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A B S T R A C T

In the summer of 2018/19, a series of fish kills on the Darling River attracted international attention. We analyse the disaster as a crisis of modern water within the
hydrosocial cycle framework formulated by Linton and Budds. Using archival analysis we identify four phases in the emergence and transformation of modern water
in the Murray-Darling Basin generally and the lower Darling specifically; navigation flows (1850–1900s), entitlement flows (1880–1940s), exchange water (1950–1990s)
and saved water (2000s-present). The phases are driven by conceptual abstraction and commensuration, leading in turn to the material abstraction of water from the
lower Darling, rendering the river and its communities vulnerable. We reveal three previously unidentified social processes contributing to the current crisis. First,
the development of a model of hydrological productivity that rationalised the Basin scale as a unit of governance and deemed some places ‘effective’ and others, like
the Darling, ‘ineffective’. Second, an early form of offsetting in ‘exchange water’ that disembedded water at least three decades before market environmentalism took
hold. Third, accounting technologies that enrol evaporative water into basin water governance and politics. A crisis like the fish kills reveals the ways in which the
hydrological cycle overflows with social content, internalising scientific expertise and dominant modes of water governance that include settler colonialism.
However, hydrosocial framings need to better capture the diversity and complexity of co-existing Indigenous ontologies, and their different expressions of the social
and experiences of the material. These ontologies both intersect with and exceed modern water.

1. Introduction

In the summer of 2018/19, a series of fish kills along the lower
Darling River near the town of Menindee caught the attention of
Australians, and then the world. Hundreds of thousands, if not millions,
of fish died due to insufficient dissolved oxygen in the water, a result of
sustained low flows and blue-green algal blooms (Australian Academy
of Science, 2019). Menindee was brought to broader attention not only
by the distressing sight of dead and suffocating fish, including Bony
Herring, Golden and Silver Perch, and the long-lived Murray Cod, but
also by white men shedding tears over them. Things got so bad that
authorities relocated the remaining large fish because they were com-
peting with the same pool of diminishing water needed by the town,
although critical human needs, particularly those of the predominantly
Indigenous population of the region, received less public attention. This
devastating socio-ecological disaster and the ensuing national debate
exposed a constellation of processes relating to the management of the
entire Murray-Darling Basin (MDB), Australia’s principal agricultural
area (Fig. 1).

It was not long before mostly politicians were blaming nature, in the
form of severe drought. Federal Water Resources Minister David
Littleproud said, ‘The reality is we’re in a serious drought and the only
silver bullet is rain’ (Littleproud, 2019). Acting Prime Minister Michael

McCormack attributed the disaster to the fact that some parts of the
catchment had had no rain for seven years:

We are experiencing a very, very dry period of unprecedented
proportions… And it will rain again and when it rains it will come
down in such torrents people will probably be saying ‘what are we
going to do with all the water?’ That’s Australia. That’s the weather
patterns and the climate of Australia – it’s been going on since the
year dot (Karp and Hutchens, 2019).

Such reactions exemplify Linton’s (2010: 70) argument that the
antisocial nature of modern water means that ‘nature always takes the
blame’ for water scarcity, instead of the particular economic config-
urations through which it is made available to people. In relatively
remote Australia with one of the world’s most variable rainfall regimes,
where flows vary greatly from one year to the next and drought is a
common feature, it is easy to naturalise water scarcity and downplay
the role of social and political processes (Swyngedouw, 2004). How-
ever, it was clear that the crisis was an outcome of more than bio-
physical processes and material conditions. The Australian Academy of
Science (AAS) investigation panel into the fish kills, of which we were
both members, found that while the drought was a contributor, a more
significant cause was excess upstream diversion of water for irrigation
over the last few decades. Most river systems in the MDB are over-
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allocated and this overuse has contributed to their degradation
(Marshall and Alexandra, 2016; Grafton, 2019). The Panel undertook
an intense period of fact-finding, including a visit to the site of the fish
kills and discussions with key community representatives including
Indigenous traditional owners. The region’s relatively high Indigenous
population, correlated patterns of socio-economic disadvantage, and
weak recognition of Indigenous land and water rights (Hartwig et al.,
2018) stood out as factors that both reflected and reinforced the vul-
nerability of this community (and place) in matters of water govern-
ance, but so too did its location at the downstream end of the Darling
River.

Menindee residents and water users drew attention to river man-
agement decisions that they had been complaining about over several
years. Some in the community considered themselves easily ‘sacrificed’
by forces that have systematically dewatered the Darling River at
Menindee to satisfy both upstream and downstream demands for water
(see MDB Royal Commission, 2019). The AAS report also found that
decisions of water agencies to release water from the Menindee Lakes (a
system commissioned in the 1960s to store the waters of the Darling)
had exacerbated the conditions that rendered that particular river reach
so precarious for fish. Throughout 2017–18, agencies had released
water from Menindee Lakes, allowing it to flow to the Murray River to
honour commitments to the downstream state of South Australia under
Australia’s longest standing inter-state compact as well as to meet en-
vironmental objectives. That Agreement does not account for dry con-
ditions upstream and reduced inflows (Australian Academy of Science,
2019).

As we learned of past political choices, programs and policy regimes
that shaped where the waters of Australia’s longest river should flow,
the significance of historical circumstances became apparent. Patent
too were the institutional and technological path dependencies that
have favoured regions distant from Menindee. The varied explanations

of the fish kills and the ongoing water scarcity crisis in the lower
Darling River exemplify how the hydrosocial cycle flows in accordance
with forces that are political as well as hydrological. The details of those
flows and forces, as well as their social impacts, were too complicated
to be fully examined in the three-week reporting period available to the
panel, and so too were epistemological and ontological questions that
surfaced during the height of the controversy.

The aim of this paper is to analyse what happened last summer at
Menindee as a crisis of modern water, within the hydrosocial frame-
work formulated by Linton and Budds (2014). Modern water is a par-
ticular way of knowing, accounting and representing water as external
to its social context, an ‘operation of abstraction, reduction, and re-
presentation that produces H2O and the hydrologic cycle’ (Linton,
2014: 111). Originating in Western Europe and North America it is part
of a knowledge paradigm that, by the end of the twentieth century, had
come to dominate the myriad ways to know and relate to water(s). As
the epistemological and ontological foundations, hydrosocial relations
and water management practices of modern water have come under
heightened scrutiny, modern water itself has been brought into ques-
tion. According to Linton, it is now in crisis because the presupposition
that water and society are ‘fundamentally distinct’ is no longer tenable
(2014: 113). A crisis like the Menindee fish kills reveals the ways in
which the hydrological cycle overflows with social content, inter-
nalising scientific expertise and dominant water management para-
digms, and as with all water problems, it needs to be addressed as a
fundamentally social one.

We use archival research to shed light on the technologies, ration-
alities and logics that enabled the emergence and circulation of modern
water through the basin, including the engineered components.
Primary historical and secondary sources also expose important aspects
of water governance (Zwarteveen et al., 2017), revealing the ways in
which rules, laws and norms of water use, management and sharing

Fig. 1. Map of the Murray Darling Basin showing major dams, towns and irrigation areas.
Source: Adaptation of MDBA map of River Murray Operations by First Class Communications.
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codified forms of modern water in the MDB, as well as how these waters
materialised and their uneven distribution under settler colonialism.
Before proceeding to the detailed analysis of the constitution of modern
water in the MDB and the forms it has taken over time, we provide an
overview of the hydrosocial cycle as a conceptual framework for this
study.

