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River basins in historical context
In common language, the concept of the river
basin pertains to the field of physical geography,
and is well established in secondary classrooms:
river (or drainage) basins are extents of land that
drains all streams and rainfall toward the same
terminus, generally a river or the sea, or sometimes an inland water body. River basins are also
often called catchments in British English, while
watershed, which in American English designates
smaller basins of a few thousand square kilometers, refers to the line dividing two river basins.
River basins which drain to an inland water body
are called endorheic basins, and form large areas of
Central Asia and desert regions, like the Sahara
or the Arabian Peninsula. River basins can also
be seen as nested “rainfall collectors,” with small
tributaries converging to larger rivers.
Although there are indications of sophisticated knowledge of both river systems and the
hydrological cycle by the Chinese as early as
the third century BC (with a clear description
of how vapor generates clouds and clouds
rivers), and despite the refined hydraulic skills of
ancient civilizations and later of the Romans and

the Arabs, the conceptualization of hydrology
remained limited. Land and water resources
were in general exploited through piecemeal
projects destined for channeling, lifting, storing,
poldering, or diverting water in places deemed
suitable, based on the characteristics of the land,
the understanding of the flow regime, and the
available technology.
The clear articulation of the notion of the
river basin was probably hindered by difficulties
in comprehending the hydrological cycle, most
particularly the origin of springs and why and
how rivers were flowing despite the absence
of rainfall for long periods of time. In 1674
Pierre Perrault, a French geographer, wrote the
treatise De l’origine des fontaines (On the Origin
of Springs), which established a crude water
balance of the upper Seine river basin, where
he compared the river discharge with “the
rainwater that falls around its bed,” a calculation
which would later be extended by Mariotte to
the flow of the Seine through Paris. In 1752,
Philippe Buache, a French cartographer attached
to the court of King Louis XV, published an
essay attempting to describe the structure of
continents based on the study of mountain
ranges, streams, and rivers which defined a river
basin as “the set of all the slopes on which fall the
waters that converge to a same river or creek.”
His theory was rapidly taken up by Gatterer in
Germany who improved it and made it the basis
of a theory of the division of the world into
lands and regions.
Industrialization paralleled by scientific and
technological development would subsequently
project the river basin as the locus of the
human conquest of nature. Ambitious national
water projects including irrigation schemes or
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hydropower generation were often discursively
rooted in the promotion of the river basin as a
natural unit for planning development or organizing societies. The river basin concept, beyond
its alleged naturalness, thus came to embody a
number of ideologies and was instrumentalized
by different constituencies. In the late nineteenth
century the concept of a river basin nurtured
utopias and political struggles concerning the
relationships between central and local power
in several countries. In France, the concept
was captured by political interests to serve as a
weapon against the revolution and centralization,
and was supported by the landowning aristocracy
who sought to re-establish the pre-eminence
of the “local.” In Spain, the regeneracionismo
movement embraced the river basin as a “natural
unit” that signaled a natural and harmonious
order that was in contrast to the traditional
political and administrative divisions inherited
from the past; it was used against the traditional landowning elite. In the United States,
John Wesley Powell advocated the establishment of self-determined “commonwealths,”
independent of both capitalists and bureaucrats,
organized along hydrographic basins and based
on natural resources rather than on the prevailing
township and county system.
Although its relation with the basin scale
was not always prominent because early developments occurred in the context of a relative
abundance of water, irrigation development
became the center of water resource development during the second half of the nineteenth
century, with enthusiastic private investments in
places such as the western United States, Australia, and India often meeting with bankruptcy
and calling for public intervention. As a result of
this financial failure and given various national
objectives, the states stepped in and endorsed
the role of (large-scale) developers of water
resources. Imbued with the fresh legitimacy of
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(the damming of all the streams of a given river
basin to bring the river under total control),
the benefits of multipurpose dams (hydropower,
flood protection, transportation, irrigation, and
other uses), and the idea of regional development (associating water development with other
interventions such as reforestation, production of
fertilizers, industrial development, etc.). These
ideas were soon expanded to the Columbia
Basin in the United States which was to become
the “battery” of the west coast, with the first
concrete for the grandiose Grand Coulee Dam
poured in December 1935. Similar large-scale
projects and planned development were floated
in Stalin’s Russia, in a political and parallel
contest, where technology, mechanization, and
large-scale centralized planning and production
processes were part and parcel of a vision of what
Josephson (1995) called a “supremely rational
society,” which would plan massive hydropower
plants and canals (e.g., the infamous White
Sea–Baltic Canal), as well as “domesticate” rivers
like the Volga.
In the postwar period of the 1950s and 1960s,
which was marked by the need for reconstruction and to grow food for a world in shambles,
grandiose water resources development schemes
were soon in high demand. In the United States,
the Bureau of Reclamation and the United
States Army Corps of Engineers engaged in a
sweeping damming of the country’s rivers (Reisner 1993/1986) and envisaged megaprojects like
the transfer of water from Alaska to Mexico. In
the Soviet Union, electricity production, and
how it would transform society and the economy (a vision long nurtured by Lenin), received
much attention from Stalin who launched the
Volta Project – epitomized by the Kuibyshef
dam – and the 1948 Plan for the Transformation
of Nature. This plan and the later Siberian river
reversal project to divert water to Central Asia
were echoed by what Shapiro termed “Mao’s

