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Abstract. This paper assesses the changing norms of wa-
ter use known as the duty of water. It is a case study in
historical socio-hydrology, or more precisely the history of
socio-hydrologic ideas, a line of research that is useful for
interpreting and anticipating changing social values with re-
spect to water. The duty of water is currently defined as the
amount of water reasonably required to irrigate a substantial
crop with careful management and without waste on a given
tract of land. The historical section of the paper traces this
concept back to late 18th century analysis of steam engine
efficiencies for mine dewatering in Britain. A half-century
later, British irrigation engineers fundamentally altered the
concept of duty to plan large-scale canal irrigation systems in
northern India at an average duty of 218 acres per cubic foot
per second (cfs). They justified this extensive irrigation stan-
dard (i.e., low water application rate over large areas) with
a suite of social values that linked famine prevention with
revenue generation and territorial control. The duty of water
concept in this context articulated a form of political power,
as did related irrigation engineering concepts such as “com-
mand” and “regime.” Several decades later irrigation engi-
neers in the western US adapted the duty of water concept to
a different socio-hydrologic system and norms, using it to es-
tablish minimum standards for private water rights appropri-
ation (e.g., only 40 to 80 acres per cfs). While both concepts
of duty addressed socio-economic values associated with ir-
rigation, the western US linked duty with justifications for,
and limits of, water ownership. The final sections show that
while the duty of water concept has been eclipsed in prac-
tice by other measures, standards, and values of water use
efficiency, it has continuing relevance for examining ethical
duties and for anticipating, if not predicting, emerging social
values with respect to water.

1 Problem statement

In a doctoral qualifying exam, a senior faculty member asked
the candidate to discuss the duty of water concept in irriga-
tion, to which the candidate briefly replied that while it had
been an important standard for application rates in the early
20th century, it had been replaced by more precise standards
of water use efficiency. While accurate, my answer at that
time stopped short of considering how and why these water
norms have changed over time, and whether such changes
can be anticipated if not predicted. I did not question the odd
sound of the dutyof water expression at a time when soci-
eties were increasingly asking whether there were dutiesto
water. Nor did I reflect upon why the word “duty” was used,
or what connotations it has had, past and present? This paper
strives to address these questions.

The duty of water concept is still used in some irrigated re-
gions to establish basic standards of water use. An influential
judicial opinion defined it as:
That measure of water which, by careful management and
without wastage, is reasonably required to be applied to any
given tract of land for such a period of time as may be ade-
quate to produce therefrom a maximum amount of such crops
as ordinarily are grown thereon (State of Colorado Supreme
Court, 1954).

There are many interesting phrases in this definition:
“careful management”, “without wastage”, “reasonably re-
quired”, “adequate”, “maximum amount”, and “ordinarily
grown”. These terms have complex normative connotations
as well as analytical significance. They refer to:
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– ordinary practices (i.e., normal water uses);

– standards (i.e., measurable expectations for normal
water use practices);

– values (i.e., ascription of instrumental, inherent, and/or
intrinsic water significance); and

– justifications (i.e., reasons for water values, standards,
and practices).

Collectively, these normative dimensions of water use help
compare observations with expectations. In addition to un-
derstanding how norms operate in specific places today, it is
important to reconstruct how they have developed over time
in ways that have shaped contemporary water problems. Ap-
proached in an historical way, water duties can be understood
in dynamic terms, i.e., less in terms of established norms, and
more in terms of emergent norms. The historical geography
of water norms can help extend predictive explanation toward
the social as well as hydrologic bases of water management.

2 A socio-hydrologic framework for analysis

Rather than treat social and hydrologic dimensions of wa-
ter management separately, socio-hydrology strives to ex-
amine them jointly, as they are produced and experienced
in the world. Socio-hydrology is thus an emerging field of
water inquiry analogous to the field of eco-hydrology (e.g.,
Eagleson, 2005). It is defined by Sivapalan et al. (2012) as
the co-evolution or co-production of water–society relation-
ships in time and space. Co-evolution is characterized by
emergent properties in social and hydrologic systems, the
focus of which in this paper are emergent water norms (cf.
Falkenmark and Folke, 2010; Gerlak et al., 2011).