2. The hydrosocial cycle as conceptual framework

Linton’s and Budds’s (2014) model of the hydrosocial cycle draws
on three key ideas. First, ‘that the need to manage water has an im-
portant effect on the organization of society, which in turn, affects the
disposition of water (p. 175)’ (Linton and Budds, 2014: 175). This cyclic
process continues over time, albeit not necessarily in a regular or pre-
dictable trajectory, so a historical perspective is necessary (Schmidt,
2014). Second, water and society are internally related and co-con-
stitutive, ‘which means that particular kinds of social relations produce
different kinds of water, and vice versa (p. 175)’ (Linton and Budds,
2014; Swyngedouw, 2004). Third, ‘the material properties of water play
an active role in the hydrosocial process, sometimes structuring social
relations and sometimes disrupting them’ (Linton and Budds, 2014:
175).

While recent explorations of the hydrosocial cycle are acknowl-
edged to have deepened theory, provided rich case studies (Wesselink
et al., 2017), and done important work in exposing the ‘unstated poli-
tics buried within the purportedly dispassionate epistemologies of hy-
drological science and hydraulic engineering’ (Banister, 2014: 206),
there has also been critique. For example, Wesselink et al. (2017) ar-
gued that ‘the natural system and technical interventions are often
under-emphasized’ (p. 7). They further criticised the prioritization of
theory and weak treatment of the material in this body of work, con-
cluding that hydrosocial studies have so far failed to offer problem di-
agnosis and potential solutions.

Others have questioned how literature on the hydrosocial cycle
engages with the concept of the social. Palmer (2015) argued that
Linton and Budds (2014: 174) are largely silent on what constitutes the
social, though they referred to the potential for the ‘deep intertwining
of water’s material and spiritual dimensions’ citing Boelen’s (2014)
innovative extension of the hydrosocial cycle to the ‘hydro-cosmolo-
gical cycle’ in the Andes. In her work in Timor Leste, Palmer inter-
rogates and illuminates water’s agential and affective roles in a ‘supra-
social landscape … created by and still governed through complex in-
teractions between spirits, humans, animals and other physical objects
and forces’ (2015: 1). Similarly concerned with the agency of water in
hydrosocial scholarship, especially foundational American hydrological
thought upon which Linton (2010) based his analysis of modern water,
Schmidt (2014: 240) appealed to scholars to attend to the ‘hetero-
geneous and different notions of ‘the social’ that affect [water’s] man-
agement and governance’.

These and other explications of the ontological politics of water and
its governance (Yates et al., 2017) demonstrate the need to tackle head-
on the colonial assumptions embedded in modern water, for instance
that water has a singular material existence and that claims to it ‘can or
must be made in the constitutional language of the state’ (Schmidt,
2014: 240). In Australia, as in other settler states, the social relations
that define water are largely settler colonial and so ‘ontological re-
presentations are conditioned by and inseparable from the policies,
legal frameworks, and institutions of settler colonialism’ (Yates et al.,
2017: 802).

We show this in Fig. 2 where historically the relevant social struc-
tures are dominated by competition between the three colonies - New
South Wales, Victoria and South Australia - that later became states of
Australia. Upon Federation they were joined by the Federal Govern-
ment in their efforts to appropriate, regulate, modernise and fully uti-
lise the waters of the MDB under an inter-governmental agreement and
other water laws that continued to have no regard for the interests of

Indigenous peoples. Technology/infrastructure includes the technolo-
gies of mapping, measuring and modelling and water accounting, as
well as those that regulate flow. The ‘water’ in the centre of the diagram
‘is the particular type, discourse, construction, idea, or representation of
H2O that pertains in any given assemblage occurring as a moment of the
hydrosocial cycle’ (Linton and Budds, 2014: 176).

Our focus in this paper is on the water of scientists, engineers and
government agencies - the four forms of modern water in Fig. 2 - and it
can not characterise in detail the waters of the many Indigenous nations
of the region on their own terms. For instance, long-standing social
institutions enabled the sharing of common ceremonial practices up
and down waterways and governed communal rights to the fish ob-
tained from weirs and traps on the Darling (Clarke, 2009). Nor have we
space to document well Indigenous claims to water which are growing
in political prominence (see Weir, 2009; Jackson, 2017; Hartwig et al.,
2018). Any attempt to unpack formative settler colonial state and
techno-scientific rationalities must avoid reinforcing the colonial vio-
lence of erasure that is enabled by modern water (Linton, 2010), in-
cluding its capacity to silence models of water governance maintained
or more recently proposed by Indigenous peoples. This is easier said
than done however; we understand Indigenous hydrosocial relations as
simultaneously incorporated in and intersecting with those of settler
colonial society, while exceeding the hydrosocial framing of modern
water.

Cultural practices and their requisite technologies and forms of so-
cial organisation intersected with the colonial and modern period in
which Indigenous homelands were subsumed within the spaces of state
water control, despite protestation and outright resistance (Goodall,
1996). Where they have survived, these and other practices continue to
influence the contemporary management of the Darling and its hy-
drosocial organisation, although they are rarely, if ever, acknowledged
in the historical accounts of hydrologists, engineers or water managers,
and have only in the past decade been formally recognised by the
common law and by water management agencies (Jackson et al., 2020;
Muir et al., 2010).

In the vicinity of the Menindee Lakes, the native title rights of the
Barkandji and Malyangapa people, which were legally recognised in
2015 after an 18 year battle, required claimants to establish an on-
going connection to traditional lands and waters since before white
settlement (Hartwig et al., 2018). The native title rights of traditional
owners include to take and use water for domestic, social and cultural
purposes. The Native Title Act (1993) is highly constrained in the
powers it grants, protecting activities such as ceremonies, the pre-
paration of food or bush medicines, the manufacture of artefacts, and
the teaching of traditional laws, customs and practices such as fishing,
but not allowing commercial water use, nor conferring exclusive own-
ership of water. State allocation plans that regulate water use continue
to ignore the existence of these native title rights (Hartwig et al., 2018).

In their persistent struggle to restore socio-ecological relations with
the Baaka, as the Barkandji know the river, traditional owners invoke it
and its living creatures as kin to whom they are ethically responsible.
This year the Barkandji rejected the colonial name given to the Darling
by the explorer Charles Sturt and are seeking restoration of its original
name because ‘our name comes from the river, it is part of us and we are
part of it’ (Gerard Quayle ABC Radio 30 September 2019). Since the fish
kills, the Barkandji have also proposed a new institution, a Baaka Water
Commission, to ‘speak for the river’ and negotiate the ‘best outcome for
the whole Baaka community’ (Derek Hardman ABC Radio 30
September 2019).