war against Nature” and its major flood control,
canal and hydropower projects in the 1950s.
In Spain, Franco undertook the relentless construction of 800 dams (and irrigation schemes)
as a way of legitimizing his power and buying
support from rural elites. Hydropower development soared in countries like Canada, Norway,
and Sweden, where rivers were, in the words of
Jakobsson, “industrialized.”
In the developing countries, particularly
newly independent ones, elites and governments
enthusiastically embraced the icons of modernity and development epitomized by large-scale
irrigation schemes and dams – in India famously
referred to by Nehru as “the temples of modern
India.” In that, they were supported by either
Western countries or the Soviet Union, which
had both economic and geopolitical interests
in fueling this postcolonial hydraulic mission.
Massive investments – most pre-eminently in
dams and irrigation systems – in countries with
potential rural instability were thought by the
United States to be the best defense against
the spread of communism. It was in this context
that the TVA, marketed in particular by the
prophetic tone of Lilienthal’s book TVA: Democracy on the March (1944), was to become both an
icon of modernity and development and a major
asset of US overseas development and diplomacy
(Ekbladh 2002): in a matter of years the TVA
would become the “grand-daddy of all regional
development projects,” embodying the social
engineering drive that Scott (1998) has termed
“high modernism,” and inspiring a multitude
of TVA-like projects in river basins such as the
Jordan, Danube, and Mekong, and in countries
as diverse as Sri Lanka, Afghanistan, Colombia,
China, and South Africa. This further spurred
the creation of national water bureaucracies
entrusted with river basin planning and the
construction of hydropower dams, reservoirs,
and canal networks for irrigation.
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water. However, it often remains difficult to
appreciate, for example, time lags and two-way
interactions between surface water and groundwater resources, how changes in land use, in
particular deforestation, alter runoff and groundwater recharge. Likewise, actual management
rules of dams and irrigation schemes, and more
generally the change in actors’ behaviors at all
levels in the face of extreme events, are difficult
to model. A growing body of literature is also
addressing the evolution of supply and demand
in river basins under varied scenarios of climate
change. Economists have developed their own
models to optimize the economic efficiency of
resource allocation within river basins. Despite
growing sophistication, these models generally
work at a high level of aggregation and are
often unable to reproduce local dynamics and
to capture the complexity of the interaction
between physical and humanz systems.
The question of efficiency in water use within
river basins has also been the subject of many
works that have emphasized the concept of
river basin efficiency, as opposed to local user or
system efficiency. They have shown how local
“inefficiencies” associated with leaky canals,
reservoir spills, return flows from irrigation,
or other system “losses” are often the primary
source of water for other users or for ecosystems
within the basin. Successive reuses of water
across nested scales greatly complexify water
balances and accounting, and introduce additional and intertwined questions about changes
in water quality and energy costs. Although
this important work has critical implications
for the concepts of efficiency and allocation, it
is not always well understood, and reasoning
based on conventional point-of-use efficiencies
often prevails, partly because of adherence to
classic engineering conceptions but also because
it provides easy justification for investments in
water-saving technologies.