Sivapalan et al. (2012) identified three main lines of socio-
hydrologic research: (1) historical; (2) comparative; and
(3) process-focused. This paper pursues the first category of
historical socio-hydrology, which offers a longitudinal per-
spective on changing water norms and thereby stimulates
ideas about future water management alternatives. When ap-
proached critically, historical socio-hydrology can also com-
plement and challenge other approaches to prediction, in-
cluding scenario construction and water demand forecast-
ing. Glantz (1988) referred to this as forecasting by anal-
ogy, in which societies construct analogies about possible fu-
tures and assess their preparedness to meet them (cf. Meyer
et al., 1998; Wescoat, 1992). More radical challenges con-
centrate on the social dynamics of power relations, political
struggles, and modes of production in socio-hydrologic sys-
tems (Bakker, 2010; Baviskar, 2007; Mustafa, 2013; Swyn-
gedouw, 2004; Zeitoun, 2011). This paper strives to link the
history of water norms with socio-hydrologic practices that
have shaped them.

With this brief explication of the historical socio-
hydrologic approach, the next section traces the origins of

the duty of water concept back to steam engine performance
in late 18th century Britain. The paper follows its evolving
application in canal irrigation in colonial India, the American
West, and contemporary water ethics.

3 Origins of the duty concept

The concept of duty has an ancient history (Cicero, 1991),
but as a measure of water-related efficiency it can be traced
back to late 18th century steam engine technologies in
Britain. James Watt used the term duty to compare his
patented steam engine performances with competing engines
for mine dewatering in Cornwall (Nuvolari and Verspagen,
2007). From Roman times mines had employed chains of
buckets drawn by geared water-lifting technologies, later
known in Europe as whims, horse gins, horse windlasses,
or horse capstans for short lifts of meters to several tens of
meters (Fraenkel, 1986; Moseley and Mahan, 1866, pp. 203–
204; Oleson, 1984; Schiøler, 1973).

In 1712, Thomas Newcomen invented an early steam en-
gine, named after himself, for draining tin and copper mines
in Cornwall (Andrew and Allen, 2009). It was not the first
steam device, early visions of which can be traced back to
Hero of Alexandria, but 18th century Britain was the context
in which steam engines competed with animal-driven water
lifting machines. The relative efficiency of early steam en-
gine pumps in Britain was not quantitatively measured until
James Watt and partner Mathew Boulton developed more ef-
ficient engines and ways of comparing them with other tech-
nologies. Watt developed the concept of horsepower to com-
pare his steam engines with the horse capstan (Cleveland,
2007; on the definition of horsepower as the physical work
a horse can do by turning a 12-foot radius shaft a rate of 2.4
rotations per minute with a force of 180 foot-pounds [ft-lbs],
which Watt overestimated at about 33 000 ft-lbs per minute).

To compare steam engines, Watt developed the concept of
“duty” around 1776 CE, defining it as the amount of phys-
ical work performed by an engine, measured in ft-lbs lifted
per bushel of coal burned (Nuvolari and Verspagen, 2007).
A bushel of coal weighed approximately 94 pounds and was
an expensive input, so much so that Watt charged steam en-
gine purchasers one-third of their savings in coal costs com-
pared with a Newcomen engine as their “due.” The term duty
thus applied both to the physical performance of the engine
and to economic charges for the engine’s reduced coal costs
(Cardwell, 1993, 1994; Symons, 2003, App. 1).

Watt and partners were secretive about their innovations,
but steam engine owners were not. They wanted comparative
data on engine duties, and commissioned Joel Lean to pub-
lish Lean’s Engine Reporter, which ran from 1811 through
1904 (Nuvolari and Verspagen, 2007). Comparative analysis
of engine data recorded impressive gains in engine efficiency
during the early to mid-19th century, from millions to tens of
millions of ft-lbs per bushel.
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This earliest concept of duty focused on water-lifting.
There were stray, sometimes figurative, references to water
performing a duty, i.e., physical work, in early 19th cen-
tury English and Scottish publications (e.g., a stream does
its duty, Aikin, 1805). An 1852 article argued that steam en-
gines would give irrigators in Britain a competitive advantage
over countries that had lower labor costs (Johnson, 1852).
However, there would be important differences between the
duty concepts applied in irrigation as compared with the in-
tensely competitive steam engine business in Britain. Some
of the mechanistic physical reasoning would persist (e.g.,
Johnson et al., 1977). The norm in steam engine pumping
period was to maximize physical and economic efficiency;
irrigation norms were more complex.