The following sections are structured around four distinct kinds of
historical ‘water’, or ‘flows’. We show how the construction of different
kinds of waters emerges out of particular kinds of knowledge, including
mapping and modelling of the basin, and transformations in modes of
governance. The first two phases are necessarily discussed at the scale
of the whole MDB. Over time, increasing conceptual abstraction led to
an abstraction of material water from the lower Darling and so our
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scope narrows to the regional scale. Although we periodize the emer-
gence of these regulated waters, some features are common to more
than one historical phase and not all transitions were as sudden as
depicted here.

3. Phases in the the emergence and transformation of modern
water in the MDB (or lower Darling River)

3.1. Navigation flows (1850s-1900s)

Navigation performed a critical role in producing hydrological and
hydrographic knowledge of the MDB’s waters, as it brought parts of the
basin into relation with each other under a colonial set of hydrosocial
configurations. Settlers valued the waters of the Darling (and the
Murray) for their capacity to transport wool and supplies between the
NSW inland and southeastern seaboard centres. From the 1850s, South
Australia (SA) played the lead role in exploring the Murray and Darling
Rivers in order to secure the trade supplying the fast-growing Victorian
goldfields (Gourlay, 2003). As pastoralists developed the lands draining
the Darling River for wool production, SA dredged the coast to establish
a sea-port, thereby capturing the export trade to London. At its peak,
there were almost 200 vessels on the ‘great water highway’ (Proud,
1883: 3; Guest, 2016). Several paddleboat companies ran the river,
basing themselves in thriving port towns such as Wilcannia or Bourke.

Good summer rains in Australia’s subtropical north favoured SA’s
commercial interests over those of Victoria, especially when naviga-
tional flows in the Murray were low (Gourlay, 2003). River trade was
uncertain however, depending on the ‘quantity of water in the rivers

and the times when the rises take place’ (Proud, 1883: 5). Highly
variable flows rendered the river unnavigable for more than half the
time (Gourlay, 2003) and pilots had to contend with physical hazards
such as snags, rocks and sand bars. Accurate bathymetric charts were of
some benefit (Fig. 3), but physical interventions proved more effective.
Colonial governments expended considerable effort and expense
‘clearing the river’ of hazards and improving navigation flow (Mallen-
Cooper and Zampatti, 2018).

Such impediments to river trade further strengthened demand for
rail transportation, although engineers thought they could assure na-
vigation through locks and weirs (Guest, 2016). In 1882, a private
syndicate proposed twenty-one structures between Wentworth and
Wilcannia, in the first attempt to regulate the Darling River to improve
navigation. Unable to secure capital, the syndicate failed to realise its
plan. The next proposal to prevent water running ‘to waste to the sea’
(see Chambers, 1884; Gourlay, 2003) received support from the colo-
nial authorities when engineers constructed an experimental lock and
weir at Bourke.

The Bourke weir was built under the direction of Hugh McKinney,
an Irish-born engineer with experience in Indian irrigation projects.
McKinney conducted many fundamental studies of NSW’s rivers, in-
cluding the Darling and the upstream Barwon River. Involved in colo-
nial water policy at the highest levels, McKinney served as an expert on
government inquiries, and was a drafter of water legislation, and an
outspoken advocate for irrigation development (Proust, 2005; Gourlay,
2003). In Utilisation of the River Darling, McKinney and Ward (1893)
envisaged irrigation and navigation working together to the benefit of
the region. The report called for engineering works (locks and weirs)

Fig. 2. The hydrosocial cycle of the Murray-Darling Basin and its modern waters.
Adapted from Linton and Budds (2014: Fig. 4).

S. Jackson and L. Head Geoforum 109 (2020) 44–56

47



but recommended irrigation development as a means of justifying the
cost of construction. Throughout their investigations, McKinney and
Ward heard that ‘the soil will grow anything’, an ‘unvarying’ testimony
that further motivated them to discover the ‘means of bringing this soil
and sunshine and water into productive co-operation’ (1893: 1). Their
appraisals reinforced the notion that Australian rivers were indolent
and profligate, describing the flow of the Darling on its ‘long and lei-
surely journey to the ocean as if, for the most part, it was either a
worthless or wasted effort of nature’ (1893: 2). If they could only ‘im-
pound, lift, divert, or distribute’ that water over the soil, they could tap
the river’s ‘creative power’ and realise its worth (1893: 2).

The vast quantity of water that no colony had yet adequately ac-
knowledged impressed the hydrologist, and so did the storage capacity
afforded by the main channel and its tributary streams, anabranches,
and numerous lagoons and lakes. To appraise accurately water’s eco-
nomic potential, colonial agents needed detailed knowledge of river
discharge, and this required hydrologists to extend their inquiry beyond
the channel to the river’s catchment area, considering also the slope of
the land. In these enthusiastic efforts to improve, the early technicians
were handicapped by their hydrological knowledge (Mallen-Cooper
and Zampatti, 2018). First, they had no reliable record of the river at
Bourke before 1871 (Russell, 1886). Until the tributary rivers flooded
simultaneously, an event that had not occurred since British occupa-
tion, they could not know the ‘possible measure’ of a Darling flood
(McKinney and Ward, 1893: 4). Second, record keeping was lax, par-
ticularly when no one submitted records as discharge fell below
500–600 cubic feet per second (cusecs1), presumably because low flows

were not conducive to navigation. Those responsible for collecting this
essential data saw no need for precision, especially at times of low flow
(McKinney and Ward, 1893).

Anecdotal accounts of water levels were too arbitrary for the tech-
nicians, who wanted to fix water levels to sea level. The notional
‘summer level’ referred to by local settlers was ‘simply a point chosen
for local convenience’ (Russell, 1886: 155). It represented a level four
feet below which steamers could travel. McKinney was the first to es-
tablish ‘authentic river gaugings’ on the Darling and throughout NSW
(Proust, 2005; Gourlay, 2003), and he compiled the first map to connect
all known levels within the state’s rivers. Russell, the government as-
tronomer, attempted to gauge the ‘periodicity of the seasons’ (Russell,
1886: 158) to derive the navigability of the basin. He argued that the
‘intelligent use’ of such knowledge would be worth ‘many thousands of
pounds’ (Russell, 1886: 157).

The early promulgators of modern water could not capitalise on
such knowledge however. By 1900, upstream governments (NSW and
Victoria) had abandoned the Darling as a navigable stream in favour of
railway transport, which they were subsidising (Guest, 2016). South
Australia’s negotiating position, and the flow of money to its port and
capital weakened, because possession of the river mouth no longer
constituted a geographical advantage (Webster, 2017). In the next
phase, the basin’s rivers became a source of water for extraction, and
securing reliable flows to sustain irrigation expansion took precedence.
This in turn enhanced the need for hydrological knowledge, specifically
a standardised, quantitative approach to water (Linton, 2010), thereby
transforming the technologies of water control and apparatus of

Fig. 3. Map from Leonard Johannesson Strom's Collection of Darling River pilot charts, ca. 1870 - ca. 1880.
Source: State Library of NSW.

1 McKinney (1901) was familiar with this unit of measurement of water from
his work in India, where the Indian Irrigation Department had coined the term

(footnote continued)
‘cusec’ for convenience.
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governance, as well as shaping the flows of water, capital and power.

