


Land, water and development

The management of the environment is under increasing pressure to conserve
systems and to pursue a sympathetic approach. This despite the increasing
demands of population, agriculture, industrialisation and public concern for
human rights. Historically, the sector of the environment most affected by
human development has been the river.

In the second edition of Land, Water and Development, Malcolm Newson
explores the meaning of sustainability in river basin development; the
ecosystem model is made more explicit than in the first edition. The rapid
evolution of practical concepts of sustainable river management since the
‘Earth Summit’ in 1992 is charted for a number of countries. New national
case studies include those of Australia, South Africa, Israel and Iran. The links
between land and water management are strengthened and it is concluded that
catchment management planning, incorporating wide public consultation, is
the best device by which river managers can influence sustainable
development.

The book contains sections on water and sediment transfer systems, their
management in the developed and developing worlds, technical issues (now
including irrigation and river restoration), and river basin institutions and the
way in which they use knowledge.

The book provides an integrating holistic treatment of a complex field. The
first edition has been widely used as a textbook and professional guide and has
helped underline the case for catchment management planning in several
countries.

Malcolm Newson is Professor of Physical Geography at the University of
Newcastle upon Tyne.
 
 
 
 
 



Frontispiece Flooding in the Thames valley near Oxford. Shows the interplay of
natural and human functions of the floodplain.
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Preface to the first edition

 

‘It stands to reason’, said the farmer, ‘we’ve only had these quick, high floods
since the foresters ploughed those hills up there.’

This man’s knowledge of, dependence on, and reaction to his local river
made his reasoning easy. Yet to a government hydrologist, as was the author at
the time of the conversation, proof of a link between preparing upland soils for
successful afforestation and a change in the unit hydrograph for the basin
would take a decade of expensive research. After its completion the logical
outcome of the proven link, between land there and water here, i.e. modifying
forestry practice, compensating the farmer or afforesting a less sensitive
hillside, would not translate into public policy. There were simply no river-
related land planning policies in many countries; the UK was no exception.

The outcome was that local authority engineers built the farmer a bridge
over the newly flood-prone stream. Perhaps it is the heroic talent of the civil
engineer to solve in this way point problems where they arise which has
discouraged the ‘look upstream’ mentality of the local, the peasant, the river
enthusiast. Societies have built dams, canals, flood walls, bridges and other
structures to ‘stabilise’ river systems without questioning the cause of the
instability. Rather like early technical medicine, we have used the equivalents
of drugs and pain-killers to cure ‘now’ problems whereas some claim the true
human talent lies with holism and the longer term.

This book tries to assemble a body of knowledge which supports a very
broad approach to river problems; physically destabilised river systems will be
a major theme but polluted and biologically sterilised systems are all
amenable to ‘the treatment’. At the other extreme, there is increasing demand
to conserve, by management intervention, those relatively few pristine
wilderness river systems which remain.

‘The treatment’ as a concept comes relatively easily to the geographer.
Fluvial geomorphology, a major feature of geographical research in the
second half of this century, has provided chapter and verse on the natural
dynamics of the river basin, which function to transfer water and sediments to
the ocean, leaving a characteristic morphology—river channel, floodplain,
valley side—to form the basis of river habitat. While the engineer has applied



xx Preface to the first edition

knowledge of precise physical laws to the ‘now’ problems of river basins for
millennia, the geomorphological view puts these laws into the context of their
boundary conditions in a variety of global environments, at a variety of scales,
and, most critically for enlightened management, over a range of timescales.

Seen as a total transport system in the longer term it becomes axiomatic that
Mankind’s use of land settlement, agriculture and forestry will have an
eventual impact on water. In some cases governments appreciate this link
quickly, particularly if impacts are rapid, spectacular and very damaging. This
book will draw out the particular case of flooding and erosion following
deforestation; in countries such as New Zealand public policies were reactive
but science-driven. Proactive river policies are scarcer!

No scientific research finds its way directly into public policy; the
democrat reader would not wish it. However, scientists become considerably
frustrated by the political filters through which their results are put and so this
book also pays attention to those ideas, attitudes, policies and laws which
relate land practice to river management and which derive from the people. It
is perhaps variability across the globe in this cultural, ethical approach to river
basins which sustains another element of the geographer’s interest. This
internationalism finds particular contrasts between the developing and
developed world. The developed world consultant can do well to remember
that, while the laws of physics are universal, relativity has a new perspective
when their application lies, for example, in the hands of an Ethiopian peasant
woman. ‘Where is the river?’, asked the consultant, ‘I have designed a weir for
it which will help you to grow your crops.’ ‘It has not been here for thirty
years’, said the African, ‘and we grow excellent crops because it no longer
floods us.’ Seldom is the misunderstanding this great but on many river basin
development schemes it might as well be so.

This book is idealistic but idealism is tempered by practicalities. Upon what
kind of knowledge base should we mount a river basin management
programme and how is such knowledge derived? If we are to forsake direct
and heroic interventions in favour of a greater willingness to make indirect
approaches, through land planning and management, what are the risks? What
sorts of institutions provide successful regulation of river basins? The clear
message must be that people should identify with both the basin as a unit and
the river itself. Furthermore they must participate, as in Ontario, Canada, and
not merely be moved around to fit the right river scheme, as in Indonesia.
Scale, another geographical tool, can help us to understand the problem of
identity; the circulation of information around units of different sizes is
critical, be they drainage basins or institutions managing them.

Fortunately, the international movement to conserve ecosystems and those
concerned with human amenity have recently adopted river systems much
more actively than in the past. The International Rivers Network is part of this
‘new wave’ and it may well recruit support in the developed world from the
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host of ‘yuppie’ riverside dwellers, the millions enjoying water sports and
those who regularly walk river banks or fish for recreation.

This book is undertaken some twenty years after the author drew great
inspiration from Water, Earth and Man (Chorley, 1969). Geographers have,
since then, become widespread in research, education and administration in
connection with rivers; at the very least this volume will record their progress.
Since 1969 our knowledge of the rate of environmental change has exploded;
among those ecosystems whose response to extrinsic change is critical for
human occupation of the planet, river basin systems take a high priority,
having been the first to be exploited by settled human societies. Can science
help?

A note to readers from other disciplinary backgrounds

If you have had no experience of the workings of the hydrological cycle it may
be necessary to begin your reading of this text at Chapter 3, reversing through
to Chapter 1! Years of experience of teaching this material to final year
students with a background in hydrology (though a growing minority join us
from social science!) make me feel that the chapter order as presented sets up
the questions to be answered by the book (see Prologue and Chapter 1) and
that the placing of transfer systems ahead of hydrology forces attention to the
morphological condition of the river basin.

If you have had no background in river systems please consult the many
simple texts available at school or college level (e.g. Newson, 1979 and
Newson, 1994).



Preface to the second edition

 

The manuscript for the first edition of this book was sent to the publishers
without a settled title and I only acquiesced to ‘Land, Water and Development’
after conceding that three words balanced those of the influential Water, Earth
and Man (Chorley, 1969), while being more politically correct and advancing
the agenda for geography to a more practical position (the subtitle referred to
‘management’).

This second edition has become inevitable because of the weasel word
which qualified ‘management’ in that subtitle—‘sustainable’. Another irony
of 1992 was that ‘sustainable’ became the war-cry of environmental politics
all over the world, thanks to the UN Conference on Environment and
Development (the ‘Earth Summit’) held in Rio de Janeiro that summer. Like a
war-cry, each nation, tribe and community has a different version, or meaning
of the word. However, the Earth Summit’s ‘Agenda 21’, a UN Commission
and a host of community and NGO projects have kept the debate running; the
Summit focused the world’s attention on the huge discrepancies between
environmental problems and their perception by nation states at different
levels of development. Perhaps because of the disappointments many felt
about attitudes adopted by state leaders, Agenda 21 spends much of its time on
other groupings of humans and other spatial units around which the
environment might be managed sustainably by popular agreement and sound
administration; river basins were prominent among these Environmental
Management Units (EMUs) or ‘bioregions’. Clearly, a second edition needs to
update the context of the debate and some of the outcomes since 1992. It must
also address another discrepancy raised in Rio—that between the power of
science to explore and illuminate complex systems and the power of people in
their environment to judge development pathways ‘from the gut’.

Thus, within a consensus that ‘development’ is perhaps the most important
word in the environmental dictionary—and that it should be sustainable—we
have a physical science agenda which is seeking inter alia for the critical
capital and limits to change in natural systems and a social science agenda
which is considering indigenous knowledge systems (or ‘vernacular science’),
participation, conciliation, economic instruments and subsidiarity in decision-
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making. There is a clear need to overlap these two contributary perspectives—
a traditional role for geography.

In detail there are, therefore, several major tasks for a second edition to
face. The first is, in my view, to strengthen the position in the book of the
ecosystem approach to the river basin. The little-known publication by
Marchand and Toornstra (1986) first inspired me to this vision of the river
basin and proved that any basin was amenable to modelling as an ecosystem,
followed by analysis of its key characteristics, critical properties and
resistance/resilience to change, whether natural or imposed by development.
The fact that many of the ‘spontaneous regulation functions’ of the Marchand
and Toornstra model are synonymous with the geomorphological (sediment
transfer) and hydrological (water transfer) systems—given a chapter each in
the first edition—makes the ecosystem approach even more attractive. They
also, at least partly, equate with the ‘critical natural capital’ approach to
defining sustainability. Perhaps the one big danger of this new river basin
image (see Prologue, first edition) is that it seldom shows the groundwater
elements of the ecosystem, yet there is a looming crisis in many parts of the
world in the way we plunder or pollute groundwater; I have amended the
ecosystem diagram (Figure vi) to this end.

To the physical scientist, systems analysis, suitably directed, can provide
both understanding and our much needed predictive capability. The second
edition therefore gives more attention to what we understand about the
sensitivity of the river basin system under different conditions of climate and
physiography—to both intrinsic and extrinsic influences. It is a prime fault of
environmental politicians to see every natural system as sensitive to every
stress we put on it; we need also to look at resilience in relation to both
artificial and natural stress.

As we know more, we also have more information; knowledge and
information are different commodities and their combination requires
judgement. The second edition, therefore, explores in more detail the deluge
of decision-making tools such as knowledge-based systems which have been
deployed at the interface of river basin management and those professionals,
individuals and communities affected by it. Despite the information
explosion, ‘data’, ‘ground truth’ and other ‘hard’ facts which reflect the often
unique conditions of a locality remain in short supply, especially in the
developing world—the paradox is that, where data are needed most they are
most expensive and difficult to collect.

To the social scientist the key questions at the interface with science include
the nature and availability of indigenous knowledge; on this depends its power
as an alternative (at all stages of development) to the professional’s ambitious
data-collection programmes and greedy models. Gathering indigenous
knowledge has the added advantage of beginning the process of community
involvement, basis of the other ‘S’ word of the 1990s—‘subsidiarity’. Social
scientists have developed a number of programmes, such as ‘rapid rural
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appraisal’, which attempt to render to the unique a place in the face of the
general, to incorporate the identities of those to whom sustainability will have
direct meaning.

Such separation of agendas is hard to defend outside the walls of academic
institutions; Agenda 21 allows development to set its own priorities for
knowledge and those in the field of river management helped create this tone
at the Dublin conference which preceded the Earth Summit and reported to it.
The Agenda has a chapter devoted to protection of freshwater but also highly
relevant treatments of atmosphere, deforestation, desertification and drought,
and mountain development.

Before the reader enters some transcendental world of immaculate plans
and comfortingly elegant solutions, the ‘Devil’s advocate’ of free-market
economics should be heard. There are those who consider river basin planning
and management to be a long-winded luxury indulged in by academics! The
answer, it is claimed, is a proper pricing system for water and water-related
benefits (James Winpenny is very scathing of complex planning structures);
however, it is of course impossible to allow the economics of water to be truly
‘free market’ and in tuning the economic system, an activity beloved of
capitalists and governments, some form of model of the resource system is
needed. I see economics as one potential delivery system for the ideas
conveyed in this book, not a de novo solution to all ills!

The geographical focus of attention in river basin development has spread
to drylands, which dominate the world’s fastest growing population centres;
their nearby mountains are equally important. Many of the rivers near the
centre of this new focus are international basins, adding an extra dimension of
challenge (and often tension threatening ‘water wars’). The rapidity of
dryland development lures nations into all the troubled areas of basin
development—the financial project cycle, the technocratic consultancy
industry, inadequate environmental assessment, infringement of rights.
Thanks to the kindness of a number of individuals and organisations I have
been able to gather information for the second edition from Israel, Iran and
South Africa, nations in which these problems have to some extent been
countered.

Worldwide, the efficiency of water use in agriculture is less than 40 per
cent; if drylands are the geographical focus of modern basin development,
irrigation is the key technical issue within sustainability arguments. Current
practices are unsustainable—there is perhaps no better demonstration of the
meaning of that word than the fact that as much agricultural land goes out of
agricultural production each year (because of system failures) as comes in
through new schemes. Malin Falkenmark’s continual message that water
allocation in biomass production and water’s role in environmental
degradation should be the basis of development programmes, rather than
water technology (supply and removal engineering) finds an accord here. I
attempt to overlay her allocation per capita model across the ecosystem
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model; we may speak of the ‘hydraulic density of population’ based on this
simple notion of carrying capacity but should not be duped by its simplicity.
The rights of people (and non-human biota) must be considered in any such
allocation procedure. The black population of South Africa have demonstrated
the impact of rights in predicating water development programmes which have
at their core river basin planning, even though South Africa is renowned for its
highly technical water transfer systems.

What is the role of a book such as this? Clearly, from the comments of
reviewers the first edition has been used to teach students of geography and
related disciplines but it has also made some encouraging breakthroughs into
policy, for example in the National Rivers Authority’s catchment planning
initiative in the UK and in the European Community’s ‘Project Fluvius’. The
hopes are that more graduates and more professional converts will ensure that
the idealism of the academic ‘angle’ which must be the core of such a text
becomes translated into practical actions (or at least provides support for those
who have taken such actions off their own bat). I am always encouraged by
Bruce Mitchell’s separation of river management principles into strategic (the
holistic vision characteristic of the ecosystem concept) and operational (the
integrated deployment of the necessary specialisms and techniques, both
physical and socio-economic). If this book helps convey ideas between these
two modes of work and if it additionally throws some light on ‘sustainable
development’ as it applies to river basins it will have succeeded. I increasingly
feel that those involved with river basins have the special responsibility of
being in the vanguard of innovation in environmental management, thanks to
the critical position of the resources with which we deal; if we cannot ‘get it
right’ there is less room for optimism about sustainable management of other
ecosystems and their resources.

Malcolm Newson
Ipswich, April 1996
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Prologue

 

RIVER BASIN IMAGES

Our perceptions and concepts are increasingly structured by visual
experiences. Figures i–viii illustrate a range of published images of river
basins. Any hydrologist asked to draw one will produce a prototype hot air
balloon, slightly crumpled and with a very simple stream network, possibly
second or third order according to Strahler’s (1957) classification (Figure i).
This is the small catchment beloved of water supply engineers and one over
which land use control is relatively easily practised; it is also the largest scale
used by experiments in hydrology—because of the unsuitability of larger units
(say >100 km2) for controls and experimental treatments.

If we consider, however, that at another extreme the Amazon river basin
may be fourteenth order on the Strahler scale, has a basin area of 5 Mkm2

and is in desperate need of efficient management under changing political
and environmental circumstances, the hydrologist’s simplicity of concept
may be dangerously illusory. The river manager, even on a small island like

Figure i The geomorphologist’s view of the river basin: ordered stream
network within a defined boundary (Leopold, 1974)
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Great Britain, may turn up the alternative image shown in Figure ii. The reader
should note, however, that the dangerous illusion in this image is that the
basin’s boundary is not shown. Certainly ‘land and catchment use’ is noted as
a label but, along with the other labels, this connotes the manager as
something of a hero, coping with problems thrown at the channel network by
land use on the banks. Engineers, particularly, tend to use ‘responsibility’,
‘dirty’ and other anthropocentric and value-laden terms when dealing with
river basin management. Figure ii admits that water management itself
imposes certain further ‘duties’ of planning and engineering, although a river

Figure ii The water manager’s view of the river basin: control systems without
natural boundaries
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system as completely controlled as the Tennessee example (Figure iii) would,
to the tidy mind of the traditional engineer, perhaps need no further
intervention. Such pictorial ‘overkill’ would not nowadays be a feature of the
PR for a river scheme but the tidyminded, rather simplistic, positivism of the
river engineer is still represented in Figure iv. Here management problems are
presented as amenable to mathematical or physical solution. Once again, any
suggestion of the catchment boundary, or of indirect influences on the river, is
missing.

Figure iii The Tennessee Valley Authority view of the river basin: total control
by dams (Huxley, 1943)
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Figure v, a recent offering from geomorphology, is more useful because it
is not scale-dependent and because it emphasises sources, transfers and
transformations in the drainage basin. Schumm (1977) applied the original
version of this image to the basin sediment system but it is relevant, too, to
water flows and pollution. Headwater areas are largely sources for the types
of river management problems which this book addresses. In the transfer
zone, riparian land use is no less critical but efforts in planning and
management can be largely directed to specific sites, for example on
floodplains and valley floors. At some stage in the system water, sediments
or a pollutant will be deposited, or used, or will enter the food chain. The
beauty of Schumm’s image is that it is educational but very simple. The

Figure iv   The engineer’s view of the river basin: a series of hydraulic
problems (Knight, 1987)
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connectivity and interdependence which it draws out for the sediment transfer
system is typical of the full basin ecosystem.

In recent years ecologists have been successful in translating the principles
and properties of ecosystems into simplified structures which stress two key
elements of environmental protection: the need for diversity in the objects
(e.g. species) within the system, and the importance of flows of energy and
materials between them. ‘Healthy’ ecosystems are relatively stable, offering
few ‘surprises’ to participating organisms. Organisms exploiting the resources
of ecosystems face the danger of reducing diversity or appropriating too
much/too many of the system’s resources.

The ecosystem model of river basins has been readily accepted by physical
geographers, whose use of natural systems theory has been beneficial to the
subject as a whole (Gregory, 1985). The two images presented from
geomorphology in Figures i and v are, in fact, demonstrations of the physical
basis of the river ecosystem. However, the most complete presentation of the
basin as an ecosystem in relation to human exploitation of its resources is that
by Marchand and Toornstra (1986). Their model (modified and simplified in
Figure vi) sets up tensions between the ‘spontaneous regulation functions’ of
the basin in nature and the artificial regulation imposed by human exploitation
of the basin. When human exploitation is extensive (for example, the system is
used for fishing, livestock, small-scale irrigation, hunting or transport)—
essentially the picture under low levels of development—the spontaneous
regulation functions of the basin aid and support our resource use. When,

Figure v S.A.Schumm’s river basin as a sediment transfer system (Schumm,
1977)
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however, exploitation becomes intensive, with damming, channel
manipulation for navigation/flood control, power generation and large-scale
irrigation, the necessary artificial substitutes for natural regulatory functions
are inherently unsustainable and may, in fact, lead to environmental
degradation.

This book treats the basin in terms of the detail of the spontaneous
regulation functions in the Marchand and Toornstra model (with the exception
of the function of supplying genetic diversity). We deal with the following
spontaneous regulation functions:
 

• Regulation of water regime (terrestrial and climatic)

Figure vi The catchment ecosystem, its spontaneous exploitation functions: the
basis for sustainable development (after Marchand and Toornstra,
1986)
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Figure vii Public relations view: your river basin (modified from The Upper
Waitemata Harbour Catchment Study, National Water and Soil
Conservation Authority, Wellington, New Zealand, undated)
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• Regulation of erosion and sedimentation
• Water purification.

Marchand and Toornstra’s description of these functions is:

The drainage basin of a river fulfils a series of functions for man that
require no human intervention, i.e. with no need of investments or
regulatory systems.

(p. 11)

The history of river basin development (Chapter 1) illustrates the way in
which humankind has consistently sought to intensify exploitation, impose
artificial regulation and then regret either the investment needed or the
environmental degradation caused; environmental degradation inevitably
bespeaks more artificial regulation. We leave the last word in this Prologue
based on images of the basin with Black (1970):

The watershed is an intricate natural resource which demands varied
practices, complex management decisions, and manifold research
efforts in order to ensure its efficient utilisation.

(Black, 1970, p. 161)

Readers may like to note the convention used in terminology in this book. The
large management units over which we shall try to specify outcomes (such as
sustainable development, ecosystem equilibrium and human welfare) are
described as river basins. ‘Watershed’ or ‘catchment’ are taken as much more
specific terms referring to small-scale, identifiable, sources of water and less
desirable products, amenable to treatment (in this case positive land-use
allocation or accommodation).

Possibly the humorous image deriving from New Zealand (Figure vii) most
closely summarises the unit for which we have here most to say. Furthermore,
it is intended to deliver the management problem, at a basin scale, in an
understandable form to those who live in it.





Chapter 1
 

History of river basin management

The purpose of this chapter is to explore briefly the nature of Man’s
occupation of river basins; the adoption of a conscious modern attempt at
holistic management will almost certainly involve cultural attitudes to the
problems, with their roots in history. Too often scientists ignore the
importance of such elements in the translation of research results into policy
and practice. For example, religious attitudes to the significance of water and
its uses date back to the dawn of recorded history, as recently portrayed for the
British Isles by Bord and Bord (1986).

The first hominids of 6–8 million years ago emerged as a savanna species
and therefore into a seasonal climate; elements of our species as fundamental
as bipedalism and communication are attributed to this environmental context.
The savanna forced adaptation to finding, harvesting and storing food and
water. Settlement, when it developed, inevitably produced advantages for the
levelling out of supplies; in the case of water, however, considerable
technological intervention was required. Societal repercussions of the need
for efficiency and some equity in the distribution of water included the highly
structured ‘hydraulic’ civilisations of the Indus, China, Egypt and the first of
all: ‘the Fertile Crescent’.

1.1 HYDRAULIC CULTURES AND RELIGIOUS CODES:
MANAGEMENT IN ADVANCE OF SCIENCE

The closest and probably the most widespread association of past human activity
with the hydrological balance, relief, slopes and stream networks of the drainage
basin has been achieved through the operation of irrigation systems.

(Smith, 1969, p. 107)

Irrigation began to form a strong bond between humans and river basins in the
sixth millennium BC; two important river basin civilisations, Mesopotamia
and then Egypt, manipulated water to sustain settled agriculture. Both
irrigation and elementary flood control were practised. The food surpluses
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which were generated by the success of these elementary management
strategies were the basis for excess labour to be put into creating the
architecture and other artefacts from which we have come to know so much
about the Tigris-Euphrates and Nile valleys between 5000 and 3000 BC
(Hawkes, 1976). The Sumerians built temples to the gods whom they
considered responsible for the success of agriculture, while the Egyptians
built memorials to the kings who were paramount in the strongly structured
societies essential to primitive water management. Toynbee (1976) describes
the Sumerian achievement as the source from which Egypt and later the Indus
civilisation drew their basic water technologies; he also stresses the
importance of social structures:

Before this alluvium (of the Tigris and Euphrates) was drained and
irrigated for human occupation and cultivation it was inhospitable to
Man and to his domesticated plants and animals. It was a maze of waters
threading their way through reed-beds—the marshland to which the
district around the lower course of the Euphrates has now reverted.

The mastering of the jungle swamp was a social, far more than a
technological achievement. The human conquest of alluvium must have
been planned by leaders who had the imagination, foresight and self-
control to work for returns that would be lucrative ultimately but not
immediately. The one indispensable new tool was a script. The leaders
needed this instrument for organising people and water and soil in
quantities and magnitudes that were too vast to be handled efficiently by
the unrecorded memorising of oral arrangements and instructions.

(Toynbee, 1976, pp. 45, 51)

Toynbee sees in this dependence on social structures and flows of information
the reason for the eventual demise of the Sumerian culture: ‘The Sumerian
civilisation depended for its survival on an effective control and
administration of the lower Tigris-Euphrates basin’s waters; this control could
not become fully effective unless and until it was brought under a unitary
command’ (p. 61). Instead Sumerian society became partitioned into a number
of local city-states. Smith (1969) also stresses the tight structures responsible
for any successful hydraulic culture; summarising Wittfogel (1957), he
suggests that:

the construction and maintenance of large-scale irrigation systems
require the assembly of a considerable labour force which may be most
efficiently created either by the institution of forced labour or the levy of
tribute and taxation or both. A centralised administration is also needed
for the maintenance of canals and to control water distribution. The
administration in control of the distribution of water is, in effect, in
complete control of agricultural activity, and is thus in a position to
demand complete authority and complete submissiveness, subject only
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to mass revolt and rebellion in the face of desperate conditions. Society
becomes polarised, in fact, into an illiterate, dependent peasantry and an
elite, as in the traditional bureaucratic governments of China.

(Smith, 1969, p. 108)

Biswas (1967) tabulates a chronology of hydrological engineering works by
the Sumerians, the Egyptians and the Harappans who, by 2500 BC, had
developed a very powerful (though less creative) civilisation in the Indus basin
(Table 1.1). Among the most interesting artefacts remaining is the Sadd el-
Kafara (‘Dam of the Pagans’) built c. 2800 BC just south of Cairo. It was
apparently built without a spillway and with a capacity so small in relation to
its catchment area that it failed early in its lifetime. Distribution of water was
clearly more successful than collection; it requires, after all, much more
organisation than understanding and it was to be 2,000 years before the study
of nature began and 4,500 years before scientific hydrology! According to
Vallentine (1967) the Egyptians had more success in their diversion of the Nile
into a huge flood storage scheme (Lake Moeris), which was excavated,
according to Herodotus, in the nineteenth century BC. Smith (1972), however,
concludes that Lake Moeris is entirely natural and that Herodotus is an
unreliable source for the record of Egypt’s water engineering. Figure 1.1
illustrates the origins of river basin mapping; the reader may wish to compare
it with Figure 5.6.

Irrigation practice along the Nile floodplain required the subdivision of
land into embanked plots to be flooded during the annual flood cycle of the
river between July and September. The Tigris and Euphrates were much less
predictable and systems of canals and ditches, fed by diversion structures,
took water directly to small plots. It is suggested by some writers that the
need for efficient irrigation prompted the development of geometric ground
survey techniques. A tablet in the British Museum illustrates algebraic

Table 1.1 Key dates in the development of hydraulic civilisations



Figure 1.1 Ptolemy’s map of the Nile basin (from T.E.Evans, 1990)
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calculations for the design of dikes, dams and wells. The story of Noah
almost certainly derives from the biggest flood to affect the Sumerian
civilisation and therefore flood protection was highly developed. Rulers
were extremely interested in legislating for efficient river management. The
Code of Hammurabi (c. 1750 BC) is a codification of Sumerian and
Babylonian water law. Flood damage due to negligence was particularly
feared:

Sec 53. If any one be too lazy to keep his dam in proper condition, and
does not keep it so; if then the dam breaks and all the fields are flooded,
then shall he in whose dam the break occurred be sold for money and the
money shall replace the corn which he has caused to be ruined.
Sec 55. If any one open his ditches to water his crop, but is careless, and
the water flood the field of his neighbor, then he shall repay his neighbor
with corn for his loss.
Sec 56. If a man let out the water, and the water overflow the land of his
neighbor, he shall pay 10 gur of corn for every 10 gan of land flooded.

(Biswas, 1967, p. 128)

One must not neglect the military significance of water engineering at this
time. Sennacherib the Assyrian destroyed Babylon in 689 BC by damming the
Euphrates and then destroying the dam (Smith, 1972). Sennacherib became
the agent of some extremely well surveyed and constructed dams and
irrigation schemes.

Another important prehistoric achievement in the Middle East was the
building of quanats, underground channels conveying water from springs to
consumers (over a distance of more than 30 kilometres in some cases) at a
constant gradient and free from pollution or losses by evaporation.
Groundwater exploitation and underground storage of water are also recorded
for both Egypt and Mesopotamia. Clearly, therefore, potable water supplies to
urban centres were also a feature of these hydraulic civilisations. It is,
however, from the archaeological record of the Indus civilisation that houses
served by both water supply and drainage systems have been found, dating
from 2200 BC (Vallentine, 1967).

At about the same stage of prehistory the legendary Emperor Yu in China
began to control rivers in the interests of land reclamation. As Biswas (1967,
p. 120) recorded, ‘He studied the rivers…he mastered the waters’; it is clear
from the Chinese literature that mapping of river networks and, consequently,
some concept of river basins, had been born.

At the dawn of Western civilisation the hydraulic cultures of the Middle and
Far East were still strong; but rival military fortunes produced fluctuating
prosperity and eventually Western influences became all-pervading. However,
uniquely it seems, the Indus civilisation ended as a result of profound
environmental change—climatic extremes of damaging floods and extensive
droughts overcame the sophistication of the engineering. The evidence for
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wetter conditions at the height of the Indus culture is mainly faunal (chiefly
rhinoceros) and it has been criticised by Raikes (1967) as giving a false
impression; hydrological responses, he argues, are complex when climate
changes and we may make reference to current arguments over desertification
and salinisation (Chapter 6) in his support. The Indus civilisation, claims
Raikes, ‘could have survived and prospered on zero rainfall with or without
irrigation for the Indus complex of rivers enjoys a well-marked seasonal flood
that would have inundated vast areas of the flood-plain’ (p. 113). Even with
today’s barrages and levees, he claims, uncontrolled flooding still occurs.
Toynbee stresses the magnitude and scale of the Indus civilisation, with its two
principal cities 400 miles apart; he does not consider the management
problems of such a scale: possibly management failed to respond in a
coordinated way to environmental change, however caused.

Water has been a central feature in the development of many, if not most,
world religions; the birth of Islam, Judaism and Christianity in semi-arid
environments has helped create this linkage—the fundamental shared
resource, the basis of food and livelihoods, is bound to figure prominently in
religious codes. However, water has an additional spirituality of its own
nature, as an element, a vital force and an agent of destruction.

There has been an increasing recent interest in the way the natural
environment as a whole figures in the major world religions (see references to
Table 1.2); most of this interest has been conceptual because in most nations
civil society has grown away from a religious code (which is why we focus
here on Iran where the civil code has been appropriated and controlled by
religion since the Islamic revolution of 1974).

Table 1.2 Salient elements of attitudes taken to freshwater by major world
religions
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An additional spiritual dimension is needed to include the religious
attitudes to water of 200 million indigenous peoples (Beauclerk et al., 1988).
Characteristics of indigenous peoples are said to include sustainable use of
resources (as a result of the deification of the elements and the folklore of
disasters resulting from abuse) and the sharing of land and wealth through
kinship or codes. Warren and Rajasekaran (1995) have a fuller list of
characteristics:
 
1 Adaptive skills communicated through oral traditions
2 Time-tested agricultural and natural resource management practices
3 Strategies to cope with socio-cultural and environmental changes
4 Constant informal experimentation and innovation
5 Trial-and-error problem-solving approaches to challenges of local

environment
6 Highly developed decision-making skills.

1.2 THE RISE OF HYDRAULICS AND HYDROLOGY

After this tentative conclusion that water distribution can occur in advance of
hydrological knowledge, how can empirical knowledge and theoretical
understanding be put to work in support of engineering? The dichotomy
between the reasoning science of the Greeks and the practical application of
the Romans is traditionally drawn in deriving the origins of Western science.

Empirical records of river levels can be traced for the Nile back to 3000
BC; the famous Roda ‘nilometer’ (Figure 1.2) recorded the annual flood. A
system of flood warning may have been developed, using watch towers and
‘extremely good rowers’ (Biswas, 1967, p. 125) who propelled their boats
ahead of the flood wave. Biswas also records the 3,000-year history of simple
water metering for irrigation supplies in North Africa. In River God, Wilbur
Smith’s imagination has the arrival of the Nile flood thus:

we woke to find that during the night the river had swollen with the
commencement of the annual flood. We had no warning of it until the
joyous cries of the watchmen down at the port roused us. Both banks
were already lined with the populace of the city. They greeted the waters
with prayers and songs and waving palm fronds.

(Smith, 1993, p. 305)

Greek philosophers were not able to advance our knowledge of hydrology,
though Archimedes’ observations led to the foundation of hydrostatics. The
engineering skill of the Romans, however, led to great progress in urban
water supply and drainage systems. Nevertheless, Xenophanes of Colophon
(570–470 BC) stated that ‘the sea is the source of the waters and the source
of the winds without the great sea, not from the clouds could come the
flowing rivers or the heaven’s rain’. By contrast Nace (1974) dismisses the



8 Land, water and development

Romans’ contribution to hydrology: ‘Despite their great hydraulic works, no
evidence has been found that Roman engineers as a group had any clear idea
of a hydrological cycle’ (p. 44). This is an important message for modern
hydrologists!

Under the very different environmental conditions of these Western
civilisations irrigation was obviously less important; distribution systems took
water from constant, pure sources, such as large springs in the countryside, to
the streets and houses of Roman cities. One may speculate that for the Roman
empire the humid conditions of Europe encouraged drainage, which led to
sewerage and therefore to the use of remote sources of water supply to avoid
pollution.

The largest technical problems of achieving the most impressive
Roman feats, such as the Pont du Gard aqueduct (supplying Nîmes in southern

Figure 1.2 The Roda nilometer, upon which the heights of the annual Nile
flood have been measured from antiquity (from Biswas, 1967)



Plate 1.1 Roman water supply engineering, Corbridge, Northumberland
(photo M.D.Newson)
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France), would have been the design of capacity for flow and gradient. In an
interesting review of the Pont du Gard’s hydraulic design, Hauck and Novak
(1987) stress the subtleties of conveying a steady flow of water down only 17
metres of fall in 50 kilometres. The Romans made a clear trade-off between
the expense of a higher aqueduct (i.e. a longer span across the Garden valley)
and the need to maintain a steady gradient. In 19 BC the most precise level was
a 6 metre-long bar, levelled by water in a groove or plumb bobs. Simple
geometry and a knowledge of the flow rate would have provided the cross-
sectional area of the aqueduct’s channel. The authors report that the limestone
spring water continually encrusted the channel and regular maintenance was
clearly essential; in every other way the work was a masterpiece of applied
hydraulics.

Bratt (1995) describes more recent masterpieces of mountain water
transfers: the 376 bisses (total length 1,740 kilometres) which traverse the
steep sides of the valleys in the canton of Valais, Switzerland, in the
headwaters of the River Rhône to deliver irrigation water; they were
constructed as early as the eleventh century, an indication that not all such
skills were lost in the Dark Ages.

It is hard to document scientific progress during the Renaissance without
reference to Leonardo da Vinci; of him Popham (1946) says, ‘water played a

Plate 1.2 Leonardo da Vinci’s perception of river turbulence: Deluge
(Windsor Royal Library no. 12382)
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very important part in his life. A great deal of his energies and his intellect
were absorbed in directing and canalising rivers and in inventing or perfecting
hydraulic machinery’ (p. 70). He was obsessed with depicting water
movement in his art (Plate 1.2) and careful observation aided his design of
water wheels and pumps. However, his was not merely a brilliant combination
of water engineering and art: he formalised the relationship between
catchment and flow properties in his study of the Arno above Florence (Plate
1.3). The Arno catchment map (1502–3) shows very great care with both the
stream network and the contributing slopes; mountains are not shown as
isolated hills in the medieval tradition but by contour shading. To record so
precisely the relationship between slopes and channels and between events
over the river basin and those at a site (i.e. Florence) sets up the combination
of hydrology and hydraulics which was eventually to guide modern river
management. Levi (1995) considers Leonardo to be so important to the history
of observational hydraulics that he devotes an entire chapter of his historical
review to the man.

The next important step was the establishment of the hydrological cycle.
Nace (1974) suggests that acceptable definitions of the hydrological cycle
were published at a very early stage of recorded history, for example in the
Bible (Ecclesiastes 1:7):

All the rivers run into the sea; yet the sea is not full; unto the place from
which the rivers come, thither they return again.  

Plate 1.3 Leonardo da Vinci’s map of northern Italy showing the watershed
of the Arno (Windsor Royal Library no. 12277)
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Palissy (1580) is acknowledged as having the first accurate insight into the
general process of runoff (as credited by Ward, 1982). We have noted the
antiquity of river level measurements on the Nile; rain gauging was not
necessary in the dry climates of the river-fed hydraulic civilisations. It had
developed in China by 200 BC; in India rain was measured as an index of tax
liability for agricultural production. Not until John Dalton presented a paper
to the Philosophical Society of Manchester in 1799 had rainfall and runoff
been brought together quantitatively. It is interesting to note both the title and
first paragraph of Dalton’s paper:

Experiments and Observations to determine whether a Quantity of Rain
and Dew is equal to the Quantity of Water carried off by the Rivers and
raised by Evaporation; with an Enquiry into the origin of Springs.