4 The duty of water in 19th century canal irrigation in
India

Irrigation is even more ancient than water lifting technolo-
gies (Steward, 1990). Pre-modern irrigation systems in South
Asia included floodplain farming in large perennial river val-
leys; many types of well, tank, and check dam irrigation;
and a few long-distance canals (for historical reviews see
Agarwal and Narain, 1997; Hegewald, 2002; Mosse, 2003).

The duty of water concept was adapted for large canal
irrigation systems that ran tens to hundreds of kilometers
in length. The pre-colonial antecedents of these canals may
be briefly described. The earliest documented large canal in
north India was commissioned by Sultan Firoz Shah Tugluqh
in the mid-14th century (Habib, 1999, p. 34). It diverted wa-
ter from the Yamuna River north of Delhi to the towns of
Hansi and Hissar in the southwest. After lapsing in periods of
political instability, it was renovated by a provincial governor
in the Mughal period around 1570–1571 CE. A half-century
later it was renovated again by the Mughal ruler Shah Jahan,
and a branch was extended approximately 120 km eastward
to the new Mughal capital of Shahjahanabad (known today as
Old Delhi) for urban and agricultural water supply. Two other
large 17th century canals were constructed on the Ravi and
Chenab rivers in the Punjab plains, and an 18th century canal
was taken from the east bank of the Yamuna River. Court
historians described the normative aims of these works as
extending cultivation for the prosperity of subjects and rulers
(ibid, 35–36). There were thus only a few precedents for the
massive extension of large-scale canal irrigation systems that
developed from the 19th century onward.

British irrigation schemes in India had tentative begin-
nings and mixed aims, with surprisingly limited connection
to contemporary European advances in water and agricultural
sciences. There was nothing comparable to Lean’s Engine
Reporter, and there were few references to irrigation in the
colleges that trained officers for service in India at Hailey-
bury, Addiscombe, and the Royal Indian Engineering Col-
lege at Cooper’s Hill. Nineteenth-century British administra-

tion was still headquartered in humid Calcutta while Delhi
and more drought prone regions belonged to the peripheral
North Western Provinces.

As early as 1805, an entrepreneur proposed to reopen the
West Jumna Canal above Delhi at his expense in return for
the revenues it might yield, but the East India Company de-
clined (Colvin, 1833; Baird Smith, 1852). Public sanction
for canal repairs began in 1810 but had little to show on the
ground until 1820, and even then with reportedly poor qual-
ity earthworks (Colvin, 1833). Increased staffing led by John
Colvin and Robert Smith, an artist-engineer, contributed to
large-scale surveys for irrigation development on the inter-
fluve (doab) between the Ganges and Yamuna (Archer, 1972;
Skempton, 2002, pp. 148–149). Colvin (1833) published one
of the first wide-circulation reviews of the emerging aims of
irrigation, emphasizing its general improvement of the coun-
try through abundant water for land reclamation. Writing in
the mode of an engineer, he represented irrigation finance
more as the avoidance of financial waste rather than as the
generation of revenue. He discussed a wide list of canal uses
in addition to irrigation, including waterpower, water supply,
transport, fishing, and forest tree planting. In all of these dis-
cussions, however, Colvin did not mention the area of land ir-
rigated, the amount of water used per unit of land, or concept
of water duty. Aside from stray references, such as an 1835
piece in the Meerut Universal Magazine that estimated the
quantity of water withdrawn from a well by a Persian wheel,
there was little evidence of emergent standards of water use
during the first third of the 19th century (Bayley, 1835).

This began to change after a horrific drought and famine
in 1837–1838. The first major planning study for a Ganges
Canal was completed in 1840, which estimated that one cfs
could irrigate 218 acres of land (i.e., 350bighasin local units
of measurement) (Cautley, 1841). An ambitious new engi-
neering school was planned at the town of Roorkee by engi-
neer Proby Cautley in 1841. It opened in 1848, located strate-
gically at the headworks for the new Ganges Canal. Similarly
grand plans were laid out for Punjab rivers by Richard Baird
Smith (1849a), again using the water planning standard of
218 acres per cfs. Finally, a report titled Sketch of Mairwara
by Lieutenant-Colonel C. J. Dixon (1850) referred explic-
itly to the “irrigative duty” of that region. Although Dixon’s
study did not have much impact on the field, its timing indi-
cates that the duty of water concept developed in 1840s irri-
gation planning – a good half-century after its use in steam
engine pumping.