3.2. Sharing Murray waters: Entitlement flows (1880–1940s)

NSW was the first to lay claim to control the waters of the Murray
when it passed the Constitution Act 1855 (Guest, 2016).2 Plans to dam
the Murray and develop irrigation on its tributaries were mooted soon
after (Powell, 2002). Following a devastating drought in the 1880s,
colonial governments acknowledged the need to share and better
manage Murray waters. However, without clear legal principles, dec-
ades of conflict between three highly competitive jurisdictions played
out through numerous Royal Commissions, and the convention that led
to Federation (Webster, 2017; Guest, 2016). The interests of all three
states were not addressed to their satisfaction until the River Murray
Waters Agreement of 1914 (Guest, 2016). At no time during this for-
mative period did colonial authorities consider the implications of their
resolutions or commitments for Indigenous peoples.

NSW and Victoria argued for the pre-eminence of irrigation in de-
ciding how to manage the flow of the river, while SA, for reasons de-
scribed above, sought to protect navigation flows. SA’s antagonism to
NSW and Victoria stemmed from its ‘chronic anxiety’ (Guest, 2016: 20)
that the upstream states would deny it use of the River Murray
(Webster, 2017). Irrigation entailed surface water diversions and it was
known then that this would reduce river flows and affect the navig-
ability of the river.3

In 1886, NSW and Victoria agreed to share the water equally, a
move that SA rejected (Webster, 2017). Agreement in the constitutional
debate that the Commonwealth should have the power to make laws
with respect to trade and commerce, including inter-state navigation,
subsequently satisfied SA. However, the Constitution did not resolve
conflict between navigation and irrigation because water remained a
matter for state control (Guest, 2016). The failure to define the 'rights'
of states within the Australian Constitution meant that the dispute had
to be resolved through negotiation (Webster, 2017), a process requiring
knowledge of precisely how much water ran through the entire basin.

The 1902 Interstate Royal Commission provided a framework for
the 1914 Agreement. It relied heavily on engineering expertise to
achieve technical control via water measurement and accounting: to
determine the water balance of the basin, each State’s navigation and
irrigation needs, and then calculate a water-sharing formula (Interstate
Royal Commission et al., 1902: 3). Engineers from each state rendered
the waters of the basin legible (Scott, 1998) by presenting maps, data
on existing and proposed water supply schemes, estimates of annual
discharge, and navigation levels at ports. The Royal Commission ad-
vanced proposals for locks, weirs and storages, many of which were on
the Darling, to secure navigability while expanding irrigation (Powell,
1993).

Elsewhere scholars have linked the technical capability of building
dams with the basin or watershed perspective (Warner et al., 2008). In
this case, the ‘natural’ unity (Powell, 1993) of the MDB emerged in lock
step with ideas about who was most deserving of the authority to
control water and benefit from its use. Hydrological knowledge and
techniques of abstraction and representation that established a hy-
draulic model of the basin bolstered powerful political agendas. The
emergence and institutionalisation of the basin map and volumetric
measurement are key moments in the basin’s hydrosocial cycle,
showing how experts modelled and engineered the basin, even before
the first storages materially transformed its environments.

First, we discuss the map. In 1891, amidst these contentious

debates, McKinney, on behalf of the NSW Premier, prepared the first
map of the basin’s drainage area (see Fig. 4) (Powell, 1993). Believing
that a map was likely to give a ‘very incorrect’ impression of the amount
of water available (McKinney, 1900: 234), because of the distribution of
rainfall and largely flat terrain of the basin, McKinney calculated the
‘effective’ and ‘ineffective’ portions of the catchment. In doing so, he
affirmed the basin’s waters as a resource. McKinney’s measure of the
effect of run-off on stream flow, once made spatially specific, demar-
cated those areas that contributed to discharge and those that did not.
The map showed that more than half of the catchment area contributed
nothing to discharge and that little of the water flowing through the
‘ineffective’ areas west of the Great Dividing Range reached the Darling.

Correspondence between McKinney and the NSW Premier shows
that hydrological knowledge (as represented on the map) lent support
to the moral claim that NSW made to the river. NSW was concerned
about the legal and political consequences of forging ‘one community’
defined by hydrology under the principle of riparian rights4 being ad-
vanced by SA, for it would

… enable the last named Colony to insist on the uninterrupted flow
of an immense proportion of the whole rainfall of the Continent,
simply because the waters of the Murray run through her territory to
the sea (NSW Royal Commission 1886 cited in Webster, 2017: 37).

Vital contributing tributaries lay within the territory of NSW,
whereas SA had no tributaries, being comprised entirely of ‘ineffective
catchment’. In McKinney’s words: ‘South Australia contributes practi-
cally nothing to the ordinary discharge of the Murray and therefore has
no moral right on that ground’ (cited in Webster, 2017: 38).5 Not sur-
prisingly, SA rejected this argument, stating that water rights do not
depend ‘on the locality of the watersheds, either in law or in equity’
(Interstate Royal Commission on the River Murray, 1902: 9).

Powell (2002) acknowledges McKinney for having supervised the
production of the ‘earliest noteworthy representation’ of the MDB as a
coherent whole and for demarcating the spatial limits of this ‘natural
unit’ (Powell, 2002: 102). However, he downplays the political context
of its making, and the calculative device that McKinney deployed has
been of no particular interest to historical geography or the water
histories of the basin since.

The map showed how significant were the winter and spring flows
of southern NSW and Victoria. It highlighted, for the engineers at least,
‘the necessity of storing largely of the winter flow to provide for dry
years’ at a regulated rate (Interstate Royal Commission et al., 1902: 15).
By 1913, the parties recognised that they could not rely on a method
that merely capped diversions and apportioned shares; instead, they
needed a ‘definite scheme for the regulation of the flow’ of the Murray
(Detheridge, Engineer in Correspondence to Victorian Premier, cited in
Guest, 2016: 49).

Talk of water ‘contributions’ and attendant rights and responsi-
bilities of access brought the waters (and human communities) draining
the basin into relation, but it also represented an attempt to differ-
entiate waters and the territories of the newly (but only partially6)
unified basin. By quantifying and mapping the productivity of stream-
flow, McKinney had sought to naturalise an asymmetrical relationship
between the southern states, one that would affect the size of SA’s
‘entitlement flow’. Returning to Menindee, an unproductive region by
this reckoning of water-yielding capacity, we can see how this modern
understanding of water renders certain regions less valuable than other
regions, and thus more vulnerable to changes in streamflow made in the

2 The river Murray came to serve as a boundary between the colonies of NSW
and Victoria at this time (Webster, 2017).

3 Even before major dams on the main stem during the early 20th century,
diversion for irrigation was capable of bringing the Murray’s flow to a standstill
(Mallen-Cooper and Zampatti, 2018).

4 The Australian colonies had inherited principles of British common and ri-
parian law that gave landholders conditional rights to surface water contiguous
with and adjoining their land (Clark and Renard, 1972).