River basin overbuilding and trajectories
Long-term interactions between societies and
their river basin environment are sometimes
described by the term “river basin trajectories,” which examines human efforts to assess,
capture, convey, store, share, and use available
water resources in the face of changing physical
and social environments, as well as how the
distribution of decisional and discursive power
results in specific water regimes, with particular
patterns of distribution of costs, benefit, and
risk across space, time, and social groups. Other
concepts and approaches within the field of
political ecology, such as the hydrosocial cycle or
the socioecological concept of the waterscape,
although seldom applied to river basins as such,
also emphasize relations of power behind the
manipulation of the water cycle.
One commonplace aspect of a basin trajectory
is basin closure, which occurs when the quantity
of water abstracted from the river or the aquifer
is so high that it can no longer ensure the
supply to downstream users, dilute pollution,
control salinity intrusion, flush sediments, or
sustain healthy ecosystems at the river mouth
(or terminus). This imbalance can manifest itself
only during a few dry months (where the basin
is said to be closing), or almost permanently
(where the basin is said to be closed). Closure
and resulting scarcity can sometimes occur in
sub-basins or small catchments, while the larger
basin remains open. Rivers hardly reaching the
sea, or contracting lakes, are the most visible signs
of basin closure, as exemplified by the Colorado
or Yellow rivers, the Aral Sea, and the Dead
Sea. In some cases, like in the Lerma–Chapala
Basin (Mexico), overabstraction of groundwater,
and excessive surface water withdrawals can lead
to water depletion exceeding annual renewable
water.
The natural interconnectedness of ecosystems
and users across a river basin increases with
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basin closure. As the amount of available water
is insufficient to dampen or absorb fluctuations
in supply and demand, or to dilute salt and
pollutants, conflicts and negative externalities
increase, posing increasing challenges to regulation and management. What particular actors
do at a particular point in space and time (e.g.,
digging farm ponds, tapping groundwater, harvesting water, lining canals, changing cropping
patterns, or irrigation techniques) modifies
the circulation of water, salts, sediments, and
biota, disrupting the environmental processes
and human activities associated with the prevailing water regime. The lack of data on, or
knowledge of, both hydrological processes and
actors’ behaviors often makes it difficult to comprehend, evaluate, or anticipate how the water
cycle is altered and what positive and negative
social and economic externalities are produced.
Externalities travel across space and time and
sociopolitical categories of stakeholders. They
amount to a constant redistribution of costs and
benefits along lines of power that eventually
tend to determine who are the winners and the
losers between diverse stakeholders. Third-party
impacts must be regulated, with the state usually
playing a critical role.
Basin closure is generated by the overbuilding
of river basins, a socially constructed process of
overextension of the water abstraction capacity, in general for irrigation. The process is
fundamentally driven by the vested interests
of politicians, water bureaucrats, private construction firms, and development banks and
the powerful incentives they face in sustaining
water resources development. blilaberb
ce7 is
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managed and allocated, and where participation
of actors with a stake in the basin’s water should
naturally occur. It is therefore not surprising
that river basins have been associated with
IWRM and promoted as one of its cardinal
“best practices.” They have also been justified
by the alleged necessity to improve “spatial fit,”
that is, the matching of resources boundary and
institutional regimes governing them. A growing scholarship has challenged this prescription.
From a management point of view, it has been
pointed out that river basin boundaries may not
be relevant, for example in the case of small
islands, deltas, arid areas, floodplains, and coastal
areas; that surface and groundwater interactions
need to be considered; that aquifer systems are
often noncoterminous with river basins; and that
interbasin transfers are also frequent and demand
consideration of an expanded scale.
From the government’s point of view – with
a focus on the structure of power and processes
of decision-making – river basin boundaries are
problematic in different ways (Norman, Cook,
and Cohen 2015). The accountability and legitimacy of organizations or policies based on river
boundaries can be weak, and may generate conflicts with the existing layers of sectoral or political administration and agencies.
More crucially, river basins are affected by
social or ecological processes which unfold at
different scales and spatial units (e.g., climate
change, invasive spaces, etc., which therefore
have different “problemsheds”), and basin regulations or management practices may intersect
in sometimes conflicting ways with other “policysheds,” or geographical units in which policies
(e.g., on land-use planning, reforestation, urban
or industrial development, spatial conservation,
or protection areas) are implemented. Thus,
there has been a recognition that many drivers
and consequences of river basin dynamics can
be located outside the basin, where solutions to

local problems may also lie. This recognition in
particular speaks to the relationships between
food production, water, and energy, and has
triggered calls for integrating policy thinking at a
higher level, through what is commonly referred
to as a “nexus” approach.
Hydrologic boundaries are a starting point
but often beg to be pragmatically adjusted to
particular geographic, administrative, and political realities. Mechanisms to harmonize policies,
resolve conflicts of prerogatives, and ensure
participation in the coordination of multiple
levels of organization and administrative layers
need to be established. Coordinating existing
state and nonstate actors may therefore be the
primary goal, rather than creating a new basin
organization. Eventually, the selection of boundaries for water or environmental management,
whether of the river basin or otherwise, is a
political choice.