The literature on irrigation in India then developed in rapid
and impressive ways with early accounts in the Calcutta Re-
view (Baird Smith, 1849b) and the North American Review
(Norton, 1853). British engineers published detailed compar-
ative studies of irrigation duties in India and southern Eu-
rope (Baird Smith, 1852; Scott-Moncrief, 1868). The East
India Company created a Department of Public Works in
1854 which was responsible for major canal irrigation and
issued annual reports about its achievements and challenges
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(Government of India, 1857). However, the Revolt of 1857
led to transfer of power from the East India Company to the
Crown which, along with a famine in 1860–1861, marked
a major shift toward public irrigation and further elabora-
tion of the duty of water concept. In 1864, a report on the
Ganges Canal used the duty of water standard for analytical
and planning purposes (Crofton, 1864). Duties of water for
different canal commands in India ranged from 170 to 528
acres per cfs diverted, depending upon canal losses, soil con-
ditions, crop water requirements, and cultivation practices.
Three years later, the duty of water concept was said to be
well-known (Wilson, 1867).

Finally, Beresford (1875) explicitly compared the estima-
tion of irrigation duty on the Ganges Canal with the calcula-
tion of steam engine duty, completing the chain of analysis
that developed over the course of a century. The duty concept
was thus not directly transferred from one socio-hydrologic
context to another, but instead followed a slow multi-linear
process. The emerging norms for irrigation were heteroge-
neous compared with steam engine efficiency. Of the dual
colonial irrigation concerns with efficiency and waste, the
latter was more salient in the writings of engineers, if not
administrators (Gilmartin, 2003). The logic of these large ir-
rigation duties in India was to spread water as extensively
as possible, maximizing the area irrigated, which some have
called protective irrigation (Jurriens et al., 1996). While this
provided a measure of crop insurance against drought, it con-
tributed to the predictable under-performance of deficit irri-
gation systems. Water-spreading aggravated scarcity in the
tail-ends of unlined canals and watercourses (Bandaragoda
and Rehman, 1995, p. 31). It may also have slowed the adop-
tion of high value drought-sensitive horticultural crops.

Postcolonial irrigation historians have shed light on the
normative contradictions and struggles between imperial sci-
ence and the science of empire, and their consequences for
environment and society (Gilmartin, 1994). It was a socio-
hydrologic system that conflated resource efficiency with
revenue generation, elite cooptation, pacification, famine
protection, territorial control, strategic positioning in inter-
national cotton markets, and the diverse interests of colo-
nial engineers (Ali, 1988). Although employed as a planning
standard for reclaiming vast tracts of land, the duty of wa-
ter concept in India had limited value for administering wa-
ter use standards at the farm or field levels, where a state-
administered time-based system of irrigation turns through
fixed outlets prevailed. The duty of water concept thus had
limited utility in Indian irrigation projects after the initial
phase of canal command planning.

5 Evolving water norms and duties in the western US

The US followed irrigation development in British India with
keen interest. The first detailed publication on the subject
was by a literary scholar and art historian Charles Eliot Nor-

ton (1853), editor of the North American Review. The duty
of water became a focus of attention in 1873, however, as
the State of California grappled with irrigation alternatives
for its Central Valley (Davidson, 1876; Wescoat, 2001). The
State of California Board of Commissioners (1874) pub-
lished international comparative data on the subject, as did
the State Engineer of California (1880). They contrasted the
low, wasteful duty of water in California with higher stan-
dards in Australia, India, Italy, and Spain. Also in 1874, the
pioneering conservationist and US Senator George Perkins
Marsh published "Irrigation: Its Evils, the Remedies, and the
Compensations", which was one of the first documents to
link duty of water with social ethics.

Analytically, the duty of water became an important re-
search topic in newly established state water research centers
in public universities at the end of the 19th century. Professor
Elwood Mead (1887) of the Colorado Agricultural College
prepared a Report of Experimental Work in the Department
of Physics and Engineering based on campus irrigation ex-
periments. He then took a position as the first Territorial En-
gineer in Wyoming, which adopted a statewide duty of water
of 70 acres per cfs (Mead, 1890). Mead (1903) further ar-
gued that the duty of water should be measured in acre-feet
per acre (af/ac) in order to assess farm and field-scale per-
formance, which became widespread practice in the western
US. It extended the use of the duty of water concept from
canal planning to water rights allocation and administration.