5 Webster (2017) highlights a number of legal flaws in the reasoning of
McKinney, which we do not recount here.

6 Queensland was not involved.
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interests of the more powerful. As we will show, on a number of oc-
casions since, the NSW government has manipulated Menindee’s hy-
drosocial cycle to maximise the utility of the waters within its territory,
while satisfying its political-legal commitments to SA and Victoria. Si-
multaneously, this discourse of modern water, embedded in a legal
framework of basin-scale governance, and expressed through the notion
of an entitlement flow, suggested commensurability or equivalence
between waters. We return to this paradox below, when we see that the
‘ineffective catchment’ of the lower Darling became useful to NSW
when it was able to ‘count’ the flows from the reconfigured Menindee
Lakes as a contribution to SA’s entitlement.

Having discussed the map, we turn to the second technique that
enabled the economic use of water: the translation of the river into
mathematical formulae (Gregory, 2001), especially volumetric mea-
surement. Ascendance of the volumetric measure marks a key moment
in the making of modern water (Linton, 2010; Bouleau, 2014). This
form of conceptual abstraction was emergent during the navigation era
when it left no place for ‘local’ knowledge, whether held by Indigenous
people or settlers. It grew in importance during the water-sharing era
(1880s onward) when the rivers were codified as units of water in the
inter-governmental agreement (1914), which entitled SA to receive
1547 GL p.a. from NSW and Victoria. By this time the colonial en-
gineers, having previously worked independently, had had a number of

years to standardise their enumeration methodologies and were able to
verify their readings against one another, bringing into existence one
hydrological model of the basin (Inter-State Conference of Engineers,
1913).

Engineers employed new units of measurement of the stock of
water, including the ‘acre foot for storages’ and the ‘acre foot per month
for streamflows’ (Inter-State Conference of Engineers, 1913: 8). Thus,
both stored and flowing water came to be known for their capacity to
irrigate an areal unit of land: ‘the advantage of these units is that the
statement of any volume in acre feet permits for a quick perception of
the area of land it will cover for irrigation’ (Inter-State Conference of
Engineers, 1913: 8; emphasis added). Wescoat (2013) described the
normative connotations of such irrigation standards of water use, as
articulations of political power that reflected social values and justifi-
cations, as well as technical standards. In the Murray-Darling context,
the colonial state used the acre-foot as a planning standard in 1913 to
‘determine the matter’ of jurisdictional contribution to stream flow with
‘substantial accuracy’ and to demonstrate that vast tracts of land could
be irrigated (Insterstate Conference of Engineers, 1918: 7). This norm
drew on international data revealing that Australia’s standard con-
trasted favourably with the ‘low, wasteful’ one employed in California
in the 1880s (Wescoat, 2013).

Given the purpose of the 1914 Agreement was to ensure the

Fig. 4. Drainage area of the Murray River.
Source: McKinney 1900: Plate V.
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‘economical use of the waters of the river Murray and its tributaries for
irrigation and navigation’ (cited in Guest, 2016: 53; emphasis added),
parties sought to optimise water use and apportion shares to reconcile
their competing interests. The volume of water was paramount: gov-
ernments needed a metric by which they could regulate and distribute
the water/s. The primary concern in this phase of water governance
was to maximise storage and the ‘fullest possible use of water’ by
agriculture and trade to expand the settler population (McColl Inter-
state (Corowa) conference 1902; Berry and Jackson, 2018). The records
contain no indication that colonial technicians gave any thought to
Indigenous peoples’ relations with water, or to their knowledge of its
movement over time or space.

By apportioning water to its ‘fullest possible use’, irrespective of the
impact on the ‘natural’ watercourse and its embedded, situated, socio-
ecological relations, colonial authorities were engaging in an act of
deterritorialization (Linton, 2010), or dematerialization (Strang, 2004).
Although set within a ‘natural’ spatial unit, efforts to establish entitle-
ment flows rendered water placeless and its control could be more
easily transferred elsewhere. The dynamic of intensifying conceptual
abstraction and dematerialization continued into the next phase of the
hydrosocial cycle. As we shall see, it was a short step from quantifying
an abstract unit of water to exchanging it. Within fifty years, govern-
ments had coined the term ‘exchange water’ to describe that water
which would flow from the Menindee Lakes storage under a commit-
ment to SA. Through this hydrosocial configuration, Menindee was
drawn more tightly into the relations of the Murray River system, its
disembedded waters even being defined under law as part of Murray
River waters. Thus, the identity of water changed as experts and deci-
sion-makers established the technical, legal and physical means of ex-
changing water between states at the basin scale and promoted the
acceptability, indeed rationality, of the logic of efficiency.

3.3. Regulating the flow of the Darling: The creation of exchange water
(1950–1990s)

Through the twentieth century, water in the basin was governed in a
manner consistent with the core features of the state-hydraulic para-
digm (Linton, 2010; Swyngedouw, 2015; Bouleau, 2014). As govern-
ments augmented supplies in the period 1900–1970, water withdrawals
increased seven-fold (MDB Royal Commission, 2019). Significant gov-
ernment investment in irrigation infrastructure granted water agencies
the capacity to store 103% of annual runoff (Kingsford, 2000). Large
dams were built on the Murray and by the 1970s a ‘far-reaching series’
of dams covered the tributaries of the Darling (see Fig. 2), necessitating
weirs downstream at Mungindi, Walgett, Brewarrina and Menindee
(Corbett, 1962). Decisions about water use were based on the kinds of
hydrological expertise discussed above and they were centralised in
state agencies (Linton, 2014).

As diversions grew, SA was on constant alert for signals of dimin-
ished flow. The proposal by NSW and Victoria to build the Snowy
Mountains Hydroelectric Scheme in the 1950s not only tested the River
Murray Waters Agreement, it precipitated major hydrosocial changes
throughout the basin. This massive scheme, comprising 16 dams, di-
verted water from the Snowy and Tooma Rivers to the Murrumbidgee
and Murray (Guest, 2016). In SA’s view, once this water became
‘Murray water’, it was subject to the Agreement (Guest, 2016). The
upstream states disagreed and for three years excluded SA from nego-
tiations, prompting it to take out a High Court writ.

Subsequent negotiation increased SA’s entitlement flow propor-
tional to the sharing formula of the Agreement. SA offered a concession:
NSW and Victoria could take excess water from the Murray and replace
it with water from tributaries below Albury (Guest, 2016). The effect of
this amendment and the associated accounting device was to re-
configure flows in the lower Darling and introduce ‘offsetting’ to the
basin. NSW could meet its commitment to SA by limiting irrigation use
in the Murrumbidgee and Murray areas, or it could instead use Darling

River water.
However, forecast increases in diversions through storage con-

struction in the Darling’s upper tributaries posed a threat to the latter
option, preferred by NSW. As early as 1962, projected diversions in
Queensland were discussed publicly as a factor that could limit ex-
pansion of irrigation at Wentworth and the capacity of NSW to meet its
obligations to SA (Corbett, 1962). NSW would therefore need more
storage capacity in the lower Darling, and the ephemeral lakes at Me-
nindee were chosen as the storage site. In Menindee’s ‘destiny’, the
Chair of the NSW Water Conservation and Irrigation Commission
(WCIC) could see the teleology of modern water:

The Menindee storages project is thus the next logical step in the
long train of events from the earliest exploration to the stage of
complete utilisation and control of the longest river in New South
Wales (1962: 7).