Naturalists, however, are not unanimous in their opinions whether the
rain that falls is sufficient to supply the demands of springs and rivers,
and to afford the earth besides such a large portion for evaporation as
it is well known is raised daily. To ascertain this point is an object of
importance to the science of agriculture, and to every concern which
the procuration and management of water makes a point, whether for
domestic purposes or for the arts and manufacturers.

(from Dooge, 1974)

Ward (1982) brings the development of hydrological concepts up to date in a
review of the changing conclusions as to the sources and routes followed for
runoff to streams. Most of the controversy of the twentieth century has
concerned the balance between surface and subsurface runoff routes; most of
the evidence has come from the fully instrumented catchment. We return to
this source of scientific guidance to basin management in Chapter 8.

The rise of hydraulics and hydrology has clearly been slow and at each
stage the simpler conceptual and theoretical advances were applied first (and
almost universally). Hydrology, arguably, is more relevant to river basin
management. The fact that it did not enter its main phase of numerical data
collection until this century and become applied by river management
agencies illustrates how meagre is the scientific guidance available for the
management of complex systems. It is particularly unfortunate that our
knowledge of runoff routes is so recent; ignorance has curtailed our
appreciation of the importance of the catchment, its soils and land use.

1.3 MONKS, MILLS AND MINES: ORIGINS OF RIVER
COORDINATION IN ENGLAND

C.T.Smith (1969) offers a variety of reasons why a river network can integrate
the activity of societies within a drainage basin; irrigation is subordinate in
most humid climates to direct water power, accessibility by water or by land
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along the valley floor, supplies of fish and game and supplies of water for
humans and stock. The archaeological record in much of Europe demonstrates
the attraction of early settlers to rivers and wetlands (Coles and Coles, 1989),
with an increasing number of spectacular finds emerging through work on
‘archaeology under alluvium’. During the Bronze Age the site at Flag Fen,
near Peterborough, was clearly a prosperous settlement, benefiting from
extensive exploitation of the interface resources between land and water; its
occupants worshipped the waters and made ritual sacrifices of much of their
wealth to them (Pryor, 1991).

Through the careful work of Rowland Parker (1976) it is possible to
reconstruct a 2,000-year history of human settlement on the banks of a
tributary of the River Rhee in Cambridgeshire. Up to the period of Anglo-
Saxon conquest it is clear that navigation was an important function of even
the smaller elements of the river network; indeed, invasion was by that route.
However, Parker interprets the settlers as constructing a water mill which must
have interrupted future navigation (since no mention is made of a mill leat).
Later, with forest clearance on the interfluves, settlements moved from flood-
and invasion-prone riversides to the terraces and low hills nearby. Those
which did not were protected by the digging of moats and diversion channels.

The Domesday Book of 1086 enables us to gain insights into the
distribution of mills (6,000 of them) and also of freshwater fisheries, a
traditional water use by the very powerful monastic landowners of the
time. After the Norman Conquest the rise of manorial estates and the use of

Figure 1.3 Domesday Book (i.e. AD 1086) mills and fisheries on the River
Thames, England (compiled by Sheail, 1988)
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milling tolls as part of a feudal structure ensured a rapid increase in
obstructions to our rivers, but also in protections against selfish behaviour.
The chaotic picture of mills and fisheries recorded by Domesday is shown in
Figure 1.3.

The next step in Parker’s record of the Brook, not surprisingly, involves
some form of legislation from manorial courts to control private use by tenants
of the channel to create ponds for stock watering, human bathing, and so on.
Parker presents an almost continuous record of ‘river offences’ from 1318
until 1698. Gradually, with the obvious hiatus of the Black Death, pressure on
the stream increases and the domination of ponding and diversion offences in
the fourteenth century gives way to efficient land drainage (‘cleaning and
scouring’) in the fifteenth and sixteenth and to pollution (‘noysome sinkes and
puggell water’) in the sixteenth and seventeenth centuries. A selection of these
offences is worthy of quotation to illustrate the ways in which English society
was dealing with this two-mile stretch of minor stream.

In 1318 the following entries occur:

All the capital pledges of Foxton fined for not putting right the brook which
was stopped up by Thomas Roys.

John Kersey fined 12d. for diverting the brook which flows through the
middle of the manor, to a width of half a foot, and causing a nuisance.

Simon le Roo diverted the brook; fined 12d.
Roysia Kelle widened the stream by half a foot; fined 12d.
Ate Reeve did the same alongside his yard, widening the brook by

letting the other bank fall in to a width of two feet; fined 3d.

1492 John Everard, butcher, allowed his dunghill to drain into the common
stream of this village, to the serious detriment of the tenants and
residents; fined 4d.; pain of 10s.

1541 Each tenant of this manor henceforth shall be ready and present at
the cleaning and scouring of the watercourse called ‘le Broke’
whenever it shall be necessary, and they shall be warned to do so by
the village officials or other inhabitants; pain of 12d.

No person shall wash linen called ‘Clothes’ in the common Broke;
on pain of 20d. for everyone caught in default.

1590 Whoever has not appeared within one hour after the ringing of the
bell to clean out the common brook shall forfeit 4d. to the Lord.

And whoever shall not clean out the brook fronting his land within
the time appointed by the Hey ward shall forfeit 12d.

No one shall wash any cloth in the brook before 8 of the clock at
night on pain of forfeiting 12d. for every offence.

1594 No man shall lett out there sesterns or other noysome synkes untill
eight of the clock at night uppon payne for every one doinge the
contrary to forfeite unto the Lord for every tyme xiid.
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1698 Item that any person who shall suffer any ducks to come into the
Common Brooke shall fforfeit for every such offence 6d. to the Lord
of the Manor.

Item that every inhabitant that shall not cleanse the Brooke or
rivulet which runns through the towne of ffoxton soo far as is
abutting upon their grounds att such time or times as shall bee
appointed by the Churchwardens of the said towne shall fforfeit for
every such offence 3s.4d. to the Lord of the Manner.

Item that any parson that shall lett out or suffer to runn any of their
sinkes or puddles out of their yards into the Common Running
Brooke of the town of ffoxton shall fforfeit for every such offence (if
it bee att any time from ffoure of the clock in the morning until eight
of the clock at night) 6d. to the Lord of the Manner.

(Parker, 1976, passim)

Steinberg (1991) has made a parallel exploration of the development of
the Charles and Merrimack Rivers of New England, showing how
common law and statutes evolved to cope with conflicts between the
building of mills, navigation, fisheries and pollution. Guillerme (1988)
reviews the period 300–1800 in France during which the focus of
eighteen cities in the north passed from defence to milling to drainage,
water supply and sanitation.

Whether manipulating streamflow for milling, stock watering, abstraction
or fisheries, some form of obstruction to the natural regime was required and
we have the origins of what we now call river regulation. Sheail (1988)
reviews the history of river regulation in the UK; much of the available
documentary evidence refers to drainage schemes in the Fens, Lincolnshire
and Romney Marsh but the conclusion is universally applied:

Whatever the purpose of river regulation, no scheme could fulfil its
potential without the cooperation of all the interests involved. A balance
had to be struck between the protection of individual rights and the
furtherance of the common good.

(Sheail, 1988, p. 222)

Central government became involved in drainage issues in 1427 with the
establishment of a Commission of Sewers; a General Sewers Act followed in
1531. Interestingly, a complex hybrid of statute and common law was applied
to water management, the presence of common law implying progress by
precedents rather than a completely technocratic application of principles and
hence standards (in the scientific sense).

The very extensive lowland drainage, under Dutch direction, of the
seventeenth century has a literature of its own, particularly in the Fens (e.g.
Darby, 1983). Less attention has been paid to the more hydrologically
complex task of irrigation and drainage (of the same land) as was practised
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extensively in chalkland valleys from the seventeenth to the early twentieth
century. The water-meadow farming system has much to commend it in an
age of low-intensity production with plentiful labour while drainage of land
in the Fens was considered to be of regional and national benefit, threatening
only those who took the annual harvest from the flood (duck, reeds, fish).
River regulation elsewhere quickly led to conflicts of interests between
upstream and downstream users of water. While corn-millers frequently
fought for effective use of low river flows, it was the arrival of industry,
extractive then manufacturing, from the eighteenth century, with its
demands on water for power, transport and processing, which put strain on
the available structures for coordinating the use of the linear resource of the
river. The common law of riparian rights, datable to the Chasemore v.
Richards case of 1859, gives the following rights to those who own land
adjacent to rivers.

It has been now settled that the right to the enjoyment of a natural stream
of water on the surface ex jure naturae belongs to the proprietor of the
adjoining lands as a natural incident to the right to the soil itself; and that
he is entitled to the benefit of it, as he is to all the other advantages
belonging to the land of which he is the owner. He has the right to have it
come to him in its natural state, in flow, quantity and quality, and to go
from him without obstruction, upon the same principle that he is entitled
to the support of his neighbours soil for his own in its natural state. His
right in no way depends on prescription or the presumed grant of his
neighbour.

(Wisdom, 1979, p. 83)

Dams were built for a variety of purposes: for hydraulic mining (called
‘hushing’ in the northern Pennines), ore processing and separating, and to
supply the canal network which expanded in the late eighteenth century.
Binnie (1987) traces the origins of dams in Britain back to the Roman
occupation; the occupants of fortifications along Hadrian’s Wall clearly used
reservoir storage on small streams. The Romans also used dams in connection
with metal mining. The first modern dams were the mill and fishing weirs; in
1788 cotton milling alone accounted for 122 weirs on relatively large streams.
More than 150 canal reservoir dams were built, the precursors of the modern
water-supply reservoirs.

Industrial use of water power made mill operators a powerful voice in legal
pressures for coordinated use of water. Finally, the growth of manufacturing
and of large urban populations led to the construction of dams for domestic
water supply. The conflict of interests between water storage and industrial
water use led to the concept of ‘compensation water’, a minimum flow
allowed out of reservoirs to maintain the rights of downstream users. Setting
these flows was not easy in the absence of modern hydrological data. As
Sheail comments:
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Parliamentary committees spent more time considering the issues of
compensation flows than any other aspect of reservoir development.
Much controversy stemmed from lack of data on, and understanding of,
the hydrological processes involved in determining the reliable yield of
catchment areas and the need to take account of the changing economic
use of the river water.

(Sheail, 1988, p. 228)

A detailed history of technical aspects of compensation flows is provided
by Sheail in Gustard et al. (1987). Careful debate and evaluation was
hardly necessary in the case of north Pennine lead mining. The ‘hushing’
technique, in which artificial flood waves were created (by the
construction and subsequent breach of dams on small tributaries) to expose
metal ores, produced sudden and often fatal flooding of the valley floors
below.

Lead mining was also involved in early pollution litigation, an interesting
example being that of Hodgkinson v. Ennor (1863) in which the owner of a
paper-mill using pure water resurging in a limestone spring brought a
successful case against a lead mine and works 7 kilometres away. This was,
effectively, a case of groundwater pollution and the defendant attempted to
escape the clutches of riparian rights by claiming that these pollutants
percolated through the ground. The very dirty refuse from the mine washings
was, however, its own ‘tracer’ material and the case was won.

1.4 THE RISE OF ENVIRONMENT

The early hydraulic civilisations perfected, with relatively simple science, but
with highly structured management systems, the major distributional systems
of irrigation and water supply. They carried out flood protection but very
empirically, on the basis of common experience. While the Romans built
sewer networks to collect waste and must therefore have understood the public
health problems associated with river pollution, it is to the ‘Workshop of the
World’, Britain during its Industrial Revolution, that we can look for an
emerging approach to rivers as collection systems. Two elements of
urbanisation and industrialisation prompted the need: the huge toll of life in
epidemics of water-borne diseases (e.g. cholera in 1832), which forced
attention to the classic source-pathway-target pollution system, and the need
to establish ‘gathering grounds’ in the uplands to feed reservoirs of abundant
pure water to be supplied under gravity to the developing lowland
conurbations.

Binnie (1981) records the personal achievements of those Victorian water
engineers who carried forward the heroic skills of Sennacherib or Vitruvius
into an era of new design requirements. Aspects of coordinated management
were quickly added to the agenda of social reformers of the time; we have
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already considered legislation related to compensation flows from the new
upland reservoirs. Of much more profound importance in any historical
review of river basin management was the rapid development of statutory law
in relation to river pollution.

The early emphasis on both water supply and sewerage was municipal, that
is, part of local government of towns and cities, and was a determined
alternative to private enterprise because of the importance of both issues to
public health. The technical shortfall in understanding river pollution,
matched with a political desire not to halt development, led to a regulatory
concept of the ‘best practicable’ solution.

Howarth (1988) provides an illuminating history of the development of
water pollution law in England and Wales (Scottish law is a separate system).
He cites the earliest enactment as that of 1388 ‘for Punishing Nuisances which
Cause Corruption of the Air near Cities and Great Towns’; pre-industrial cities
of England treated their streams badly:

so much dung and other filth of the garbage and entrails as well of beasts
killed, as of other corruptions, be cast and put in ditches, rivers and other
waters, and also many other places, within, about, and nigh unto divers
cities, boroughs, and towns of the realm, and the suburbs of them, that
the air there is greatly corrupt and infect, and many maladies and other
intolerable diseases do daily happen, as well to the inhabitants and those
that are conversant in the said cities, boroughs, towns, and suburbs, as to
others repairing and travelling thither, to the great annoyance, damage,
and peril of the inhabitants, dwellers, repairers, and travellers aforesaid.

(Howarth, 1988, p. 2)

The subsequent acts dealing with water pollution were apparently of little
success in combating the public attitude to streams as dumps for all excrement
and filth, not an unusual attitude in burgeoning developing-world cities of
today.

Sweepings from butchers’ stalls, dung, guts and blood,
Drowned puppies, stinking sprats, all drenched in mud,
Dead cats and turnip tops, come tumbling down the flood.

Swift, ‘Description of a city shower’

By the arrival of the main phase of the Industrial Revolution, England and
Wales had a plethora of legislation relating to the clearance of filth from towns
using water-borne systems (e.g. Town Improvement Clauses Act 1847, Public
Health Act 1848) and to the mitigation of the effect of these domestic and
industrial wastes on rivers. One of the principal of the latter class of
enactments was a Salmon Fisheries Act 1861; because the hard-working
Victorian water engineers were busy bringing clean, fresh supplies from the
upland streams, concern for urban lowland streams was directed mainly at the
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loss of livelihood from fisheries. In our major urban centres none of this
legislation had a comprehensive effect; as is revealed by Engels’ account of
the Irk in Manchester during the 1840s:

Above the bridge are tanneries, bone mills and gasworks, from which all
drains and refuse find their way into the Irk, which receives further the
contents of the neighbouring sewers and privies. It may be easily
imagined, therefore, what sort of residue the stream deposits. Below the
bridge you look upon the piles of debris, the refuse, filth, the offal from
the courts on the steep left bank.

 
The principle of riparian rights, though set out again by Lord Wensleydale in
1859, did not bring the common law into any greater efficiency than statute in
dealing with the relationship between towns on the same river. Clearly, the
next stage was to change the geographical reference scale for administration
of the water cycle, rather than to perfect new legislative principles, though the
Royal Commission on Sewage Disposal provided chemical and physical
principles for pollution control by 1912.

The Rivers Pollution Prevention Act 1876 was eventually implemented
under the administration of the county councils, independent bodies neither
operating sewerage systems nor organised deliberately around river basin
units. Ironically such a spatial organisation came about through progress in
flood protection, still a mainly rural preoccupation, in the 1930 Land Drainage
Act. Local drainage boards were established on a catchment basis and the
1948 River Boards Act set up similar bodies to deal with water resources (see
Chapter 7). From this point onward we see a steady move towards the addition
of pollution control responsibilities to these authorities (called various names
by the 1963, 1973 and 1989 water legislation; see Chapter 7).

Patterson (1987) sees in the last 100 years of river basin management in
England and Wales a grave political symptom, the removal of the democratic
element of municipal control in favour of, firstly, a technocratic element in the
river basin authorities and, latterly, an increasing commodification of water.
Regional state institutions in England and Wales, he claims, are particularly
inaccessible to non-dominant groups such as consumers. As we have learned
throughout the history of river basin management, such social issues are by no
means irrelevant.

Since the 1960s the rise of environmentalism, aided by industrial
stagnation and diversification, has led to a general desire to improve the purity
of rivers. Toxicological studies reveal hidden dangers from impure water;
fishing and boating have become major recreations and residential
accommodation has returned to river waterfronts. It is the 600-year record of
attempting to control the river environment which is now under most scrutiny
in the ‘New Environmental Age’. Not just water pollution is involved; flood
protection causes environmental damage (Purseglove, 1988) and, elsewhere in
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the world, irrigation does so too. As a result of enormous resource pressures,
Man’s attitude to the water cycle and to river basin management is now as
critical as it was in prehistoric Mesopotamia.

1.5 THE LESSONS OF HISTORY AND THE CHALLENGES OF THE
FUTURE

This chapter has analysed the historical record of Man’s intervention in the
land phase of the hydrological cycle in order to draw out fundamental cultural
attitudes to river management under a very wide variety of circumstances. A
central aim has been to reveal that aspect of cultural attitude which may be
labelled rational: what we would now call the scientific approach. This
element is essential if we are to know the value of knowledge as a guide to
management.

In order to learn lessons from historical sequences about the impacts of
river basin development there needs to be a concerted academic approach to
the subject. At the end of her entertaining sketchbook of river history Haslam
(1991) makes the following plea:

It is time the human ecology of rivers, a fascinating record of human
ingenuity and endeavour, was rediscovered and re-appreciated.…man’s
dependence on the river has changed, so that it is no longer immediate,
but distanced. There is a gap, a distance, between man and the use of the
river, so that the river has been set aside, indeed vandalised in the name
of progress.

(Haslam, 1991, p. 303; emphasis added)

Thus, in periods and cultures in which natural resources no longer have a
divine power, to have them delivered in a denaturised way removes any
corporate or individual conscience about how the source is treated; this is the
broadest conclusion about the passage of the development process as far as
rivers are concerned. The groundwater resource is even harder to contemplate
because it is unseen; paradoxically, however, springs continue to evoke a
protectionist attitude long after rivers are ruined.

Few authors have yet answered Haslam’s call with detailed studies of the
historical sequence in a river basin. An exception is the study by Decamps et
al. (1989) of the Garonne which relates the date of changes to the spontaneous
and exploitation functions of the river to their extent. The same volume of
studies contains a yet more detailed study of the history of flood protection by
‘river training’ in Switzerland (Vischer, 1989) which yields great insights into
the epic and heroic status of those charged, in the modern ecosystems view,
with removing ‘swamps’ and controlling channels.

Retaining the ecosystem framework we get the patterns of impact and
response shown in Table 1.3.  
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It is clearly impossible to structure a neat, linear, progressive impact
analysis of historical exploitation—Table 4.1 shows how human needs for
water progress during development processes and perhaps this is the most
appropriate level at which to leave the analysis. However, with a few
qualifications, Table 1.3 emphasises the following aspects:
 
(a) Truly extensive exploitation of the river ecosystem is a very restricted

phase (though lasting long periods in low-density, less-developed
populations); at this stage culture is set by spirituality and religious
principles may later be the only ‘carrier’ of this culture through phases of
development.

(b) The ability to move water around the system is a critical feature of
exploitation, allowing human society to be free of water hazards yet to
benefit from its essential resources (apart from the aesthetic—since this
is essentially a period of abandoning the river). Engineering capability
surges ahead of ecosystem information, rights issues and administrations
(though the latter are well served by mega-projects).

(c) Societal responses to impacts on the ecosystem require, as development
proceeds, information and administration; both are easier to assemble for
small-scale systems unless national structures are strong (e.g. hydraulic
civilisations) or ownership patterns appropriate (e.g. monastic/manorial
systems in England). Highly important rights issues are settled early in
the development process (e.g. riparian rights in Britain, prior appropriation
in western USA) and highly important principles about ecosystem
capacities (e.g. the ‘best practicable option’ approach in Britain) follow
at a much later stage.

Table 1.3 An attempt to sequence the progress of exploitation of river basin
ecosystems by human society during the archaeological record
and recorded history (mainly based on the record of Britain)
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(d) Development pathways and societal responses chosen early in the
development process normally compromise those that follow, undermining
optimism that development can be truly sustainable unless it can be
compressed, or the ‘lessons of history’ communicated. Sadly, it has been
the engineering skill to move water and the administrative skill to move
people which have so far dominated river basin development in all but
those cultures where early on a strong religious attitude was taken to the
river system and its values.

 
If river management is now to extend to the basin scale and is to take a broader
role in global schemes of sustainable environmental intervention, what are the
lessons of history? In summary, we have determined that:
 
(a) Social aspects of both coordination and control have been as important

as, if not more important than, technical aspects.
(b) Distributional aspects of water management (e.g. early irrigation drainage

and flood control) are capable of highly efficient development using
relatively simple scientific foundations.

(c) Collection systems including flows into reservoirs but also flows of
pollutants to streams are much more difficult to understand without a
contribution from science. This contribution is only now becoming
coherent.

(d) The fundamental legal principles upon which a society bases its approach
to water management will powerfully determine and constrain the
environmental outcome.

(e) Scale issues are critical because they control the distribution of information
in the system, both technical and social.

(f) Response to environmental change is a key aspect of river basin
management.



Chapter 2
 

Natural river basins
Transfer systems

In this chapter the aim is to set down those patterns and processes which lead
us to the view of the drainage basin as a systematic physical whole. It is the key
concept in the wider education of politicians, planners and the public that river
systems are an interconnected transport system, albeit often working invisibly
(as in the transfer of dissolved salts) or over extremely long timescales (as in
the evolution of floodplains).

The ecosystem model of the river basin pays particular attention to the
transfer system attributes, both sediment and water. Several of the
spontaneous regulation functions of the basin rely for their operation on
conservation of the natural dynamics of floodplains, wetlands, ‘wild’
channels and the slopes contributing water and sediment to those
components. Climate is a major driving variable in the gross behaviour of
the transfer system, controlling basin-scale inputs of water and (through
plant cover) sediments, but the archaeological record and contemporary
observations prove the progressive impacts of development. Humid zone
basins are particularly vulnerable because of the influence of natural
vegetation covers on evaporative loss and soil loss from slopes. By
‘progressive impacts’ we refer to the feedback mechanisms in the transfer
system through which, for example, eroded slopes exhibit reduced
infiltration capacity for rain and the resulting increase in runoff further
increases slope erosion through gullying.

Professional perceptions are not without fault in their view of the basin
system, particularly in terms of the timescales over which it comes to steady
states and can therefore be managed by relatively simple, sustainable controls.
Although remote sensing and interactive, real-time, mathematical modelling
can now allow reactive as well as proactive control, the latter, as in river
channel ‘training’ to improve land drainage, is still the least-cost solution in
many cases to our exploitation of rivers or to protect ourselves from their
extremes. There are, understandably, new professional viewpoints which see
control of any kind as undesirable and river basin systems have become a
focus for a variety of conservation and restoration approaches (see Chapter 6).
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In formalising the importance of timescales in perceptions of the river basin
system Hickin (1983) has demarcated the following groups of research
interests in the field of river sediment dynamics:

Geologists 1,000,000 years
Geomorphologists 100–100,000 years
Engineers 100 years

Newson (1986) and Newson and Leeks (1987) take this a stage further and Figure
2.1 illustrates a corollary of the timescale criterion for river professionals—in this
case a differentiation based upon the preferred spatial scale of research. These
divergences lead to considerable problems of mutual understanding at
conferences or, more expensively, in the design and carrying out of river
development or control programmes. We return to this theme, therefore, in
treating the importance of river basin management institutions in Chapter 7.

It is not surprising that much of the more holistic thinking about the
practical management of rivers has come from geomorphologists. There is
no superiority in the geomorphologist’s viewpoint, we merely say that a
conjunction of long-term and large-space scales has as many advantages for
managing complex systems realistically and sustainably as it has
disadvantages for conducting scientific experiments under controlled
conditions. We return to comparing the geomorphological approach with the
engineering approach to transfer systems at the close of this chapter.

Figure 2.1 The scales of investigation adopted by river research specialisms
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In the last analysis, however, a river basin which is physically destabilised,
through natural or man-made perturbation of its morphological and
management intervention; the ecosystem model views such a basin as
sediment transfer elements, is extremely difficult to stabilise through having
lost its major spontaneous regulation functions. The current scientific and
political concensus over the desirability of longer-term aims has encouraged
us, therefore, to understand and evaluate these natural functions before we run
the risk of damaging them. There is a bias in this chapter to the sediment
transfer system, although solutes are extremely important, not only for their
contribution to geomorphological evolution but also as pollutants and
nutrients. The transfer system for water itself and solutes is dealt with mainly
in Chapter 3 where a hydrology bias is appropriate.

2.1 FLOW OF WATER AND TRANSPORT OF SEDIMENT

While hydrologists now have a variety of predictive models for runoff at the
catchment scale, prediction of flows for river basin management is more
difficult, requiring a general reduction of sophistication (or the incorporation
of more sophisticated statistical components) as areal scales increase. If the
basin manager then requires in addition to a successful prediction of river flow
a precise estimate of the sediment transport, we simply do not have the robust
techniques of the hydrologist.

Why should runoff prediction prove relatively easy but sediment transport
more difficult? To answer this, one must attempt to unravel the complex
interrelationships between the hydraulics of streamflow and the ability of flow
to power transport. The most important aspect of sediment transport at the
river basin scale is its supply from source areas, including headwater
catchments, and the beds and banks of the channel network.

The concept of separated supply and transport components of the basin
sediment system has only recently been found to be analytically and
practically helpful, particularly in the formulation of geographical zonations
of river basins. The American geologist W.M.Davis (1899) proposed a
threefold subdivision of river basins into ‘youth’ (headwaters), ‘maturity’ and
‘old age’ (downstream reaches)—a classification helpful for the very long
timescales over which the Davisian cycle of landform development was
hypothesised to occur. However, for the last thirty years geomorphologists
have become orientated towards active processes and the energy levels
implied by terms such as ‘youth’ are misleading.

Schumm (1977) has proposed the subdivision of supply, transfer and
deposition zones which is much more in tune with contemporary knowledge
of processes (see Figure v). Further, classification schemes for river
morphology within the transfer zone, also by Schumm (1963; see Table 2.1),
emphasise the nature of the sediment load being transferred in the reach.
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2.1.1 Elementary hydraulics and sediment transport

In the headwater, sediment-supply zone of a river basin, particularly where
this is mountainous, the coupling between slopes and channels controls the
amount and timing of sediment removed from the system. Largely governed
by natural conditions (but often exacerbated by development), slope transport
of sediments occurs by the slow, progressive production of weathered rock
and its gravitational movement, progressive or sudden, towards the nearest
stream channel.

In the polarised case of a supply-zone river valley, slope inputs are almost
direct to river channels: there is not the extensive floodplain and valley floor
which intervenes to store sediments in the transfer zone. Clearly, therefore,
there can be mismatches in time between the rate of slope-derived sediment
supply and the rate of removal by the channel at its foot. Obviously, extreme
events such as rare floods provide energy to both slope and channel
environments but, even within the spectrum of extreme floods, there are also
populations of effectiveness. Newson (1980) divides ‘slope floods’ from
‘channel floods’ on the basis of rainfall intensity and duration; later (Newson,
1989) he includes floods which are effective in both environments.

If we consider the stream channel transport process, we need to demarcate
the different calibre or size of the grains supplied to the channel. Grain size
determines, within broad limits, the process of transport within the flow. Figure
2.2 illustrates the components of bedload and suspended load, with an
intermediate status of bouncing or saltating transport. This is a gross
generalisation, particularly in the case of the saltation process, where the time
effects of turbulent water flow are simply not known, other than at the statistical
level or in experimental flume conditions. It is occasionally assumed that the
suspended load, because of its fine grain size under most natural conditions,
equates to the ‘wash load’ and derives from the surface washing of weathered
material into the channel, for example from soil erosion. However, all forms of
sediment transported in channels may derive from either the bed material of the
channel itself or from bank erosion and inwash from slopes (or, in extreme
events, from landslides or ephemeral gullies).

From whatever source, how are grains transported by river flows? While it
is axiomatic that water flows downhill, the distribution of the energy so gained
and its loss in overcoming friction, both internal and external, and in achieving
work by transporting sediment are not yet fully described. Under most
conditions of sediment transport during which there is an effective
development of channel form, river flow will be turbulent. Turbulent flow is
characterised by chaotic patterns of currents and vortices which, however, can
be simplified within a treatment of the simple properties of flow; the most
important of the properties for effective sediment transport is streamflow
velocity and its variability with depth, across the channel and in distinct
currents within the flow. *



28 Land, water and development

‘Velocity’ (with little further specification) has been used as the predictive
variable for many basin approaches to understanding—and thereby
predicting—sediment transport. The best-known pictorial representation is
that of Hjulstrom (1935), shown in Figure 2.2; these have educational value in
that they:

(a) Differentiate conditions leading to entrainment by erosion of the particle,
transport of the particle and deposition.

(b) Emphasise the importance of inter-particle relationships in the finer grain
sizes where cohesion leads to a steep rise in the necessary velocity for
erosion.

 
The curves do not, however:
 
(a) Extend sufficiently towards the coarser grain sizes which are important in

sediment supply zones and during floods.
(b) Reveal the existence of inter-particle effects within coarser grades of

sediment and in sediment mixes across the whole range of bed and bank
materials and those delivered from slopes.

Figure 2.2 River sediment transport:
(a) The curves of Hjulstrom (1935)
(b) Feedback diagram between river flow, bed material transport

 and channel form (Ashworth and Ferguson, 1986)
(c) The major sediment transport processes in cartoon
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Alongside the effects of the normal mix of sediments available for transport by
a known streamflow velocity we have also the quandary as to the location,
within the turbulent mass of water, of that energy: average velocities may be
plotted during a period of measurement with a current meter but these simple
patterns demonstrate only the energy loss by friction at the channel boundaries
and these patterns, too, are complex, as the measurements in mountain streams
illustrate.

Much of the morphological development of river channels occurs as a
result of the sinuous planform and uneven longitudinal profile of natural
channels; in this connection, therefore, it is important to research:

(a) The existence, pattern and strength of secondary currents or flow cells
which distribute the primary, downslope, energy of the flow into effective
pathways.

(b) The distribution of velocity throughout a reach, as between high and low
points (riffles and pools in the alluvial reaches) and between high and low
flows.

These are major items which remain on the research agenda of those
interested in refining our knowledge of fluvial systems. However, there is a
clear ongoing need for predicting sediment transport rates, particularly of
the coarser elements of bed material which are transported as bedload (by
rolling or saltation), because this form of transport can produce the
channel instability which threatens erosion of structures and flooding of
property.

Bedload formulae (equations) have been developed and used for
engineering applications for over a century.

They are of four main types:

(a) Those based on calculation of the shear stress produced by the flow on
this stream bed.

(b) Those using stream discharge as an integrating predictor.
(c) Statistical/probabilistic approaches to the movement of grains.
(d) Stream power calculations—a generalised energy approach.

As a review by Gomez and Church (1989) illustrates, many transport formulae
are vindicated by the use of data gathered in flume experiments or from field
situations of unspecified relevance to the assumptions of the method in
question. As the authors suggest,

It remains a matter of some concern that there appear to be more bed
load formulae than there are reliable data sets by which to test them. In
consequence, no one formula, nor even a small group of formulae, has
either been universally accepted or recognised as being especially
appropriate for practical application.

(Gomez and Church, 1989, p. 1161)
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Much scientific effort, therefore, has gone into both the comparative testing of
the available formulae on standardised data and the collection of large data
sets from the field using innovative samplers (e.g. Helley and Smith, 1971).
Gomez and Church conclude that for general river applications, where
detailed hydraulic knowledge is normally impossible to gain, the stream
power approach of the formula derived by Bagnold (1977)—using the analogy
of an engine working at varying degrees of efficiency—is the most accurate,
despite the fact that it lacks physical vigour and that actual operating
effficiencies (commonly less than 10 per cent) are hard to predict.

2.1.2 Slopes, channel, storage zones

Because, in many regions of the world and under relatively frequent flood
conditions, the sediment transport system can be shown to be supply limited
(i.e. stream power to transport is not fully utilised), it becomes of critical
importance to river basin management to understand the supply processes
themselves.

Sediment supply occurs, in the Schumm model, mainly in the headwater
zone where slopes and channels impinge closely and where gravitational
energy is high and weathering processes active. This emphasises that there are
at least two sources of sediment supply which may limit (or not) the transport
of sediment out of the basin:
 
(a) Direct inputs from the slope weathering/transport system (which include

man-made additional losses such as cultivation-induced soil erosion—
see Chapter 6).

(b) Areas (and volumes) of stored sediments resulting from past phases of
erosion under different climatic conditions or from an extreme flood in
the recent past. The widespread Quaternary glaciations have meant that
storage legacies are a common complication to the prediction of overall
fluvial processes throughout large areas of the world.

 
At the statistical level of analysis there is clearly good adjustment, over long
timescales, between sediment transport and sediment supply. Simplistically,
any shortfall of supply is made up by increased erosion of bed and bank
materials, leading to either incision of the transporting channel or its
migration across the valley floor; the latter outcome produces the probability
of undercutting an adjacent slope. The incision or migration of the channel
therefore leads to conditions favouring supply. These links are often easiest to
appreciate over the long term when, as Playfair wrote,

Every river appears to consist of a main trunk, fed from a variety of
branches, each running in a valley proportioned to its size, and all of
them together forming a system of valleys, communicating with one
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another, and having such a nice adjustment of their declivities, that none
of them join the principal valley, either on too high or too low a level; a
circumstance which would be infinitely improbable, if each of these
valleys were not the work of the stream that flows in it.

(Playfair, 1802, p. 102)

These conditions of adjustment between slopes and channels occur over long
timescales or during individual flood events when landslides, debris flows and
other slope developments are shown to feed a wide range of sediment sizes
into a channel system swollen by floodwaters and capable of transporting the
resulting load considerable distances downstream.

This impression of perfect adjustment is at least partially illusory. Clearly,
measurements of sediment transport loads in the field have shown that stream
power, while it is a good indicator, is seldom fully utilised in transport and that
the very existence of storage zones of fluvial material in the river basin indicates
that the transport system is not a smooth one. As Ferguson (1981) puts it:

Rivers exist to carry water to the sea and they develop channels able to
contain their normal flow. The form of the river channel affects the flow
of water in it and, through erosion and deposition, the flow modifies the
form. The channel (and if it migrates, the whole valley floor) acts as a
jerky conveyor belt for alluvium moving intermittently seawards.

(Ferguson, 1981, p. 90)

The operation of the ‘jerky conveyor belt’ creates the characteristic diversity
of basin fluvial geomorphology; each feature has a significance in the system
and even those remote from the contemporary channel have a significance as
stores of sediment, possibly nutrients and genetic information. A major
characteristic of development is that the transfer processes of the basin
ecosystem are accelerated and storage volumes/times reduced. Engineering in
the channel network is then required to respond to the morphological impacts
of this acceleration, further encouraging ‘stability’ by straightening and
embanking rivers, minimising lateral transfers and drastically reducing the
morphological diversity which is the fundamental basis of the channel and
riparian biotic system. Figure 2.3 illustrates the major processes and
morphological outcomes of the downstream transfer of sediment in a pristine
basin. At any stage during the natural geomorphological development of the
basin there may be only local adjustment of the morphology to the flows of
water and sediment but overall there is a dynamic equilibrium.

Nevertheless, at the scales of measurement used in a morphometric
approach to river basins (i.e. form indices largely from topographic maps), the
‘nice adjustment’ is demonstrated by close correlations, both positive and
negative, which allowed Melton (1957) to set up the balanced system,
inferring process adjustments from the interrelationships of forms such as
channel slope and valley-side slope. There is a further, utilitarian, justification
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for such a view in the high levels of predictability of flow, phenomena such as
flood peaks and low flows from morphometric, cover and climatic variables
measured from basin maps (see for example NERC, 1975; Institute of
Hydrology, 1980).

2.1.3 Timescales of river basin development in nature

The introduction to this chapter has outlined the differences of spatial and
temporal scales in the perceptions and research agendas of the professionals
involved in river basin management. These differences are critical to the
concept of equilibrium states in the physical development of basins via the
sediment transport system. Schumm and Lichty (1965) have tabulated the

Figure 2.3 Inside the sediment transfer system: a process-linked pictorial
model (after Newson and Sear, 1994)
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pattern of status changes between variables controlling (independent) or
controlled by (dependent) river basin evolution.