These norms drew upon international data, comparing
and contrasting them with the wide range of conditions in
the western states. The US Senate (1890) charged consuls
around the world to provide information about irrigation
practices, including the duty of water, and received detailed
responses from countries on every continent, including India.
The American Society of Civil Engineers published a major
monograph on Irrigation in India by Herbert Wilson (1890–
1891, p. 370) who wrote:

Though the conditions of government and people are so
different in India from those in America, many useful exam-
ples and lessons may be drawn from the methods of admin-
istration and legislation practiced there, as well as from the
financial success or failure that has attended the construction
of their works.

While the duty of water standard in India was commonly
218 acres per cfs, in the western US duties ranged from
40 to 80 acres per cfs (Weil, 1911). Why this difference?
Both areas aimed for maximum utilization, albeit in pro-
foundly different ways. Canal irrigation in British India es-
tablished a standard for the maximum area irrigable with a
given flow of water. In the US the duty of water concept
was applied in precisely the opposite way – i.e., as the mini-
mum standard for private water rights appropriation and use.
The socio-hydrologic aims of irrigation in the US were pur-
sued through private property rights, which made intensive,
rather than extensive, water use the norm for development.
In the initial phase of development, intensification involved
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applying more water per unit of land, i.e., increasing pro-
ductivity by increasing water inputs. Later there would be
pressures to increase water use efficiency, i.e., increase the
area irrigated and crop produced per unit of water. A Califor-
nia court recognized that the duty of water should increase
over time – “What is beneficial use at one time may, because
of changed conditions, become a waste of water at a later
time” (State of California Supreme Court, 1935). Although
in principle the duty of water could increase over time in
the western states, that rarely occurred, in part because water
rights are a form of property. Anything that might diminish
the size of a presumed property right is resisted vigorously
(even though legally one only owns as much water as one
uses beneficially, without waste, and without injury to other
water rights).

Interestingly, the first irrigation law treatises in the US
surveyed irrigation laws in other countries but they did not
mention the duty of water standard because they predated its
adoption in the US (e.g., Kinney 1894). Later editions did
discuss cases that used the duty of water as a standard for a
water rights appropriation (e.g., Kinney 1912, 1592–1605).
By the 1950s, however, courts recognized the declining sig-
nificance of the duty of water as a scientific measure and
standard of water use:
Although the expression “duty of water”, in the opinions of
some present-day scholarly hydrologists and technical engi-
neers, may be outmoded, provincial, unscientific and other-
wise objectionable, nevertheless it is a term well understood
and accepted by every rancher and farmer who has had prac-
tical experience in the artificial irrigation of land for the pro-
duction of crops. (State of Colorado Supreme Court, 1954).

The duty of water concept continues to be used to some
degree. For example, the Soil Science Society of America
website includes definitions in its glossary of terms, and it
has been the subject of recently proposed legislation in New
Mexico (State of New Mexico, 2011). However, these ap-
plications have been waning as the science, technology, and
policy of crop water use efficiency become increasingly so-
phisticated. For example, irrigation application requirements
decrease with water efficient technologies, such as drip irri-
gation, but they increase with double-cropping and adoption
of high-value drought sensitive crops. As a technical stan-
dard, the duty of water has been largely superseded by finer-
grained measures of water use efficiency and productivity.

The duty of water has been guided by social values and
justifications, as well as technical standards, over the past
150 yr. Values in colonial India differed from those of the
western US. As public and private socio-hydrologies con-
tinue to evolve, what future might the concept of “duty”
hold? I want to suggest that waning operational usage in ir-
rigation opens up new opportunities for reconstructing the
duty of water in ethical terms.

6 From water use standards to ethical duties

The relatively small field of water ethics has expanded con-
siderably over the past decade with contributions from lead-
ing water policy scholars (e.g., Delli Priscoli et al., 2004;
Liu et al., 2011; Llamas et al., 2009). However, many wa-
ter ethics publications focus more on substantive issues than
on ethical frameworks for addressing them. The literature
on the human right to water offers a partial exception, as
it has developed various philosophical arguments based on
natural law, utilitarianism, and progressive development of
international law (Murthy, 2013; Sultana and Loftus, 2012;
Winkler, 2012). An edited collection on water ethics by
Brown and Schmid (2006) surveys a range of positions from
utilitarianism to communitarian, ecocentric, theocentric, and
pragmatist ethics.