Use of the Menindee Lakes for water supply had been on the
drawing board since the late nineteenth century. The lakes ranged up to
25 feet in depth below the level of the surrounding landscape, filling in
times of flood then discharging back to the river as water subsided
(Scholz et al., 1999). Eventually they would dry as water evaporated. In
addition to providing SA’s entitlement flow, impetus for the scheme
came from the need for a reliable supply for the significant mining town
of Broken Hill (100 km northwest of Menindee) (Fig. 5) and other
settlements, including Menindee (provided via a pipeline in 1952)
(Scholz et al., 1999). Residents of Broken Hill relied on Menindee as a
recreational site and during emergencies, before Broken Hill had its
own reservoir, the Darling River provided Broken Hill with water via
the railway to Menindee built in 1919. At various times, Broken Hill’s
civic leaders proposed irrigation schemes near Menindee to supply the
remote city with fruit, vegetables and dairy produce. The NSW gov-
ernment had refused to subsidise any public works, preferring irrigation
development on other rivers (Corbett, 1962).

The lakes were enrolled as basin infrastructure when reconfigured
with dams, weirs, levee banks, regulators and other structures in the
1950s, in response to the Snowy project. Maximising storage volumes
promised a ‘continuous safe draft of 580 cusecs after allowing for heavy
evaporation losses’ (Enticknap, 1964). The modifications increased
storage by a factor of eight, bringing volumetric capacity to five times
that of Sydney Harbour7 (Munday, 1962).

The Chair of the NSW WCIC observed that ‘The ability to use
Menindee water as ‘exchange’ water will be particularly valuable
during periods of drought in the Murray catchment’ and it would allow
irrigation districts in other parts of the state to grow (Corbett, 1962:
12). While it might be thought of as a precursor to the water savings
measures that now dominate debates about river restoration in the
basin, this exchange water was not an offset as we have come to un-
derstand the term since the emergence of market-based conservation
instruments (Robertson, 2000). There was no limit on growth of di-
versions, in fact sending stored water to SA via the Darling enabled
NSW to increase diversions on the Murray, the Murrumbidgee and the
tributaries of the Darling. Nonetheless, scripting water as a transferable
‘unit’ (NSW Archives 16 December 1958) represented a further step in
the abstraction of modern water, this time through an act of spatial
abstraction (Robertson, 2000) that made water fungible. Knowing it as
exchange water denied the place-specificity of water: a unit of water in
one place could be replaced by water in another. In the Broken Hill
Truth, for example, the Minister for Conservation said: ‘When we supply
SA with water from Menindee a like amount in the Murray River could
be used by NSW between Wentworth and the Hume Reservoir’ (NSW
Archives 16 December 1958). Through this act of engineering, and the
enabling knowledges and social structures, the creation of exchange

7 A SydHarb is an unofficial but common Australian measure of water vo-
lume, equivalent to approximately 562 GL.
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water transformed the lower Darling from ‘ineffective’ to ‘effective’ in
McKinney’s classification of hydrological productivity.

There were undoubtedly social benefits of the Menindee Lakes Plan
for some sectors of the local community, at first from recreation, but
later tourism and horticulture. In the 1960s, the WCIC was cautious in
its support for water sports such as skiing and boating on the regulated
lakes, for they did not want the community to become reliant on par-
ticular water levels. The Commission reminded local recreational
groups that the lakes were ephemeral and when they contained water,
it was committed to ‘water users’ of the lower Darling and Murray
Rivers (NSW Archives, 26 June 1967). Correspondence from the Se-
cretary of the NSW WCIC in 1959 reveals that even before the lakes
were fully adapted to a modern water scheme engineers had anticipated
the hydrological effect on the lower Darling, noting that:

The stage could certainly be reached when it would be impossible to
maintain the flow to SA and meet the present requirements on the
lower Darling and the Great Anabranch (NSW Archives, 1968).

From the archival record, it appears that water specialists did not
anticipate the ecological effects of regulating the flow regime of the
lower Darling. The scheme as well as upstream diversions and regula-
tion have since significantly modified the flow regime in ways that ‘may
prove critical for the ecological health of the system’ (Thoms and
Sheldon, 2000: 10) but these hydro-ecological relations were invisible
to decision-makers of the day. Similarly, there is no evidence that
governments considered the effects of this scheme on Indigenous peo-
ples of the region.

Since the 1970s,8 NSW and the River Murray Commission (later the
MDB Commission and MDB Authority) have jointly managed the lakes
to produce a constant flow. NSW owns and operates the storage but the
Agreement requires the MDBA to include the water held within the

lakes as part of the ‘shared resource of the River Murray system’. The
MDBA is empowered to use lake water at levels above 640 GL to meet
river orders (towns, irrigation, industry, environment, SA commitment
of 1850 GL per year) (AAS, 2019). Once the storage volume falls below
480 GL, it reverts to NSW management to meet local demands. Between
640 GL and 480 GL the lakes are jointly managed. The high rate of
evaporation from Menindee Lakes, estimated at 426 GL a year on
average,9 has meant that ‘these waters are usually preferentially used
relative to stored water in the upper [Murray] catchment storages’
(AAS, 2019: 31). Management rules require sufficient water in the lakes
to supply Broken Hill for two years (AAS, 2019). Some water (125 GL)
cannot be ‘accessed for consumptive use’, and is referred to as ‘dead
storage volume’ in management discourse (NSW Department of
Industry, 2018: 6). Since the 1990s, operational decisions have ac-
counted for ecological processes (e.g. minimising erosion).

We saw in the previous phase that treating rivers as a source of
water for extraction, and naming the flow as a resource, heightened the
need for a quantitative approach to water. In this phase, water re-
mained an object of calculation, but it became known to the state in a
way that made it an object of exchange. In the next section, we will see
how the hydrological discourse of the neoliberal era has intensified the
rationalities mobilised by the accounting devices and exchange me-
chanisms of modern water’s earlier expression. Through changes in the
management of water under a historic market-oriented water recovery
project, the 2012 Murray Darling Basin Plan, Menindee Lakes and the
lower Darling have been further enrolled into regulatory arrangements.
This time it was not by contributing flows of water, but by the even
more abstract work the Lakes might do to generate ‘evaporative sav-
ings’ of water.

Fig. 5. Map of Menindee Lakes and lower Darling River.
Source: Adapted from Vertessy (2019) by First Class Communications.

8 Following an increase to SA’s entitlement that came with agreement to forgo
plans to build a dam on the Murray in SA and instead support a more ‘eco-
nomical’ dam in Victoria (Guest, 2016). 9 700 GL when the lakes are full (NSW Department of Industry, 2018: 7).
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3.4. Saved water (2000s – present)

Prompted by excessive extraction, declining water quality and
ecological degradation, Australian governments reformed water policy
in the 1990s. In line with neoliberal ideals, governments set a reform
course to restructure property rights, put a price on water and reset the
balance between irrigation and environmental use. They separated land
and water titles to enable trade and committed to legally protecting
environmental flows (Pittock et al., 2013). Diversion limits were in-
troduced over two stages, first in 1995, when water use was capped
and, second, following a serious drought, when in 2012 the Basin Plan
commenced a wind back of water extractions by about 25% (2750 GL)
(Grafton, 2019). Governments also allocated more than 10 billion
dollars (Aus) to purchasing entitlements and to investing in infra-
structure projects to reduce agricultural water use (Pittock et al., 2013;
Grafton, 2019). Water management coordination is now the responsi-
bility of the Murray Darling Basin Authority (MDBA).