In a more practical form, Knighton (1984) has illustrated the time and
space scales over which various features of the river basin landscape may be
said to evolve (and therefore attain some sort of equilibrium or steady-state
condition). Not only are conditions and concepts of equilibrium essential to
successful, sustainable management techniques in natural systems but they,
too, change with different timescales. Once again Schumm (1977) comes to
the rescue by expressing this diagrammatically; Figure 2.4 combines the
Knighton and Schumm approaches.

Traditionally geomorphologists, locked into the cyclic thinking of W.M.
Davis, have considered the concept of grade as being appropriate to the time
span over which humans study river systems, implying that ‘nice
adjustment’ of Playfair. Engineers, too, have employed a steady-state
concept in their design of new river channels (e.g. for irrigation) or their
‘training’ of eroding or depositing, i.e. unstable, channels. For nearly twenty
years now, however, geomorphologists have moved away from notions of
stability in river systems to those of metastability, or periods of quasi-
stability interrupted by episodes of rapid change which appear to managers
as challenging demonstrations of instability. The new approach is best
summarised in the term thresholds.

Threshold phenomena are widespread in science (Newson, 1992a),
particularly in materials where failure phenomena (rapid change between two
stable states) abound. The importance of threshold concepts to river
geomorphology is that they permit a ‘middle road’ between two previously
dominant philosophies of landscape development—those dominated by
catastrophes and, in contrast, by (slow) progressive processes. There are also
practical reasons for the recent popularity of threshold phenomena; in their
recent move towards process investigations, geomorphologists have inevitably
worked in field situations where the engineering approach through regime
designs for channels has failed (see Section 2.2.2).

What perturbations to steady state, elucidated by field studies, have become
worthy of incorporation within the threshold concept? The major cases are as
follows:
 
(a) River basins affected by artificial developments such as river regulation

(Petts, 1984) or urbanisation (Roberts, 1989).
(b) Semi-arid river basins where sediment supply is little constrained by soil

and vegetation cover and where the alternation of flood and drought
extremes is commonplace. Basins affected by fire are also included (see
Graf, 1985).

(c) River basins affected by ‘rare great’ floods have been said to exhibit a
range of threshold phenomena.



Figure 2.4 Timescales of river system sediment transport and morphological
response:

(a) The characteristic length and timescales of major river forms
(after Knighton, 1984)

(b) Two major forms of equilibria adopted by river systems during
the geological cycle (Schumm, 1977)
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(d) Model-scale experimental river basins in which input conditions are held
steady (by the operation of artificial rainfall simulators) but in which
sediment output occurs as a series of discrete episodes—much of
Schumm’s early work was on such a model system.

 
The important basic points for geomorphologists about threshold behaviour in
river basin sediment systems are that it changes our philosophy of timescales
of change (see Figure 2.4b) and that an important type of threshold is intrinsic
to river systems and therefore operates without the need for a large external
change such as climate change or an extreme flood. The geomorphic threshold
therefore develops by the slow, progressive processes of weathering on slopes
or storage of sediments on valley floors to the point where the morphology of
the feature in question makes it inherently unstable even under the ‘normal’
range of conditions. The threshold is crossed when the weathered material on
the slope fails, for example, as a rotational slump, or the valley floor steepens
to the point where gullying develops. Clearly, the practical implications of
geomorphic thresholds include a need to consider the flood record of a basin
in relation to recent morphological change and the importance of avoiding
developments such as cultivation and drainage on sediment storage zones
which are in a threshold condition. Basin development occurs against a
background of a spatially and temporally varied set of stability conditions in
the sediment system; these need geomorphological audit (see below) as part of
environmental impact assessment.

Slope angle has been used as a successful geomorphological predictor of
intrinsic threshold behaviour in semi-arid terrains, notably in the west of the
USA. Graf (1985) illustrates that the instability apparent to managers of the
Colorado River basin derives from the super-imposition of intrinsic
thresholds, occasionally crossed by gullying in the headwaters, compounded
by extrinsic thresholds imposed by climatic variability and traditional
engineering interventions such as dam construction and floodplain
development.

Clearly, Ferguson’s ‘jerky conveyor belt’ is therefore a valuable perception
of the river basin sediment transport system. While thresholds should be
strictly defined and should not be applied to patterns and processes which are
merely threshold-like, the educational value to river basin management
systems is clear. Short-term management devices which merely ‘set up’ future
threshold behaviour are the equivalent of sweeping dust under the carpet.
Furthermore, surveys to investigate signs of symptoms of instability indicative
of the state of a river basin, or river reach, are relatively easy to operationalise
before inappropriate regime-based designs are employed by engineers (Lewin
et al., 1988). When engineers ask, ‘what is the alternative design procedure?’,
one is forced to admit that here the unpalatable choice may be between doing
very little (or using low-cost, ‘soft’ engineering), implying a conservation
philosophy and a retreat from the river, and placing emphasis on very indirect
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forms of river engineering, for example, erosion control on sensitive slopes
and valley floors.

We should not escape from this extremely broad approach to river
sediment systems without a view of the entire system. The workings of the

Figure 2.5 Sediment storage—a regulatory function of catchment ecosystems:
Redwood Creek, California (after Madej, 1984)
(a) Schematic guide to the four main stores in cross-section
(b) Schematic guide to the four main stores in planform
(c) Cumulative stores of sediments stored at three dates (centre of

mass indicated by 50% line)
(d) Volume (%) of sediment in various compartments
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‘conveyor belt’ are perhaps best demonstrated by diagrammatic and tabular
illustrations of where sediments are stored in the system and their average
residence time in those stores before ‘moving on’ by rejoining the channel
system. Once in the channel, depending on its length, sediment size is
extremely important in determining residence time. In short rivers the
suspended load may well reach the estuary on one flood but coarser sediments
may become incorporated in the floodplain at several sites downstream.
Sediments from process legacies (such as glaciation) may also leave storage to
the channel and therefore complicate the assessment of contemporary
sediment budgets (see Section 2.4).

Madej (1984) has compiled the spatial and temporal picture of fluvial
sediments stored in the Redwood Creek basin of northern California. Figure 2.5
here shows her classification of the storages as active, semi-active, inactive and
stable together with their distribution in planform, valley cross-section and with
drainage area. Such an inventory is of exceptional value in assessing the likely
impact of ‘opening’ or ‘closing’ storages, for example, by cultivation/drainage
of hitherto stable zones or flood proofing the channel from semi-active areas.
Unfortunately, the research effort to assess a semi-natural catchment in this way
prior to development is prohibitive; however, it remains for the concept of
sediment storages and their role in the spontaneous regulation functions of the
basin ecosystem to be taken on board by developers.

2.2 CHANNEL MORPHOLOGY

Channel morphology is an output from the transfer system—it can be
diagnostic of system states and geomorphologists have recently paid much
more attention to channel classifications and typologies in an effort to
formalise their knowledge of this diagnostic value. At every site on a river
system which is transporting water and sediment the channel’s morphology is
adjusted, or is in the process of adjusting, to these downstream fluxes.
Characteristic planform channel morphologies typify transport systems for
different calibres of sediment (see Figure 2.6); relationships between
planforms and flow regimes are known to exist but are poorly quantified
because of the influence of sediments and of other factors to which we may
pay only brief attention.

It is, for example, clear that channel erosion and deposition to bring about
adjustment of form to flow cannot occur if the bounding materials are too
resistant. Therefore, bedrock or glacially derived deposits may confine the
channel to a non-equilibrium pattern. The content of silt and clay in channel
boundary materials is also effective in determining the width/depth allocation
in an individual cross-section (see Schumm, 1977, ch. 5). Of perhaps greater
importance to modern forms of management orientated towards conservation
is the importance of bank vegetation (in-channel vegetation also influences
flow capacity).
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Whereas the stability and roughness of inert materials in the channel is
taken as invariable, except by massive and costly works, that attributable to
vegetation has traditionally been considered manageable, and a large part of
river management work is to that end.

However, there is a dual attitude to the value of vegetation in rivers. On the
one hand, its role in preventing scour and protecting bed and banks is
recognised, both through the binding action of roots and through the
streamlining of flexible leaves and stems. The UK Hydraulics Research
Station (Charlton et al., 1978) have established, for example, that unvegetated
and short grass channels are, on average, 30 per cent wider than their tree-
lined counterparts. On the other hand, there are, in lowland rivers, known
flood risks resulting from additional roughness of profuse ‘weed growth’, the
reduction of channel capacity by the bulk of plants, the possibility of
increased turbulence around trees in floods, the risk of sudden bank failure if a
tree falls, and the possibility of log-jams or weed-jams at bridge points
damming the flow.

Figure 2.6 A classification of river channel planforms based upon sediment
load, cross-section and stability (Schumm, 1985)
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The balance would appear to favour removing everything except short
perennial grasses—and, sadly, miles of watercourses in lowland areas have
been reduced to that. But, fortunately, many river managers are glad to retain
and even develop varied river vegetation, for its beauty, its landscape value
and for the wildlife it harbours.

Traditional methods of river management frequently used the attributes of
native plants to stabilise banks and deflect flows where needed. Routine,
regular maintenance by hand labour ensured that plant cover did not
degenerate. Thus, sallows and alders were planted on rivers, reedbeds along
canal banks, and turf walls packed down as toe protection along dikes.
However, traditional practices have, in many places, been forgotten or are seen
as a ‘luxury’ under present financial and staffing arrangements. In the rush to
capitalise (in more ways than one) on the products of the last fifty years of
technology in machinery and materials, river managers have tended to forget
the advantages of utilising vegetation to stabilise river sections.

2.2.1 Stable/unstable channels and channel change

It is the river engineer’s job to treat problems of river instability at a specific
site, yet it is important to have a synoptic view of the river from source to
mouth, as a continuous transport system subdivisible, as shown above, only by
sediment size and availability which, in turn, control morphology.
Nevertheless, it has been traditionally thought in Britain that ‘upstream’
controls on river form had little influence on what happened in a given reach:
average flows of both water and sediment have been considered unvarying in
the long term. Consequently, the engineer has used empirical data, often from
such non-dynamic environments as canals, to guide him on the selection of the
basic channel dimensions of width and depth and the stream’s velocity. The
anticipated success of such channel designs can be judged from the terms
‘regime’ and ‘grade’ which are used to describe a ‘trained’ river in perfect
equilibrium with its dominant flow, usually taken to be the annual flood.
However, rivers respond over different timescales to different influences. Over
geological timescales rivers can clearly cut down to sea level. Davis deserves
credit for working out this long timescale, but it coloured much of his
argument and eventual classification. At the timescale over which riparian
owners these days expect the river to be stabilised, it is the lateral migration of
the channel and not downcutting which is of most concern.

Furthermore, it is lateral migration which is best recorded as a pattern, if
not a process, by geomorphologists. The sinuosity of river planforms has
always excited the interest of a number of sciences but key factors in our
present knowledge based on channel patterns have been the ability to make
measurements of bank erosion relatively simply and our access to relatively
long periods of data from old plans, maps and aerial photography (see
compilations by Gregory, 1977 and Hooke and Kain, 1982; also Figure 2.7).  
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As a result of this concentration in fact we have tended to underestimate the
contemporary importance, at least locally, of vertical morphological
development. This imbalance is, however, being corrected (Schumm et al.,
1984; Lewin et al., 1988).

The tendency of rivers to follow curved rather than straight courses is
another systematic problem of river engineering. The Davis classification, by
linking meanders to the ‘mature’ or ‘old age’ river, has tended to give the
impression that a river wanders aimlessly without energy for erosion. This is a

Figure 2.7 Channel planform change identified from historic maps and aerial
photographs: River Severn, Maesmawr, mid-Wales (Thorne and
Lewin, 1982)
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fallacy, since meanders develop in floods, when the river has maximum
available energy. Energy not used to overcome bed and bank friction is far
from equally distributed across a river. Instead, turbulence breaks up into a
number of cells, producing currents which act laterally with as much force as
the main thread of downstream flow. These secondary flows are generated in
any stream and with a regularity which relates to the stream’s width, that is, to
the space available for the cells to develop.

In streams where banks are compact but where a coarse sediment load is
carried, secondary flows create midstream shoals, or riffles, and pools at fairly
regular intervals; where the banks are erodable, riffles and pools still occur,
but the secondary cells produce a sinuous river planform by lateral erosion and
deposition. Cut-banks occur opposite shoals and together they create the
familiar pattern of the meandering river. Given further development, rivers
may also exhibit a form in which both banks are cut and the shoals are mainly
in mid-stream; this is the braided river typical of streams in recently glaciated
areas.

This natural tendency to sinuosity, and the tendency for meanders and other
less regular river bends to migrate by erosion and deposition, means that the
equilibrium regime approach which is mostly indexed from data on straight
reaches is seldom successful in coping with sinuosity. Much expense and
environmental degradation is involved in forcing a river to flow where it is put
when the designed planform is inappropriate to the reach’s position within the
system. Clearly, however, river engineers would willingly use a new empirical
method of predicting river planform pattern, if one existed. The most hopeful
method is that based upon the secondary flow pattern itself, because it
describes the pattern with which energy is expended within the channel.
Current meters now exist which can measure cross currents such as these; even
simple photography will identify the locus of maximum stress on the banks
and reveal just where any necessary structural or vegetative bank protection
can be positioned.

In river systems there is still argument over the form of equilibrium adopted
by rivers (see Section 2.1). Formerly Schumm’s concept of threshold change
was widely applied to river planforms, especially to the segregation of
meandering and braided forms on the basis of channel slope and discharge,
which was originally proposed by Leopold and Wolman (1957) and widely
used as an indication as to ‘what the planform should be’ in a given reach.
However, the boundary line has been regarded as a threshold condition
implying costly instability in planforms. This view is widely challenged at
present (Carson, 1984; Ferguson, 1987), with the result that managers will
need new guidance as to the natural stability or instability of channels.

There are form guides to river instability (Lewin et al., 1988) but there are
also good grounds for assuming that man-made changes to flow and sediment
systems evoke morphological change which may occur over relatively short
timescales.
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Table 2.2(a) Identifying sediment sources: indicators of stability
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It is perhaps time for geomorphologists to be less exceptionalist in their

treatment of instability; in all systems characterised by dynamic, rather than
static, equilibrium stability is an illusion—particularly if engineers feel that
they can impose it. In considering the river channel and catchment system in
relation to the potential impacts of development we should perhaps move to
Barrow’s (1995) use of the terms sensitivity (the degree to which an ecosystem
undergoes change) and resilience (its ability to change without breakdown) as
sub-components of ‘stability’. These terms could be applied to the sediment
transfer system via, for example, different classes of channel (note that
‘relative stability’ is an axis of Figure 2.6). In view of the many successful
attempts to restore river channel morphology now recorded (see Chapter 6) it
is perhaps resilience which is the more important characteristic, though
channels of high sensitivity should be protected ab initio from negative
development impacts. We also need to consider that metastable equilibrium
conditions are quite common in the fluvial system (see Figure 2.4b) and field
indications of the state of the catchment (such as those provided by Sear et al.,
1995; see Table 2.2a) should be used in conjunction with Schumm’s
brainstorming model in Table 2.2b.

Flow changes can be expected following changes in land use, land
management (e.g. drainage) and the manipulation of river flows by the water
industry (e.g. abstraction for water supply). The developments occurring in
upland areas today—afforestation, timber harvesting, and farm
improvements—mean that changes in sediment supply can also be expected.

Table 2.2(b) Qualitative models of channel metamorphosis, illustrating the
direction of morphological response to particular combinations
of changing discharge and sediment yield (after Schumm,
1969)
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Such changes are already being monitored in a few catchments and give some
guide to the scale of change to be expected in others. However, the complexity
of interrelated factors suggests that accurate predictive models for a particular
system cannot yet be confidently extrapolated from data derived elsewhere.
Erosion rates and stream loads need to be monitored as well as water flows so
that in river management and project planning the system’s degree of
metastability can be taken into account.

2.2.2 Hydraulic geometry, regime and channel design

While the trajectory of much current geomorphological research favours a
generally metastable interpretation of channel form developments, it is
essential to review briefly the equilibrium (steady-state) approaches which
continue to guide management of the world’s river channels.

Hydraulic geometry and regime approaches represent, respectively, the
geomorphological and engineering approaches to the adaptation of channel
width, depth and velocity of flow to water discharge. The former is empirical,
involving data collection foremost; the latter is theoretical and therefore more
flexible and capable of extension to include channel slope, roughness, and
sediment load. Both assume that in the longer term (timescales are not
specified) there is an adjustment of channel dimensions to flow which is
predictable. Thus regime theory is ideal for the construction of new
conveyance channels (needed for flood relief or irrigation) and was largely
‘proved’ in practice with low-gradient canals lined by cohesive materials.

Because hydraulic geometry research represents an important phase in the
quantification of fluvial geomorphology there are many compilations. After
its widespread popularisation in the formative text of Leopold et al. (1964)
numerous studies were carried out, either of changes at-a-station with varying
flows or downstream as flow builds up.

Park (1977) compiled the first international review of the results. This
indicated little consistency in the exponents (rate of change) reported for
width, depth and velocity changes with discharge at-a-station or downstream;
the downstream problem appeared to be inconsistent choice of an indicative
discharge for the basin channel network. Park concluded that alternatives to
simple linear relationships should be explored or the conclusion drawn that
‘maladjustment could not be proven for flow transmission’.

Regime channel design begins with a clear problem—that of producing an
active channel which may well scour or fill temporarily but which, during its
design lifetime, will transfer its charge of water and sediment without
profound morphological change. The design lifetime of an engineered channel
varies but may be up to a century and it should be emphasised that the nature
of river engineering schemes presents opportunities to reinforce or maintain
regime channels as they adjust; geomorphologists argue, therefore, that the
steady-state assumption of such designs is seldom fairly stated or tested. The
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regime approach selects a stable width and depth and, therefore, a velocity
(together making up water discharge); the hydraulic resistance, slope and
sediment transport properties are also chosen from deterministic equations
(Table 2.3).

Slope is rarely adjustable in channel design since bridges, sewer outfalls
and other structures cannot (except in new irrigation schemes) be adjusted a
posteriori to channel slope. Here regime theory is at its most vulnerable and
there is abundant evidence that straight channel planforms built in good faith
to provide flood protection are liable to adjust to a meandering or even to a
braided pattern without considerable structural protection; the paradox is
that, by selecting the ‘wrong’ assessment of a channel’s dynamics engineers
can increase damage in the longer term. Figure 2.8 illustrates how the
planform of the Rhine has reacted to ‘training’ and shows how the changed
gradient which accompanies a cut-off (natural or engineered) promotes

Table 2.3 Regime approaches to stable channels, geomorphological
approaches to changing channels
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erosion and deposition. ‘Natural’ channel morphology may be considered as
part of the spontaneous regulation function of the transfer part of the basin
ecosystem; it can only be sacrificed at a cost.

Recognising this interdependence of form and process in fluvial systems,
streams in North America have been experimentally designed to form and
maintain riffles, pools and meanders where desired (principally by fishing
interests). No structures were used; control of bank slopes and variation in
channel cross-sections resulted in the emergence of point bars and pools after
the first above-normal flow, in the required locations, even in straight reaches.
It is too much to expect that there could be similar research before all new
channelisation projects in the UK. However, computer modelling has enabled
more complex designs to be attempted and tested, with encouraging results in
the field for ‘natural’ habitats and landscapes.

2.3 FLOODPLAINS

It is perhaps invidious to select only one piece of characteristic river
morphology for separate treatment in this chapter. The floodplain, and a set of

Figure 2.8 Engineering problems of meandering channels:
(a) The response of the Rhine to ‘training’
(b) Reaction of a meandering channel to cut-off (Ryckborst, 1980)
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both narrower and wider valley features, are, however, of critical importance
to a range of human river-use systems and to the conservation of nature
(Newson, 1992b). They represent a further component of the spontaneous
regulation function in the sediment transfer system. Therefore, it is essential to
know how floodplains form, what are their natural regulatory functions and
how our use of them involves costs as well as benefits.

A cross-section through a river valley in the transfer zone indicates several
important features (Figure 2.9). The valley floor is the broadest definition,
encompassing all the landforms dominated by processes of deposition,
including legacies such as those of glacial deposits. At the narrowest level is
the river corridor, recently defined officially for conservation purposes in the
UK and governed by interactions with channel flow and sediment regimes via
the agency of flora and fauna dependent on the channel itself (we can also
include human recreation). In other countries the concept of riparian zones is
becoming part of river management culture, again emphasising the
interdependence of the channel and its surrounding features.

The floodplain represents that area across which the river escapes during
floods and therefore may be subdivided by the frequency of the flood
concerned. Since the discharge which fills the channel (bankfull discharge
of hydraulic geometry; dominant discharge of regime) occurs between once
a year and every other year, floodplains appear captivatingly suitable for
human settlement, agriculture and communications. There is considerable
surprise and anxiety when, subsequently, damaging, costly and fatal
inundations occur.

Figure 2.9 Zones of the valley floor within the basin
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2.3.1 Floodplain formation and functions: floods, aquifers

Much of the damage caused by inundation of floodplains occurs by relatively
concentrated flows down features resembling infilled remainders of river
channels; these so-called palaeochannels also provide the best indication of
floodplain formation processes. These processes are closely linked to lateral
mobility of active river channels. As sinuous patterns evolve and migrate,
valley sides become eroded; the active channel therefore creates a wider valley
in which both flood waters and sediments can be stored. The storage of
sediments is, as we observed in Section 2.1, a salient property of the transfer
system and in confined river reaches there is clearly a throughput of both flow
and load until spreading can occur. In regions which have experienced
climatic fluctuations, particularly glaciation, valleys tend to have adjusted to
the flow of ice or to substantial meltwater streams. The present channel is
therefore often a ‘misfit’ in a wide valley. This makes the confinement which
our occupation of floodplains usually implies (by flood- or erosion-protection
engineering) even more intensive.

Sediments enter floodplain storage in two principal ways: by deposition
in the channel (e.g. as bars and shoals) followed by abandonment, through
migration, of that channel, or by out-of-bank flows. Clearly, the former
mechanism favours coarse clasts of sediment and the latter fine clasts; the
result is that floodplains are frequently composite, with coarse material
below, topped by fines. A further environment for the deposition of fines is
the ‘backwater’, partially abandoned, channels of alluvial (silt/clay)
reaches.

The coating of fines, often carrying organic and chemical nutrients, makes
a fertile parent material for soil development—one of the original reasons for
the ‘hydraulic civilisations’, notably that of the Nile, whose floodplain is
seasonally inundated and ‘fertilised’ with silt. There are two dimensions in
which floodplain sediments act as aquifer deposits. First, the down-river flow
of water is seldom restricted to the channel itself; large volumes can move
‘invisibly’ close to the open channel but having leaked into the coarser
deposits of the floodplain, often following the palaeochannels described
above. There are two notable demonstrations of this phenomenon: the
successful abstraction of relatively large amounts of quite pure water for
supply from floodplain deposits (including those of former river courses in the
semi-arid zone) and the ‘loss’ through temporary leakage of volumes of water
released from regulating reservoirs (Chapter 6).

In the other dimension, at right-angles to the down-valley flow, all the
runoff contributed from valley-side slopes enters the channel via the
floodplain deposits. Therefore, considerable modification of flow patterns
occurs across the floodplain and we now know that this is accompanied by
beneficial chemical changes such as nutrient stripping (Pinay and Decamps,
1988).
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2.3.2 Floodplain modifications by Man

The typical river valley of the developed world is now a wide corridor of
intensive land use and water use. Since settlements and infrastructures cannot
continually move in response to flood or drought, floodplains have become
regulated with more or less respect for natural dynamics according to culture,
cost and severity of natural impacts. In a polarised case the following
developments may have occurred:
 
(a) Channel straightened and erosion-proofed.
(b) Extensive flood protection structures.
(c) Extensive irrigation and/or drainage.
(d) Removal of natural vegetation and wetlands.
(e) Encroachment of buildings and structures towards the channel.
(f) Use of floodplain and channels/palaeochannels for waste disposal.
 
These all result from the exploitative nature of the development process and it
is only in recent years that a more cautious approach has been necessitated by
the competing objectives of conservation and recreation and by the high costs
of the more heroic defence of our occupation of floodplains against natural
processes.

There is now a developing field of ‘fluvial hydrosystems’ centring on the
natural relationship between the flow and sediment transfer functions of the
active channel in terms of interrelationships with floodplain processes. French
geomorphologists and biologists have championed this development (see
Amoros et al., 1987 and Figure 2.10) and are supporting it with research into
the timescales of stability necessary for valley floors to carry out their natural
functions of wildlife corridors, water storage and filtration. In Figure 2.10 the
biological populations A, B and C are sequentially incorporated in the stream
ecosystem, as are those at depths X, Y and Z, providing natural stream
migration rates are permitted. Biota have high survival rates in fluvial storage
zones. The human imprint on developed floodplains has, however,
consistently sought to separate the areas of settlement or agriculture from the
water and sediment transfer system, isolating and destroying the important
source of genetic information which would normally be stored, supplied and
stored again. In the USA there is also a trend towards the zoning of floodplains
so as to permit a graded land use with less vulnerable uses adjacent to the
channel and more vulnerable uses at a ‘safe’ distance (see Chapter 4). In the
UK new research points to the desirability of considerable floodplain
‘retirement’ to allow nutrient-stripping from the effluent of productive
agriculture on valley sides and interfluves. There is also a considerable
interest in the natural use of floodplains to store flood waters, a use to which
farmers have apparently become adjusted as in the case of Lincoln (see
Chapter 7).  
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2.4 BASIN SEDIMENT SYSTEMS

It is perhaps surprising that even in those nations which face severe river basin
management problems as a result of soil erosion, river instability, or other
factors promoting high rates of sediment transport, measurement networks are
generally sparse or absent. Consequently, it is virtually impossible to calculate
either average or extreme transport rates other than by compiling lists of those
measurement results which are available (e.g. Holeman, 1968). This
assemblage of data leads to attempts to predict the sediment yield of rivers (i.e.
the rate of output per unit area) on the basis of climate or geology (e.g. Jansen
and Painter, 1974). Notwithstanding such predictive tools it is usually
essential to make on-the-spot measurements in those cases where a specific
problem of erosion or sedimentation is present.

Figure 2.10 The importance of ‘wild’ river channel migration for the creation
of a variety of habitats in space and through time (Amoros et al.,
1987)
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The available techniques are far from satisfactory, particularly because
none of the routine ones produces a continuous record of either suspended or
bedload yields, especially during flow extremes. The need for simultaneous
measurements of river flow also conspires to make sediment yield and
transport rate measurements difficult. Progress is, however, under way
towards, for example, the use of turbidity sensors to measure suspended
sediment loads (Walling, 1977) and the installation of pressure-sensing or
weighing traps for bedload (Reid and Frostick, 1986).

2.4.1 Sediment budgets

The last thirty years of research in drainage basin sediment systems have been
a period of process studies backed by less detailed calibrations of the
magnitude of inputs and outputs of the system, paralleling the measurement of
water balances in hydrology. A recent international symposium (Bordas and
Walling, 1988) indicates a considerable geographical spread of research effort
but a continuing anxiety over techniques and over the ability to construct
satisfactory budgets given the ‘jerkiness’ of the sediment conveyor from
source to sink and the fact that many sinks are, albeit temporary, in mid-basin.
The much shorter turnover times in hydrology make budgeting on an annual
basis much more satisfactory.

The most severe practical problem confronting the measurements of
sediment budgets for management (e.g. to determine the rate at which a new
reservoir will fill with sediments) is that temporal and spatial discrepancies
in throughput of sediments lead to mismatch of, for example, soil erosion
rates and sediment yields further down the basin (see also Chapter 6, pp.
216–17). This discrepancy is, however, considered to have certain
regularities and the basin sediment delivery ratio defines the proportion of
headwater sediment supply which reaches the outlet of river basins of
increasing area. The delivery ratio requires much more research, particularly
because it implies a smooth operation for processes we know to be disjointed
(see Section 2.1). Nevertheless, for small basins it is now common to see the
sediment budget compartmentalised into all the relevant sources and sinks
(see Foster et al., 1988 and Figure 2.11). Such sediment sourcing is an ideal
corollary to mapping of storage zones as a preface to basin development
(Section 2.1).

The problem of delivery processes becomes much more severe when in
certain glaciated or eroded regions a considerable legacy of stored sediments
becomes re-mobilised after hundreds or even thousands of years. On the
eastern seaboard of the USA the era of European settlement led to massive soil
erosion; much of the resulting sediment was, however, stored as colluvium (a
basal slope deposit—shown in Figure 3.13b).
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2.4.2 World sediment yields

Given the requirement posed by the concept of sediment delivery to assess
sediment yields much more thoroughly than has been the case to date, it is
essential to conclude this chapter with a brief coverage of the major factors
which control sediment yields and of how, within a typical large basin, we may
refer yields back to their controlling processes.

Jansen and Painter (1974) provide a simple assessment of ‘the global’
denudation rate: 26.7×109 tonnes per year; the range of other published
estimates which they review is from 12.7×109 tonnes to 58.1×109 tonnes. Such
estimates are of most use to geologists making comparisons with estimated
rates of ‘new rock’ production. For river basin managers it is necessary to
assess the geographical variability of yield for standard areas. Holeman
(1968) does this by continent:

Figure 2.11 Source components of the sediment inflow to two Midland lakes
(Foster et al., 1988)
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and Fleming (1969) by vegetation type. Schumm (Figure 3.13a) also provides
a broad-brush link to precipitation and temperature.

A major review of all the component processes of continental denudation,
produced by Saunders and Young (1983), concluded that acceleration of
natural erosion rates by human activities ranges from two to three times with
moderately intense land use to ten times with intense land use. However, in
any such estimation it is necessary to recall the local, partial and
unsophisticated nature of most geomorphological measurements; bedload
transport is frequently merely ‘added on’ as a token 10 per cent and solutes,
ignored in this chapter (see Chapter 3), are likely to equal or exceed sediment
yields in many large river basins.

The most integrative concept with which to leave this chapter on the basic
physical stability of the river basin is perhaps that of sediment residence times.
Figure 2.12 shows a section through a typical humid, cool river basin and
indicates the location of the key sediment storages and an estimate of the
average duration of that storage. This illustration stresses:
 
(a) The division of the transfer system into supply and transport.
(b) The importance of storage of sediments.
(c) The vulnerability of stores to mobilisation through river instability or

land-use change.
(d) The importance of taking longer timescales into account in basin

management.  

Figure 2.12 Duration and location of long-term sediment storage in the fluvial
landscape (Brown, 1987)
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2.5 SUMMARY: KEY ELEMENTS OF THE NATURAL SYSTEM, A
SENSITIVITY ASSESSMENT

We have seen at many points of this chapter the central role of the basin
transfer system in the ecosystem model and, therefore, in any assessment of
sustainable basin development. Marchand and Toornstra (1986) tabulate in
detail the implications of loss of spontaneous regulation functions. The
confidence of the geomorphologist in seeking a role in river basin
management springs from the fact that, when the sediment transport system of
any basin becomes destabilised, that basin ‘falls apart’ in more than one sense
(see White, 1982). The advantages of the basin to human settlement and
resource-utilisation patterns disappear as the system degrades. In many senses
river sediments, once the source of wealth for the hydraulic civilisations, are
the worst pollutants. Their sources are so widespread that control is far less
rapidly achieved than for most chemical pollutants, not that they can be
divorced from chemical pollutants since many of the latter are bound to
sediment particles (Slaymaker, 1982).

While the river floodplain has many advantages to human resource
utilisation and newly discovered values for conservation and for moderating
and modulating the transport system, a destabilised river system will suffer
from irregular and largely unpredictable extremes of flow which in some
environments can remove the entire floodplain. At a much more modest level
the expenditure necessary to ‘clean up’ such a system by removing the
sedimentation from reservoirs, navigation-ways and even nature reserves puts
an unbalancing burden on the broad base of holistic river basin management.
Our new knowledge of the prevalence of threshold reactions by the river basin
system, especially the potential of intrinsic thresholds, further adds to the
dismal recovery prospects of a basin destabilised by poor land management,
poor flow management or over-development.

As will be revealed in Chapters 5 and 6, the most sensitive world
environments for such destabilisation to occur are precisely those in the semi-
arid and mountainous marginal environments where population and
development pressures are most likely to produce it.

While the river managers of moderate humid-temperate and long-
developed nations are learning only slowly the importance of the system of
fluvial geomorphology, it is imperative that those in charge of the process of
development programmes in these sensitive environments do not engineer the
ultimate failure of their ambitious programmes.

A considerable problem exists in convincing responsible agencies and
institutions that fluvial geomorphology is relevant to river basin management
(see Brookes, 1995a); a ready alternative exists in applying the results of
engineering science, which takes a different route towards similar ends
(Figure 2.13) but as a higher professional standing simply because
geomorphology is, in most countries, an academic, not an applied subject.
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Nevertheless, fluvial specialists are now making a considerable contribution
to river management and it is often the simpler classificatory and
observational materials which are of most help to river managers. For
example, the river channel classification by Rosgen (1994) adds considerably
to that provided here in Figure 2.6 and can be used as the basis both for
judging adverse impacts and for schemes of restoration based on the ‘natural’
dimensions and features to be expected for a particular type of channel in a
particular location in the basin.

Preservation of river systems is impossible because of their dynamism;
however, conservation of a few wilderness rivers is equally misguided. The
fundamental physical integrity of river basins must be respected by any
management scheme which claims to be long term (see Table 2.4); against this
claim some of the most immediately alarming effects of chemical pollution
pale into insignificance.



Chapter 3
 

Land and water
Interactions

The sediment transfer system is normally laid bare for us to see; regulators of
the system, both spontaneous (natural) and imposed are observable even if we
choose to ignore their influence, but it is more difficult to apply the ecosystem
concept to patterns and processes of runoff. Hydrology is a young science and,
while its early days were preoccupied with surface processes, hydrologists
now admit that many of the key points of the runoff system are hidden—in
soil, in rock or in plants. Hydrological process studies are a feature of the last
thirty years and we remain in ignorance about many of the key controls; we
may assert the obvious—that land use and land management influence runoff
and water quality—but proving the point remains difficult, especially when
another human influence (the direct one of damming and piping water) is less
subtle. Few hydrologists are prepared to take an ecological or ‘land/water’
approach to their publications (with some exceptions, for example,
Falkenmark and Chapman, 1989).

As we have previously observed, ‘water and land’ best represents the
driving force behind the hydraulic civilisations, their use of the land being
controlled by the availability of water and the efficiency of the distribution
network. Just as the controlling variables of fluvial geomorphology may
change their status as dependent or independent according to timescales (see
Chapter 2), so land and water have become reversed in order of influence—
with our use of land having first priority, at least in the humid zones in which
development has been rapid.

An example will illustrate the rapidity with which the balance may
change. One of the preoccupations of water resource managers in the UK
between 1930 and 1970 was that human recreational pressure might damage
reservoir and river water quality and lead to the spread of disease, e.g.
typhoid. During the 1970s recreational facilities were slowly developed on
both reservoirs and rivers, with the purification costs borne by the water
suppliers. By 1990 the situation had reflexed totally and recreational water
users were being warned that reservoir and river water threatened them as
the result of algal blooms!
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The need now to address ‘land and water’ as a prelude to sustainable basin
management puts pressure on scientists to identify and quantify those
relationships of cause and effect which link the vast majority of the area of a
river basin—its land surface—to the highly significant minority area—its
rivers. At the same time, there is a danger that we neglect groundwater; while
not ‘organised’ around surface river basins, the importance of groundwater
supplies for human communities and some habitats makes that component of
runoff an increasing concern of those pressing for sustainable basin
development. Management units for pollution control now include
‘groundwater protection zones’ (see Section 3.2). The need for information
and data on the influence of land use and land management on surface and
subsurface runoff is urgent. The problems of environmental science in this
situation are considered in Chapter 8; for the moment we must proceed as
though hydrology were an exact science and its axioms worthy of
operationalising. The hydrological cycle, quantified for river basin units, is an
ideal starting point.

3.1 VEGETATION, SOILS AND HYDROLOGY

The UK is a humid, temperate land surface with a dense network of surface
stream channels. However, even in mountainous parts of the UK, less than 2
per cent of the surface area of a river basin is occupied by stream channels.
Clearly, therefore, with the exception of some lake and reservoir catchments,
the huge majority of rainfall is translated to river flows via a canopy of
vegetation and a mantle of soils, weathered bedrock or drift and via
underground routes.