As noted in the introduction, these studies have arisen in
an era concerned more with dutiesto water andto vulnera-
ble social groups than with the dutyof water. It is precisely
this gap that I would like to address below. The 19th and
20th century documents discussed above put forward social
and sometimes ethical justifications for water use standards
and water rights. For example, justifications for water rights
(i.e., property rights not human rights) have drawn upon the-
ories of utility, labor, virtue, liberty, and just desserts (Becker,
1981). Water rights case law has articulated the social bases
for appropriation, and correlative duties of ownership. What
happens if we shift from an emphasis on water rights to water
duties, both with respect to property and more broadly with
respect to human and non-human rights to water?

Philosophies of duty are sometimes referred to as deon-
tological or rule-based ethics, a major source for which is
Kant’s Metaphysics of Morals (1996). These are not duties
inherited by social custom, associated with public service,
or undertaken for some beneficial end, however virtuous or
beautiful. Instead, Kant argued that the only perfect duties
that have moral value are those that arise solely from a pure
good will detached from any aim and without regard for con-
sequences. Good will strives to identify maxims that one can
will to become universal laws (i.e., a categorical imperative),
for which individual moral actors must have freedom and au-
tonomy. Kant insisted that humans treat other humans as ends
in themselves, solely out of good will, and never merely as
a means. Duties of this sort are sometimes evoked in com-
munitarian ethics and institutions, though even in those con-
texts their instrumental value is often emphasized (Falken-
mark, 2010). More altruistic communitarian ethics are some-
times criticized as idealist, romantic, or naïve. Kant’s indi-
vidualistic perfect duties stand as ideals, poles apart from the
more mainstream utilitarian ethics that hinge upon the con-
sequences of acts and rules.

Utilitarianism is an important branch of consequentialist
ethics that evaluates actions by their effects, which are of-
ten weighed as costs and benefits. Utilitarian water ethics
predominate in mainstream water resources economics and
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policy analysis (Brown and Schmid, 2006, 77–124). Water
project evaluation methods and optimization models were
developed in the mid-20th century to maximize the net ben-
efits of alternative courses of action (Griffin, 2006). Chal-
lenges to this approach, both from within and outside utili-
tarian traditions, have led to more complex forms of multi-
objective, multi-criteria modeling and benefit estimation. A
pivotal debate in late 20th century US water policy pitted util-
itarian advocates for the single criterion of net economic ben-
efits against pluralists who supported the four criteria frame-
work articulated in the “Principles and Standards for Plan-
ning Water and Related Land Uses” (US Water Resources
Council, 1973).

The idealist and utilitarian approaches seem removed from
the lived realities of socio-hydrologies where water users
and uses jointly engage one another as interdependent means
and ends in the world. Pragmatist water and environmental
ethics offer a more interdependent approach to means-ends
relationships in water use, and to the discernment of ethical
duties based on experimentation, aesthetic experience, and
democratic pluralism (Dewey, 2002; Katz and Light, 1996;
Minteer, 2011; Wescoat Jr., 1992).

The pragmatist alternative may be briefly discussed in re-
lation to the historical socio-hydrologies presented above.
First, it would regard the mechanistic analysis of steam en-
gine efficiencies that give no attention to human well-being
as useful but extremely narrow. In the example of South
Asian irrigation, it would strive to interpret and clarify the
multiple justifications for colonial canal development in rela-
tion to their constitutive moral philosophies, which historian
Eric Stokes (1969) described as paternalist, utilitarian, and
evangelical.