Ecosystemic approach and environmental
management
Intensive river basin development has resulted in
major ecological changes. Dams have radically
altered the natural flow regime of rivers and the
circulation of sediments; large-scale irrigation
schemes have withdrawn and depleted large
amounts of water; cities, industries, and agriculture have injected massive amounts of chemicals
and pollutants. Although hydraulic infrastructures have provided huge benefits in terms of
flood control, energy and food production, or
navigation, the dramatic alteration of existing
hydrologic regimes in terms of quantity, quality,
and timing have often undermined or destroyed
rich ecosystems, together with the elaborate
human uses that had developed around them.
Dams, irrigation, and pumping schemes have
led to the loss of springs or wetlands, to the
gradual disappearance and contamination of
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terminal lakes or seas, and to the many benefits
associated with floods (source of nutrients,
recharge of aquifers, support of wetlands and
biodiversity, flood recession agriculture, reproduction of fisheries, etc.), which have been
severely curtailed.
Not only has development, in most cases,
resulted in a shift of benefits from the local population to other, often urban, populations, but
the overall economic assessment has sometimes
been negative, the loss of ecosystem services
and existing productivity used being higher than
the benefits generated by the investments, as the
cases of the Hadejia’ Jama’a floodplain in Nigeria
and the Kafue Flats in Zambia famously illustrate.
The necessity to view a river basin as a continuum of interconnected ecosystems in order
to understand how changes in one part of a
basin affect both water availability and environmental health in other parts of the basin
has spurred the development of an “ecosystem
approach,” defined by the Convention on Biological Diversity as a strategy for the integrated
management of land, water, and living resources
that promotes conservation and sustainable use
in an equitable way. It has contributed to raising people’s awareness about the diversity of
services obtained by people from ecosystems,
either directly (fresh water, food, fuel, fiber,
genetic resources, recreation, aesthetic experiences, spiritual enrichment, etc.), or indirectly
(air quality maintenance, climate regulation,
erosion control, regulation of human diseases,
water purification, etc.), and has substantially
enriched the conception of river basins and the
understanding of their management.
This concept has also spurred work in the
field of economics, with the development of
methodologies for valuing ecosystem services to
reveal the hidden costs of interventions and contest cost–benefit analyses and feasibility studies
that routinely justify projects by ignoring their

negative environmental externalities. They also
argue that higher water prices could encourage
conservation (thus increasing river flows) and
have developed the concept of payments for
environmental services.
Environmentalists have also promoted the
notion of environmental flow, defined as the
flow regime required to ensure the maintenance
of particular environmental functions in a river
ecosystem. Although the scientific determination of these environmental flows is problematic,
and although these flows are often the result of
negotiations between different interest groups,
claiming a share of the available water for the
environment has contributed to the political
recognition of environmental requirements, and
influenced major policy shifts and regulations
such as the European Water Directive Framework. It even gave way to more radical claims,
as illustrated by the movement for the removal
of dams, which symbolically heralds a nascent
paradigm shift.

Basin governance or management models:
river basin organizations

The international promotion of the river basin as
the natural or adequate scale for water resources
management has contributed to the creation
and spread of river basin organizations (RBOs).
“River basin organization” is a generic term
for organizations that come under a variety of
names, including agencies, committees, commissions, authorities, associations, administrations,
directorates, councils, hydraulic confederations,
boards, and trusts. If the diversity of those
denominations is partly due to the approximate
translation into English of local administration
names, it also reflects the histrefip7(o)ene w401ow0(basin)-5f
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Collaborative arrangements for river basin
governance are growing, as a result of the
failure or limitations shown by models of
decision-making restricted to state bureaucracy
and experts, of the increasing demand from the
private sector, interest groups, and civil society
to have a seat at the table, but also of the new
emphasis on, and the interest of the public in,
restoring environmental quality in line with new
values and uses, such as recreation and aesthetics.
These factors have been at the root of the surge
in the 1990s of the US watershed management
movement, which includes over 1000 watershed
experiences in collaborative planning, whereby
local stakeholders decide the issues and discuss
their options, with some technical assistance and
funding from both federal and state agencies.
The mandate and prerogatives of an RBO may
evolve with time, as a reflection of changes in the
problems and challenges, in societal values, and in
state–civil society relationships, and of political
changes. More generally, these changes refer to
the continuous adjustment of governance frameworks to ever-changing context and challenges, a
need advocated by scholarship on adaptive management and governance.
The recent work of geographers on the politics of scale and processes of rescaling addresses
the social production of scale and its impact on
the distribution of power. Here the issue is how
actors gain or lose influence as a result of authority being reconfigured around new spatial levels
or by virtue of their own ability to work across
different scales or levels