While it is now known through our experience with acid rain that
precipitation itself may carry the pollution resulting from poor environmental
management, we may assume for most of this chapter that vegetation and soils
have had their naturally benign influences on the quantity and quality of
groundwater and river flow severely corrupted by their development for
productive uses. While it may ‘stand to reason’ to the non-scientist that this is
so, it has taken hydrological experiments more than a century to elucidate the
detail and to extend initial rural preoccupations to an urban and suburban
context.

Chapter 1 relates the slow historical progress towards a cyclic concept of
balancing components of the global water mass. For three hundred years,
however, it has been axiomatic to hydrology that the hydrological cycle
(Figure 3.1) links the important storages and fluxes of global moisture. The
land surface is one of the important switching points in the cycle and a large
number of land surface variables act to control the routing of precipitation
through the land phase of the cycle (see Figure 3.2). Although major ‘fixed’
controls are operated by relief and climate, the hydrological cascade of
storages and flows in the surface zone is important, critically important in
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many relief and climate zones. In fact land-use hydrology is very much a
regional science, with the exact effects (particularly their magnitude) of
land use dependent largely on regional conditions; for instance,
precipitation and evaporation volumes and seasonality in the case of forest
effects on water quantities reaching rivers (Newson and Calder, 1989—see
also Table 3.1).

3.1.1 The hydrological cycle in nature and the role of vegetation

The most telling demonstration of the relationship between fluxes and
storages in the land phase of the hydrological cycle is that, while biological,
domestic and industrial demand for water is almost constant, precipitation
occurs for a relatively small proportion of the time; even in the humid
conditions of the UK there are few places in which rain or snow falls more
than 15 per cent of all time and many important regions where the figure is less
than 5 per cent. ‘Storage is the answer’, both artificial, in obvious masses
called reservoirs and, more importantly, natural, in the pores between soil and
rock particles, faults and joints in aquifers, in ponds and lakes and in the
channel network. These storages have been calculated as shown in Table 3.2;
they can be represented at the river basin scale as a hardware model or as a
conceptual model such as that shown in Figure 3.2. The latter device can be
used to illustrate the potential impacts on the volume and quality of storages
and the flows between them of land-use developments and land management
techniques.

Land-use hydrology has at its core the solution of the water balance
equation for a particular unit of land, normally a river basin but often at

Figure 3.1 The global hydrological cycle; all volumes in thousands of cubic
kilometres
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much smaller ‘plot’ scales where measurements can be more accurate and
control more secure:

P –Et   +/–S =Q
Precipitation  Evapotranspiration Changes in storage  Discharge in stream

It can be solved for any time period but generally an annual or flood
hydrograph base is chosen so that initial and final conditions are similar,
reducing the need to make comprehensive storage measurements. Even
without this difficulty the measurement of evapotranspiration has proved
very difficult to make directly and climatic calculations of the potential rate
are much more common than those of actual rate. The ability to measure
actual rates of evapotranspiration on small numbers of plants in plots or
lysimeters has made these small-scale experiments popular but more
recently methods of direct measurement of the vapour flux from plant
surfaces have been devised.

Table 3.1 Regional process controls in forest hydrology
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The other dilemma in evaporation studies is that of how to separate two
controlling processes in the loss of moisture from vegetated surfaces:
 
(a) Interception is the detention of precipitation on plant surfaces and its

reevaporation from that location.
(b) Transpiration is the ‘use’ of water by the plant physiological system

linking roots and leaf stomata (variable openings).
 
It was Dalton who, in 1801, demonstrated that evaporation rates from
containers of warmed water were proportional to the vapour pressure
difference between water and air; this resistance or aerodynamic approach to
the phenomenon became less easy to solve for field sites where climatological
data made the energy balance approach through measurements of radiative
power for evaporation more popular. In 1948 the late Howard Penman
combined the two approaches in an equation which was to facilitate vastly
estimation of water balances, particularly in the humid temperate zone.

To allow for reduced actual evaporation via the transpiration process when
soil moisture is depleted, Penman introduced a concept of the root constant,
fixed differently according to crop rooting depth. We may take simplistic

Table 3.2 Storages and fluxes in the global hydrological cycle
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guidance from this concept that deeper-rooted plants (such as trees) ‘use’
more water than shallower-rooted plants (such as grasses), a difference which
may well hold for warm, dry climates with a plentiful supply of water to roots
(e.g. riparian trees or phreatophyte species).

Calder (1990) traces the isolation and solution of a more difficult problem
with the original Penman equation—one of canopy height, not rooting depth.
Penman’s aerodynamic calculations are appropriate for short, but not tall
crops, especially in windy climates when the canopy is wet. Under dry
conditions the Penman approach has some mutually compensating errors
between aerodynamic and radiative terms but the errors are so large (×2) for
wet, tall crops such as forests that a separate approach to evaporation under
these conditions (i.e. of interception) is now the norm for evaporation
equations and models.

The issue of relative rates of evaporation achieved under different
conditions in different climates by interception and transpiration by species of
different heights has dominated land-use hydrology this century.

3.1.2 Important canopy processes

In terms of our knowledge of their hydrological effects, the above-ground
portions of natural plant, crop and forest covers have grown in importance
since the processes they control have been investigated more closely. As
Figure 3.2 demonstrates, the canopy is itself a temporary store in the
hydrological cycle. While not constituting a large depth of storage in terms of
incoming precipitation (commonly <5 mm), the lateral extent of plant cover is
considerable and therefore volumes are by no means negligible. While storage
is only temporary the individually small volume of each storage site and its
comparatively large surface area mean that both evaporative and chemical
(solute) transfers are efficient in the canopy under most conditions.

It is important to list the properties of vegetation canopies which influence
their hydrological behaviour (Table 3.3). In the early days of qualitative
observations on, for example, the hydrological influence of natural forests
(see Chapter 8 and Kittredge, 1948) canopies were seen as exercising a
simple, single, umbrella-like influence on rainfall and a generally protective,
beneficial outcome was assumed for river behaviour. Nevertheless, even at
that stage, failure to separate the precise canopy processes and their variability
with canopy properties led to controversy and misunderstanding. Issues of
canopy effects were often confused with those of soils and soil management
(see Section 3.1.3). No rapid improvement was produced by quantified
observations; here catchment experiments involving a manipulation of canopy
cover, such as afforestation or deforestation/harvesting, were found to
produce different effects on streamflow (or different magnitudes of effect),
depending on plant species, climate and other variables.
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It is perhaps not surprising that ignorance prevailed so long in the field of
canopy hydrology; one of the dominant processes operating at canopy level,
evaporation, is the most difficult to measure or predict in the hydrological
cycle. Ultimately, therefore, clarification has come from a wide variety of
scales of research carried out by several disciplines in numerous climates
(even so, neglecting the importance of vegetation management). Vegetation
changes may be accidental (fire, disease) or deliberate, but in each case the
‘before and after’ covers may be different (e.g. trees may follow bracken, or
heather, or scrub rather than short grass).

It has been clear that during the short life of the International Hydrological
Decade and Programme (1965–74 and subsequently) forest hydrology has
dominated studies of land-use effects. In the proceedings of the first
international symposium on the subject in this period, held in Wellington
(IAHS-UNESCO, 1970), it is clear that, while a very large majority of papers
are on techniques and problems of extrapolation (indicating a youthful
stage?), a significant number reported results from forest studies. Ten years
later in Helsinki the organisers were confident enough to call the meeting ‘The
influence of man on the hydrological cycle’ (IAHS, 1980); again forests
dominated with fourteen pages (regulation effects were next with nine) and by
1981 the Vancouver Symposium was devoted entirely to ‘Forest hydrology
and watershed management’ (Swanson et al., 1987). Table 3.4 shows the
categorisation and country of origin of papers in this volume. It is also
indicative of the maturing state of forest hydrology that watershed
management appeared in the title of the Vancouver Symposium.

Despite the difficulties of extrapolating data for applications in a
regional science (see Chapter 8), it is now generally accepted that in rain-
dominated climates tall vegetation makes a net demand for water from a
river basin. Work by Bosch and Hewlett (1982) has drawn together the
results of catchment studies round the world (Figure 3.3) and may be used
as an approximate guide to the trade-offs between a canopy cover and the
water balance of the catchment. Their review results from ninety-four
catchment experiments involving timber harvesting from climates ranging from

Table 3.3 Vegetation canopy properties having an influence on the
hydrological performance of vegetation cover
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<300 mm to >3,000 mm of annual precipitation. There is a consistent increase
in catchment yield when tree cover is removed, though the magnitude varies
(positively) with annual rainfall and, obviously, the proportion of the forest
cover removed. Forest types are difficult to compare within the same climatic
zone but, broadly, conifers and eucalypts cause 40 mm change in annual yield
for the loss of 10 per cent cover, deciduous hardwoods 25 mm and brush 10
mm.

Figures 3.10 a and b show similar conclusions for two studies in the UK.
More practical guidance, as applied to forest management in the USA, comes
in Chapter 4, while the pressing problem of the water use by eucalypts in the
developing world is covered by Calder et al. (1992)—see Chapter 5. Perhaps
the major outstanding forest hydrology problem facing river basin
development is in the humid tropics where timber extraction is popularly
associated with enormous problems of land degradation. The lack of
controlled catchment experiments and poor access in the tropics means that
we have yet to get a broad regional picture of the subtleties of impacts on
rivers (Bonell and Balek, 1993). The picture is, however, complex because
moisture is not limiting in the soil but the impact of raindrops and cultivation
techniques at the soil surface probably controls both runoff and erosion
processes post-felling (Lal, 1993 and Figure 3.4). An additional argument
about flood flows from tropical humid forest watersheds is the controlling role
of the rainfall intensities, which are high enough to minimise the land cover
(canopy) impact on runoff in the biggest storms.

Bonell and Balek review the important East African catchment
experiments (Blackie et al., 1979) in which changes in land use from forest
to productive systems led to a variety of runoff yield responses. Changing

Figure 3.3 Forest cover and increased evapotranspiration: an international
review (after Bosch and Hewlett, 1982)



66 Land, water and development

from rain forest to tea plantation reduced runoff yield, changing from
evergreen forest to smallholder cultivation much increased it, while changing
from bamboo to pine had no effect.

3.1.3 Patterns of soil hydrological processes

One of the major pieces of empirical progress in twentieth-century hydrology has
been in determining the spatial pattern of runoff processes. Geographers have
played a prominent part in the retreat from a concept of catchment surface runoff to
a variety of spatially orientated runoff zones in which permutations of surface and
subsurface runoff occur at various times during a runoff event, for example the flood
hydrograph. Unfortunately, much of this research has been carried out in the humid
temperate climate zones of the world; thus problems of development (often focused
in semi-arid or humid tropical zones) cannot easily be incorporated in the
applications of our recent knowledge. The climate variables which make this
constraint are similar to those in Table 3.1 for regional controls in forest hydrology;
they include rainfall seasonality, intensity and presence or absence of snow. Runoff
processes are also controlled by such factors as surface crusting in semi-arid soils,
cracking, animal burrowing/treading and amount of ground cover by vegetation.

Figure 3.4 Deforestation: hydrological impact assessment, with special
relevance to the tropics (after Lal, 1993)
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Two prominent variants of the newer conceptual framework are
proposed: the partial contributing area  (PCA) and the dynamic
contributing area (DCA). Their strengths and validity are both determined
by the pattern of rainfall (or snowmelt) interaction with the surface of the
soil. Figures 3.5 a and b illustrate an earlier different view of this
interaction, assembled from observations in the semi-arid rangelands of
the USA by R. E.Horton (1933). The Horton model at its simplest states
that runoff occurs from the surface of the soil when rainfall intensity
exceeds the infiltration capacity of that soil. It is a rate-exceedance rather
than a capacity-exceedance, an important distinction to make when
considering the regional and local application of the model. ‘Overland
flow’ or ‘surface runoff’ was assumed to have universal applicability in
hydrology and had the further advantage, as conceived by Horton, of
explaining many of the geomorphological features of the drainage basin by
focusing attention on soil erosion (see Figure 3.5b). Under overland flow
conditions (i.e. at the critical rainfall intensity) we assume that river flow
is derived from every part of the river basin, a concept largely supported by
the predictive power of basin area data.

The Horton runoff model went largely unquestioned during thirty
important years in the development of applied hydrology in which techniques
of prediction such as the unit hydrograph were developed. However, field
measurements of infiltration capacity in soils proved difficult to make
compared with the relative ease of rainfall intensity gauging; the model was
therefore difficult to apply in detail at a river basin scale. Those attempts to
link infiltration capacity to soil type suggested that, for the humid temperate
zone, rainfall intensities seldom exceeded infiltration capacities for the
majority of soils. Direct observations of runoff phenomena on slopes in the
field also revealed an important role, in terms of both volumes and rates of
runoff, for subsurface flows within the soil profile.

Table 3.4 The broadening scope of forest hydrology as represented by the
topic and origin of papers in Forest Hydrology and Watershed
Management (IAHS, 1987)
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As the section of hillslope shown in Figure 3.5c demonstrates, we now
understand a variety of routes for runoff on slopes, especially in vegetated,
humid landscapes with a good development of soil horizons. Control passes
from the soil surface in Horton’s model to the state of soil moisture storage in,

Figure 3.5 The overland flow model of R.E.Horton and its replacement by a
view incorporating a much larger role for soil throughflows:
(a) The basic Horton model showing the profile of overland flows

on slopes (Horton, 1945)
(b) Breakdown of grass cover during intense rains (Hortonian

flow) (Horton, 1945)
(c) Slope section and plan to emphasise saturated zones built up

by subsurface flow processes (after Atkinson, 1978)
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and rate of filling of, successive layers of soil. Vegetation and crop covers,
together with management practice, therefore assume an even greater
significance than in the Hortonian model; surface flows remain effective but
mainly where soils are saturated, a phenomenon typical of the base of slopes
(as shown) and one which can clearly extend upslope in any soil horizon
during a rain storm. This extension is the basis of the dynamic contributing
area concept. Figure 3.6 illustrates how the saturated areas of catchment at the
start of a small flood event expand during the event.

A further feature of Figure 3.5c worthy of note in connection with land use
and management is the existence in many soil profiles of natural ‘pipe’
networks which clearly promote efficient soil drainage; subsurface runoff or
throughflow is not, therefore, an invariably slow phenomenon.

The progress made in understanding subsurface runoff processes in the last
thirty years illustrates the benefits (and expense) of research in hydrology;
guidance to those concerned with basin management includes an appreciation
of the (spontaneous) regulatory role of natural vegetation covers, soil
organisms, soil chemistry (in the case of stream acidification and
eutrophication) and soil erosion.

If canopy processes in hydrology largely underlie the importance of
crop choice, dominated by research on forest hydrology, soil processes

Figure 3.6 Expansion of the dynamic contributing area of a drainage basin
into ephemeral channels and areas of saturated soils during the
passage of a flood hydrograph (Hewlett and Nutter, 1970)
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justify theattention of river basin managers to s inance in research
terms.

Figure 3.7 illustrates the major river basin influences of forest, bare, urban
and cultivated covers. Table 3.5 confirms a considerable variability of
impermeability of urban covers but the most obvious urban effect on the
natural system of Figure 3.5c is that of re-routing precipitation at the surface.

Table 3.5 demonstrates a measure of flexibility in urban design and it has
become standard practice in North America to mitigate the urban influence on
both runoff and sediment yields by innovating with materials to reduce urban
impermeability. Another aspect of urban hydrology which promotes
hydrological change is the channelling of the extra runoff from an
impermeable surface into an efficient system of drains and sewers; this
drainage system is also being modified with the introduction of storage tanks,
hydraulic ‘brakes’ in sewers and surface balancing ponds.

Clearly, city planners need an approximation of the runoff impacts of
their developments and simple predictions at least allow a precautionary
approach to likely downstream increases in runoff (see Figure 3.10e).

Figure 3.7 The influence of development on slope hydrology, indicating the
role of agriculture and urbanisation
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Research in urban hydrology has been dogged by the sheer complexity of the
system (much of which disrupts the flow paths of the natural surface
catchment), the need to develop special instrumentation and the difficulty of
finding experimental sites for ‘urban v. rural’ comparisons or ‘before and
after’ studies at a catchment scale (see Figure 3.10f). The most recent phase of
urban hydrology has, therefore, tended to concentrate on smaller scale
investigations of elements of the urban runoff system, such as roofs and
gutters, pavements and streets (Hollis, 1988).

Agricultural disruption to soil processes in the runoff cascade is also
imperfectly understood; again the difficulties of finding experimental sites
and of innovating techniques abound—to which one may add the problem of
generalising between national and even regional differences in cropping and
cultivation techniques. As an example of the problems of generalising land-
use effects on hydrology we may cite the long debate in the British Isles about
the effects of farm and forest drainage on the flood hydrograph. Are streams in
heavily drained areas more prone to rapid and high flood hydrographs?
Empirical studies yield both ‘yes’ and ‘no’ answers. At first a separation
appeared between sites on peat soils (enhanced response) and mineral soils
(reduced response); see Newson and Robinson (1983). Subsequently, for clay
soils, detailed investigations revealed that two conditions exist within the
same drained area: under wet conditions undrained land responds more
rapidly to rainfall than drained land because soil cracks become closed
(Robinson and Beven, 1983; Figure 3.10d). Furthermore Robinson et al.
(1985) revealed the importance of mechanically cracking the soil when
draining land and Reid and Parkinson (1984) the importance of landform in
controlling soil moisture and hence drainage flow response. There is clearly
not one single answer!

Knowledge of runoff zones, such as those proposed by protagonists of
PCAs, DCAs, or even the traditional surface runoff models, is essential to
those who wish to control land use and land management in support of river

Table 3.5 Approximations of the impermeability of various surfaces
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basin management (Dunne and Leopold, 1978). For example, surface drainage
channels installed in areas of a catchment prone to either Hortonian surface
runoff or seasonal saturation are unlikely to be effective in increasing soil
moisture storage. Instead these drains merely channel surface runoff more
quickly to natural channels, increasing flood peaks by acting as extensions to
that natural network.

Guidance to planners and others without hydrological knowledge can be
obtained from patterns of natural vegetation which often mark very clearly the
zones of runoff generation in a catchment. Plants tolerant of saturated soils
clearly delimit the partial contributing area. Mapping vegetation communities
also reveals variations which indicate soil piping zones, seeps and other
diagnostic features.

3.2 GROUND WATER EXPLOITATION AND PROTECTION

Because our perception of river basin development is dominated by images of
surface water management (and mismanagement)—dams, canals, pipelines,
treatment works, polluted waters—the impact of surface activities on
subsurface hydrology is often neglected. Groundwater is important to river
basin development for several reasons:

(a) Groundwater forms the major water supply source in many parts of the
world, notably in rural areas, especially in the semi-arid and humid
tropics.

(b) Where not the dominant source, the inherent values of ground water—
purity, constancy and extent (beneath the land area)—make it an
important resource to moderate and modulate the surface water regime
and surface ecosystems.

(c) Many of the infrastructure projects of development require foundations
or storage capacity underground—thus groundwater is an influence on
engineering, construction and waste disposal.

All of the hydrological influences reviewed in this chapter apply to subsurface
waters but there are particular sensitivities and technical problems with the
groundwater system which are worth drawing out separately. Generally,
groundwater systems react slowly to surface impacts but more profoundly and
there are greater costs in rectification when damage is done. While
groundwater hydrology has a long history and good theoretical support, and
the world’s more important aquifers have been explored with geophysical
techniques to the point where they can be hydrologically modelled, a major
problem of lack of knowledge of subsurface processes often exists at the local
scale.

Few parts of the Earth’s land surface are truly impermeable and subsurface
waters exist in both shallow and deep aquifers. Surface rivers flowing across
their own alluvium often interchange water with the alluvial aquifer, with



Land and water: interactions 73

important benefits for abstraction by both human and plant communities. The
inter-relationship between aquifers and rivers can be demonstrated even more
clearly where groundwater abstraction rates have been allowed to grow to a
point where spring-fed rivers all but dry up (as has been the case in England
during recent summers). Deeper aquifers in sedimentary rocks are the best
known contemporary subsurface reservoirs for water; sustainable exploitation
entails balancing abstraction with the rate of recharge from the surface and
protection against contamination. The more difficult and dangerous situation
is where such an aquifer received good rates of recharge in past, humid
climates, making the ‘reservoir’ essentially one of ‘fossil’ water. Fossil
groundwater basins are prominent in the water resources of North Africa and
the Arabian peninsula (Simpson, 1991). In Saudi Arabia non-renewable
groundwater provides over 75 per cent of the nation’s water needs; the
resource is dwindling and saline intrusion of seawater is occurring and the
aquifer is drained by abstraction (Al-Ibrahim, 1990). In such cases the
American terms groundwater ‘mining’ and groundwater ‘overdraft’ are both
expressive and relevant; there is little hope of sustainable development based
on this water if contemporary recharge is reduced, for example, over much of
the semi-arid and arid world. Figure 3.8 shows those areas of the USA where
groundwater overdrafts have been incurred (that is, where withdrawal is
greater than recharge). Foster and Chilton (1993) remind us of the importance
of groundwater in the humid tropics where waterborne disease and
sedimentation are problems faced by surface water exploitation and where
groundwater is generally available where it is needed (rather than needing
transfer).

A further category of aquifer is worthy of mention because of the popular
impression that underground water is naturally filtered and therefore always
of high purity: crystalline and fissured hard-rock aquifers, for example,
granites and hard limestones, transmit water through routes much larger than
the pores more typical of sediments. The most spectacular example is that of
karstic areas where public water supplies emerge from caves in limestone;
‘filtration’ is virtually non-existent in such systems except in the overlying
soil layers. Very little research has been conducted on the relationship between
surface land use and groundwater resources—this has been concentrated in
the realm of surface water and carried out through catchment experiments.
However, a very direct example comes from a popular Australian technique
for controlling the seepage of saline groundwater into agricultural lands by
reducing groundwater recharge (and thereby lowering the water table) through
the growth of forest plantations (George, 1990). The original cause of the
salinisation problem was the destruction of the natural forest cover in the
name of agricultural development—a strongly practical demonstration of the
effects of the interception process.

Much more concern is now being expressed about the impact of surface
land use and land management on groundwater contamination and pollution



Figure 3.8 Unsustainable management of groundwater:
(a) ‘Overdraft’ (withdrawal > recharge) and excessive depletion

rates in the USA
(b) Serious nitrate pollution of groundwater in the EU (after RIZA,

1991)
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(United States Environmental Protection Agency (EPA), 1990; RIZA, 1991).
The EPA divides the threats according to whether they are on the land surface,
subsurface (but above the water table) and below the water table. They are:
 
• On the land surface: contaminated surface water, land disposal of wastes,

including sludge from water/sewage treatment plants, stockpiles and
tailings, salt on roads, animal feeds, fertilisers and pesticides, airborne
chemicals and accidental spills (e.g. road and rail freight).

• Below the surface: septic tanks, landfills, cemeteries, leakage from
underground tanks and pipelines, artificial recharge waters, mines and
saline intrusion (sea water entering coastal aquifers).

 
The RIZA report, for the European Communities, divides between rural and
urban threats. The most significant rural threat in Europe is from agricultural
practices, particularly the use of fertilisers and pesticides. In about 70 per cent
of the EU’s agricultural soils, nitrate concentrations are above the
Communities’ target value of 25 mg/1 (Figure 3.8b shows those which exceed
the EU Drinking Water Standard); in 65 per cent of the area the standards for
pesticides are exceeded or will be shortly. The National Rivers Authority in
England and Wales (now the Environment Agency) has set out proposals for
Groundwater Protection Zones (which already exist for protection against
nitrate contamination—see also Chapter 8). Maps of vulnerability to ground
water pollution are being published (NRA, 1992) and there are models for the
calculation of the land areas at the surface needed to protect water sources
(Adams and Foster, 1992).

3.3 RUNOFF MODIFICATIONS IN DEVELOPED RIVER BASINS

Despite the evidence offered in Section 3.1 of the potential for hydrological
effects of land use, it is essential to be highly specific when suggesting links
between land use or land management and properties of the river hydrograph:
merely ‘that land use has altered the river flow’ will not suffice without a
wealth of detail about both the land use and the flow properties which are
alleged to have been affected. Clearly, coincidental changes in both must not
be ruled out and statistical ‘proof will be of limited application without a
knowledge of causal processes. A further problem of interpretation is the
direct impacts on river flow behaviour and groundwater fluctuations already
made by human exploitation in the developed world. Only against a
background of ‘naturalised flows’ (with artificial impacts on volume and
timing by dams and structures removed) can the effects of land use and land
management be judged.

In land-use hydrology we need to subdivide crop (also stages of the crop
cycle) from the infrastructure to grow and harvest it and the cover effects of
the urban surface from those of infrastructure, for example, sewerage.
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Effectively we can divide between land use and land management; through
management practice we can seek to mitigate undesirable impacts and
enhance desirable effects. In terms of the river flow properties influenced by
land use, these may be extreme and obvious in some climates (e.g. a dry river
bed) but in many cases the influences are very much more subtle, possibly
seasonal and possibly variable between patches of the same land use because
of physiographic, climatic or management differences.

One must not neglect the operation of natural controls on the runoff
process; for example, basins may differ profoundly in their flood or drought

Figure 3.9 The annual hydrograph and (outset) influences of land use and
management on the volume and timing of individual flow events
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behaviour because of physiographic or geological differences. Figure 3.9
offers a simple guide, based on the annual hydrograph of a hypothetical humid
zone surface river, to those aspects of flow liable to be influenced by land use;
clearly, the land-use and management influence may make its biggest impact
in the mid-range of flows where subtle changes in volume or timing (Figure
3.9—outset) may become exaggerated over longer timescales.

3.3.1 Modifications to runoff volume

The dried-up river bed resulting from over-abstraction is a clear and extreme
version of an artificial volumetric change in river flows! Nevertheless,
changes of river flow could also be the result of timing changes—a less
equable temporal spread of an unaltered volume. The two properties are
obviously linked but the emphasis in this and the following sections will be on
those links with land use where the major influence is on one of these
properties (see also Table 3.6).

Land-use and land management effects on runoff volume are clearly most
likely where a change is brought about in:
 
(a) Evaporative loss from an identical precipitation volume.
(b) Surface characteristics of a basin which influence the detention and

storage of runoff.
 
Both cropping (including the crops) and urban/industrial land uses may be
expected to cause such changes—at key switching points in the land phase of the
hydrological cycle—at the canopy level and the soil surface level. At the canopy
level, there is now an emerging empirical consensus among hydrologists that a
forest cover reduces runoff volume under most climatic conditions.

The intensive research programme on forest hydrology in Britain has
yielded further details of the interception process and of the essentially
exclusive operation of the two components of forest moisture loss:
interception and transpiration. Calder and Newson (1979) conclude that in the
British uplands interception ratios for plantation conifers converge at 30 per
cent of annual precipitation (Figure 3.10a). During periods in which the forest
canopy is moist, interception entirely dominates transpiration but when the
canopy is dry the reverse is true. Consequently, in drier climates the tree’s own
physiological control of transpiration may come to dominate its comparative
water usage in relation to adjacent land covers; in practice understorey
vegetation in forests also uses moisture and Roberts (1983) has concluded that
overall forest transpiration is essentially a conservative process with similar
annual rates across Europe (approximately 333 mm/yr).

Outside catchment experiments very little work has been performed on
catchments monitored for water supply or pollution control purposes.
Figure 3.10b reveals the utility of such a sample, from Wales, in which
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there is a clear negative relationship between the volume of annual runoff (as
a proportion of rainfall) and the forest cover of the catchment. Nevertheless,
results of this type, together with those of Bosch and Hewlett (1982), are
much more rare than those from process-based or catchment studies and it
should be emphasised that predictive techniques for runoff volume used at
national and international scales do not, as yet, incorporate forest or other
land-use variables—physiographic and climatic variables are much more
effective in statistical predictions of runoff volume. This apparent mismatch

Table 3.6 Land-use/management effects on the flow of rivers
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Figure 3.10 Hydrological effects of rural land use and land management:
(a) Interception ratios of mature forest canopies in the UK

(Calder and Newson, 1979)
(b) Reduction of annual runoff coefficient with increasing forest

cover, Wales (Mas’ud, 1987)
(c) Moorland drainage and the flow hydrograph (Conway and

Millar, 1960)
(d) Farm (under-) drainage and the flow hydrograph, indicating

the role of antecedent conditions as soil moisture deficit
(SMD) in routeing rainfall through/over the soil (Robinson
and Beven, 1983)

(e) Mean annual flood increments (cf. natural floods) with
increasing urban cover and sewerage (Leopold, 1968)

(f) Flood hydrograph changes after urbanisation (Walling, 1979)
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between small-scale findings on process and large-scale, statistical
predictions is followed up in Chapter 8.

3.3.2 Modifications to runoff timing

Figure 3.4c shows the multitude of processes and routes by which
precipitation reaches the humid zone surface stream. We have already
considered this as a cascade of storages and clearly timing of runoff is
proportional, in a simplistic system, to the number of storages through which
each molecule of runoff passes. Response times vary accordingly as Figures
3.10 c, d and f demonstrate. Any land-use or management strategy which
significantly reroutes runoff will alter its timing: the simplest example is
surface drainage of the soil. It should once again be emphasised, however, that
timing changes will also bring about volume changes in another part of the
system, for example, urban storm sewers will deprive the underlying aquifers
of recharge.

Table 3.7 illustrates the range of velocities characteristic of different runoff
routes in the river basin; however, it would be simplistic to consider changes in
runoff timing to be merely a function of re-routeing between these categories:
the volumes re-routed and the destination of the re-route are also important.
Two examples illustrate this point: soil pipes (and drainage pipes) appear to be
rapid routes for runoff but often small volumes only are involved and, in the
case of soil pipes, the destination of the runoff involves storage delays and
slower routeing; in extreme floods urban drainage systems overflow and the
resulting inundation tends to reduce the velocity of the floodwave as a whole.

Despite these caveats, artificial processes which gather runoff efficiently
into hydraulically smooth channels and which reduce the distance to the
stream or increase the pathway gradient will promote faster flood responses.
This is particularly true if some other change has also occurred to promote a

Table 3.7 Estimated flow velocity of various
hydrologic processes
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higher volume of runoff, for example, in Figure 3.10c where a small peat
catchment has been both burned (sealing the surface) and drained. In the case
of subsurface drainage the condition of the soil between surface and drainage
pipes has a subtle control on the timing of responses. As already described
above, hydrologists in the UK have discovered that a dry, cracked clay soil
promotes a more rapid response by drained farmland but when the same soil is
wet (and only slowly permeable), undrained farmland responds more quickly
because it routes more rainfall across the surface (Figure 3.10d).

The combination of increased volumes of runoff and more efficient
drainage from traditionally planned urban areas is shown by Figure 3.10e, in
which the peak of the annual flood is increased in proportion to both the
impervious area and the extent to which it is drained. The evolution of the
more rapid urban response through time is shown in Figure 3.10f.

3.3.3 Regulated rivers, an introduction

It is a paradox of our subject area in this chapter that, while the intention is to
substantiate a planned approach to the joint management of land and water, it
is water engineering which has produced a more identifiable, and in many
cases more marked, effect on river flows than has land use or management.
The regulation of river flows, either by design to ameliorate the natural
regime, or as a secondary impact of water use, dates back to the first dams and
irrigation schemes.

The extent of river regulation by dams has been gauged by several authors;
it extends into areas outside the effects of land use and management for
development because it is to pristine, remote, wilderness or mountainous sites
that dam builders look for good foundations, abundant runoff and good water
quality.

Beaumont (1978) plots the growth of international dam construction since
1840 (Figure 3.11); building continues undiminished (Lvovitch and White,
1990) although rather fewer, but larger schemes are now the norm. Between
400 and 700 dams are currently being built every year around the world.

To the obvious effects of damming rivers on their downstream flow patterns
we may add the following water uses which effectively alter the volume and
timing of river flows downstream in ways which resemble damming:

(a) Major industrial users of river water; few are consumptive but even a use
for cooling will modify river flows.

(b) Irrigation use of river water is both consumptive and switches the river
water to a slower return flow route.

(c) Water use by human settlements both imposes demands on flow from
dams by direct supply, from natural or regulated rivers, and returns this
water as sewage which places quality demands on the downstream river.
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Some indication of the extent of the last of these categories can be gained from
the fact that up to 34 per cent of the flow volume of the River Trent (England)
during average conditions is provided from sewers, not by ‘natural’ sources
(Farrimond, 1980). Because the sources of water for human consumption are
often remote from the settlement and yet sewers discharge to the nearest river,
such systems often effect a transfer between basins.

The major technical problems raised by river regulation from reservoirs are
given special attention in Chapter 6. For the moment we remain purely with
the magnitude of artificial influences on the regime of river flow (volume,
timing) in order to contrast those of land use and direct regulation.

Figure 3.11 also presents the conflicting requirements of different river
users for particular patterns of flow. To these may be added the needs of
riparian consumers and the need to protect settlements from both floods and
droughts. It is clearly wrong to consider that the ‘best’ river regime for settled,
civilised human life is a constant flow! Ecologically the pattern of fluvial
systems and habitat derives just as much from flow variability through time as
from the physiographic and nutritional features of river systems.

Figure 3.11 Direct control over river flows: river regulation. Growth of world
dam construction (Beaumont, 1978) and (inset) the seasonal flow
regime suitable for natural and exploitable purposes
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Table 3.8 lists the types of changes in volume and timing of flow
occasioned by a variety of regulating activities both direct and indirect (cf.
Table 3.6, land-use effects).

One of the grave difficulties in making quantitative assessments of
regulating effects is that many of the causes are of long standing and pre-
date our official flow measuring networks. Thus, for example, many UK
upland reservoirs date from the nineteenth century but, despite protests over
their ‘compensation flows’ (see Chapter 1), their precise effect on
downstream volumes and timing could not be assessed effectively until
recently. In the case of less localised effects such as sewerage outfalls, they
are so numerous in developed regions that even with flow measurement
stations installed, reduction of total flow to ‘naturalised’ flow is difficult;
flow measurements are made on the larger sewers but, for many, flow rates
are an approximation.

Clearly, too, impacts become reduced and blurred in terms of a unique
hydrological signal as one moves further downstream from the point of
maximum activity, be it dam site, plantation or city. Scaling these decay
factors (which operate in time as well as space) is as difficult with direct
regulating influences as it is with those of land use/management. As Table
3.8 shows, the location of unregulated tributaries in the system makes

Table 3.8 River regulation: magnitude of effects on flow regime
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almost every case unique but also offers a new site factor for consideration in
locating major river control structures (Newson, 1994a).

3.4 VEGETATION, SOILS AND WATER QUALITY

Knowledge of the hydrological cycle (Figure 3.1) prepares us for the links
between land use/management and changes in runoff timing and volume.
During the last decade, however, possibly reflecting an increased human
perception of environmental degradation and of mankind’s controlling role,
hydrologists have developed detailed programmes of research on river basin
water chemistry and its variation with land use. They have been joined by
ecologists anxious to investigate links between water quality and habitat;
much of this latter research has been done at smaller scales and, once again,
we find forests, both natural and exploited, exciting the interest of many
research programmes.

In Chapter 2 we emphasised the role of the basin sediment system in
controlling the basic physical systems of river basins, particularly in the
longer term. Sediment transport is also a feature of water quality changes
brought about by land-use activity; in this case it is fine sediments (sands, silts
and clays) which we consider. Nevertheless, the emphasis in this section will
be away from sediments and towards water chemistry.

Before continuing it is appropriate to make a simple subdivision between
two types of basin effect in this category. Whether the problem is
contamination (the introduction of new materials and compounds to the
system) or pollution (the introduction of damaging loads or concentrations of
material or compounds), we separate two sources:
 
(a) Point sources are identifiable, such as the obvious outfalls of irrigation

return flows or sewerage systems.
(b) Diffuse sources are much more difficult to identify, such as nutrients and

pesticides added evenly to agriculture or forestry.
 
The source may also be continuous or intermittent (Figure 3.12) and there are
difficult intermediate categories such as the farm slurry-store which, if it is
emptied carefully and spread on the land, becomes a diffuse source of nutrient
chemicals but which, if it spills to a stream, becomes a point source. Pollution
incidents are also, therefore, land-use related. It is obvious to those managing
river basins that scientific detection of, and legal controls on, diffuse pollution
are much more problematic than the equivalents for point sources.

The difficulties associated with diffuse sources mean that proving
links between rural land use/management and water quality are much
greater than for urban links. Furthermore, scientific studies will find
difficulties of extrapolation beyond the boundaries of research sites, in this case
far more insuperable than those of scaling a universal physical process such as
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interception. Studies of river sediment systems or water chemistry systems
have additional problems of downstream changes in processes and of the
importance of local conditions of culture, climate, soils and rock types.