It would point out that similarly diverse ethical positions
existed in the US reclamation movement at the turn of the last
century, with evangelicals arguing for reclamation in Biblical
terms as ‘making the desert rejoice and blossom as a rose,’
utilitarians arguing for decision-making based on net social
benefits, and conservationists warning against the moral haz-
ards of irrigation (Isaiah 35:1; Lee, 1980; Smythe 1905).
Conservationist George Perkins Marsh (1874, p. 4) argued
that relations between capital and labor in irrigation, ". . . is
really a moral rather than a financial problem". He believed
that the relations between labor and resources were unsat-
isfactory in European irrigation, as they had led to land ac-
cumulation by a few and to dispossession and demoraliza-
tion of small landholders. “Water rights are a constant source
of gross injustice and endless litigation”, which argues for
a strong public role in irrigation (ibid., 5). Marsh wrote be-
fore the formal articulation of pragmatist ethics which sup-
ports William James’ (1975) conception of pragmatism as a
new word for some old ways of thinking. Late 19th and early
20th century debates about the moral philosophy of irriga-
tion and environmental management have continued these
multiple threads up to the present time (Wescoat Jr., 2000,
2013). Pragmatists are more likely to argue for anthropocen-

tric instrumentalism and against ecocentric, natural rights
(Minteer, 2011). Where might a 21st century pragmatist phi-
losophy of water duties lead; and in what ways might it entail
extension, or rejection, of previous conceptions of duty?

7 Anticipating the emergent duties of water

Several responses to these questions have been anticipated in
previous sections of the paper. The introduction contrasted
the dutyof water with dutiesto water. The plural yet pa-
tronizing and extractive aims of colonial irrigation were con-
trasted with struggles over the justifications for, and limits
of, private property rights in water. Property rights were con-
trasted with human rights. These ethical debates involving
property, persons, and environments have been framed in
terms of rights that have corresponding duties. Following the
central thread of the paper, this section inverts that approach
by starting with duties and then considering rights that have
or have not yet been associated with them.

7.1 Duty of intensification

The original concept of duty reviewed here involved steam
engine efficiency. Subsequent duties focused on irrigation ef-
ficiency. There is enormous potential for further increases in
water use efficiency and productivity – from technologies
of sensing, monitoring, and control systems; to analyses of
water footprints, supply chains, and virtual water trade; and
reforms in water resource economics, regulation, and gov-
ernance. These movements extend previous conceptions of
water duty, but they must anticipate the pitfalls of intensifica-
tion, which include environmental impacts such as pollutant
concentration, third party water rights injuries, and increased
aggregate water consumption (Scott, 2013). Even so, the duty
to intensify water use, subject to important constraints, is ad-
vancing in all sectors and is central to conservation ethics
(Minteer, 2011; Vickers, 2001, xv-xvii).

7.2 Duty of equitable access, allocation, and use

Advocacy for equitable water use has ancient roots and con-
temporary manifestations. Recent struggles for equity focus
on deprivation by gender, race, class, caste, indigeneity, and
location (e.g., tail-end canal users) (Baviskar, 2007). Some
water access claims have been recognized in courts, e.g., first
nation water rights. Even when successful, however, many
allocations remain paper rights rather than wet water. They
may be transformed into wet water through the exercise of
social duties to ensure equitable access. Such duties are core
functions of the state. Elite capture of state water adminis-
tration can give rise to social movements, some of which
are more effective, and thus more pragmatic, than others
(Bakker, 2010; Bebbington, 2008). In general, these emer-
gent norms extend, rather than reject, previous water duties.
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A major exception is the public trust doctrine, which has
origins in Roman law and posits that the state has an in-
alienable trust responsibility on behalf of its citizens to en-
sure access and protection for submerged lands and anal-
ogous spaces (Wescoat, 2009). Public trust responsibilities
cannot be squared with earlier duty of water standards, but
they did not come into conflict until the “Mono Lake case”
(Audobon Society v. Superior Court of Alpine County, 1983,
33 Cal.3d 419 , 189 Cal.Rptr. 346; 658 P.2d 709), in which
public trust duties trumped private water rights. Public trust
doctrine cases in South Asia have further extended the ge-
ographic scope and social justification for public duties to
water and related environmental resources (Wescoat, 2009).