The Basin Plan included a Sustainable Diversion Limit Adjustment
Mechanism (SDLAM) that allows an increase in SDLs of up to 650 GL of
water from ‘supply measures’, and 450 GL of additional water from
‘efficiency projects’ (MDBA, 2017: 1). Supply measures include building
or improving river or water management structures and changes to
river operating rules, whereas efficiency projects entail making ‘con-
sumptive water use more effective and efficient’ (MDBA, 2017: 11;
Pittock et al., 2013). According to Grafton (2019: 126), supply mea-
sures have been justified by the need to ‘balance environmental with
socio-economic objectives’, and are being undertaken with funds ori-
ginally allocated for the direct purchase of water entitlements from
irrigators. In 2017, NSW proposed to reconfigure the Menindee Lakes as
its major contribution to ‘saving’ the 605 GL required across the basin.
The project represented an ‘opportunity to account for the equivalent
environmental outcomes achieved from the improved management of
the Lake system and more efficient use of water by environmental water
holders’ (Blackwatch, 2017: 9). We refer to this phase as one in which
water is ‘saved’ because water accounting technologies dominate this
neoliberal era that has seen legislative commitments to the restoration
of the environment via a market mechanism. At the same time, the
quantities directed to environmental gain, or claimed as ‘savings’, under
these measures are vigorously contested (see MDB Royal Commission,
2019). Some have described the underlying programmatic assumption
that ‘scarce water supplies can be divided further, while conserving the
environment and maintaining agricultural production’ as beguiling
(Pittock et al., 2013: 111). Others question more directly the veracity of
the ‘savings’, calling for safeguards to ensure they will be ‘realised in
the real world’ (Wentworth Group, 2017: 53).

NSW considered the lake system, with its large surface area to vo-
lume ratio, a promising candidate on the premise that ‘evaporative
water loss from the Menindee Lakes could be reduced [and] sig-
nificantly more water could be made available for the environment’
(NSW Department of Industry, 2018: 7). The plan is to reduce the
surface area of the lakes and draw down water levels more quickly by
releasing higher flows from weir 32, the site of the fish kills (MDBA,
2017). ‘Saving’ approximately 106 GL p.a. will require engineering
works, changes to lake operating rules, and socio-economic ‘adjust-
ments’ that include ‘removing irrigation and town water supply de-
mands’ (Blackwatch, 2017: 9). To assist NSW in the endeavour, the
Commonwealth purchased a large irrigation licence downstream (used
at Tandou for cotton) from the corporation holding Australia’s biggest
water portfolio (Gooch and Beilharz, 2017). Claiming that ‘this water
acquisition is not just about the gigalitres’ the Agriculture Minister drew
attention to the wider gains when he said ‘It is about the significant
strategic, long-term benefits it will deliver for irrigators and commu-
nities right across the southern basin’ (Gooch and Beilharz, 2017).

In addition, in 2018 NSW built a $500 million 270 km pipeline from
the Murray River to Broken Hill arguing that the drought of 2001–10
necessitated the infrastructure expenditure. Many Menindee locals

argue that disconnecting the large town from the Darling amounted to
‘decommissioning the lower Darling’ (Davies and Bowers, ABC, 2019).
It has left the region and its communities even more insecure because
there is no longer any requirement to retain ‘town water’ in the lakes
(or to keep stored water). After the lakes/storages are reconfigured, and
the lower Darling becomes drier more often, the permanent plantings
that a few small-scale horticulturalists have sustained will be unviable
(Australia Institute, 2018). These operators are still waiting for offers
from the Commonwealth to buy their water entitlements.

Consistent with the earlier expression of the logic of efficiency
under exchange water, the needs of other more productive uses are to
take precedence in this contemporary account of water’s value.
According to the business case for the project: ‘These savings will make
more water available to achieve environmental outcomes without the
need to recover additional water from productive uses, avoiding so-
cioeconomic drawbacks’ (NSW Department of Industry, 2018: 11).
Cotton Australia has seen ‘making water more available’ as a positive; it
lobbied for the new pipeline from the Murray to Broken Hill, while
irrigators in both the northern and southern basins support the wider
efficiency project because it would ‘allow them to use more water’
(Australia Institute, 2018: 10). In this phase of the hydrosocial cycle,
the environment is scripted as a ‘user’ (cf. Lavau, 2013), enrolled in a
way that justifies increased agricultural water use.

While proponents list the reinstatement of natural drying and
flooding cycles as local environmental improvements, alongside the
installation of fishways, others have raised significant questions about
project design and its many impacts, particularly on fish nurseries,
which serve to restock the entire river (MDB Royal Commission, 2019;
AAS, 2019). The scientific basis of the NSW government’s position is
certainly under question. Opposition to the scheme to make the Lakes
work harder has seen some challenge state agency estimates of eva-
poration rates and their conclusion that Menindee Lakes offers the
greatest potential of all southern storages to reduce evaporative losses.

Menindee’s politics of evaporation is revealing, particularly of the
contradiction of the hydrologic cycle (Linton, 2010). In this kind of
hydrological discourse, evaporation is construed as a loss, a process that
transforms water into a material (in a place or time) of no immediate
use to humans. However, as Linton contends, ‘it is not a loss to the
hydrosphere, to non-human nature, or to the hydrologic cycle. It may
be considered a loss only by those for whom the available water flowing
in rivers, stored in lakes or held in aquifers is what really counts – in
other words, those for whom water is a resource’ (2010: 185). The
business case for the Broken Hill pipeline depicts evaporation as a
water-consuming subject that deserves to be governed by the same
norms of efficiency as water customers. This form of accounting com-
pares evaporation’s ‘use of water’ unfavourably to the reasonable water
consumption patterns of the local population:

The primary consumer of water in the Menindee Lakes is evapora-
tion with an average of 420 GL lost every year due to the dry, hot
and windy conditions. By comparison, customers in the Broken Hill
region require access to 10 GL per annum, or 2% of the annual
amount lost to evaporation (NSW Department of Primary Industries
2019: 25).

It is important to consider not just how well this water accounting
technique represents real changes in water use but also what kinds of
effects it produces in practice. This form of abstraction focuses on the
physical processes of atmospheric circulation but it illogically portrays
evaporation as external to the hydrological cycle. In this representation,
evaporation is a sink that draws water from human use, rather than an
engine or driver of water’s movement within a closed hydrological
cycle, which is the more conventional representation. This representa-
tion foregrounds a specific version of the water cycle that is relevant for
policy purposes. The atmosphere of the lower Darling is now a ‘waster’
of water, much like the flooding regimes of Australian rivers have often
been perceived by those adherents to Australia’s ‘wastewater mentality’
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(Arthington and Pusey, 2003: 380). The region has gone from being
seen as ‘non-effective’ for not capturing enough water (in McKinney’s
schema), to defective because it lets too much go, according to the logic
of accounting for water savings and losses.