3.4.1 Land use and the fine sediment system

In Chapter 2 we were concerned with the formation and maintenance of river
channels, mainly the realm of coarse sediments; here coverage shifts to the
finer, suspended or ‘wash’ load which often originates in soil erosion and
constitutes a physical pollutant (or chemical pollutant carrier) downstream.

Archaeologists have revealed in many regions of the world an association
between the human artefacts of a datable civilisation and characteristics of the
sediments which contain them, indicating a major erosion phase associated
with typical land use of the era. In semi-arid lands the land-use effect is via
settled irrigated agriculture. In humid regions of North America, Europe and
Asia there are clear deforestation- and overgrazing-related erosion horizons.
Often a rival climatic explanation is available but, with close analysis of how
basins route the products of soil erosion, it is clear that in certain major areas
of basins, notably in hollows and at the base of slopes, land-use practices
themselves can account for impressive thicknesses of deposit. We may
therefore hypothesise a link between ‘land-use’ sediments in colluvium and
‘climate’ sediments in alluvium (see further debate in Chapter 6).

A much more detailed analysis than this is available for the eastern
seaboard of the USA. Meade (1982) describes how soil erosion was increased
tenfold by European settlement; large quantities of the resulting sediment are

Figure 3.12 Sources of pollution: a simple classification (after British
Ecological Society, 1990)
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still stored on hillslopes and valley floors, exaggerating contemporary
sediment yields. The impact of modern man in the region has been to trap the
same sediment in reservoirs; the remainder is stored in estuaries and coastal
marshes. Knox (1989) has pointed to the fact that river valleys act as huge
stores of alluvium from such periods, demonstrating the evidence of
prehistoric clearances in Wisconsin (see Figure 3.13c).

On a world scale the interplay of climatic and land-use (in this case natural
vegetation) covers is available through the work of Schumm. Figure 3.13a
shows how, because transport processes in river systems are critical for
moving fine sediments in suspension from river basins, the broad
characteristics of hydrology determine sediment yields at a given time.
However, the feedback of moisture availability to vegetation cover means that
humid climates have a far lower yield than the potential indicated by their high
runoff.

Not surprisingly, therefore, it is disruption to vegetation covers in climates
of intense rainfalls which leads to rapid deterioration of water quality and river
habitats through soil erosion. Urbanisation produces the worst impact during
construction and the urbanisation of semi-arid lands is especially damaging;
however, tropical deforestation exposes the most sensitive soils on earth to
some of the most intense rainfalls on earth and has a very serious impact on
water quality downstream.

Figure 3.13 Controls on sediment transport:
(a) Climate, on a world scale (Schumm, 1977)
(b) Storage of historically eroded material (Knox, 1989)
(c) General development processes on pristine landscape 

(Wolman, 1967)
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For those particles of soil released from soil erosion the route to the ocean
may occur as a complex and lengthy set of paths via storages (see also Chapter
6 for technical discussion). The path lengths between storages, once entrained
by channel flows, are much greater. Lambert and Walling (1988) conclude that
channel storage of fine sediment in the Exe basin, in the UK, is minimal and
the channel efficiently conveys suspended material direct to the coast.

The question to pose next is whether fine sediments entrained by rivers
represent a significant contamination or pollution of the environment
(implications for reservoir sedimentation, flood control, etc. are discussed in
Chapter 6). The concentration of fine sediments in suspension is referred to,
and can be measured as, turbidity—an occlusion of the natural clarity of the
pure substance to various degrees. Turbid water requires expensive filtration
for all human users of water.

At Holmestyles Reservoir in Yorkshire, forestry ploughing and draining
operations created severe pollution by suspended sediments, costing £23,000
to cure because filtration equipment needed replacement. At Cray Reservoir in
Wales a public water supply was out of commission for some days as the result
of forestry operations.

Turning to biotic conditions in turbid streams, some research indicates very
little damage from, for example, quarry waste materials. However, fine waste
material has geomorphological implications, as Richards (1982) demonstrates
for Cornish streams contaminated by china-clay waste; width/ depth ratios of
polluted channels are under half of those for ‘natural’ streams, showing an
adjustment to the finer load carried. A series of laboratory experiments
conducted by Alabaster (1972) indicates that the presence of fine materials in
suspension seriously exacerbates the toxic effect of certain chemicals in water.
Cross-linkages between solid and soluble phases of river flows are emerging
from many land-use related river pollution studies. For example, phosphates
become preferentially adsorbed to fine sediments (Walling, 1990). The loss of
organic and mineral nutrients from eroded soils can become an accumulating
pollution hazard in lakes and reservoirs.

In studies of sedimentation from ‘hydraulic mining’ (in which water is used
to expose and sort ores and dispose of waste), the fine fraction of the sediment
mix released appears to be an important carrier of the metal pollution
downstream (Macklin and Dow sett, 1989) to lakes, slack-water sites on the
river and to floodplains where poisoning of vegetation and cattle may continue
for decades.

3.4.2 Solute processes, mineral and nutrient

A protestor arguing against the fluoridation of public water supplies was once
heard to object to ‘the addition of a chemical to pure water’. Nature conspires
to add many chemicals to river water; in some cases the concentration or
loading of wholly ‘natural’ chemicals pollutes water to the extent that it is
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undrinkable and the stream lifeless. In the case of crystalline limestone
terrains the chemical solution of the landscape actually creates the typical
river network (an underground one flowing through caves).

Figure 3.14 shows both systematically and pictorially the origins of natural
stream water quality (in rural areas). There are both mineral and nutrient
cycles, often largely controlled by soil/vegetation systems and agricultural
practices, which explain chemical content at any point in the hydrological
cycle. Two elements of this system are often neglected by field monitoring
campaigns: the chemical characteristics of precipitation and the chemical
modifications produced by ‘in-stream’ processes, often controlled by stream
biota. Indeed it is upon the in-stream processes of purification that we depend
across the world when using rivers as conveyor belts for the waste products of
housing, farming and industry.

‘Natural’ water quality is governed by two great sources of mineral
salts, the ocean and ocean-deposited sediments containing abundant
sodium and chloride, and by rock types consisting of lithified marine
organisms, rich in calcium and carbonate (Walling and Webb, 1986). These
ions are merely discriminators; the full list of major ions in river water is
shown in Table 3.9.

Whether introduced by ‘natural’, processes or by land-use related
modifications, the soil is a primary site for geochemical reactions and the
concentration of ions is influenced by both the rate of solution (or
production of soluble chemical) and the rate of removal by soil moisture
movement. An understanding of hydrological patterns, flow paths and flow

Figure 3.14 Processes leading to the production of stream solute loads in a
natural catchment
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velocities is therefore of immense importance in managing water quality
problems resulting from land use. For example, nitrate pollution arising from
intense production on well-cultivated, freely draining soils can be mitigated as
the throughflow drains to the channel via saturated floodplain soils where de-
nitrification occurs (Pinay and Decamps, 1988; Hill, 1990).

In the case of urban and industrial land use, the soil plays a much less
prominent role unless waste products are applied to land—an increasingly
popular option for sewage sludge, the solid product of urban sewage
purification. Mostly, however, urban industrial water quality problems are not
routed by the national hydrological pathways but originate in an industrial
process at a site with a clear point discharge direct to a stream (see Table 3.10).

However, it is perhaps by the location of urban and industrial developments
in relation to the river network and sensitive aquifers (and the timing of
discharges) that point sources of pollution will be controlled by dilution.
There can never be an end to water pollution but it is part of arguments based
around ecosystems and their ‘carrying capacity’ for human resources and
wastes that society should plan the location of potentially damaging activities.
Figure 3.15 shows that urban and industrial planning policies can be backed,
in other parts of a developed basin, by management of atmospheric deposition
(calculating the critical loads for ecosystems), rural land-use policies,
protection of aquifers and implementation of rural ‘buffer zones’ of natural
vegetation next to channels. Protection zones can also be applied to industrial
developments where strict controls on emissions and protection measures
against pollution incidents are applied. The critical policy need is for land-use
planners and water (catchment) planners to coordinate their approach to the
carrying capacity of each local freshwater environment, as well as to the needs
of the whole basin (Newson, 1994b).

Table 3.9 Average composition of world river water
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Returning to diffuse-source water quality changes related to land use or
land management, these may occur as the result of the following processes:
 
(a) Hydrological changes occurring as a consequence of canopy processes,

resulting in, for example, increased evaporation and therefore
concentration of solutes trapped from the air, excreted by the plant or
released by weathering from the soil below.

Table 3.10 Some sources and causes of water quality deterioration



Land and water: interactions 91

(b) Hydrological changes resulting from the route(s) taken by water through
the soil column, e.g. towards or away from reactive zones such as
weathering horizons or via more or less rapid routes downslope to the
nearest collecting channel itself; that channel may itself be an artefact of
the land management system.

(c) Chemical changes resulting from the burning or decay of a crop, the
removal of a crop or stronger or weaker livestock pressure on land.

(d) Chemical changes resulting from the use of artificial chemicals such as
fertilisers and pesticides.

(e) Chemical changes occurring in transit through the stream channel
system because that system mixes reactive chemicals or because
reactive sites such as metabolising organisms are encountered in the
stream ecosystem.

 
It is, however, the diluting power and biological vitality of streamflow from
the upper parts of river basins which allows such point discharges to be made.
Thus it is not merely the practice of land-disposal of sewage sludge which

Figure 3.15 A simple typology of planning policies in relation to river and
groundwater pollution
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links urban to rural water quality; the loss of ‘purification power’ which
occurs as the result of rural pollution is highly significant to urban land use
since the world’s popular city sites are often riparian and downstream.

Rural water quality changes are caused by a number of natural phenomena,
including the seasonal march of temperature and moisture, operating through
their effects on micro-organisms and, as already demonstrated, on flow
routes and velocities of runoff. A graphic demonstration of change in a non-
polluting chemical characteristic of water quality is shown in Figure 3.16,
derived from a felling experiment performed on a natural forest at Hubbard
Brook in the USA. Felling produces a change in runoff volume and
soil temperatures (due to loss of canopy). As a result, both the production

Figure 3.16 Annual net budgets for the Hubbard Brook forest catchment after
clear felling (Likens et al., 1978)



Figure 3.17 The nitrogen cycle for developed land surfaces and the seasonal
risk of nitrate leaching for two crops, winter cereals and potatoes
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and transport of ions such as nitrate, potassium, magnesium and hydrogen are
increased (though the phenomenon is transient, declining as forest regrowth
occurs).

Figure 3.17 illustrates a much more pressing rural water quality problem,
that of the increasing activity of nutrient cycling (in this case nitrogen) which
is an inevitable corollary of optimised agricultural production systems.
Industry and domestic waste are also implicated as Figure 3.17 shows but the
major and obvious source illustrated for the developed humid temperate zone
is ‘bag nitrogen’ or artificial fertiliser. Nevertheless, the relative role and time-
dependence of fertiliser inputs are not fully understood; Figure 3.17 indicates
considerable scope for altering crops, crop patterns or crop cycles to minimise
the seasonal mobilisation and loss of nitrate to water courses.

The loss of pollutants from the surface of urban areas is a more difficult
problem. As Figure 3.18 shows, pollutants collect on urban surfaces such as
roads as the direct result of ‘normal’ urban activity. The British proclivity to
dog ownership, for example, leads to an annual deposition of 17 g per square
metre of dog faeces which, together with waste oils, litter, de-icing salt and
other pollutants, finds its way to streams by virtue of the need to provide
efficient road drainage.  

Figure 3.18 Chemical influences on runoff from urban surfaces (Pope, 1980)
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The developed and fast-developing economies of the world are
currently experiencing very extensive problems of water quality, not only
from the perspective of purification needs for human consumption—a
measurable cost if health standards are to be maintained—but also in
relation to the recreational use of freshwaters, either directly by bathing and
boating or indirectly via fisheries. Witter and Carrasco (1996) describe the
water quality implications of rapid development in the Rio Yaque del Norte

Figure 3.19 Changing river water quality as a result of land use:
(a) Increasing nitrate concentrations in England and Wales

(Roberts and Marsh, 1987)
(b) Decreasing pH (increasing acidity) revealed by bird numbers

breeding by two streams in Wales; vertical bars refer to
inferred pH for the two streams (Tyler, 1987)

(c) Variations in sediment discharge during forest rotation
(coniferous plantations, upland UK) (Leeks, personal
communication)
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watershed (Dominican Republic) as ‘a development bomb waiting to
explode’. A loss of fisheries also bespeaks a further indefinable cost to
species diversity, that is, declining water quality is a conservation threat.
In addition to the impact on surface waters it is now concluded that,
despite the filtration capacity of many aquifers, groundwaters are now
suffering extensive pollution (Section 3.2); furthermore, most rivers
discharge into the world’s oceans whose capacity to absorb polluting loads
is huge but finite.

Two time trends illustrated in Figure 3.19 are becoming relatively common
in Europe and North America. In the richer agricultural and highly populated
areas nitrate concentrations are increasing at an alarming rate; in upland areas
of low agricultural productivity (especially after afforestation in the UK) pH
measurements are declining. In the case shown by Figure 3.19b, the decline of
pH is indicated by a decline in the numbers of a bird of conservation
significance whose food consists of invertebrates which are intolerant of
industrially derived acidity which is scavenged from the atmosphere by recent
conifer plantations. In both these cases—of eutrophication and acidification—
a complex chain of policies involving the whole basin, including its aquifers
below and air pollution above it, is necessary to effect control. As in the case
of damage to the sediment transfer system (Chapter 2), pro-active attention to
the ecosystem’s spontaneous regulators, such as wetlands for nutrient removal
and base-rich subsoils to neutralize acidity, is an essential part of
environmental impact assessment.

3.5 CONCLUSIONS

The severe problems encountered in constructing a generalised body of
scientific results, operable in river basin management, from a series of
mainly small-scale, short-term empirical studies of land-use effects are
featured in Chapter 8. In an inexact, environmental science such as
hydrology we must at the very least be sure about the errors involved in field
studies. Of overriding concern and crucial to the design of catchment
experiments, particularly those concerned with the water balance, is the
requirement that the experimental error attached to the effect being studied
is not larger than the effect itself. The level of investment needed for
scientific programmes in this topic means that we remain in ignorance of key
relationships in certain types of land-use practice such as those in the
developing world. It has taken decades before a proper hydrological
evaluation has occurred of the growth of eucalypt tree plantations in many
regions of water shortage (see Calder et al., 1992) and of the impact of
development in the humid tropics (see Bonell et al., 1993). The humid
tropics, like the world’s drylands, are in desperate need of hydrological
study in advance of rapid urbanisation, deforestation, metal mining and dam
building. They comprise nearly a quarter of the world’s land area, will soon
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house a third of its population, have most of the world’s uncut forests, most of
the unharnessed hydroelectric power and most of the planet’s genetic riches.
An added hydrological component is the critical role of basins such as the
Amazon in controlling the water balance of the planet as a whole. In some
nations there are particular reasons for acting quickly and providing
‘watershed protection’ by varying natural plant covers, deliberate choice of
crops in the interests of water management or protective laws against
urbanisation. In as many others, however, doubts as to whether science can
correctly identify and measure causes are used as a perfect recipe for policy
delay.

The river basin ecosystem and its aquifers operate a series of natural
controls on the runoff process (both volume and timing) and on the chemical
exchanges occurring as water passes through storages such as the vegetation
canopy and soil. Table 3.12 illustrates, as an example, the chemical and
biological purification operated by wetlands on the water which passes
through them. Development often proceeds by modifying these regulators and
the result is a different, often hazardous, pattern of runoff and water quality.
Costly regulators, such as water purification plants, are then required to ‘put
back’ the regulators, but not before biota and habitat diversity have been
damaged. Land-use hydrology seeks to expand our knowledge of the
processes which govern the operation of these spontaneous regulators. Land
use and land management are also options for managing the impacts of point
sources of the polluting byproducts of development; perhaps the visionary
view of a balanced approach is that where the sewage from a settlement or
chemical plant passes into a conserved or restored wetland for purification,
with the wetland simultaneously providing flood protection and a haven for
wintering birds. Before such a vision can be realised it is essential that
researching the hydrological impacts of land use and land management comes
to be seen by national governments as a strategic environmental assessment
procedure rather than merely good basic science. In the international review of
basin development which now follows one of the clearly differentiating
features between the developed and developing world is the level of capability
to carry out such assessments. 



Chapter 4
 

Managing land and water in the
developed world
An international survey

4.1 DEVELOPMENT AND THE RIVER BASIN

Geographers and politicians argue over definitions of development, over maps
of where it has occurred, is occurring and will occur and over rates of
development. Perhaps the most commendable classification to emerge in
recent years separates off the least developed countries (LDCs). However,
virtually all definitions imply some form of ‘cultural colonialism’ by implying
that development is a process and pattern laid down immutably by the ‘First
World’ (Bissio, 1988). The trade system directed by world capitalism
confirms an international homogeneity; in the field of water projects the
hegemonies of finance and technology transfer are also forces.

To anyone based in the UK, a small nation on an island, developed for
habitation over thousands of years, the two most startling aspects of river
basin development are the size of the river basins tackled by both ancient and
modern management schemes (consider those shown on Figure 4.1) and the
rapidity with which technology transfer is now leading to convergence of
schemes. Two important new questions then emerge: Are large schemes good
schemes? Does convergent technology negate local variation in environment?
These cannot be answered until the end of Chapter 5.

An even more basic question arises as to the precise role of water
development in the development process as a whole. As Cox (1988) puts it,
‘much of the history of civilization involves a continuing effort to enhance the
positive aspects of the water resource and to control the negative aspects’ (p.
91).

However, Cox goes on to reveal that empirical studies find it difficult to
link water development to the location and intensity of private economic
activity—water has not been a high priority in industrial or urban location in
the developed world (see also Rees, 1969). In the developing world, however,
the predominating agricultural or primary industrial economy is much more
likely to be boosted by deliberate investment in water. The history of water
development in the USA demonstrates that a continuation of government
support for ‘cheap water’ after the initial agricultural period leads inevitably to
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the low ranking of water as a location factor. Sustainability arguments and
economic instruments for environmental management suggest that pricing
drastically influences attitudes to resource use (and hazard avoidance).

A simplistic division of development in river basin terms (presented in Table
4.1) establishes the priority of life-permitting water schemes over life-
enhancing ones. Ideally we would move towards fully comprehensive schemes

Table 4.1 River basin development: prioritising the issues of water-based
schemes

Figure 4.1 The world’s largest river basins
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across the globe but one aspect of local variability is that politicians with
budgets are prone to listing priorities. One contribution made by Table 4.1 is
that, for the ‘developed world’, the subject of this chapter, the list represents
an approximate chronological sequence of river basin management themes.

The basis for a selection of nations in this chapter inevitably involves
literature in the English language but also includes the potential for the
‘national experiences’ of river basin development in the USA, Canada, New
Zealand and Australia to exemplify both physical and cultural influences on
public policy with regard to rivers.

4.2 RIVER BASIN MANAGEMENT IN THE USA

The USA is essentially two nations in terms of water resource development;
although the Mississippi basin (Figure 4.2) appears to integrate a vast internal
drainage system, the division between ‘humid’ and ‘dry’ America is too
profound in terms of history, attitude, law and contemporary problems to be
ignored. The problems of water-based development in the West are well and
colourfully documented from the days of the earliest exploration of ‘The
Interior’. Government finance was used to hold and populate the West against
natural hazards and indigenous cultures, making a study of river basins in that
region highly instructive. By contrast, in the humid East the water agenda is
dominated by issues of industrial planning and environmental protection.  

Figure 4.2 The USA, with the British Isles at the same scale, showing the
extent and central position of the Mississippi basin
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4.2.1 Exploration, development, destabilisation

In 1803 the USA completed the diplomatic coup of doubling its land area by
the purchase from Napoleon of Louisiana; ‘at four cents an acre’ (Cooke,
1973), the opening of an interior for the young nation was a critical
development for the President, Thomas Jefferson. We know that by 1804
Jefferson had despatched Lewis and Clark on an expedition, largely routed
along rivers, to explore the new hinterland, to survey and to make records of
all natural resources (de Voto, 1953).

While Lewis and Clark’s three-year expedition contributed an essential
knowledge base to the ‘go West’ mentality which continues to pervade the
USA (vide the continued growth of the ‘Sun Belt’; see below), a more
important journey in terms of water development was that made by the Civil
War veteran John Wesley Powell. It is a tribute to the Powell expedition’s use
of photography that Stephens and Shoemaker (1987) have recently been able
to assemble a compelling visual record of a century of environmental changes
in the basins of the Green and Colorado Rivers. Powell it was who first spoke
of ‘reclamation’ for the harsh habitats of the West; he favoured a careful and
conservational application of damming and irrigating but the US Government
reacted slowly. However, in the year of Powell’s death (1902) the Reclamation
Act was passed by Congress, paving the way for Federal intervention in the
financing of water schemes in the West. The Mormons’ settlement of Salt Lake
City provided, perhaps, too inspiring a vision of what could be achieved by
irrigation. James Michener’s epic historical novel Centennial (1975) contains
abundant factual evidence of the impacts of ‘reclamation’ on the lives of
settlers in the Colorado township which gives the book its name. The
development of water resources is at first a private venture, steered by Russian
immigrant Brumbaugh; he immediately concludes that the eastern seaboard’s
law of riparian rights is totally inappropriate for his grandiose scheme for
diverting water from the River Platte (‘too thick to drink; too thin to plough’)
on to his land so as to convert from an extensive livestock to an intensive
arable economy.

The average rainfall in parts of England where Riparian Rights were
codified was more than thirty-five inches a year, and a farmer’s big
problem was getting excess water off his land… ‘We must have a new
law’, Brumbaugh grumbled…And [Beck] the seedy lawyer proceeded to
do so. He devised a brilliant new concept of a river…: ‘The public owns
the rivers and all the water in them. The use of that water resides in the
man who first took it onto his land and put it to practical purposes….
First-in-time, first-in right.’

(Michener, 1975, pp. 683–4)

Michener colourfully collapses the evolution of the law of Prior
Appropriation in the American West but correctly identifies the attitude and
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environment behind it; as noted below it is the current battle between attitude
and environment which disfigures water planning in relation to land resources
in the West. The triumph of prior appropriation was not inevitable, because
much of the land in the West was in Federal ownership; however, the earliest
rulings were made in the legacy of mineral rights and a ‘gold rush’ mentality.
The translation to water ‘capture’ for irrigation was easy under the prevailing
political ethos of expansion. Bates et al. (1993) quote the Colorado Supreme
Court in 1872:

In a dry and thirsty land it is necessary to divert the waters of streams
from their natural channels, in order to obtain the fruits of the soil, and
this necessity is so universal and imperious that it claims recognition of
the law.

A Secretary of the Interior described irrigation in 1893 as ‘the magic wand’
and there was a common impression of the climate of the West that ‘rain
follows the plough’. In fact the outcome was put in doubt. The USA’s
colonisation of the more extreme climatic zones of its land led in the 1930s to
disaster: successive droughts led to the Dust Bowl which forced millions of
farming people to migrate, often to other dry areas without a soil erosion
problem.

4.2.2 The Colorado basin

Reisner (1990) has labelled the Colorado an ‘American Nile’ because the
river, despite its moderate size (Figure 4.3), is ‘the most legislated, most
debated, and most litigated in the entire world’ (p. 125). It has the largest
population and industrial base of other world rivers of a similar level of
exploitation and management. It is, in most years, all used (Figure 4.3e), its
delta being dry. Its unhappy record of allocation to competing states resembles
that of the Nile and the growth of the American West this century,
superimposed upon considerable environmental change (both natural and
resulting from water management itself) makes a fascinating, if distressing,
geographical study (see Graf, 1985).

The waters of the Colorado were first used for a major irrigation project
in the Imperial Valley of California in 1901. Dams were built on tributaries
from 1910 but by 1922 there was sufficient competition for the relatively
modest annual flow of the Colorado itself that the Colorado River Compact
was arranged to split this resource between the upper and lower (altitude)
states along its steep, often gorge-like course. The Compact assumed an
average flow for the river which was 33 per cent higher than the true value
(despite flow gauges set up on the river system since 1895 (Graf, 1992)), a
mistake which works to the disadvantage of the Upper Basin which is
obliged to deliver a set quantity to Lee Ferry, the ‘hinge’ point with the
Lower Basin. The Compact also failed to consider the water entitlements of
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Figure 4.3 Features of the Colorado basin, an ‘American Nile’:
(a) Population density
(b) Irrigation schemes
(c) The rise of total dissolved solids (TDS) in the river as irrigation

schemes have developed
(d) Time series of natural (‘virgin’) discharge, illustrating the wetter

period preceding the negotiation of the Colorado Compact (all
from Graf, 1985)

(e) Annual flows of the Colorado below all major abstractions,
1910–80 (Englebert and Scheuring, 1984)
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Indian tribes and did not fully address the water needs of Mexico. There are
recent and continuing implications for both errors (e.g. Burton, 1991, on the
restoration of Indian rights). In 1928 approval was given for the Boulder
Canyon Project in which the Hoover Dam was built by 1935. Since that
moment, and largely as a result of Federal activity (by the Bureau of
Reclamation or US Army Corps of Engineers), the river has been
comprehensively dammed (Table 4.2) and diverted, at first to feed the
irrigation of high-value arable crops in the south-west but also in the interests
of ‘high altitude’ irrigation (mainly for livestock farming) in the upper basin;
clearly the result of Federal projects is cheap water. Reisner (1990) remarks
that ‘in the West water flows uphill towards money’—and in this case the
money is that of the taxpayer or of those paying for the expensive electricity
produced by the dams. Graf (1985) likens the Colorado to ‘the world’s largest
plumbing system’ because of the dams.

In the lower parts of the Colorado a continuing battle occurs between
California and Arizona over rights to the Colorado. Arizona, inhabited by
a successful Indian culture based on irrigation (the Hohokam) between
300 BC and AD 1400, experienced a quadrupling of population between
1920 and 1960. Growth of the ‘sun-belt’ continues and puts further pressure

Table 4.2 Major high dams in the Colorado system
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on the entire Colorado resource system (Sommers and Lounsbury, 1988). Graf
(1985) undermines the basis of allocating the average flow of the Colorado
between competing states on the grounds of a number of natural instabilities
in the basin, many of which are exacerbated by the existing management
(largely based on dam construction). There is inherent climatic variability in
the south-west USA, the result of oscillating positions of the jet stream (Figure
4.3d). For example, the period for calculating discharge averages prior to the
Compact was wetter than long-term figures now available; the 1940s–60s, a
period of the urbanisation of floodplains, were largely flood-free. As Graf puts
it, ‘Planning for variability rather than for averages is therefore the most likely
route to success’ (p. 154).

Among the variability detailed by Graf, the Colorado suffers from:
 
(a) The periodic formation of deeply incised (21 metres deep) channels

known as arroyos which severely damage agricultural land and release
tonnes of sediment downstream to hinder basin management.

(b) Channel changes which threaten irrigated agriculture, settlements and
communications, with narrow, single-thread channels widening and
braiding after ‘rare’ floods (e.g. those in the late 1970s and 1980s in
Arizona which produced channels 1.5 kilometres wide).

(c) Colonisation of floodplain and channel bars by phreatophyte vegetation
such as willow, cottonwood and tamarisk which evaporates much-needed
river water and produces more extensive flooding than would occur with
a ‘clean’ floodplain. There is, however, controversy about the benefits of
removing phreatophytes (Graf, 1992).

 
Each of these inherent variabilities may be climatically driven or may result
from threshold behaviour of the geomorphological system (see Schumm,
1977) or else is conditioned by factors such as overgrazing, the introduction of
non-native species such as tamarisk or thoughtless ‘channelisation’ of
problem rivers.

The dams and irrigation systems are also responsible for unwelcome
changes such as sedimentation (not only in reservoirs but also in upstream
channels), habitat changes (especially below dams with a heavily controlled
flow regime) and salinisation (Figure 4.3c). The latter problem threatened to
wreck the political structure of basin management when polluted, saline water,
the result of crop and reservoir evaporation, was supplied over the border to
give Mexico its legitimate share of the Colorado’s water.

Despite these problems, Graf (1985) asserts that ‘a factor common to the
ancient and modern approaches is a perspective on the river basin as an holistic
entity, a complex grouping of individual parts that function together’ (p. 3).

There is, in fact, little evidence in the Colorado that such an holistic outlook
is substantiated by institutions and technology. Indeed, it was the continuing
inability to coordinate the exploitation of the Colorado and to reconcile it with
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conservation that forced the US Government to set up the National Water
Commission in 1968. Another retrospective action was the commissioning by
the US Bureau of Reclamation (in 1986) of an environmental assessment of
Glen Canyon Dam (built in 1964); concluding the Symposium at which results
were presented, Leopold (1991) stresses the need for interactive management
of the Colorado in view of its inherent changeability, for more data collection
and monitoring and for different management scenarios to be explored to give
flexibility in response to natural and artificial hazards. In March 1996 an
artificial flood was released from Glen Canyon Dam to redistribute channel
sediments through the Grand Canyon, re-establishing bars and shoals ‘lost’
since the regulation regime from Glen Canyon began.

4.2.3 The Tennessee Valley Authority (TVA)

The Tennessee River is a tributary of the Ohio, itself a tributary of the
Mississippi which occupies half of the continental USA (Figure 4.2). The
Tennessee is itself huge, comprising an area of 80 per cent of that of England
and Wales, with a flow which is twenty-four times that of the Thames or 70 per
cent of that of the Nile.

There are many tensions in American public policy but two of the greatest,
between Federal and State action and between private and public investment
in projects, have joined to threaten the success of a model river basin project,
much imitated the world over, begun in south-eastern USA in 1933. A hydro-
electric power dam, on the River Tennessee at Muscle Shoals, was to be the
first act of the Tennessee Valley Authority (TVA), a powerful river basin
institution, charged with both land and water management, which President
Theodore Roosevelt called ‘a corporation clothed with the power of
government, but possessed with the flexibility and initiative of a private
enterprise’ (Palmer, 1986, p. 34). As Palmer writes, ‘New dams were at the
cutting edge of the TVA and the national attitude about rivers was reflected
and shaped by the agency’ (p. 35 and see Figure iii, in the Prologue, this
volume). Later, President Truman tried to create similar authorities for the
Missouri and Columbia rivers but Congress refused. The dams on the
Tennessee (nine major sites) and on tributaries (forty-two sites) created a
longer lake shoreline than on the Great Lakes; however, despite the heroic
achievements of this conservation scheme (in the sense of the word
‘conservation’ in vogue at the time), it has been much criticised.

Chandler (1984) points out that the costs were far more than the $1.5
billion spent on capital schemes: 10 per cent of the Valley’s best farmland was
drowned and most of the benefits of flood control were enjoyed by a single
city—Chattanooga. Saha and Barrow (1981) dismiss the TVA as ‘a massive
electricity generating utility’ and have drawn attention to the use of that power
for polluting activities such as fertiliser manufacture and to the subsequent
generation by the TVA of coal-fired and nuclear power. The availability of
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local power has, however, led to a regeneration of regional prosperity; the
navigation improvements built into each dam scheme have also aided the
connectivity of a ‘backwoods’ area (originally isolated by the 37-mile-long
rapids at Muscle Shoals).

However, the TVA had become an exploratory concept in soil and water
management because of its approach to erosion control; ‘watershed
management’ was a term first used there and an agency spawned by the
approach—the US Soil Conservation Service—was to have a major influence
throughout the world, often by reversing TVA scales of operation and
concentrating on small dams and on-farm techniques. The reach of the TVA,
via government agencies, to farmers has been impressive by way of:
 
(a) Land reclamation from gullying.
(b) Soil conservation.
(c) Use of fertilisers (many produced at Muscle Shoals).
(d) Demonstration farms—crop diversification.
(e) Cooperatives for marketing.
 
In addition, the TVA needed to manage reservoir water levels to control
malarial mosquitoes; this it does by keeping water levels raised during the
period April to June when plant growth and stagnant shallows would
encourage breeding. The results have been good and further success has
come from reducing water levels in winter so as to store floodwaters in the
system (see Figure 4.4); despite drowning land beneath its dams the TVA 

Figure 4.4 Tennessee Valley Authority reservoir regimes for:
(a) Containing flood runoff
(b) Controlling mosquito life cycle (malaria control) (TVA)
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has, however, freed much good land from flooding and yet more through
erosion control in the uplands.

In a recent review of the environmental effects of dams, Brown and
Shelton (1983), both employees of the TVA, strongly support the record of
their dams in making the Tennessee River ‘one of the most useful in the
world’ (p. 139). The TVA ‘means as much in meeting the challenge of the
future as it did in helping to overcome the problems of the 1930s’ (p. 150).
However, they also admit to problems in responding to ‘environmental and
societal effects in the planning and decision-making process’ (p. 150), a
point taken up in Chapter 7 here. Feldman (1991) points out that the TVA
continued to promote dams (such as Tellico—see below) in the 1960s ‘even
though few economic or environmental justifications could be offered on its
behalf’.

4.2.4 Dams and river basin management

There are around 90,000 dams ‘of any consequence’ in the USA (Feldman,
1991); Texas and Kansas lead the nation in the number of dams, each with
over 5,000 (Shuman, 1995). Beaumont (1983) lists 5,609 ‘large’ (over 15
metres high) dams in the USA, the majority of which are single purpose,
mainly for flood control. Palmer (1986) takes the environmentalist position
against the USA’s talent for dam-building:

Reservoirs have flooded the oldest known settlement in North America,
the second-deepest canyon, the second most popular whitewater, the
habitat of endangered species, one of the first national parks, tens of
thousands of homes, rich farmland, desert canyons and virgin forests. In
building dams we have blocked the best runs of salmon and broken the
oldest Indian treaty—one that George Washington signed.

(Palmer, 1986, p. 1)

Palmer describes the USA as having a ‘culture of rivers, free-flowing and
luxuriant with habitat’; an attitude which, while latent all this century, peaked
in the successful campaigns to prevent dams in Grand Canyon and the Green
River Canyons in the 1960s. He sets up a chronology of river abuse up to this
time, including the activities of the US Army Corps of Engineers in the East
through their flood-control dams as well as the irrigation schemes of the
Bureau of Reclamation in the West. By 1980 all agencies and private
developers had built 50,000 dams of 25 feet or more. Conservationists had
begun to oppose dams in the celebrated Hetch Hetchy of Yosemite National
Park; at this stage they faced other conservationists who interpreted the term
as meaning careful, rational exploitation of resources (American civil policy
enshrined this latter definition throughout the early years of this century). The
protests failed; in 1908 the Hetch Hetchy dam was approved.
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In the 1950s the biggest environmental conservation issue in the USA
concerned a proposal under the Upper Colorado River Storage Project to
dam the canyons on the Green River in Dinosaur National Monument. In this
case the objectors won, only to lose the battle for Glen Canyon, upstream of
Grand Canyon on the Colorado in Arizona, as the Bureau of Reclamation
took up their charge to ‘build it elsewhere’. Palmer writes that in the 1960
and 1970s:

A revolution in attitudes about rivers moved through the country and
touched every stream. The late 1960s and early 1970s brought powerful
ingredients for change: a growing sense of scarcity, the environmental
movement, activism by conservationists and landowners, applications of
science and economics coupled with publicity, recreational use, and
tight money—all contributing to a national movement to save threatened
rivers.

(Palmer, 1986, p. 93)

The new spirit had an unexpected outcome in the case of the Tellico Dam,
proposed for the Little Tennessee by the TVA in 1966 but delayed by protests
from fishermen; in 1973 a zoologist discovered a rare fish, the snail darter, in
the river near the dam site and it was placed on the ‘endangered species’ list.
Progress on the dam was halted but, despite an excellent case against the dam
for many other reasons (President Carter had long opposed dam construction),
the conservationists’ case based on the snail darter was lost and the Tellico
Dam was completed.

In 1965 the Wild Rivers Act was passed to bring a measure of protection to
the rivers of the West; by 1968 the National Wild and Scenic Rivers Act
extended protection for eight rivers, with a reserve list of twenty-seven. The
Act prohibits dams or other Federal projects which would damage listed
rivers; the list has been extended through the surveys of the Department of the
Interior.