7.3 Duty to ensure safe water and sanitation

There are growing movements to establish human rights to
the safe water and sanitation necessary for human survival,
dignity, respect, and equality (Murthy, 2013). These move-
ments invoke multiple ethical theories from natural law to
constitutional rights to life, livelihood, and development, and
human rights law (Sultana and Loftus, 2012; Winkler, 2012).
But some state and non-state actors still do not recognize
a human right to water. Additionally, some of the societies
that refuse to recognize a human right to water (e.g., Canada
and the US) have achieved relatively high levels of equitable,
low-cost, high-quality water provision in their municipal ser-
vice areas. Recent historical research explains these accom-
plishments in terms of self-interested avoidance of fire and
disease hazards, rather than as evidence of a civic or moral
duty to fulfill basic water needs (Anderson, 1988). However,
sustained provision of high-quality low-cost, high-pressure
water without discrimination is often presented by water util-
ities as a public duty, and reinforced as such by legal judg-
ments. This historical example raises the question of whether
human rights to water may gain greater traction if framed as
a key component of expanding bundles of social duties with
respect to water, at multiple levels from the person to com-
munity, civil society, state, and global humanity (cf. Dem-
setz, 1967 for the influential theory of property as a bundle of
rights). Duties to ensure safe sanitation also have rich, com-
plex, and sometimes morally problematic histories (Harrison,
1994). Historical research on sanitation duties may help en-
vision new types of sanitation rights as well.

7.4 Duties to non-human beings

Water rights for animals and environmental flows also have a
mixed record of progress in theory and practice. Kant wrote
of dutieswith regard tonon-human beings, rather than du-
tiesto those creatures, by which he limited the possession of
rights and duties to humans. In Islamic water law, by com-
parison, animals and humans have rights to take water nec-
essary for their survival in principle, if not often in prac-
tice (Wescoat Jr., 1995). In the West animals have no inher-

ent rights to water. However, most societies demand humane
treatment of animals, which includes provision of water for
domesticated animals, and water access for selected species
(e.g., favored fish, streams, and endangered species). Even
in these cases, however, ensuring water for non-human be-
ings is a social duty, not an animal right. Duties to consider
plant water needs are further out on the horizon, but certainly
not beyond ethical imagination (Hall, 2009, 2011; Wescoat,
2013).

8 The duty to re-balance the duties of water in
socio-hydrologic systems

The emergent duties discussed above build upon, and in some
cases move beyond, the duties of water developed in Britain,
India, and the US over two centuries. These emergent du-
ties may be considered separately or jointly, with predictions
made about their direction, scope, and pace of development.
The public trust doctrine introduced above provides a good
example. Taken separately, it articulates the duty of a state
to fulfill its inalienable trust responsibility to manage sub-
merged lands on behalf of the public. It dates back to Roman
times but was rediscovered and applied along the Chicago
lakefront in the 1890s and later to protect Mono Lake in Cal-
ifornia in the 1980s. Some predicted that it would advance
rapidly as a new environmental norm that would radically
limit private water rights. That did not happen in the US to
anything like the extent anticipated, but US precedents have
been highly influential in South Asia where further exten-
sions of public duties seem likely (Wescoat, 2009).

Although emergent norms such as the public trust doctrine
can be studied individually at one level, they develop in tan-
dem with other values that shape, constrain, and interact with
one another. As with the four criteria in the Principles and
Standards for Planning Water and Related Land Uses, some
argue that they can and must be reduced to one criterion to
provide a consistent rational guide for public choice. Others
argue that they cannot be reduced to one criterion; and that it
is sounder in theory and practice to balance multiple criteria
simultaneously.

The historical examples traced in this paper indicate that,
with the exception of Watt’s steam engine duty, the duty
of water has always encompassed multiple measures, stan-
dards, values, and justifications. While not logically consis-
tent or analytically precise, these changing duties of water
embody diverse social and environmental aims. If this plu-
ral situation is not only an historical fact, but inherent in the
life and thought of complex societies, it suggests that emer-
gent water norms should be addressed jointly with a prag-
matic pluralistic approach that continuously balances socio-
hydrologic principles, processes, and outcomes (see Pappas,
2008, 172–184 on balance in pragmatism ethics). Balancing
is not merely an episodic weighing or aggregation of pref-
erences for decision-making. It is a continuous democratic
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struggle to fulfill established and emergent duties, sustain-
ing those that have enduring integrity and dropping others
that prove deficient in utility or equity. While the outcome
of such struggles cannot be predicted, this paper has shown
that they can be more deeply understood in several key ways:
first, socio-hydrology is useful for reconstructing the histori-
cal balancing of established and emergent water duties; sec-
ond, understanding emergent water norms involves close at-
tention to the linkages among measurement, standards, val-
ues, and justifications; and third, a pragmatic pluralistic ap-
proach has particular promise for shedding light on the nor-
mative dimensions of socio-hydrologic problems, processes,
and prospects.
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