Transboundary basins and hydro-hegemony
Scholarship on transboundary river basins examines how water is managed in the 263 basins that
cross national boundaries. They represent 60%
of total river flows and 45% of the Earth’s land
surface, while being home to about 40% of the
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world’s population. A first focus is on legal issues,
including the 1997 UN Convention on the Law
of the Non-navigational Uses of International
Watercourses, with its two main principles of
“equitable and reasonable use” and the obligation
not to cause “significant harm” to neighbors,
treaties between two or more countries sharing
a river basin, or other institutional arrangements
for transboundary river basins on issues such as
pollution and navigation (as with the Rhine and
the Danube), water allocation (the Indus and the
Nile), and joint management (the Mekong and
the Senegal).
Despite such arrangements, binding agreements are rare or nonexistent; transboundary
management organizations are only given limited power; mechanisms for monitoring and
enforcement are lacking; hydrological data
remain secretive; and historical political relations
between neighboring countries, as well as strong
sentiments of territorial sovereignty, make it
difficult to ensure equitable and environmentally
friendly management.
One way forward has been to respond to the
lack of public involvement in interstate water
agreements by developing river basin councils,
platforms, and forums in which water user
representatives discuss plans and allocation issues
within a country, like in the Zambezi basin,
where a basin strategy has been developed with
the active involvement of stakeholder groups in
all eight riparian countries. Another way has
been to develop the concept of benefit sharing,
whereby the stalemate in negotiations over water
allocation is overcome by introducing other
benefits related either to the use of water (e.g.,
sharing the benefits of hydropower between
countries) or to other issues such as trade.
Yet, the topic remains a favorite of political
scientists, who have in particular developed
the concept of hydro-hegemony to describe
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relations of power between countries sharing a
same river basin.

Future research directions
This brief review of ongoing scholarship about
river basin development and management points
to a few questions and areas of research that
deserve further inquiry. Modeling approaches
and stochastic hydrologic models are crucial to
providing information on management options
and associated levels of risk, but the study of
extreme events must be paralleled by an understanding of policy and political processes that are
difficult to model. Although often limited by the
availability and quality of data, hydrologic modeling needs to refine the representation of the
interaction between surface water and groundwater, and to better take into consideration
water quality issues.
Given the baffling diversity of physical river
basin environments, the combinations of problems faced, and the multilayered institutional
arrangements, more effort should be put into
understanding the relationship between the
nature of water governance regimes and their
effectiveness. More elaborate typologies of
river basin organizations and other institutional
arrangements should consider the wider historical, social, and political contexts in which these
governance regimes emerge and evolve, and
provide insight into the administrative configurations which should be favored in a particular
context.
These typologies also require a more nuanced
understanding of bureaucratic dynamics and
reforms, in particular a closer look at the
structure of incentives available to different
actors and organizations, when the structure of
decision-making power is reconfigured to address
issues of basin-level environmental management.

More work is needed on the societal and
political drivers of river basin closure, as a
means of challenging discourses that naturalize
water scarcity and water crises or frame them
in Malthusian terms. The preference for supply
augmentation and capital-intensive solutions
results in the generation and compounding of
water crises, and is therefore self-sustaining; this
preference must be explained by analyzing the
social distribution of costs and benefits attached
to different policy responses, in particular the
convergence of the interests of politicians,
bureaucrats, and interest groups.
Urban studies focusing on water and sanitation issues have produced a substantial body of
scholarship in the field of critical geography.
Insights from urban studies need to better fertilize, and to be integrated into, studies on river
basin dynamics and governance, and vice versa.
More generally, studies of river basins provide
an opportunity for multidisciplinary work integrating approaches from hydrology, economics,
human geography, and policy studies, among
others.
Multisectoral or nexus approaches also have
the potential to refine understanding of the systemic complexity of resource use and economic
activities, although it is unclear whether they
can substantially influence sectoral policies and
practices.
Last, the transfer, operationalization, and
adaptation of river basin-based management or
governance reforms in different contexts must be
accompanied and scrutinized. Critical work on
the ideologies, interests, and social mechanisms
that sustain the reproduction and dissemination
of particular practices and policy models is
needed. Europeanization, for example, and the
application of the European Water Directive
Framework provide an opportunity to assess
the confrontation of uniform policy guidelines
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with the diversity of environmental and human
contexts.
SEE ALSO: Governance and development;
Irrigation; Political ecology; Water resources
and hydrological management
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