A long-running act of contrition about the impact of dams in the USA has
been the effort to restore the migratory fishery on the Columbia River in the
North-West. The Columbia has sixty-six major hydro-power dams and
barrages, the power-base of the region’s economy but one which has, since
1931, ruined the rights of both Native Americans and sport fishermen to catch
the river’s indigenous Chinook salmon. In 1980 the North-West Power
Council was formed to mitigate the barrier and regulation effects of the dams;
progress has, however, been slow enough for environmentalists to invoke the
Endangered Species Act for the salmon. The Columbia River crosses the
boundary with Canada, and Hume (1992) has listed the objections of
Canadian environmentalists to the river’s dams.

Another problem with the American proclivity to dam-building has been
the relatively scant attention paid to safety, despite the excellence of the
national standing in hydrological research. By 1984, in spite of variable
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uptake of legislation, 2,900 non-Federal dams had been declared unsafe, most
because of poor spillway design. The American Society of Civil Engineers
responded by establishing a Task Force which first classified dam safety into
three levels of importance depending on the damage caused by dam failure;
design is relatively straightforward in the very large and very small damage
categories but a cost-benefit approach, with much consideration of social and
environmental consequences of failure, needs to be taken in-between these
extremes (ASCE, 1988a). In the same year the US Committee on Large Dams
prepared an update of its survey of the type, frequency and trends in US dam
failures (ASCE, 1988b). The ‘narrative description’ of incidents makes
exciting, if distressing, reading. Over 500 incidents are on record, including
125 major failures and 125 ‘accidents’ (Figure 4.5). The failure of the Teton
Dam in Idaho in 1976 killed fourteen people and cost $400 million.

The USA’s experience with dams and dam disasters draws out the
following features to be borne in mind when dealing with river basin
management schemes elsewhere, particularly in the developing world:
 
(a) Dams have a finite lifetime and a risk assessment is a necessary part of

any scheme, for both social and environmental reasons.

Figure 4.5 Dam incidents, USA, including damage and disaster (American
Society of Civil Engineers, 1988b)
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(b) Dam-building is a scale element of river basin development and can be
aimed at small, e.g. farm, scale developments as well as the larger,
riskier, but more prestigious structures.

(c) Dam construction at any scale bespeaks maintenance, safety checks and a
well-resourced system of disaster warnings if downstream communities
are in danger.

 
A major change of outlook on dam-building and one which also affected
land-use policy occurred in 1968 with the passing of the National Flood
Insurance Act. This Act sought to change the balance of the Federal
approach to flood protection from one reliant upon dams, levees, diversion
channels, and so on (structural approaches) to one seeking to identify the
use of flood-prone land and to charge an insurance premium consistent
with the risk of flooding. In 1973 the Flood Disaster Protection Act forced
developers to arrange such insurance cover before becoming eligible for
any federally related finance for development. By 1980 over $95 billion of
insurance had been taken out but with an emphasis on coastal, not river,
flooding (Platt et al . ,  1983). There were also land-use planning
implications (see below). Shuman (1995) reveals that the current focus for dam-

Plate 4.1 Devastation resulting in the valley of the Roaring River, Colorado,
USA from the failure of the Lawn Lake Dam, July 1982 (photo
M.D. Newson)
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related environmental impact studies is the removal of dams which have
served their purpose, are unsafe or have had undesirable effects on migratory
fish (e.g. dams on the Elwha River in Washington state). Shuman lists six dam
removals between 1962 and 1992 and four current proposals. Dam removals
can be controversial and sediment-related problems from the release of stored
silts can also have environmentally harmful impacts.

4.2.5 Land-use issues in American river basin management

It is typical of water management in a developed nation that there have been
resources to put into data collection for monitoring and research.
Information is not a panacea, however, and knowledge for management
requires that data are collected with a theme in mind. The ecosystem model
for an holistically managed river basin makes certain demands about the
format and location for data collection; however, the tradition in the
developed world is normally to let the intensive exploitation functions of the
basin define the data programmes: data are ‘good’ if they serve
development, not protection.

We have not, so far, mentioned an important US agency which maintains
the network of basic hydrological observations in the country as a whole—the
US Geological Survey (USGS). The Survey exists to:
 
(a) Collect and analyse data for water resources planning and control.
(b) Assess the physical, biological and chemical characteristics of surface

and ground water.
(c) Coordinate all Federal activity in water-resource data gathering and

provide advice to other agencies.
(d) Operate State institutes and grant programmes for water resources

research.
 
The Survey’s data-gathering activity dates from John Wesley Powell’s day;
from 1888 Powell sought to train Survey staff to make the necessary
measurements to enable satisfactory irrigation and flood control schemes to be
devised. The USGS is also technically well-equipped to carry out research on
the effects of land use.

The research catchment programme, run at a much smaller scale, is very
active in the USA; the USGS participates largely through involvement with
State water resource institutes. Additionally the US Department of
Agriculture, especially the Forest Service, carries out its own research into
farming and forestry effects. Because such agencies also own and manage a
large amount of land there is a good deal of immediate practical benefit from
land-use hydrology.

As an indication of the major land-and-water interactions in the US
research programme, in the American Society of Civil Engineers’ Watershed
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Management 1980 volume (see Snyder, and McClimans references below),
the following farm and forest issues are covered:

This spread and balance of issues changes little in six other symposia of the
Society’s Watershed Management Committee (see the most recent: Ward,
1995), though there is an increasing emphasis on the translation of
hydrological data into ‘multi-stakeholder management plans’, particularly in
the forested headwaters of the Pacific Northwest region.

Satterlund and Adams (1992) have assembled a guide entitled Wildland
Watershed Management, essentially a headwater hydrology manual, from
which Figure 4.6 is taken to show the proven water resource values of brush
management in semi-arid Arizona and the importance of patterns of land
management in felling forests to increase runoff. The explanation of the effect
of these patterns lies in the fact that interception losses from forest canopies
require ventilation around the edge of the canopy—the more edge the greater
the losses during and after rainfall.

Watershed management principles have also, albeit slowly, entered the
control of water quality—particularly of non-point pollution—in the USA.
The US Environmental Protection Agency (1986) has divided the nation into
seventy-six ‘ecoregions’, representing statistically significant combinations
of natural controls on water quality. State quality control programmes then
monitor the physical, chemical and biological background quality of indicator
watersheds in order to set local standards. In some states (e.g. Illinois; Polls
and Lanyon, 1980) homogeneous land uses receive similar monitoring. The
Illinois study has tabulated the characteristic pollutant loads contributed from
each major land use.

The US approach to forest management and water resources has the
benefit of many years of continuous detailed research dating back to the
early years of the century, through one or more forest cycles (American
forestry has an added environmental issue to address on felling since much
of the forested land is pristine). By now forest management is very carefully
controlled to meet water  resources and pollution objectives.  For
example, the US Environmental Protection Agency requires the Forest
Service to carry out evaluations of non-point sources of pollution
including soil erosion/man movement, water temperature, dissolved oxygen,
nutrients and pesticides. Snyder (1980) summarises these impacts while
McClimans (1980) develops the practical aspects of forest management via ‘best
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management practices’ for forestry activities (for UK parallels, see Chapter
8); these were instituted by amendment to the Federal Water Pollution Control
Act 1972. The BMP procedures link pollution or other damage hazards to
slope angle and distance to streams (Figure 4.7).

Heede and King (1990) address the problem that to harvest timber as part of
watershed management may lead to more problems (of pollution and
sedimentation) than it solves (in water yield). In their study area of Arizona
the use of ‘state of the art’ machinery and of strict rules on its use created no
extra surface runoff or soil erosion problems. In the East, Douglass (1983) has
demonstrated how the use of simple predictive models can coordinate a felling
programme to augment water yield steadily, though he claims that
interventionist policies to bring about such a programme are not yet needed in
the eastern states.

The ill-fated National Water Commission (1968–83) carefully considered
the benefits of the land-use management option in a national water resource
strategy (US National Water Commission, 1973). The major control options
available were said to be:
 
(a) Forest and brush management, critical because of the 1,000 mm average

rainfall of the US forests (cf. 610 mm on other land uses). There is, for
example, a strong case for a ‘joint product’ (timber and water) from the
sub-alpine forests of the Upper Colorado.

Figure 4.6 Detailed canopy management and streamflow response in the
USA (after Satterlund and Adams, 1992):
(a) Pattern of tree cover removal (25 per cent removed) and

streamflow response
(b) Removal of brush cover on semi-arid watersheds in Arizona

and streamflow response
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(b) Phreatophyte management, already referred to in connection with the
Colorado but comprising 6.5 million hectares in the south-west. (For
comparative evaporation rates see Table 4.3.)

(c) Management of snow packs by vegetation (largely forest) management;
in Colorado 20 per cent of the state’s water resources come from snow
and in California the proportion stands at 51 per cent.

(d) Soil surface treatments to improve runoff characteristics.
 
Since the National Flood Insurance Act of 1968 and the Flood Disaster
Protection Act of 1973 a major change of approach to land use has occurred
in relation to floodplains. One-sixth of all urban land in the USA lies within
the 100-year flood line. Since the 1937 Flood Control Act the Federal
government has spent $25 billion on structural flood control works but
annual flood losses now amount to $2 billion. More than 20,000 communities
in the USA are practising land-use regulations under the National Flood
Insurance Program (Muckleston, 1990); $162 billions’ worth of property on
floodplains was insured by the late 1980s. The Federal Government is
allowed to purchase land with persistent flooding problems, rather than
protect it at great expense and to the detriment of downstream settlements. A

Figure 4.7 Assessment graphs for mitigating the damage from forestry
operations close to streams. Group A activities include aerial
spraying, Group B cultivating and road work, Group C ground
skidding (McClimans, 1980)
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national Program for Floodplain Management has been slow to be realised in
practice but decision-making software abounds for achieving optimum uses
(including flood storage, wetland conservation and groundwater recharge). In
this case the Federal influence has been too gentle in the face of state,
community and private involvement. Montz and Gruntfest (1986) claim that
the Flood Insurance Act has only worked well where success is easiest; flood
damage continues to rise and floodplain encroachment has not been halted in
growing urban areas. Here is a real case for a single authority at the basin
scale; possibly the Mississippi floods of 1993 will encourage such an
approach for the nation’s most important river.

Prince (1995) makes a useful summary of the most recent and most
influential flood in US flood history—that on the Mississippi during July
and August 1993; peak flows were the highest on record at forty-two gauges
and in excess of the 100-year recurrence interval at forty-six. The loss of life
totalled forty-eight people (Table 4.4), 42,000 homes were destroyed and
21,000 square miles went under water. ‘Verdicts’ on the flood pointed to the
implications of the almost total loss of wetland flood storage in the upper
basin (Illinois, Iowa) and to the impact of stream channelisation. Almost

Table 4.3 Measured evapotranspiration rates reported
for phreatophytes and other riparian
vegetation in the south-western United States
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half of the Corps of Engineers’ 229 ‘federal’ levees were overtopped,
bringing the Corps to the view that the lack of a comprehensive floodplain
plan for the Upper Mississippi basin results in a wasted investment; state and
private levee districts have taken the same view. As one American engineer
put it, ‘The river owns the land. We should not forget that fact. When we do
it targets our error.’

4.2.6 Land-use planning in river basin units

The Commission’s other recommendations include institutional changes to
permit more rational planning but in practice most of the compliance by land
owners and managers is coming from the threat of pollution legislation rather
than from proactive rural planning. While California has watershed planning
systems to coordinate the work of agencies in support of the State Wild and
Scenic Rivers Act (Watson, 1980), other states have not followed suit and the
other examples of basin planning are either urban or part of the brief of
interstate and interagency planning for large basins (see below).

There have been several phases of interest in river basin planning
authorities subsequent to the Colorado Compact in 1922 and the Tennessee
Valley Authority in 1933. In the 1940s the Federal Interagency River Basin
Commission provided advice based upon ‘layering’ the individual
activities of a number of agencies in some of the larger basins (Figure 4.8).
This scale and type of activity was abolished in 1966; the Water Resource
Planning Act 1965 (Black, 1982) had established River Basin
Commissions as much more proactive in planning; these paid the penalty
of being recommended by the National Water Commission as ‘new and
unique regional institutions’ and clearly regional institutions figure very
little in American policy. Much more enduring have proved to be the river

Table 4.4 The 1993 Mississippi flood: flood damage statistics
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basin compacts between states where the Federal government is also involved,
for example, the Delaware River Basin Compact (DRBC) (see Majumdar et
al., 1988). The Commission comprises the Governors of Delaware, New
Jersey, Pennsylvania (and New York, which has created 90 per cent of the
water storage capacity as dams in the upper basin), together with the Secretary
of the Interior. Goodell (1988) describes its functions as:

to encourage and provide for the planning, conservation, utilisation,
development, management and control of the water resources of the
basin and to apply the principle of equal and uniform treatment to all
water users who are similarly situated and to all users of related
facilities, without regard to established political boundaries.

(Goodell, 1988, p. 286)

It successfully saw the basin through the drought of 1961–7 when it took over
the operation of several agency schemes (having been instituted after
devastating floods in 1955!). It has also arranged referenda on further dam
projects and cancelled two following adverse votes. Patrick (1992) considers
that the DRBC has had major successes in cleaning up water quality in the
Delaware estuary—largely through using a system of tradeable permits to
discharge pollutants up to the point where 90 per cent of the water’s natural
capacity to dilute and disperse is utilised. However, DRBC has failed to

Figure 4.8 Agency structures surrounding the management of major US river
basins
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reconcile differences in the planning styles and structures, for example,
between New Jersey and Pennsylvania. Polhemus (1988) concludes:

the Commission is tightly controlled by the states and has not been
permitted to develop an innovative operating programme. Although the
Commission could evolve into a significant control factor in the basin,
influencing growth, economic development and the balance of power in
the region, it has been compromised to a limited water management role.

(Polhemus, 1988, pp. 317–18)

It may well be that concerns with water quality will be paramount in driving
river basin management policy in the USA towards further basin-wide
authorities. Patrick (1992) describes the Federal Water Pollution Control Act
(the ‘Clean Water Act’) as having the twin goals of making rivers ‘fishable and
swimmable’; making them fishable requires allowance for fish migration and
implies treatment of the river as a system. The Act has been amended to allow
an attack on non-point pollution sources and this could further strengthen the
case for basin authorities. However, there are severe political obstructions to
be tackled first.

4.2.7 Cultural, political, legal attitudes

Feldman (1991) considers that a fundamental constraint on the work of the
National Water Commission was that it was expressly forbidden to consider
interbasin transfers of water because this would have created an
environment in which interstate, basin-wide authorities were inevitable.
Feldman goes on to say that the whole problem of river management in the
USA has two main components: ‘the fragmented nature of natural resources
policy making and the venerable tradition of antistatism in American
political culture’ (ironic since one of the main enduring problems of water in
the West has been federal control/subsidy for unsustainable water-based
development).

As Reisner (1990) puts it, the venture West by high density settlement
creates the dilemma for water distribution there:

Any place with less than twenty inches of rainfall is hostile terrain to a
farmer depending solely on the sky, and a place that receives seven
inches or less—as Phoenix, El Paso and Reno do—is arguably no place
to inhabit at all.

(p. 3)

Worster (1992) describes three stages of the growth of unsustainable water-
based growth in the American West, beginning with the Mormon settlement of
Utah (1847: ‘incipience’), boosted by the Bureau of Reclamation (1902:
‘florescence’) and finally ‘empire’ from the 1940s onwards when ‘the two
forces of government and private wealth achieved a powerful alliance,
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bringing every major western river under their unified control and perfecting a
hydraulic society without peer in history’ (p. 64).

How can the USA now escape the ethos which led to the situation west
of the Mississippi? It will be extremely hard to break the law of prior
appropriation in the West. Even though the law allows rights to be
established only to the extent of ‘beneficial use’ of the water abstracted
(Gangstad, 1990), only the most profligate uses are frowned on by the
courts (Bates et al., 1993, quote the use of a river to flood a field in order
to drown gophers as being non-beneficial use). The sale of water rights is
perhaps the major way in which current patterns of water requirements can
be represented in property rights but it gives no guarantee that ecological
uses of water will be respected, other than in wild and scenic rivers.
Pricing and legislating water exploitation is something which successive
US Governments have found desperately hard to do; a number of
Presidents have begun their political careers with ‘pork barrel’ water
projects won in Washington for local electors. President Jimmy Carter was
extremely bold for a US President in standing up to the Bureau of
Reclamation over its budget. Ingram (1990) offers a detailed political
critique of the project-based water development syndrome which now
needs correction.

Reisner is fatalistic:

the tragic and ludicrous aspect of the whole situation is that cheap water
keeps the machine running: the water lobby cannot have enough of it,
just as the engineers cannot build enough dams and how convenient that
cheap water encourages waste which results in more dams.

(Reisner, 1990, p. 494)

Not just surface water resources are involved. The Ogallala aquifer underlies
the High Plains between South Dakota and western Texas. From the close of
the Second World War, in an era of cheap energy, its waters have been pumped
on to the drought-prone lands; by now, as Reisner (1990) puts it, the aquifer is
overdrawn by an amount equivalent to the flow of the Colorado.

Groundwater protection and management are likely to be high on the
agenda of US water management policy-making in the next decade (Figure
3.8). Already twenty-seven states have statutes allowing intervention to
control ‘groundwater mining’ but, significantly, those states with a large
irrigation need have relied on a ‘good neighbour’ policy among local users
(Bowman, 1990). In New Jersey, by contrast, the state has a groundwater
strategy, targeted at pollution control as well as water resource allocation
(Whipple and Van Abs, 1990).

The most recent estimates (Solley, 1989) are that withdrawals of water
declined by 10 per cent in the USA between 1980 and 1985. The USA’s five-
yearly survey, begun in 1950, had hitherto always shown a rise in
consumption; the downturn is ascribed to depressed commodity prices in
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agriculture and increased use of recycled water in industry. Nevertheless,
average public and domestic use remains extremely high, at over 350 1/
person/day when the water is privately supplied and almost 480 1/person/ day
under public schemes (illustrating the effects of costs and pricing).

Given that the 1980s have witnessed seven droughts in the USA, the
discrepancy between supply and demand in some regions (Table 4.5) is
likely to grow. The most extensive water scheme of all for the western USA
remains a gleam in the eyes of dam-builders; the North American Water and
Power Alliance (NAWAPA) was devised by a Los Angeles water and power
engineer in the early 1950s. Environmentalists are appalled by its scope to
bring water south from the Canadian Rockies; Canadians feel threatened by
it, especially in the light of their own shortages in British Columbia and
Alberta. Reisner (1990) remarks that, if built, the NAWAPA network will
destroy what is left of the natural West and require the taking of Canada by
force!

Clearly, some form of national planning is needed for water resources in the
USA, particularly when options other than further dam-building or NAWAPA
are so obvious but require institutional changes, for example, the land-use
options referred to in Section 4.2.4. These would help to yield more water and,
importantly, help to raise water quality. Approaches to water quality control
are little and late in the USA. The wider, ecological concerns about US
freshwaters have been raised in a document which sets a new, holistic,
research agenda (Naiman et al., 1995). The Freshwater Imperative lists the
priority research areas as ecological restoration and rehabilitation,
maintenance of biodiversity, analysis of modified flow patterns, assessment of
ecosystems goods and services, predictive tools for management and solution
of future problems. Even with such a knowledge base, however, the political
culture of the USA mitigates against the right institutional framework for
ecological management of river systems. The US Government’s attitude to
institutional change can be summarised by the action of Secretary of the
Interior James Watt’s dismissal of the NWC in 1983; one of his associates
described the Commission as ‘just another layer of government that you didn’t
need’ and ‘another review board that could never make up its mind on
anything’. Watt reinstated many agency water projects, especially in the West,
linking these to employment needs. Despite the jibes over indecision, the
major findings of the Commission (US NWC, 1973) are salutary in the light of
our survey here of America’s dilemma:
 
(a) Develop an adequate data base.
(b) Conduct further research into the environmental impacts of water

resource development.
(c) Utilise planning techniques which are sensitive to ecological processes

and environmental values.
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(d) Develop rigorously and present as clearly as practicable the
environmental impacts associated with a proposed water resources
project and the available alternatives.

(e) Reach a decision.
(f) Monitor environmental consequences.

Muckleston (1990) labels the most recent phase in American legislation over
water as ‘counterenvironmentalism, devolution and dismemberment of
institutions, facilitated by fiscal austerity for domestic programs’ (p. 29).

Lack of integration in the Federal water programme also angers Palmer
(1986) from the conservation standpoint. He writes:

Twenty-five government agencies now spend $10 billion a year on water
but they do not work in unison. The Department of Agriculture drains
wetlands while the Fish and Wildlife Service of the Department of the
Interior tries to preserve them. The Bureau of Reclamation in the
Department of the Interior irrigates new farmland while the Department
of Agriculture pays farmers to leave the land idle. The Fish and Wildlife
Service tries to halt channelization while the Federal Emergency
Management Administration pays for bulldozers to plough through
streams in attempts to push gravel away after floods.

(Palmer, 1986, p. 40)

It would appear that America has thrown the coordination baby out with the
Federal bath water!

Rogers (1993) requests nothing less than a President’s Water Commission
to address the foundation of a new water policy for the USA. Black (1982)
points out the paradox that, while deeply in need of a powerful and
centralised agency for coordinating water and land planning, the people of
the USA have come to distrust such large and powerful agencies through the
historical activity of some of the autonomous contemporary agencies which
might participate. It is perhaps the combined attitude to land and water
which prevents the wider application of the river basin system argument;
Caldwell and Shrader-Frechette (1993) have illustrated that the absolute
rights of possession in the USA, granted at times of colonisation, are no
recipe for land-use planning and that powerful political lobbies want
nothing to do with interference with land, from whatever institution it
comes. Quite possibly the Mississippi floods of 1993 have begun to educate
millions of Americans about the mutual interaction of land and water and the
connectivity between upstream cause and downstream effect. Thus a land/
water phenomenon large enough to be viewed from satellites may have as
much impact in Washington as political pleading by scientific commissions
and experts.
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4.3 CANADIAN RIVER BASIN MANAGEMENT

Canada is a land of rivers and lakes, surface water comprising 8 per cent of
Canadian territory. Rivers, referred to as ‘lordly’ in the national anthem, were
the routeways through which the nation was explored and integrated (unlike
the waggon trains of the USA to the south). Nine per cent of global runoff
serves a population of only 25 million people. Nevertheless, Canada has
problems of water being abundant in ‘the wrong places’ (e.g. the cold North)
but scarce by season in the West, on the prairies and in the urban
agglomerations of the East (Figure 4.9). Like the USA, Canada has the
problem of having developed water supply (and more notably hydropower)
schemes at a large capital scale but, unlike the USA, there have been no ‘pork
barrel’ politics with powerful Federal agencies. The provinces have controlled
water development, though Federal agencies have more say in land issues.
Federal interests have retained control of fisheries and navigation. There is,
between federal and provincial interests, a culture of negotiation and
compromise which has at times been less productive than a standoff.

In 1970 the Canada Water Act sought to provide integrated planning
between Federal and provincial agencies; one of the aims was to improve
public consultation and awareness. The enormous scale of Canadian
water projects made this a dire necessity. For example, the La Grande
project in Quebec involved a work site the size of England, under almost
tundra conditions, lasting over thirteen years during which four dams were
built to divert and double the flow of the La Grande in order to generate

Figure 4.9 Canadian interbasin transfer schemes and irrigation (Day, 1985)
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70,000 GWh of electricity. By excluding the St Lawrence and Mackenzie
Rivers, roughly one-third of all Canadian flow is transferred across basin
boundaries (see Figure 4.9).

4.3.1 Water transfers: a Canadian speciality

As an indication of the scale of projects for which the Water Act was
implemented we may select two further examples. Table 4.6 lists the water
transfer schemes under construction in 1980 and indicates the domination of
hydro-electric power generation as a driving force. The dominant schemes
comprised the La Grande, the Churchill Falls project ($665 million)
completed in 1974, using two diversions , and the Lake Winnipeg, Churchill
and Nelson project completed in 1977 ($1.36 billion). By this time Canadian
water transfer flows had exceeded those of the USA and the Soviet Union
combined.

These schemes had a number of undesirable social and environmental
effects. For example, the Lake Winnipeg scheme threatened the environment
of the Lower Churchill and South Indian Lake; a considerable change of
lifestyle was implied for the communities affected. A representative body was
established for discussion of implementation of the scheme, a northern
development programme was established and a wide range of ecological
monitoring was carried out.

Day (1985) concludes that yet more attention is needed on biophysical
and social questions in Canadian transfer schemes. ‘Enormous overbuilding
of diversion-related hydro-electricity capacity has been costly to the
Canadian public’ and native groups need more equitable treatment, he
claims. Institutional reforms would help secure a more sustainable
approach to water use without such heavy reliance on the ‘boom-and-bust’

Table 4.6 Canadian water transfers existing or under construction, 1980
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construction industry. The French Canadian perspective in Quebec has
implications for such projects as the James Bay scheme. As Hamley (1990)
reminds us, Quebec has pretentions to autonomy but little oil, coal or gas;
the province has worries about becoming industrially unattractive. To be
regarded as ‘electricity Arabs’ in the north-east corner of the continent
would be more useful to Quebec than the beaver pelt exports of the Cree
Indians, now reduced to 1.3 per cent of their national lands because of the
‘dated gigantism’ of the James Bay project, ‘Quebec’s monument to a
faded vision of modernism’. More recently, although the Cree settled for
$100 million for their resource sacrifices related to the La Grande phase of
James Bay they used the James Bay and Northern Quebec Agreement
(Peters, 1992) to hold out against the Great Whale phase, a $13 billion
extension to the scheme; the project was shelved by the Quebec
government in November 1995, although the continuing Environmental
Assessment of Great Whale signals the long-term intention of the
‘electricity Arabs’ to complete.

Canada’s relationship with the USA, soured by the acid rain issue and with
the remaining threat of NAWAPA (Section 4.2.6), is of considerable day-to-
day importance when managing the Great Lakes along their frontier. The
International Joint Commission dates back to 1909; the IJC acts as neutral
adviser and factfinder while many of the problematic issues of boundary
cooperation are retained by individual states and provinces (Colborn et al.,
1990). The Great Lakes fluvial system comprises over 80,000 inland lakes,
750,000 kilometres of rivers and a groundwater system providing drinking
water for the 7.5 million residents of the basin. However, there is a desire to
treat this problem in ecosystem terms and to include the wider environment of
air and land resources and hazards. The Colborn et al. (1990) volume presents
environmental indicators—of both stress and ecosystem health, together with
a future vision of the Great Lakes.

Improvements to municipal waste treatment have considerably reduced the
phosphate content of the Great Lakes but their waters are still said to contain
800 toxic solutes. During the 1980s high lake levels caused hundreds of
millions of dollars’ damage to both sides of the border. Proposals were made
to curtail Canadian transfer schemes in Ontario and to augment the Lake
Michigan transfer out to the Mississippi. The issue remains unresolved.
However, boundary issues are critical to integrated water management, not
only with regard to the USA but also because no Canadian province or
territory has complete control of its water (excepting Prince Edward Island).

The Water Act 1970 has had little impact on such boundary (territorial and
agency) problems except where specific missions such as those covered by the
Flood Damage Reduction Program or Heritage River System have provided
inspiration. By far the biggest stimulus for basin-scale integrated management
has come from provincial governments (see 4.3.3).
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4.3.2 Land-use issues in basin development

The European settler/pioneer ethos in North America has, until recently,
politically contained an environmentalist backlash against the political
supremacy of primary resource exploitation. However, as with the tactics
south of the border which led to the Wild and Scenic Rivers Act, activists in
Canada (especially in the forested lands of the west) have recently begun an
orchestrated campaign in favour of the cultural values of their wild river
ecosystems (see e.g. Hume, 1992). Hume says of his volume, ‘This book is
about the abuse of one of British Columbia’s most valuable resources—its
rivers’; one of his major concerns, now a prominent political ‘hot potato’, is
the logging activity in the temperate rainforests of British Columbia.

O’Riordan (1986), addressing land-use issues in British Columbia, is yet
another Canadian author bemoaning lack of integration and the dangers of
overlapping Federal and provincial functions: ‘Although water and land issues
are closely inter-related, few administrations have managed to coordinate
them effectively into a single planning process’ (p. 193).

The Cabinet of British Columbia, however, has established an Environment
and Land Use Committee which encourages all Resource Ministries to
develop strategic plans prior to trading-off and integration of goals.
O’Riordan cites three examples of land-use pressure on basin management:
water shortage for irrigation (Nicola Basin), hydrological effects of
urbanisation (Serpentine-Nicomekl) and logging effects on runoff quantity
and quality (Slocan Valley). In each case the land-use/management decisions
are taken at a much larger regional scale than that of the basin whose
hydrology is affected. He stresses the need for comprehensive information
flows up and down a hierarchy of decision and implementation levels. He
says:

In the age of the computer, the massive amounts of data that must be
sorted and sieved in such an approach are now manageable. The missing
ingredient continues to be man’s imagination, innovation and the will of
institutions—too often vertically oriented—to make it work.

(O’Riordan, 1986, p. 210)

British Columbia is now a pioneer in the Canadian government’s attempt to
manage all its natural resources sustainably. The Lower Fraser River basin has
been chosen as a unit for State of the Environment Reporting because of its
mixture of air, water and land resource pressures (Environment Canada,
1992), making it one of the first river basins in the world to become an
ecoregion for environmental management purposes.

Developing the state of Canadian knowledge on land/water interactions,
Hare (1984) concentrates attention on forestry activity since most of those
basins coming under management attention are forested; 43 per cent of
Canada’s surface is in fact forested and in Hare’s words ‘forest hydrology is
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becoming a well developed art in Canada’. In Canada forest hydrology is often
snow hydrology since the felling of timber exposes snowcover to direct solar
radiation, accelerating spring melting; tightly managed forests offer an
opportunity to manipulate streamflow directly in Canada.

Hume (1992) lays out the river-based case against uncontrolled felling of
the native temperate rainforest in the Pacific coastlands of British Columbia;
40,000 hectares of forest is logged each year and only one-third of the
original 6 million hectares of this land cover remains. Hume puts his case
severely:

The forest industry, which spends millions of dollars a year on
campaigns portraying loggers as harvesters of the land, has not yet been
able to figure out how to clearcut a watershed without severely affecting
the entire hydrology of a valley…. Gravel spawning beds fill with
suffocating silt…. The clear water runs brown whenever it rains.

(p. 189)

And, yes, some areas will have to be cut to preserve jobs, but in deciding
what to take and what to leave, there should be no delusions about what
it means.

(p. 201)

The prairie provinces of Canada also have land management problems in
relation to river flows; the prairies lose many millions of tonnes of soil by both
wind and water erosion. Seepage of salinised groundwater to hollows is also a
problem: in some areas 15 per cent of irrigated land is salinised. Lake
Manitoba is alkaline and brackish from prairie runoff and the sedimentation
rate has increased in the last 100 years.

Hare concludes that Canada, despite its abundance of water, faces severe
local problems of management. As a British expatriate he writes:

Having grown up in a densely-populated European country where
denser population and more intensive industry are well-served by supply
less abundant than that of Southern Ontario I remain unrepentantly of
the opinion that Canada’s water problems arise from human misuse, not
from poverty in the resource.

(Hare, 1984, p. 4)

4.3.3 Bringing about improved integration of policies

Two problems are identified by Shrubsole (1990) which may explain why
Canada has avoided management of the water resource around the ‘obvious’
unit of the river basin: the ‘myth of superabundance’ (of water resources) and
the fact that nearly every province shares its river and lake resources with a
neighbour.
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The provincial government of Ontario has, however, long favoured river
basin authorities to develop local initiative, to promote cooperation with
municipalities and to encourage conservation and recreation. The
Conservation Authorities Act developed from a conference in Guelph in
1941 and has operated since 1946. The Conservation Authorities themselves
(thirty-eight in number) are formed by purely local initiative, are largely
municipal, and have the power to purchase land in order to promote rational
management of the river resources. Unfortunately, the addition of a third
layer of organisation to national and provincial interests has proved
problematic; Conservation Authorities (Figure 4.10) have tended to become
active in recreation but not in the ‘big issues’ of basin management. However,
the role of Conservation Authorities is important in flood control and this
has allowed them to take on a planning role. They have mapped flood hazard

Figure 4.10 Ontario Conservation Authority areas in the Lake Ontario area
(Ministry of Natural Resources, Ontario, 1986)
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areas, they provide flood warnings and they have carried out structural orks.
Their success in two fields of water management, recreation and flooding,
illustrates that these schemes are not duplicated by other interests and both
attract the considerable local interest which the Authorities are able to
mobilise.

The most recent extension of this policy of ‘intervention with care’ in the
planning system states that one of the aims of development planning in the
river basins of Ontario is ‘to encourage a coordinated approach to the use of
the land and the management of water’. The Conservation Authorities, where
they exist, are given the hub role of providing information and reviewing
proposals. For example, the Grand River Conservation Authority has a Master
Watershed Planning Committee (Gardiner et al., 1994) which sees as its role
‘the promotion of watershed management of small tributary watersheds in an
effort to facilitate orderly development and the most suitable types of
development whilst not compromising environmental quality’. The possible
reasons for Ontario’s success in such an holistic vision are the small/moderate
size of the basins involved, the fact that river basin boundaries do not cross
prominent administrative boundaries and a traditionally high level of support
from provincial finances for municipal efforts. In addition, the main river-
based issues (flooding, urban drainage, erosion) are powerful educators in the
derivation and implementation of integrated policies (see UK, New Zealand).
Ontario has also developed a keen approach, through provincial
environmental legislation, to reducing the discharge of toxic chemicals from
industry both to rivers direct and to sewer systems. ‘MISA’, the Municipal-
Industrial Strategy for Abatement, forces industry to curtail emissions at
source according to a ‘Best Available Technology’ clause and to monitor for
its own compliance; in some cases monitoring may be for well over 150
chemical determinands (Environment Ontario, 1988).

In 1985 Canada reviewed its Federal water policy once more; the Pearse
Inquiry (Pearse et al., 1985) announced two goals for policy:
 
(a) To protect and enhance the quality of the water resource.
(b) To promote the wise and efficient management and use of water.
 
These goals effectively mark the end of a public policy of cheap water, begun
as early as 1889 with the first mains supply to Vancouver from dams on the
Fraser, and the beginning of ‘the polluter pays’ principle. The review led on to
five strategies and made twenty-five specific policy statements (Table 4.7).
The strategies are:

(a) Water pricing.
(b) Science leadership.
(c) Integrated planning.
(d) Legislation to span jurisdictions, e.g. on water quality. �
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(e) Public awareness and consultation.
(Canada has long-established environmental impact assessment
procedures.)

However, Shrubsole (1990) is not optimistic that the strategies can be
achieved because they rely on the nebulous concept of ‘cooperation’ (subtitle:
bargaining) between Federal desires and provincial expertise and opinion.
There is clearly a ‘Canadian way’ in the integrated management of river basins
but until its processes can be unpicked with the somewhat wounding honesty
of those south of the border, the resolution of the inevitable conflicts caused
by ‘bargaining’ is a very slow process. Neither the integrated plans of the
Canada Water Act nor an Environmental Assessment Review Process appear
capable of dealing with the scale of Canadian water resource manipulation or
the panoply of agency and regional scales of interest.

Shrubsole quotes the example of the expensively prepared plan for the St
John River, whose recommendations were merely incorporated as ‘wish lists’

Table 4.7 Canadian Federal water policy
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by the contributory agencies after completion. Gardiner et al. (1994) report
that:

By the close of the 1980s, Canada Water Act studies had become an
artifact of the past. Effective river basin management was mainly being
accomplished at the provincial and the local level.

(p. 56)

These authors maintain that the Ontario Master Watershed Plans are ‘one of
the few examples of watershed plans in Canada that are being implemented to
their full extent’.

The Canadian approach to water quality control is, however, more
optimistic and may well extend the integration of interests around river basin
units in a way which has been impossible in a nation obsessed with water
transfers between basins.

4.4 AUSTRALIA: A LESSON LEARNED LATE

‘Drought is not an occasional aberration in Australia but a repeated feature of
the climate’ (Smith and Finlayson, 1988). These authors go on to demonstrate
how both the small amounts and high variability of rainfall (Figure 4.11) make
almost all of Australia’s vast territory poorly suited to rainfed agriculture; the
fact that the average runoff coefficient is 10 per cent also means that irrigated
agriculture based on water storage is a poor bet to cope with the aridity of the
interior. Smith and Finlayson also say that, ‘The aim of Australian farming
should be to manage land and water to preserve the soil.’ They contrast this
with the settler ethos of ‘if it moves shoot it; if it doesn’t cut it down’ and add
the heroic phrase ‘if it flows dam it’ to describe the reality of the European
approach to this huge dryland problem for most of the last 200 years. We
therefore include Australia in this edition because, even more than the West of
the USA, it demonstrates the problems of dryland development (in contrast to
its neighbour New Zealand, which has different land and water problems—see
below) and because, since a major review (‘Water 2000’) published in 1983,
Australia has made rapid moves to planned joint use of land and water
resources.

