, and their 
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