Water accounting creates a space through which evaporative ‘sav-
ings’ travel (cf. Robertson, 2000). In doing so, it forges particular
connections between the local and wider scales at which the putative
savings are constructed and calculated. In our case, hydrological ex-
perts calculate the wastage foregone under an intervention in the hy-
drological cycle at Menindee as a saving at a spatial scale way beyond
the immediate vicinity of the lakes, the river or the Department of
Primary Industries’ Menindee office, where evaporation is measured.
Previous eras, when the object of management was flowing water, es-
tablished the basin as the logical ‘natural’ unit for water management.
Those who contest basin water measurement practices today have not
yet questioned the validity of the scale at which the social abstraction
‘saved water’ functions. Critics have identified instead the method of
calculating evaporation rates and the exclusion of private storages from
basin tallies (Davies and Bowers, 2019), amidst scrutiny of the highly
complex water accounting regimes, their financial cost and the probity
of the administration of a billion dollar subsidy program.

At the current point in the hydrosocial cycle of the lower Darling,
the ecological implications of changing the flow of water have gained
far greater attention than in previous phases (Thoms and Sheldon,
2000). River scientists call for protection of environmental flows and
connectivity of vital habitats for fish spawning and movement
throughout the Darling (AAS, 2019). The effects on Indigenous heritage
and relationships with the river require consideration under various
laws, although the Barkandji object to the water saving project, both its
material effects and the way it has developed. The recent MDB Royal
Commission (2019: 24), triggered by SA’s concern over administration
of the Basin Plan, cast significant doubt on the legality of the en-
vironmental offsetting proposed at Menindee. Local communities and
others continue to contest vigorously the hydrological knowledge and
economic logics upon which water agencies base their assessments and
management decisions. Water specialists call for ‘comprehensive water
accounting supported by measurements, calculations, estimates and
system modelling’ (MDB Independent Review Panel cited in Grafton,
2019: 125), but in the search for solutions none explicitly question the
role of modern water.

4. Conclusion

We have shown the dynamic of the hydrosocial cycle over four
historical phases, revealing the embedding of modern water in the MDB
and some consequences for the lower Darling and beyond. The different
hydrosocial configurations share a driving dynamic of conceptual ab-
straction – from unimpeded navigation flows to entitlement flows based
on complicated formulae and the morality of catchment productivity, to
exchange flows that make water fungible and conceptually amenable to
marketing and offsetting, and finally to saved water where the fung-
ibility encompasses the atmosphere. The hydrosocial cycle continuously
transforms the socionatures constituting the Basin, nonetheless water in
each of these configurations is always a resource to be used according to
economic rationality. Although the success of abstraction is not com-
plete, few have explicitly identified modern ways of knowing, re-
presenting and relating to water as the source of alienation from and
destruction of the region’s waterways.

In doing so our contribution has been to reveal three previously
unidentified social processes that help understand the current state of
crisis in the Basin. First, we have shown how colonial era hydrological
expertise supported political imperatives to establish the basin as a unit
of governance. It is well known that the basin scale of analysis and
accounting is not an innocent scientific fact but a social achievement;
Australian historians of water nominate irrigation as the catalyst for the
pursuit of environmental knowledge that enabled regulation and

control of the basin. Powell (1993; 2002) for instance has described the
role of hydrological expertise in constructing the basin as a geo-
graphical unit at the turn of the 19th century, but he focuses on the
territorial land base or unit that could sustain irrigation. Powell’s ac-
count, and other Australian water histories, overlook the contributions
that modern water in the form of navigation flows made to the gen-
eration of an imperial hydrological model, and they give insufficient
attention to the scientific practices and forms of technical control
achieved by modern water. Further, no one has critically examined the
notion of hydrological productivity that lay at the heart of the early
water accounting processes (the ‘effective’ and ‘ineffective’ device that
rendered the lower Darling vulnerable).

Our second contribution has been to reveal an early form of off-
setting in exchange water, a precursor to commodity relations with
water. The timing of this discursive shift towards conceptualising water
as fungible and the technological regimes that made commensuration
possible is particularly interesting. It occurred in the middle of the state
paradigm, at least three decades before market environmentalism took
hold in Australia and governments commodified water to facilitate its
exchange between individuals. In the case of exchange water, the
transfer was between governments not individuals, and under inter-
governmental agreement not private contract, but it was in-
stitutionalised in laws, agreements, hydrological techniques and norms
and in the physical structures that represented and reproduced modern
water many years before markets were introduced. Although it may be
tempting to characterise the MDB SDLAM process and its water savings
projects as an offspring of the recent turn in environmental policy to-
wards offsetting, the history of hydrosocial change presented here re-
veals a deeper cultural heritage tied to modern ways of understanding
and relating to water.

Third, we have identified a politics of evaporation in various at-
tempts to exclude evaporated water from the hydrologic cycle by
casting it as a ‘loss’ or, alternatively, ‘saved’ water. Evaporation is more
than a site of technical management, it is also a site of politics and
contestation. The water accounting technologies revealed here could be
productively compared to carbon accounting (Turnhout et al., 2015)
particularly as regards the calculative practices, and processes of
commensuration and spatial abstraction. In exploring the contra-
dictions evident in the conceptualisation of evaporative water savings,
we come back to the question of scale. The unity of the basin, fixed in
the colonial era, continues to be relied upon for a very different set of
hydrosocial relations.

Together, over time, these hydrosocial processes have system-
atically dewatered the lower Darling from both upstream and down-
stream. Modern water is in crisis because of its attempts to separate and
remove the social from water, both earlier than previously thought, and
continuing into the present. Resistance to abstraction, commensuration,
disembedding and other practices characteristic of modern water is
evident in the actions of the Menindee community.

For Linton and Budds (2014), the utility of the hydrosocial cycle is
to render visible social and political processes that are otherwise elided,
naturalised or invisible, so that alternatives can be explored. The con-
ceptual contribution of this paper has been to identify limitations in the
extent to which the hydrosocial framing captures the ontological di-
versity and complexity of water upon which alternative models of hy-
drosocial organisation and water governance might be built. In settler
colonial contexts as here, the things that are rendered visible in an
account of modern water’s development are partly absences, including
historical erasure and dispossession of Indigenous peoples and their
water relations. Further, alternative ontologies such as those of the
Barkandji both intersect with and exceed the hydrosocial framing of
modern water. If reified too far, that hydrosocial framing thus risks
reinforcing the hegemony of hydrological expertise that its critique
seeks to open up and destabilise. The next generation of hydrosocial
studies needs to go beyond revealing the social nature of modern water
and examine its entanglements with non-modern waters, including
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endogenous hydrosocial relations and management practices that di-
rectly challenge modern hydrological discourse and its destructive ef-
fects. Nowhere is this clearer than on the lower Darling, where the
intensifying crisis demands more than technical fixes or ramped up
efficiencies. Rather it demands of us not only a new engagement with
the social lives of water but also openness to alternative, better ways of
relating to one another and to non-human others.
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