Australia’s population congregates in its coastal strip (79 per cent) and in
cities (85 per cent) and it is not without the ‘normal’ developed-world
problems of water quality deterioration (until recently very poorly
monitored); however, 82 per cent of its water is used by rural areas. The most
important river basin to consider in this light is the Murray-Darling system
(Figure 4.11). According to Maheshwari et al. (1995) the Murray-Darling
river system is ‘among the longest in the world’ but because, once it has left
the snow-fed headwaters it is an exotic stream without runoff contributions,
‘its mean discharge has no global significance’. Yet the basin is the key
foodstore to the occupation of Australia as a developed economy: a quarter



Figure 4.11 Problems of water resource management in Australia (after Smith
and Finlayson, 1988):
(a) Mean annual rainfall
(b) Rainfall variability (per cent)
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of Australia’s cattle and dairy farms are in the basin, half the sheep and
cropland and three-quarters of the irrigated land (occupying just 1 per cent of
the basin area but using 90 per cent of its water—in fact 75 per cent of all
Australia’s irrigation water).

The basin nicely bears out a statement by Heathcote (1969) when
describing the lack of respect given to droughts by the colonisers, with
government finance always given to restoring agricultural communities after
drought (until recent years):

Excessive patriotism sometimes proved costly since officials
occasionally promoted intensive land use in areas where it could be only
marginally successful because of drought risks.

(p. 191)

The Australian interior is therefore a slightly varied version of the dilemmas of
developing the hydraulic civilisation of the US West.

In the late nineteenth century the first diversion weirs were constructed on
the Murray-Darling system; however, the main phase of irrigation
development occurred between 1920 and 1940. The basin occupies some 14
per cent of the continent; the critical fact is, however, that it covers parts of
four states: Queensland, New South Wales, Victoria and South Australia.
Because of the devolved nature of water management there has been inter-
jurisdictional conflict over the resources of the Murray-Darling. A River
Murray Waters Agreement was signed in 1914 but not until the Act was
amended in 1987 did a more thorough and holistic Murray-Darling Basin
Commission (MDBC) begin work ‘to promote and co-ordinate effective
planning and management for the equitable, efficient and sustainable use of
the water, land and environmental resources of the Murray—Darling Basin’
(Crabb, 1991). At the time of writing Queensland was not a signatory to the
Agreement.

One of the major successes of the MDBC has been its Community Advisory
Council which has used extension techniques to persuade farmers to fight
environmental degradation, principally salinisation of soils and nutrient
pollution of rivers. It has also had to deal with Aboriginal rights issues. It has
been realised for many years that a corporate approach was required to joint
land and water management in the basin (Langford-Smith and Rutherford,
1966). Much of the Australian soil cover has large stores of salt accumulated
by natural processes over a long period of time; the salt may be released by
poor irrigation practices (as in the Murray-Darling) or by the rise of water
tables following forest clearance (common in Western Australia). Figure
4.12 separates these types of salinisation and indicates the importance of the
forest cover to groundwater quality in dryland Australia. Hydrologists and
land managers have combined in two prominent ways to bring about indirect
‘cures’ for the salinity problem. Conacher et al. (1983a and b) describe the
use of throughflow (soil water) interceptors—shallow, contoured ‘scrapes’
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through the soil; George (1990) describes the use of Eucalyptus trees to
deprive the groundwater recharge and thus lower the water table below the
surface. Annual potential evapotranspiration for the Eucalypts is 2,500–2,900
mm, whereas for the pasture with which the forest is replaced it may be as
little as 360 mm. In the Murray-Darling basin a much more direct method is
used, whereby groundwater is pumped to evaporation basins to avoid salinity
problems in the river (Ghassemi et al., 1988).

Figure 4.12 Soil salinity and its relationship with land use in Australia (after
Smith and Finlayson, 1988):
(a) Distribution of human-induced soil salinity in Australia
(b) Hydrographs from two boreholes in Western Australia; both

were forested until 1976 when the record marked with open
circles was clear cut; the resulting groundwater rise brought
saline conditions to the surface



Managing land and water in the developed world 137

Flooding has, paradoxically, been another problem of the settled regions of
Australia (Smith and Finlayson, 1988). Floodplains are extensive and dam
construction (often by farmers) raises problems of safety and of providing
warnings. Smith (1981, 1990) has given examples of the careful analysis of
flood damage studies and the ways in which warning systems, particularly
after dam failure, can reduce loss of life. In some settlements, such as Lismore
(New South Wales) there appears to be a high level of adjustment to the
frequent flooding. There are well-established programmes of flood disaster
relief and insurance in Australia but as yet no coordinated approach to
planning floodplain occupancy, something detrimental to domestic occupiers
and small businesses who are not covered by insurance (Smith and Handmer,
1989). In a few locations, however, drastic land-use planning in the form of
floodplain acquisition and the relocation of homes is likely and Handmer
describes an objective methodology for selecting those properties affected.
Hooper and Duggin (in press) have made a pioneering use of ecological
floodplain zoning to rural parts of the Murray-Darling basin but it may require
the development of basin institutions to apply this concept to other Australian
rivers.

The ‘Water 2000’ initiative of 1983 stressed the need for state water plans
(Sewell et al., 1985). Sewell et al. (1985) offer lists of characteristics needed
by such plans and stress the need to involve land-use planners and
communities (Table 4.8). Progress in implementing planning is variable, with
some states needing to be restrained by the Federal Government (e.g. the case
of the environmentally disastrous proposal for a dam in a world heritage forest
on the Franklin River in Tasmania) and others such as the Capital Territory
itself using such aims as public participation and coordination of land-use
plans and water development. Mitchell and Pigram (1989) use New South
Wales as an example to illustrate how good intentions (the State Premier
promised total catchment management during the 1984 election) can be
frustrated by slow institutional progress. In the Hunter Valley of New South
Wales an existing, mainly rural, Conservation Trust was authorised to make
recommendations to the State regarding the ‘nature, location, form and extent
of any work or proposed work for the purpose of soil conservation,
afforestation, reforestation, flood mitigation, water conservation, irrigation or
river improvement within the Trust District’. The Trust has been successful in
flood damage reduction but has been reactive and supportive rather than
forceful and regulatory. The authors conclude that, despite the promise of
‘Water 2000’, the lack of progress on institutional and budgetary reforms has
meant that catchment plans have no ‘teeth’:

The policy of integrated resource management has received wide
endorsement at the conceptual level in Australia. Progress towards
effective implementation, however, has been tentative and hesitant.

(p. 210)
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We now turn to Australia’s Pacific neighbour New Zealand to examine the
long and apparently successful history of catchment management planning
there, while bearing in mind that in New Zealand the European settlers found
a different set of environmental hazards.

Table 4.8 Essential features of Australian water planning
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4.5 NEW ZEALAND: WISE MANAGEMENT DETERMINED BY
HAZARD

New Zealand is recent both geologically and as a developed economy; there
is no national shortage of water. Johnston (1985) has summarised the major
phases of the country’s development and the environmental policy response;
development has included forest clearance and mining, both of which have
combined with the hazards of a steep landscape, cloaked in weak sediments,
and a wet climate to force considerable government attention to river
management (see Moore, 1982 for a broad review). Over 12 per cent of New
Zealand’s land area suffers from fluvial erosion (7 per cent gullied; 2 per
cent tunnelled; 3 per cent bank erosion); erosion surveys are one part of a
very large national effort put into land survey.

It is not, therefore, surprising to find New Zealand’s geomorphologists
reporting some of the world’s largest rates of fluvial erosion, for example in
the Western Southern Alps, even without the intensive land exploitation found
elsewhere in the islands. Soons (1986) reports source-area rates of between
96m3.km-2.yr and 8,380 m3.km-2.yr during the post-glacial period.

During the period since forest clearance, landslides have cost large areas
of New Zealand’s ‘hill country’ almost all of their original 2.5 metres of
soil; the remaining 10–30 centimetre soils are much less able to store storm
rainfall and one result is that flooding is a further hazard to both islands.
Plate 4.2 identifies the problem in the Taranaki Hill country and Figure 4.13
shows how an equilibrium soil depth under today’s pasture farming is
controlled by the landslip hazard.

The flood hazard in New Zealand is described in detail by Ericksen
(1986). Table 4.9 indicates the options available for adjustment to floods,
assuming that upstream mitigation such as erosion control and
reafforestation are already in the brief of Catchment Authorities (see below).
Historically, New Zealand has attempted to modify the floods but continuing
disasters led to a programme of modifying the loss burden. However, now
that town and country planning and soil and water legislation have begun to
line up in New Zealand it is becoming more common to modify the losses.
The use of popular devices such as cartoons is very prevalent in New
Zealand public life; Figure 4.14 illustrates the desirable features of regulated
floodplain development; in order to implement such regulation Catchment
Authorities are using a computer model of flood losses developed by the
Australian National University in Canberra (ANUFLOOD; Ericksen et al.,
1988). ANUFLOOD calculates damage at specific flood heights in relation
to known land use and the flood record; it then maps damage under various
scenarios of modified floodplain usage.
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4.5.1 Catchment authorities: the New Zealand approach

New Zealand began to organise its river management along catchment
lines as early as 1868 with River Boards; Acts were passed in 1884, 1893
and 1908 to strengthen these bodies. However, it was the floods and erosion
problems of the 1930s which led to a truly formative piece of legislation, the
Soil Conservation and Rivers Control Act 1941, subtitled as follows: ‘An act
to make provision for the conservation of soil resources and for the

Table 4.9 A typology of human adjustments to floods
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prevention of damage by erosion, and to make better provision with respect to
the protection of property from damage by floods’. The Act made New
Zealand one of the first countries in the world to recognise land-water links in
legislation.

By 1967 the speed of development and intensification of land use in New
Zealand forced the incorporation of wider aims in the Water and Soil
Conservation Act, subtitled:

An act to promote a national policy in respect of natural water and to
make better provision for the conservation, allocation, use and quality of
natural water, and for promoting soil conservation and preventing
damage by flood and erosion and for promoting and controlling multiple
uses of natural water and drainage of land, and for ensuring that
adequate account is taken of the needs of primary and secondary
industry, community water supplies, all forms of water based recreation,
wildlife habitats and of the preservation and protection of the wild,
scenic and other natural characteristics of rivers, streams and lakes.

The regional authorities for water and soil resource management are the twenty
Catchment Authorities (see Figure 4.15) whose functions are set out in Table
4.10; they include the function of Regional Water Boards. A vivid pictorial
account of the work of the Catchment Authorities is provided by Poole (1983).
Until the 1941 Act was strengthened in 1988 coverage was not complete.

Plate 4.2 Landslide resulting from cyclone Sola, Napier, North Island, New
Zealand (photo J.C.Bathurst)
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The 1967 Water and Soil Conservation Act delegated responsibility to the
National Water and Soil Conservation Authority (NWASCA) for coordinating
the work of Regional Water Boards and Catchment Authorities. By 1976
NWASCA anticipated a move to proactive catchment planning at a regional
scale as an alternative to awaiting development proposals before seeking to
coordinate activities. Land capability surveys were requested for catchments
and farm conservation plans were coordinated into the catchment picture
(with legal notices served on those persisting with unwise use of land). As
early as 1986 some Catchment Boards and Regional Water Boards were
combining to derive catchment plans. For example the Otago Boards (1986)
produced a plan with the aim of: ‘The wise management of water and soil

Figure 4.13 Soil slipping—a major hazard in New Zealand river basins:
(a) Development through time
(b) Relationship between time since last slip and soil depth

(NWASCA, 1987)



Figure 4.14 New Zealand floodplains:
(a) Non-regulated development of an urban community
(b) Means of regulation and regulated development of an urban

community (Ericksen, 1986)
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resources to provide maximum benefits from multiple, efficient, equitable and
sustainable uses for present and future generations’ (p. 4).

However, the preparation of Water and Soil Management Plans has not
become a statutory process and, being expensive to carry out, few are
complete. One of them, the Waitara River Catchment Management Plan, has
attempted to preclude future construction of dams on the river; it exemplifies
the fact that planning only occurs where existing conflict has drawn funds.
New Zealand is apparently on the verge of the need to integrate town and
country planning with soil and water management.

In 1981 an amendment to the Water and Soil Conservation Act was
resurrected to permit the conservation of the natural characteristics of New
Zealand’s rivers and lakes. Popularly labelled the ‘Wild and Scenic Rivers
Legislation’, this legislation can be used to maintain the flow regime of, and
curtail development in the catchment of, both nationally and locally
important reaches. Interpretations of the amendment give less cause for
optimism by calling for multiple use rather than solely conservation of
instream values. However, further support for river conservation has come
from the interpretation by some authorities of the 1977 Town and Country

Table 4.10 New Zealand Catchment Authority functions
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Planning Act which allows specific attention to river and lake margins. Guest
(1987) quotes from the Waimarino County Council’s plan which includes the
Wanganui River Scenic Protection Zone:

Although some of the land in this zone was in the past considered to be
suitable for farming and exotic forestry, other values such as the quality
of the landscape, historic and scenic features and water and soil
considerations are now regarded to be of more importance.

(Guest, 1987, p. 11)

The protection of all New Zealand’s rivers is a developing issue, involving
elements of simple pollution control as well as a growing recreation and
conservation interest, fisheries and Maori rights. To the Maori, the essence of
life is water and the river or lake of the home area is effectively the address as
well as the identity of each individual (Stokes, 1992). Maori culture is
threaded with quasi-religious resource management and anti-pollution
concepts which are easily offended by European technocratic approaches to
wealth and purity (Taylor and Patrick, 1987). A survey of over half of New
Zealand’s twenty Regional Water Boards (Quinn and Hickey, 1987) has
assessed the degree to which the basic water quality criteria laid down in the
Water and Soil Conservation Act 1967 are adhered to. Approximately 50 per
cent of New Zealand’s rivers are classified waters under the Act and the most
common discharges are from dairy farms and domestic sewage plants. Quinn
and Hickey report disparities in, for example, the application of the suspended

Figure 4.15  New Zealand Catchment Authorities
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solids criteria by some Regional Water Boards to emissions and by others to
receiving waters.

Despite eutrophication problems there have not, as yet, been any controls
applied to organic discharges or to nitrate or phosphate runoff. A recent
upsurge in horticulture as the result of difficulties in the livestock sector has
led to problems with pesticides and herbicides. There has been insufficient
research to establish the extent of pollution and to develop guidelines or
remedies; this is surprising in a nation so dependent on agriculture (see Table
4.11) but reflects the previous domination of erosion control and flood
protection. Of the available research on, for example, fertiliser pollution,
that by McColl and Gibson (1979) concludes that for hill-country improved
grazing lands very little nutrient runoff reaches streams. In certain ‘source
areas’, particularly of surface runoff, there is, however, a clear need
for management of agricultural practices (cf. UK—p. 344). Quinn and

Table 4.11 Principal toxicants discharged to New Zealand rivers
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Hickey identify a channelisation problem in conserving stream habitat,
emphasising that Catchment Boards have good control in headwaters but less
over riparian activity downstream. The eighty-two hydropower dams
throughout New Zealand have also posed problems for fish migration.
Detention dams on farmland are now replacing some of the traditional ‘hard
engineering’ solutions to rural flooding.

In an effort to improve water quality control in New Zealand’s rivers recent
research has attempted to define water quality indices and criteria by expert
consultation and by contacting river users. Four groups of quality index, depending
on river use (general, bathing, supply and fish), were put to consultation. Replies
were compiled on a range of determinands, physical, chemical and biological. From
there, numerical values were assessed with a view to weighting scores in simple
integrative indices for the four river functions (Table 4.12).

By 1988 the New Zealand Government had recognised the need for
‘Resource Management Law Reform’ because of the proliferation of new laws
and institutions superimposed on some earlier approaches such as Soil
Conservation and Rivers Control. The situation, they maintained, had become
cumbersome, hard to understand by the public, had led to costly delays and did
not respect Maori rights. Interestingly, because of the prominence of land and
water issues, the public consultation undertaken in New Zealand focused upon:
 
(a) The scale of bodies best able to manage resources.
(b) The role of Government in control of ownership.
(c) The voice of local communities.
(d) The role of indigenous culture and values.
 
Ericksen (1990) also refers to a problem of bureaucratic confusion at the
regional level. The proposed reforms would unify the regional councils

Table 4.12 Relative importance and final determinand weightings for the four
water quality indices
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(i.e. local government) and Catchment Boards to produce fourteen new
authorities. NWASCA has already been disbanded, representing a sad loss of
central information, education and synthesis of policy. Nevertheless, the
Ministry for the Environment (1989) is convinced of the benefits of devolution
and of grouping agencies by legal function rather than by resource.

Scott (1993) reviews the latest piece of New Zealand legislation with
relevance to catchment management, the 1991 Resource Management Act. It
attempts to develop the concept of sustainable, integrated resource
management—of air, water, soil and ecosystems. The concept of the life-
supporting capacity of rivers and lakes is introduced and Scott debates
whether this means that there will be an ‘ecological bottom line’ to future
land-use developments in an era when economic restructuring is the main
political driving force.

In conclusion we may suggest that the scale of the erosion and flood
problems in the 1930s, clearly exacerbated by poor land management, led to
heavy intervention at a national scale, for instance, riparian rights were
handed over to national ownership of water resources. However, while land
inventories have remained a national operation, the Catchment Board policy
has ensured good local representation and decision-making. Ericksen (1990)
has the last word: ‘New Zealand has a reputation for throwing hastily-
prepared legislation at its problems then making corrective amendments as
experience highlights the shortcomings’ (p. 83).

4.6 CONCLUSIONS: NATIONAL PRIORITIES IN THE DEVELOPED
WORLD

To characterise the nations whose approaches to river basin management have
been outlined in this chapter one would say that:
 
(a) The USA was the victim of the rapidity of its colonisation and of the

ability of the financial resources thereby created to ‘hold’ hazardous
environments, particularly drylands, in settlement and in productive use.
Superimposed on this resource picture is the cultural and legal battle
between an enormous national technological skill to operate rational
planning and the private enterprise culture of a Gold Rush. Politically,
there are continuing tensions between the national view and that of the
individual states.

(b) In Canada a more sympathetic view to resource management might well
prevail for a number of physical and cultural reasons but the plentiful
water is badly distributed and the issue of clean energy generation also
contributes to the ‘gigantism’ of the many water-transfer schemes. The
resource problems of the neighbour to the south are intricately bound up
with those of Canada and it is possible that the Canadian policy, replete
with centralist mission statements on the environment, will not settle



Managing land and water in the developed world 149

down until the future of US use of Canadian water has taken shape,
possibly following climate change. Canada also has its own political
battle between nation and provinces, notably Quebec.

(c) Australia has begun to emerge from its settler ethos of heroic exploitation
of the interior and support for its farmers after frequent droughts and
floods. The Federal Government has had to request the states to develop
integrated management but progress is slow except where it is easy. The
Murray-Darling basin is, however, perhaps the most critical exotic river
system on a world scale for which integrated and interactive planning is
being attempted.

(d) New Zealand, uniquely, appears to have experienced a relatively stable
period of careful water management policies, made necessary by earlier
misdeeds and by a very unstable natural background. The ability of the
New Zealand system to combine central strategy with local planning and
implementation seems, however, to be crumbling in the face of devolved
policies and economic uncertainty.

 
To the reader in the UK, many of the aspects and approaches described
above may be familiar during various stages of the evolution of UK policies
(see Chapters 7 and 8). The UK may be characterised by: poor distribution of
water in time and space, a drastic neglect during early industrialisation of
water quality, and over-simplified ‘free resource’ approaches to water
consumption.

The current direction of UK policy shares with the USA, Canada and New
Zealand a number of other cultural and political controls, for example the
development of a national position on all aspects of environmental
management, the enforced cutback on public expenditure and the degree to
which the population is consulted about policy development. These work
against each other and produce tensions which may or may not be creative in
all four developed nations we have considered. For example, the
dismemberment of centralised strategic planning may have the advantage of
encouraging more local action, but not if that action is financially driven or
constrained; in that case the increasing feeling in the developed world that
environmental matters require a strategic overview swings the argument back
towards central action—or possibly towards international action.

The really important lessons to be learned from this review are:
 
(a) That national and regional uniqueness (climatic, hydrological and

cultural/political) ‘sets up’ the pattern of land and water development to
date.

(b) However, developed nations are keen to ‘export’ models of development
for river basins which pay little attention to the growing evidence of lack
of sustainability in, for example, dryland irrigation supported by federal
handouts during a settler economy.
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A recent retirement from heading the US Bureau of Reclamation said ‘I think
it is a serious mistake for any region in the world to use what we did on rivers
as examples to be duplicated.’ Sadly, the message is too late for much of the
developing world.

Gangstad (1990) has another relevant message for developed world basin
management:

Engineers and planners are at a nexus between the divergent faith in
democracy and low institutional esteem. Traditionally they provide
critical services for a civilization’s ability to survive and adapt. But this
tradition quickly erodes when a society’s engineering capability
diverges from its changing social values.

(p. 77)

The problem is when a ready market exists among politicians abroad for those
outmoded social values, that is, in newly settled lands. Politicians should learn
that water-based development must proceed in two phases—provision of
essential infrastructure followed by processes by which the economic and
environmental costs are amortised by all parties.

In view of the importance attached to water-based development in drylands
in both this chapter and the next, perhaps the best piece of caution comes from
the conservationist sage Aldo Leopold who wrote of the US experience:

That what we call ‘development’ is not a uni-directional process,
especially in a semi-arid country. To develop this land we have used
engines that we could not control, and have started actions and
reactions far different from those intended. Some of these are proving
beneficial; most of them harmful. This land is too complex for the
simple processes of ‘the mass mind’ armed with modern tools. To live
in real harmony with such a country seems to require a degree of
public regulation we will not tolerate, or a degree of private
enlightenment we do not possess.

(Bates et al., 1993, p. 150)
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River basins and development

 

5.1 GENERAL CHARACTERISTICS AND NEW PHILOSOPHIES

There are many characteristics of developing world water projects which are
reminiscent of the distribution philosophies of the early hydraulic
civilisations; a principal difference may be summarised by the word ‘identity’.
Modern schemes have tended to lack the identity of communal national effort
which seemingly characterised earlier eras, partly because of marked regional
disparities in technological expertise but mainly because of lack of popular
national involvement. The strong social structures which upheld prehistoric
irrigation economies are imitated by bureaucratic resettlement schemes and
innovative, but rarely successful, land tenure arrangements.

At the end of the previous chapter we alluded to the habit of the
developed world of transferring technologies which its own citizens had
come to realise were outmoded physically or culturally, part of a global trade
pattern which complicates all development issues. In addition we must face
the fact that the power elites of the developing world are unlikely to be
generous to the ecosystem concept of sustainable riverbasin development at
a time when intensive exploitation of basin resources appears to be the most
rapid route to a national trade surplus, wealth and political success. The
spontaneous regulatory functions of the basin are understated without a
proper investigation, which the urgency of development precludes for the
elites. The indigenous peoples of the developing world have practised
extensive exploitation for centuries, largely leaving the spontaneous
regulators intact.

Rural communities in an urbanising nation have little incentive to bring
forward their own water development schemes at a scale which could improve
national economic performance; some form of imposition, if only of
development alternatives by extension workers, is clearly inescapable.
Equally clearly, indigenous people have both human rights and huge reserves
of adaptive strategies involving local environmental management (see Section
5.7.2).
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Table 5.1 Guidelines for river basin management
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5.1.1 Pre-empting exploitation

Is there a rationale with which the technology of water development could
have a more acceptable social focus when viewed both from the centre and
periphery of a developing nation? Marchand and Toornstra (1986) first
demand the treatment of the entire river basin as an ecosystem and develop
this theme through to a set of impact matrices for specific intervention by
development agencies, one of several such matrices now available (see
Chapter 8, plus Horberry, 1983; Hellawell, 1986). Table 5.1 summarises
Marchand and Toornstra’s guidelines.

The two major current problem areas in terms of rapid water-based
development are the world’s drylands and the tropical forest lands; they are
very different hydrologically but the sensitivity of their river basin ecosystems
(in terms of the lack of resilience and sensitivity of their natural regulators)
means that great damage is already occurring. We focus most of our attention
on drylands because at present there is a greater wealth of historical and
scientific knowledge about their development; for obvious practical reasons
tropical forest basins have been harder to study and monitor—the
petrochemical wealth of Middle East drylands has also sponsored long-
running studies of semi-arid and arid lands.

Table 5.1 (continued)
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5.2 PROBLEMS OF FOOD, POWER AND TRADE IN DRYLANDS

The forty-two LDCs (least developed countries) show a high correlation with
the tropical arid and semi-arid lands; 340 million people live in these countries
(Figure 5.1). Many of the major river basins of the world impinge on the arid
and semi-arid lands and the exploitation of their basins has a
disproportionately vital effect on indigenous peoples. Most of the important
basins are also international—they cross the boundaries of sovereign nations
(Figure 5.1). While the population of most of the LDCs is rising fast, much of
the land within their boundaries is limited by drought (Table 5.2a, b) and it is
very difficult to increase food production for the home population as well as
creating exportable surpluses of cash crops; Africa has the most formidable
problem of all continents in this respect (Figure 5.2a, b). Drought years place
an unmanageable burden upon food production systems by both delaying the
crop cycle and curtailing the period of growth (Figure 5.2b). While
acknowledging along with Brandt and Bruntland (Independent Commission
on International Development Issues, 1980; World Commission on
Environment and Development, 1987) that the ‘world order’ of trade and
militarism are responsible for the dilemma of development, the management
of individual river basin projects and the cross-boundary allocation of water
resources and hazard mitigation is a necessary focus of the hydrologist.

A much wider group of world population is, in fact, threatened by low
levels of water resource development. The UN’s International Drinking
Water Supply and Sanitation Decade (1981–90; see Figure 5.3) set out to

Figure 5.1 Major river basins, least developed countries and the world’s arid
and semi-arid lands
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Table 5.2(b) Distribution of drylands by country
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reduce the appalling statistics of inadequate or polluted water supplies for
human use (Agarwal et al., 1980): 30,000 children die each year because of
inadequate water supply or sanitation and half of the world’s hospital beds are
occupied by patients with water-related diseases. At the close of the Decade,
700 million extra people had been supplied with clean water but nearly 2
billion people remained in danger—a vanishing perspective.

Despite the urgency of providing basic human facilities the internal and
external demands of burgeoning developing-world cities pose special
problems for maintaining sustainable ideals (i.e. of protecting basin
ecosystems). The natural water environment of developing-world cities
exhibits many signs of stress, particularly to the important water and
sediment transfer systems (problems of pollution may, in the longer term,
be surmountable). In the humid tropics, for example, urbanisation around

Figure 5.2 Problems of the developing semi-arid world:
(a) The growth of population (left) and food supplies (right)

(Higgins et al., 1988)
(b) The sensitivity of the growing season to the water balance,

both depths and timings, ‘normal’ and drought (Falkenmark,
1986)



Plate 5.1(a) Encroachment by dryland development on to hazardous alluvial
fan environments, Eilat, Israel (photo M.D.Newson)

Plate 5.1(b) Nature asserts itself: flood-damaged highway north of Eilat,
Israel (photo M.D.Newson)
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Harare, Zimbabwe, has destroyed the water storage capacity of the dambos
(African valley wetlands), channelised the natural watercourses and created
downstream channel erosion problems (Whitlow and Gregory, 1989). Within
city limits, as was the case with rapidly urbanising cities in Britain in the
Victorian period, open channels are used as sewers and refuse dumps. In
south-western Nigeria, Ebisemiju (1989) points to a decrease in channel
capacity brought about by this depositional activity, with an increased flood
hazard resulting. Elsewhere in Nigeria, Odemerho and Sada (1984) describe
the erosional gulleys which result from ‘the increase in impervious land

Figure 5.3 Progress towards vanishing targets? Sanitation and water supply
provision levels at the start and close of the UN’s International
Drinking Water Supply and Sanitation Decade (after Rogers,
1992)
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uses, the discontinuous urban sewerage and generally unplanned layout of
buildings’. Urban wastewater management is particularly problematic in the
humid

tropics because of the very intense rainfall (Gladwell, 1993); five-minute
intensities of 160–250 mm.h-1 are common, overwhelming runoff collection
systems and spreading the copious surface wastes (especially of squatter
cities) into the nearest watercourse.

In rapidly urbanising areas of the world’s drylands a major hazard is that of
extreme floods in what, otherwise, is a semi-arid climate. Schick (1995)
records the case of Eilat, on the Red Sea coast of Israel, a city undergoing
rapid tourism development (see Plate 5.1a) but situated on an area of
coalesced alluvial fans. Forty per cent of the rainfall falls in storms reaching
an intensity of 20 mm. h-1 and although the streets of the town are designed to
carry flood waters there is considerable disruption, damage (Plate 5.1b) and
deposition as the result of choosing such a hazardous site. Eilat has many a
badly sited urban example to follow, e.g. Las Vegas in the USA. It is clear that
urban areas in the developing world are worthy of geomorphological study
(‘fluvial audit’—Chapter 2) to avoid such damage and Douglas (1985) makes
a plea for the new topic of ‘urban sedimentology’.

Urbanisation around dryland rivers inevitably leads to problems of
river and groundwater pollution; in fact there are strong potential
linkages between environmental degradation in urban and rural areas of
the developing world. A study of a region in south-east India where the
leather tanning industry is a notorious polluter (Bowonder and Ramana, 1987)
has demonstrated how a combination of rural land pressures and urban/

Table 5.3 Major urban dryland centres with more than 2 million people
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industrial developments leads to health problems, community stress and
environmental decline.

The special problems of the world’s drylands (comprising one-third of the
earth) have recently been highlighted by Beaumont (1989). His
comprehensive survey of all aspects of development demonstrates that this is
not a rural problem; rural communities in drylands have shown superb
adaptations including ‘primitive’, yet sophisticated, technologies based upon
folk knowledge of environmental variables (e.g. Australian Aborigines), but
today’s use of drylands is more intensive and urbanised, as Table 5.3 shows.
There is but one water lifeline for such an intensive use of drylands—
irrigation, but only 15 per cent of the world’s land area is irrigated,
producing 40 per cent of the food crop. Despite this impressive productivity

Table 5.4(a) Continental distribution of irrigated area, 1984
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ratio the irrigated area is a relatively small proportion, especially in areas
which are in serious need of food (e.g. Africa at 4.7 per cent; see Table 5.4).

There are thus two components of the dryland river development
problem—rural irrigation which in theory ‘feeds’ urbanisation (surplus
labour, food exports) and lack of urban infrastructure (as revealed by the
Water and Sanitation Decade); both damage the fragile river ecosystems of
dryland basin; we concentrate here on the land/water linkages emerging in
rural drylands.

5.2.1 Desertification

Paradoxically, despite this need, the drylands of the world are mismanaged to
the extent that in the Sahel zone of Africa as much land is lost to food
production by the processes known as desertification as is gained by new
irrigation schemes. The term ‘desertification’ and the extent of the problem
are both hotly debated by hydrologists, agriculturalists and development
specialists. Promoted vigorously by the 1977 UN Commission on
Desertification meeting in Nairobi, the phenomenon is said to affect 21 m. ha.
yr-1 at a cost of $26 b. yr-1. Desertification is defined as: the diminution or
destruction of the biological potential of land that can lead ultimately to
desert-like conditions (UNCOD, 1977).

Despite such specificity Thomas and Middleton (1995) examine the
hypothesis that desertification is a myth and claim (p. 9) that ‘desertification is
a shorthand term rather than a specific process with a specific cure’. They
examine four dimensions of the myth—the size and progress of the problem,
the fragility of dryland ecosystems, the physical effect on human communities
and the role of the United Nations; in each case they find that we are guilty of
applying a spatial definition to a general problem of human occupation—that
of degradation.

Spectacular schemes to abate desertification, such as tree-planting in Mali
and Algeria to ‘halt’ the Sahara have forced a re-think. It is possible that
UNCOD’s estimates of the extent of desertification risk were based on a poor
database, mainly comprising early remote sensing images.

Desertification as a theme to discourage profligate rural development is
still intensively pursued. For example, Grainger (1990) considers the causes as
overcultivation, overgrazing, poor irrigation management, and deforestation.

Among the outcomes are wasted water, disease, erosion, salinisation,
pollution by pesticides. As such UNCOD’s recommendations (Table 5.5)
remain valid.

Most authorities, however, now see desertification as an issue utterly
complicated by climatic change. Mensching (1986) emphasises the need,
therefore, for the population of the Sahel to have a flexible response and for
exploitation potentials to be reviewed downwards to reflect the inherent
variability of environmental controls.
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The main requirement is to maintain the natural regenerative capacity of
the vegetation. This calls for far-sighted settlement and development
plans which, in the last analysis, can be prepared only by the desert
countries themselves.

(Mensching, 1986, p. 17)

Binns (1990) concludes that:

The evidence seems to suggest that the idea of the Sahara desert
sweeping southwards on a broad front, as Stebbing postulated in 1935
and others have argued more recently, is no longer tenable. However,
land degradation of varying degrees does exist and the causes and
possible remedies of this problem must be understood. The search for
better systems for indigenous participation and co-operative
management of resources is also important.

(Binns, 1990, p. 112)

Table 5.5 UNCOD plan of action: checklist of priority measures to combat
desertification
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The emphasis on indigenous participation is supported by Thomas and
Middleton (1995), who stress that desertification has been conceptualised
mainly by Western minds with little or no cultural experience of adaptation to
dryland conditions; the Western perception also dominates the international
response to a social corollary of degradation—poverty and starvation. They
are bold in stating that:

The life cycles of plant and animal populations in drylands are
characterised by ‘boom and bust’ cycles in tune with a variable
environment, and human populations may have adjusted in a similar
manner under environmental stress in the past. When this occurs today,
it is viewed from the West as unacceptable.

(p. 154)

Bearing in mind the dangers of myth and cultural prejudice, it is important that
we now look at the problem of dryland river basins, the management of which
is complicated by the international nature of many of the world’s most
prominent dryland rivers; we therefore begin with the experience of Iran in
managing basins entirely within its national boundaries.

5.3 RIVER BASIN MANAGEMENT IN IRAN: THE ZAYANDEHRUD
EXAMPLE

It would appear that river-basin management to integrate land and water
resources should be an overriding preoccupation for drylands if sustainable
development is a realistic ideal—such is the pre-eminence of the
relationship. The Zayandeh Rud (River) basin in Iran offers a suitable case
study without the complication of international boundaries. It covers 41,503
km2, approximately half lying within the mountain (snowmelt) source of
most of the flow and half in a semi-arid environment (Figure 5.4). There is
rapid urbanisation in and around Isfahan (population now 1.3 million), an
ancient Persian capital city but now home to many refugees from the Iran/
Iraq war.

Most of the eastern half of the basin relies on irrigated farming in what
Beaumont (1989) calls the Isfahan Oasis. Only 20 per cent of the natural flow
of the river remains in-channel at the Gavkhuni marsh—the ‘end’ of the river,
which does not reach the sea. Thus the physiography, climate and layout of the
Zayandeh basin is typical of the dryland basin, but there are three extra
reasons for a special study: the very long (c. 2,000-year) history of irrigation,
its links to the Islamic culture of resource management and the impacts of the
post-revolutionary Islamic state since 1979.

The flow of the Zayandeh to Isfahan and its ‘oasis’ has long been
augmented by engineering schemes to store spring snowmelt from the
Zagros Mountains (there being virtually no summer runoff and little in the
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lower basin) and also to transfer runoff from neighbouring basins with
headwaters in the Zagros. The modern ‘hinge’ of the basin is the Zayandeh
Rud Dam (Figure 5.4). Adding to the inflow to the dam is water transferred
from a neighbouring catchment to the south through artificial tunnels with a
total flow capacity of 95 cubic metres per second. The transfer system also
requires minor dams and the least sustainable aspect of the entire scheme is
the lack of compensation water allowed down the Karun to sustain that river

Figure 5.4 The Zayandeh Rud basin, Iran: the basin, its setting and two
annual hydrographs, one from upstream and one from
downstream of the Isfahan centre of population (note different flow
scales)
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on its path to the Persian Gulf (Newson and Ghazi, 1995). There is also ‘clear-
water erosion’ of the Zayandeh’s upper tributaries where the transfer flows
enter; twenty-two check weirs are required to control erosion on the 35
kilometre reach to the Zayandeh Rud Reservoir (which took four years to fill
after completion in 1970).

Other aspects of the management of the basin demonstrate, however, the
importance of a blend of good engineering, environmental concerns and a
strong cultural inheritance in terms of equity and flexibility.

The origin of Isfahan as a settlement is an irrigation system based on canals
(‘Madi’) from the river and subterranean ‘quanats’ from the alluvial fan
aquifers of the mountains to the north. The use of these supplies has,
according to Islamic law and tradition, been based upon multiple use (e.g. a
sequence through villages of drinking water, washing water, water to bathe the
dead, animal water and irrigation water) and common, community property
rights (see Chapter 1).

Irrigation water has traditionally been used four times in rotation in the
villages; nitrogenous fertiliser is collected from traditional pigeon roosts.
While the quanats have now fallen into disrepair in places the legacy of such
cultures can be seen, for example, in the way in which urban neighbourhoods
in Isfahan regularly clean out and maintain the Madi system near their homes.
In the modern irrigation economy east of the city there has been regular
attention to the problems of salinisation and other soil degradation; new,
concerete-lined canals reduce leakage waste and other drainage canals remove
polluted seepage.

Overall management of the Zayandeh basin is now in the hands of the
Isfahan Water Company; choice of the latter name is recent, a change from
‘Organisation’ perhaps reflecting the opportunity seized by the Company to
regulate water usage by a new pricing system (which would be the envy of
parts of the US West!). The post-revolutionary religious society of Iran is as
surprisingly open to economic instruments and to town planning as it is
closed to the import of foreign experts and dam builders (though before the
Revolution the French and British provided much dam-building expertise in
Iran). Pollution control legislation is slow to keep pace with the rapid
industrialisation of towns like Zarrinshahr and there are fears that continued
growth will place stress on the ability of the Zayandeh to dilute and disperse
contamination from the industrial suburbs before the river passes the holy
sites along the Isfahan river front, already a growing focus for the tourist
ambitions of the city. Local people believe, however, that such is the
importance of the cultural and religious meaning of the river that the
catchment managers will bring about controls before this capacity is
exhausted. The ‘jury’ is, however, still ‘out’ on whether a moderately
successful example of dryland river basin development will be truly
sustainable as growth becomes exponential.
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Within a single culture, tradition and management institution and with the
focus of one major city, the Zayandeh has advantages not enjoyed by the next
dryland river we feature—the Nile.

5.4 THE NILE: A DEFINITIVE CASE OF HYDROPOLITICS

The Nile (Figure 5.5) is the world’s longest river (6,825 km); its catchment
area (3M km2) covers one-tenth of Africa and its annual flow is measured in
cubic kilometres but the scale of the Nile basin is not the cause of its river
management problems, except in so far as its scale stretches its boundaries
across several climatic zones, nine sovereign states and a number of racial and
religious boundaries. Moorehead (1983) describes just one of the boundaries,
on the Blue Nile, in this way:

No one crosses this border with impunity. When the Arab invades
Ethiopia his camels die in the mountains and he himself loses heart, in
the fearful cold. When the Ethiopian comes down into the desert his
mules collapse in the appalling heat, and he is soon driven back to the
hills for the lack of water. It is the conflict between two absolutely
different forms of life, and even religion seems unable to make a bridge
since Christianity falters as soon as it reaches the desert and Islam has
never been really powerful in the mountains. Only the river binds these
two conflicting worlds together.

(Moorehead, 1983, p. 16)

Moorehead (1973; 1983) has given us a very graphic insight into the
physiography and exploration of this river’s two main branches—the Blue
Nile which carries the majority of the flow and the White Nile whose source
proved so elusive to men like Burton and Speke. Moorehead’s books also
weave the themes of exploration and exploitation closely; once European
nations had discovered the wealth of Egypt (notably from Bonaparte’s
invasion in 1798) they became launched inevitably on controlling the rest of
the basin. This destiny has never proved attainable and the cost in lives,
reputations and failures was enormous in the nineteenth century alone.

5.4.1 Egypt: product of the river

Modern Egypt has a severe population problem; 48 million people live there,
sustained only by the waters of the Nile. Unlike some Middle Eastern states
Egypt’s oil resource is small by comparison with its size; furthermore its
population continues to grow by over 2.5 per cent per annum. Egypt’s
situation is dire as Table 5.6 indicates. Biswas (1993) points out that Egypt
needs very careful land-use planning in connection with its joint needs for
food and for water to produce that food; urbanisation is a double blow,
covering much-needed agricultural land and raising the water demand.
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Egypt’s need for water has had violent political repercussions already in
modern times; in 1956 when the USA refused finance for the construction of
the Aswan High Dam, Egypt nationalised the Suez Canal to raise the capital
herself but then accepted Soviet backing for the venture, forcing the USA to
consider damming the Blue Nile in Ethiopia (a move cut short by the
Communist revolution in that country!).

The Egyptian leader President Nasser used words which evoke the complex
political motives behind water-based development: ‘Here are joined the
political, social, national and military battles of the Egyptian people, welded
together like the gigantic mass of rock that has blocked the course of the
ancient Nile.’

Aswan is now complete; it is a controversial dam (see below) but its
existence has both saved Egypt from famine and constantly posed the problem
of providing guaranteed inflows from upstream.

Another historian with a fascination about the Nile is Robert Collins, who
uses the word ‘hydropolitics’ to connote the sequence by which the basin

Figure 5.5 Nile basin annual rainfall and the Nile flood hydrograph,
subdivided by contributing catchment
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Table 5.6 (a) Estimated present water use in Egypt
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has reached its present level of development. Collins (1990) traces history
through the lives of those who harnessed the rivers water in both Egypt and
Sudan. For more than six thousand years the benign flood of the Nile
(compared with the flashy snowmelt regime of Tigris and Euphrates) provided
simple gravity irrigation to the cereal-growing flood basins of Egypt.
However, rulers and occupiers of the nineteenth century needed to extend the
area of cultivation and to diversify into cash crops such as cotton; from 1843
barrages were built on the delta to raise water throughout the year for
perennial irrigation. The size of this task is demonstrated by the river’s
markedly seasonal regime.

5.4.2 Control of the river

A new phase of development on the basis of dam-building began with the first
Aswan Dam in 1902. Collins (1990) records the history of the long British
engineering/hydrological involvement with the river; Garstin’s hydrological
surveys between 1899 and 1903 heralded the modern phase, although flow
records at the ancient ‘nilometers’ date back to AD 672. Throughout the
centuries Egypt had established its claim to Nile waters by historic use.
However, by 1929 it proved essential to reconcile the Egyptian needs with the
growing use of irrigation in the Sudan; the Egyptians were suspicious of the
ruling British in that country. The Nile Waters Agreement of 1929 merely
partitioned the annual flow between the two countries, it did nothing to develop
the basin’s resources as a whole. After the resignation of the most famous
engineer/hydrologist, MacDonald, in 1921 the basin entered what Collins calls
‘the years of indecision’ in which a huge extra effort went into river gauging and
the analysis of records but very little into proactive planning.

They were terrified of not having sufficient data but few were able to
forge the enormous amount of information they gathered into a rational,
coherent, holistic view of the Nile. They were also dull, rigid and
unimaginative. Reports they could write; dreams they suppressed.

(Collins, 1990, p. 162)

H.E.Hurst was the first hydrologist to combine data with dreams and he
labelled the product ‘century storage’, a proposal to smooth out the regular
variability in Nile flow by increasing storage (principally on the White Nile)
to the point where 100-year mean discharges could be guaranteed. Figure 5.6
compares Hurst’s design with the existing management and utilisation pattern
in the Nile Basin.

One major obstruction has, however, always thwarted the notion of century
storage—the Sudd, a huge area of floating vegetation and wetlands which
physically blocks the river in southern Sudan, detaining and evaporating half
of the inflow. The area of the Sudd fluctuates according to climatic conditions
in the headwaters of the White Nile as Table 5.7 shows.  
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Figure 5.6 Nile water resources—dreams and reality:
(a) Hurst’s plan for ‘century storage’, indicating the value of the

upper White Nile (Collins, 1990)
(b) Actual developments in resources, showing the concentration

on Egypt/Sudan (Fahim, 1981)

Table 5.7 Losses in the Sudd
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In 1925 the Egyptian government approved a scheme to cut through the
Sudd in order to reduce detention and evaporation. The Egyptian irrigation
service told the Sudan and the Governor of the Upper Nile nothing of their
proposed Bor-Zaraf Cut and the scheme became politically impossible.
Subsequently a large number of ways of breaking through the Sudd were
evaluated and by 1938 the Jonglei Canal Diversion Scheme was selected by
Egypt, though once again the British in the Sudan were not consulted and no
surveys were made of the impact the Canal might have on the large indigenous
population (Collins, 1990).

5.4.3 Jonglei: long promised, incomplete through war

After the Second World War, Sudanese plans to develop the South and H.E.
Hurst’s proposals for century storage and a canal from Jonglei to the Sobat
converged; British officials in Khartoum assembled a Jonglei Investigation
Team which was to survey the desirability of reducing evaporative loss with
minimum impact on the living and economy of the people of the Upper Nile,
an early but unlabelled example of environmental impact assessment. The
Jonglei Investigation Team’s four-volume report was published in 1954 but its
findings have been refined and updated (Howell et al., 1988). As part of the
work undertaken by the Jonglei Investigation Team, Sutcliffe (1974) surveyed
the floodplain regions of the Sudd in relation to inundation patterns and the
resulting spatial distribution of vegetation, the basis of the existing rural
ecology. Later Sutcliffe and Parks (1987) used a simple mathematical model
to predict the areas of inundation under various natural and modified flow
regimes. Howell et al. (1988), in their volume devoted to the Jonglei
Investigation Team’s work, conclude:

The fact of the matter is that water evaporated in the Sudd region is not a
total loss; it has its vital local value in the subsistence economy and has
done from time immemorial (Laki, 1994). It also has potential for future
development in the Jonglei area. In this context there are fundamentally
different perceptions of riparian rights. For downstream users, water
saved from evaporation by major drainage or diversion works financed
by them is ‘new’ or ‘additional’ water; it is water saved and theirs by
right [conveniently forgetting that the 2m of water lost annually from the
surface of Lake Nasser represents twice the losses from the Sudd—
Pearce, 1994]. For those who live in the Jonglei area…in the process of
seasonal inundation of the floodplain valuable economic assets in
pasture and fisheries are created.

(Howell et al., 1988, p. 468)

At the time of writing their book, Howell and his colleagues reported that,
as a result of the outbreak of civil war in Sudan in 1983, all work on the
Jonglei Canal had ceased. They conclude that a 260-kilometre ‘vast trench
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which catches water during the rains’ will need repairs and crossing points for
people and wildlife whatever the outcome of the Project, once peace is re-
established.

5.4.4 Aswan and Lake Nasser: plus and minus

For the foreseeable future Egypt and Sudan will need to maximise the benefits
of the Aswan High Dam. In order to carry through this project a second Nile
Waters Agreement was signed in 1959, dividing ‘the spoils’. It is fortunate that
the Aswan scheme has been documented (e.g. by Fahim, 1981) in terms of
construction and early impacts, both positive and negative. Fahim writes:

As the controversy over the Aswan High Dam began to intensify during
the early years of the 1970s and was especially aggravated by increasing
conflicts between facts and fiction, science and politics, in both
domestic and international circles, it became essential to tackle the dams
dilemma on a scientific basis and in a way that would realistically
account for the technical and human issues combined.

(Fahim, 1981, p. xiii)

Of the human issues, Fahim notes how closely the Dam came to President
Nasser’s ideals of a new social democracy and the abolition of feudalism; its
scale (5 kilometres long and 1 kilometre thick at its base) was also important,
Nasser remarking that, ‘In antiquity we built pyramids for the dead. Now we
will build pyramids for the living.’

How well has the pyramid performed? Four major problems are commonly
identified:
 
(a) Water loss from Lake Nasser by seepage and evaporation.
(b) Sedimentation in the Lake and degradation below the Dam and in the

Delta.
(c) Waterlogging and soil salinity from year-round irrigation.
(d) Increase in disease, especially schistosomiasis.
 
There is no sign of an end to controversy, rival sets of views and ‘facts’ offered
freely on every topic (see Table 5.8). Egyptians are sure of the impact of the
dam in preventing famine in 1972 and 1984—for this they are prepared to
accept some costs. Uptake of commercial farming is not yet complete and
Fahim is critical of the unsystematic way in which human, community
resources have remained uncoupled from the technical aspects of the Dam;
he proposes Figure 5.7 as an integrating system for the proper consideration
of such projects. For example, the Nubians displaced by the project
(100,000 in both Egypt and Sudan) were resettled and have received the
social benefits of modern living but without any infrastructure for
community development, as if planners feared this. Many people chose to



River basins and development 175

stay on or around Lake Nasser and those Nubians who moved to the New
Halfa agricultural settlement in Sudan have encountered shortage of irrigation
water, weed infestation, poor yields, absenteeism and houses which were too
small. The site of the settlement was chosen against the wishes of those to be
moved ‘in the national interest’ (Davies, 1986; El Arifi, 1988). One of the
systematic problems with such re-location schemes, indicated by a study of
the White Nile Province of Sudan (Hulme, 1986), is that migration is an
essential component of drought response by communities outside such
schemes. Government policies on water supply should reflect this by
encouraging flexibility of sources.

Efforts continue to bring about political consensus on the planning of the
Nile as a basin resource. It is astounding that a river for which we have so
much data cannot utilise a fraction of that information, although more rational
irrigation modelling is promised if the Jonglei Canal is completed (Stoner,
1990). The major hidden agenda on the Nile is development of the major
source of the river’s flow—the Blue Nile. During negotiations over the Nile
Waters Agreement of 1959 Ethiopia launched a major study of the river’s
potential through the agency of the US Bureau of Reclamation. This study
proposed four major dams on the Blue Nile, producing three times more
electricity than the Aswan High Dam, virtually eliminating the seasonal

Figure 5.7 The development of a major dam scheme (e.g. Aswan) seen as an
interconnected socio-economic system (Fahim, 1981)
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fluctuations of flow into Sudan and reducing the total flow by 8.5 per cent.
The losses are accountable to evaporation but they are, of course, much less on
the Blue Nile in the mountains and these are optimal dam sites—the challenge
of political consensus is therefore to throw much more of the Nile’s control on
to the Blue Nile. Post-revolutionary Ethiopia is unlikely to enter negotiations
easily and has no capital (nor the desire for provincial development) to
develop the Blue Nile unilaterally, preferring, it seems, to hold the potential to
do so as a threat (see Table 5.9).

As for multinational forums in which use of the Nile can be discussed, the
Nile Basin Commission (set up by the 1959 Agreement) is mainly a technical
and hydrometric organisation but it has spawned a grouping of riparian
nations (Egypt, Sudan, Uganda, Zaire and the Central African Republic) as the
ENDUGU (‘Brotherhood’) group. Rwanda and Burundi have also joined; the
aim is to encourage Kenya, Tanzania and Ethiopia to join, moving towards a
Nile Basin Economic Community (Samir, 1990).

External interest in the Nile is represented by a UNDP Commission which
has collated information on population growth and the expected loss of food
and power security in the basin (as population doubles every twenty years). In
fact a joint electricity grid may be a more tangible political expediency than an
agreement on flow allocation.

Further organic progress in cooperation is, however, likely to need changes
of international law governing river basins; the Nile needs a substitution of the
principles of the International Law Association’s Helsinki Rules for the
myriad of ad hoc treaties currently in use (or abuse) in the basin (Okidi, 1990).

The most important Helsinki Rules comprise:

(a) Equity of distribution is the governing factor among riparians.
(b) Equity does not mean distribution by equal share, but by fair shares

which can be decided by the following factors:
 — The topography of the basin; in particular, the size of the river’s

drainage area in each riparian state;
 — The climatic conditions affecting the basin in general;
 — The precedents about past utilisation of the waters of the basin, up to

present-day usages;
 — The economic and social needs of each basin state;

Table 5.9 Divisive economic problems of major Nile basin partners
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— The population factor;
— The comparative costs of alternative means of satisfying the economic

and social needs of each basin state;
— The availability of other water resources to each basin state;
— The avoidance of undue waste and unnecessary damage to other

riparian states. �

Such is the vital importance of the international dimension in any future
vision for sustainable development in many of the world’s humid tropical
and dryland basins that we return to it at the end of this chapter and in
Chapter 7.

5.5 RIVER BASIN DEVELOPMENT AUTHORITIES:EXPERIENCE
ELSEWHERE IN AFRICA

Having considered the seemingly impossible task of integrated river basin
management across nine nations’ boundaries in the case of the Nile, we briefly
investigate two ‘model’ river basin authorities wholly within national
boundaries elsewhere in Africa: the Awash Valley Authority in Ethiopia
(Winid, 1981) and the Tana and Athi Rivers Development Authority in Kenya
(Rowntree, 1990). Both authorities are responsible for basin areas of
approximately 120,000 km2 but, while some of the lessons they teach us about
development of power and irrigated agriculture are similar, their political
context and structure illustrate the importance of individual national and
regional development pathways in Africa. Nigeria is also a nation with
successes and failures in river basin planning (Adams, 1985).

5.5.1 The Awash Valley Authority, Ethiopia

The Awash Valley Authority was established in the pre-revolutionary
Ethiopia of Emperor Haile Selassie in 1954. Ninety per cent of Ethiopia’s 30
million people live in the central highland area where rainfed agriculture is
feasible most years but where population pressure has led to huge soil
erosion losses. While 6 million hectares are currently cultivated, half as
much again could yield food and cash crops with irrigation. Rivers radiate
from the highlands (‘the water tower of Africa’). Situated in convenient
proximity to the nation’s capital, Addis Ababa, the Awash Valley stretches
700 kilometres towards the Djibouti border across the Rift Valley, its flow
sustained by fourteen tributaries but its course succumbing to aridity in the
shallow Lake Abe (Figure 5.7). The highland rainfall of 1,000 mm/yr
decreases to 200 mm/yr in the Rift and rainfall is very unreliable;
nevertheless irrigable soils constitute 24 per cent of the valley area. The
indigenous agriculture consists of livestock, with cattle, sheep, goats and
camels migrating in search of grass and water.
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The Awash Valley Authority was set up to coordinate the activities of
government ministries in the Valley, to charge for the use of water, to conduct
surveys and to administer water rights.

The Development Plan followed by the Authority was highly ambitious
prior to the Marxist revolution of 1974, itself a result of Sahelian drought.
Winid (1981) describes the plan’s objectives as including policy change to
promote development, social and health surveys, feasibility studies for
irrigation, flood control and hydropower, establishment of agro-industries and
infrastructure improvements to permit tourism. Winid describes seven run-of-
river irrigation sites in the upper and middle Awash, together with some
smaller areas of the lower Awash (Figure 5.8); however, dam sites to increase
the scope of irrigation and to generate power for industry are continually
prospected.

The calculation of benefit/cost ratios for developments in the Awash is,
according to Winid, markedly influenced by the balance between the
cultivation of food and cash/industrial crops. To date the latter dominate;
this in turn determines the fate,  in development,  of native nomadic

Figure 5.8 The Awash valley, Ethiopia and schemes developed by the former
Awash Valley Authority (after Winid, 1981)
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pastoralists who must be settled to form a labour force, joined by other
migrants from troubled regions of Ethiopia. However, the Awash schemes for
resettlement have been failures, with the true costs of resettlement soaring. No
attempt was made to integrate an improved traditional livestock sector with
the plantation irrigated agriculture.

Winid offers twelve reasons for the failures of the Awash Valley Authority
(Table 5. 10), which was wound up by Ethiopia’s centralist Marxist
government in 1981 in favour of stronger ministerial roles in water
developments.

In 1986 the present author was a member of the British team which
investigated the feasibility of a dam on the Kesem tributary of the Awash,
one of four dam sites suggested by the Awash Valley Authority in the 1960s.
A Kesem Dam would irrigate 20,000 hectares of land on the left bank of the
Awash. Sir M.MacDonald and Partners, who carried out the Kesem study for
FAO and UNDP, set out to use all resources to maximise agricultural
potential under a balanced environmental and ecological system, producing
cash and industrial crops for export and/or import substitution, plus food
crops at least for local self-sufficiency. These objectives are much more
broadly based than those of the Valley Authority’s consultants in the 1960s,
reflecting a new social and environmental conscience in river basin
development. Referring to the demise of the Authority in 1981 the
MacDonald report concluded that, while centrally the roles of ministries
were now more defined, at local level there was ‘frequent lack of
communication, coordination and co-operation’. The pace of the proposals
for a Kesem scheme was made compatible with the changing attitude of the
Afar tribespeople; the Afar would be granted their own lands, avoiding a
traditional plantation culture. Components of the new proposals include
roads, power supplies, housing, domestic water supply, offices and
workshops, clinics and health services, schools and education, police and
civil administration, and recreational facilities. Preferred crops are tobacco
and citrus, with smaller areas of cotton, wheat and maize.

One problem with the proposed Kesem scheme is the high sediment yields
of the river (largely the result of erosion in the highlands—see Plate 6.1)
which would fill the reservoir in less than 100 years. Finally the
recommendations concluded that the internal rate of return for the original
scheme would be between 2 per cent and 4 per cent. A smaller scale scheme
was recommended.

Abate (1994) has recently updated the water resource development
picture for Ethiopia. From 1977 the Awash Valley Authority had its powers
limited to the development of water resources as the Valleys Agricultural
Development Authority; in 1987 it became the Ethiopian Valleys
Development Studies Authority. The EVDSA has national coverage, collects
hydrometric and other basic information, identifies development projects
and ensures environmental protection; its eventual aim is an Ethiopian Water
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Table 5.10 Reasons why the Awash Valley Development was not a success
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Plan defining the long-term use, development, protection and control of water
resources (surface and groundwater). The need is dire; given the annual
population growth rate of 2.9 per cent, the annual growth rate of per capita
food demand of 6.3 per cent and the proclivity of the region to severe drought,
EVDSA faces every temptation to act unsustainably. Ethiopia’s irrigated area
must multiply one hundred-fold by the year 2000. Abate is critical of the fact
that ‘there is no thorough attempt to base organisational structure on the
requirements of development programmes. What should have been considered
is the functional compatibility of the organisation (EVDSA) with the
requirements of the development programme’ (one which Abate considers
should have been more ‘bottom up’ and much less based, by the former
Communist government, on social settlement models). The present
government of Ethiopia is encouraging regional resource development and, as
yet, the implications of this decentralisation for water resources have not
become firm.

5.5.2 The Tana and Athi Rivers Development Authority, Kenya

Like Ethiopia, Kenya has a burgeoning population highly concentrated in its
humid zones with an acute problem of peripheral aridity. However, it has a
more pronounced and more recent colonial European past and, while
currently a one-party state, has fewer problems of drought or famine than
has Ethiopia.

The Tana and Athi basins, whose joint Authority, TARDA, is reviewed by
Rowntree (1990), total 132,700 km2, containing a significant proportion of
Kenya’s population (62 per cent) including the capital, Nairobi (Figure 5.9).
The principal water yield for both basins comes from the slopes of Mount
Kenya and the Aberdares which receive 2,000 mm of precipitation each year;
out on the plains a potential evaporation of 1,200 mm exceeds rainfall and
irrigation forms the basis of most agriculture. An immediate problem of this
twofold hydrological division is that, as in the case of the Kesem, the desire to
exploit rainfed agriculture in the uplands has led to deforestation and soil
erosion. Sediment yields of between 109 t. km-2. yr-1 and 433 t. km-2. yr-1 are
quoted by Rowntree. (Kenya is fortunate at least to have had hydrometric
surveys which include measurement of sediment yields.) As well as
threatening irrigation schemes downstream by excessive sedimentation, the
populous uplands also have a high demand for hydroelectric power (coal and
oil must be imported and exploitation of wood fuel leads to further erosion)
and for domestic water supply/sanitation.

Like many other emerging nations, Kenya introduced strongly centralised
planning in 1974 and set up a Ministry of Water Development; at the same
time the Tana River Development Authority (the Athi was added in 1982)
was instigated with aims as shown in Table 5.11. The Authority, like that of
the Awash in Ethiopia, was designed to coordinate the work of ministries
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and to balance the competing demands of domestic water supply, hydropower
and irrigation in the basin. Such coordination was vital in view of three major
problems of development:
 
(a) Hydropower dams in the middle course appeared incompatible with

irrigation in the lower reaches.
(b) Dry-season water supply abstraction in the upper catchment could reduce

the hydropower potential.
(c) Siltation could only be controlled by a vast conservation programme.

Figure 5.9 The area of the Tana and Athi Rivers Authority and its decision-
network diagram (after Rowntree, 1990)
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The first major project of the Authority was the commissioning of the Masinga
Dam in 1979. It was designed both to generate power itself and to improve the
regime for existing downstream dams and irrigation schemes; as with the
Awash settlement, plans for 40,000 people are part of the irrigation projects
and once again social problems and climatic contrasts with the over-populated
uplands are anticipated to give trouble. Nairobi is continuing to expand and to
require power and water; its City Commission appears to Rowntree to act
independently of TARDA.

Rowntree’s sad conclusion about TARDA is as follows:

We are left with the conclusion that TARDA does not represent an
effective framework for regional planning, neither on its own nor
through integration with the district focus policy. Both are controlled by
top-down planning, by political allegiance to the power élite and by the
interests of foreign aid agencies. It may represent a forum through which
technocratic solutions to resource development can be promulgated but
it is unlikely to achieve the type of grass-roots development that is so
essential to effective and lasting development programmes.

(Rowntree, 1990, p. 39)

Table 5.11 Functions of the Tana River Development Authority
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5.5.3 Basin Authorities elsewhere in Africa: Nigeria’s failings and the
South African challenge

River Basin Development Authorities (RBDAs) in Nigeria date from 1960; in
1976 an extraordinarily wide brief was laid down by government to include
water resource development and flood protection but also watershed
management (including afforestation), control of pollution, resettlement, land
clearance, agricultural research, crop processing and rural water supply.
Adams (1985) discussing the performance of RBDAs (he cites eleven), reveals
the following shortcomings:

(a) Over-reliance on large projects: dam construction and irrigation
development.

(b) Inadequate economic, environmental and social appraisal.
(c) Ineffective population resettlement.
(d) Almost total lack of attention to watershed management and pollution

control.

He quotes state/federal rivalry as a (now familiar) obstruction to progress and
advocates both development from below and a concentration on improved
operation of existing projects as priorities. A worrying paradox is that to
strengthen the role of the Authorities would seem to require the collapse of the
river basin unit into a state or regional bureaucratic unit, merely to improve the
chances of collaboration and adequate financial resources. Salau (1990)
demonstrates the mismatch between administrative and river basin boundaries
and points to the need for RBDAs to have properly trained, properly
remunerated personnel, as well as more power relative to the state corporations.

We can draw out certain common constraints on institutional river basin
management in those developing countries with a drylands settlement problem:

(a) In the last analysis the control is in the hands of those creating the new
settlements and wealth; technocratic speed in the early stages of
development (e.g. dam-building) is always liable to be forsaken once
farming begins.

(b) If not overly centralised, multi-agency authorities can potentially deliver
a unified picture to the people on the ground; however if they have been
forcibly moved from the humid zones, or settled from a dry-land
nomadic lifestyle, there are still problems without much expensive
attention to patterns of tenure, infrastructure and timing.

(c) Newly emerged nations, particularly facing problems of infant
democracy or totalitarian control, often are troubled by regional rebellion
verging on civil war. The present author has been held at gunpoint by
rebels while sediment sampling in the Kesem. Local participation is
therefore particularly difficult to ‘release’, there are cultural clashes
within the local population and, within government, ministries are keener
to compete than to collaborate.
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(d) The use of foreign finance, foreign expertise and foreign personnel, often
with the aim of growing exotic crops for foreign consumption or
supplying electricity to distant cities, further threatens the local element
of development schemes so widely seen as desirable.

In view of these problems a particularly interesting challenge is that now faced
by the people of South Africa; their colonial past, engineering skills and
relative wealth have led to a highly structural set of solutions to massive water
shortage. The ending of apartheid in 1993 and the election of a government
committed to the rights of the black population effectively means that the
clock begins ticking afresh on all issues of water resources, rights, distribution
systems and planning within a programme of broadly based economic
development within the world trading community. In an atmosphere of
political release, democratisation and popular empowerment it will be
extremely interesting to see how the previously technocratic management of
rivers will ‘open up’ and how the needs of non-human biota can be
incorporated against a background of huge human needs. The picture is, at the
time of writing, only just beginning to emerge.

A recent White Paper (Department of Water Affairs and Forestry, 1994)
puts the South African problem succinctly:

In a country with nuclear power, cellular telephones and vast
intercatchment water transfer schemes, more than 12 million people do
not have access to an adequate supply of potable water; nearly 21
million lack basic sanitation.

(p. 1)

As part of the Reconstruction and Development Programme of the
Government of National Unity a strong central Strategic Management Team
has been set up in a new Department of Water Affairs and Forestry. Its Chief
Engineer has put the geographical and management problems succinctly:

The mean annual rainfall of 500mm is only 60% of the world average. It
is poorly distributed relative to areas of need. On average only 9% of
rainfall reaches the rivers. The country is vulnerable to droughts and
floods. The groundwater is sparse and often saline. South Africa’s
abundant natural riches are scattered across the country, while most of
the rain falls near the south-eastern seaboard.

(Conley, 1989)

Despite these problems there is optimism and resolve to utilise the principle of
sustainability:

A river basin is often the most appropriate unit for managing water and
land resources to gain the full benefits of multipurpose use and to
coordinate the activities of various agencies and other bodies interested in
resource utilisation for their own purposes. Therefore, integrated water
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management requires the simultaneous assessment of economic, social
and environmental consequences in local, adjacent and possibly remote
catchments (a reference to water transfers). A vital component of the
water supply mechanism is the watershed itself, which should be
managed according to sound principles of environmental management
and resource allocation as these come to be understood better.

Policy principles listed by the 1994 White Paper are:

• Development should be demand driven and community based.
• Basic services are a human right.
• ‘Some for all’, rather than ‘all for some’.
• Equitable regional allocation of development resources.
• Water has economic value.
• The user pays.
• Integrated development.
• Environmental integrity.

Figure 5.10 River flow and major impoundments in South Africa. Note how
the major centres of demand are remote from the major sources
(after Department of Water Affairs, 1986)
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Information and decision support systems are seen as vital to the programme;
fortunately (and despite its political harshness) the wealth and sophistication
of the water management system imposed before the birth of the new South
Africa has already given a large database of both hydrometric and land-use
statistics, together with modelling and decision-support capabilities. The
former Department of Water Affairs published in 1986 ‘the Red Book’, an
almost totally comprehensive compilation of information about the national
and provincial water situation, forming an ideal basis for decision-making and
in marked contrast to the situation facing river basin development authorities
in the rest of Africa—in fact in most drylands. Conley (1989) has emphasised
the role of high-technology solutions to sustainable river basin development—
not as construction technology, but information technology to plan, interact
with communities and resolve conflicts.

Among the land-use conflicts facing the new South Africa in relation to
water management are:

• Afforestation (partly the reason for the joint Department).
• Thermal power generation and use of cooling water.
• Irrigation—the biggest water user.
• Construction of farm dams on headwaters.
• Informal settlements (‘townships’) peripheral to cities.
• The needs of high-profile sites (e.g. Kruger National Park) and species.

(Conley, 1989)

Eco-tourism has the potential to become a major employer and earner of
foreign exchange in South Africa and so protection of biodiversity is crucial,
both of terrestrial species against loss of habitat to irrigated lands or the
reservoirs which feed them and of freshwater species needing ecologically
acceptable flows in rivers beneath abstraction points. Issues such as the
proposed construction of a dam on the Palmiet River in the Kogelberg Nature
Reserve in the Cape ‘floral kingdom’ and the development of irrigation,
forestry and public water supply upstream of the Kruger National Park (Gore
et al., 1992; van Niekerk and Heritage 1994) indicate that conflicts will be
enormous. Dam construction (both on a large scale and at the farm level) has
been the widespread solution to supply problems; demand management has
hitherto been politically unthinkable. However, progress is being made on the
assessment of the environmental resources and sensitivities of South African
freshwater ecosystems (King et al., 1992; Wadeson, 1994) and decison-
making on ecologically acceptable flows to sustain instream biota is made
during workshops which deliberately integrate all ‘sides’, rather than by the
use of technocratic mathematical models.

There are rapid moves towards integrated catchment management in South
Africa (Stoffberg et al., 1994). Basin studies began in 1985, often carried out by
consultants but directed by Steering Committees representing all the water-use
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sectors, plus local, regional and state authorities. As these authors state: ‘Possibly the
greatest advantage of the catchment study is that it enables the planners or managers
to see the whole picture and to gain a holistic perspective of the problems and the
pressures that are being placed on the limited water resource’ (p. 460).

Conley (1995) states that ‘A vital component of the water supply
mechanism is the watershed itself, which should be managed according to
sound principles of environmental management and resource allocation as
these come to be understood better.’ He goes on to describe the use of CRAM
(Catchment Resource Assessment Model) as an aid to decision-making on
basin strategies. As yet vehicles for public consultation and participation are
but slowly developing; the problem is particularly hard for the majority black
population to whom empowerment has come suddenly and late, a feature of
the new South Africa perhaps best demonstrated by the national ‘voter
education’ programmes before local elections.

Finally, South Africa is necessarily concerned with transfers across
international boundaries and has ‘eyed’ border rivers jealously for decades.
The Lesotho Highlands Water Project, on the drawing board since the mid-
1950s, has now been financed by the World Bank, following the end of
sanctions against South Africa. The scheme seeks to dam the headwaters of the
Orange River (South Africa’s major surface water source—see Figure 5.10)
and to divert the regulated flows northwards towards Johannesburg and
Pretoria. In return Lesotho (which is landlocked by and totally dependent on
South Africa) gains hydroelectric power generation. Local people who have
lost land have been compensated with corn or with jobs on the project but
protest is rife (according to Horta, 1995) and the prediction of ‘no major
environmental obstacles to the project’ made in 1986 is being reconsidered as
biologists catch up with surveys of the biota impacted and the impact of soil
erosion in Lesotho is considered in relation to siltation. The downstream
impacts on the Orange River are also now thought likely to be much more
damaging than before—one symptom of the long delay implicit in many
developing world schemes. At the time of writing the Katse Dam, the Project’s
first, is well under construction and South Africa’s promising attitude to its
water resource allocation problems may well suffer as criticism of its
collection policy mounts. There is no doubt that in future the water needs of all
the southern African nations need to be considered jointly as part of a trade
grouping in which ‘virtual water’ (in the form of foodstuffs) is moved, rather
than the long-distance transport and inefficient use of the raw material itself
(Conley, 1996 and Chapter 7).

5.6 THE LAND-USE DIMENSION: HIMALAYAN HEADWATERS
AND THE INDIAN SUBCONTINENT

In Africa (outside South Africa) there is, as yet, only the thinnest body of
empirical knowledge on the hydrological effects of land use and management.
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Of more than fifty papers presented at the Harare conference on African water
resources (Walling et al., 1984) only four reported field measurements and all
of these were in the area of erosion, which completely dominated the Harare
Symposium. The books by Pereira (1973; 1989), while full of qualitative and
extrapolated wisdom on the subject, are obviously short of experimental
information and much reference is made to North American and European
experimental material in both volumes.

This gap is particularly significant because in the typical situation of a
dryland river, ‘exotic’ because it draws runoff only (or mainly) from
mountains in its headwaters, mountain development is clearly one of the main
threats to downstream sustainability. Fifteen years ago the United Nations
University and International Mountain Society, realising the critical
importance of the world’s mountains, initiated a journal entitled Mountain
Research and Development which focuses on the dilemma of rapid
development in the face of uncertainty. Books by Stone (1992) and Gerrard
(1990) have further highlighted the mountain development problem and
Chapter 13 of Agenda 21 makes specific reference to the importance of
mountains as catchment headwaters.

The region to which we next turn has no waiting to do in terms of seeking a
solution to the downstream impacts of headwater, mountain development.
Like the Nile, the Ganges is a truly remarkable international river basin,
900,000 km2 in area, with a dominant exploiting nation in the form of India for
whom the river comprises a quarter of the available water resources, whose
basin comprises 26 per cent of the nation’s land and 43 per cent of its irrigated
land. Additionally ‘Ganga’ has constituted a basis for successive dynasties in
India’s history and a firm religious theme of life-giving significance; the
Hindu god Shiva collected Ganga’s waters from heaven in his matted hair that
the ashes of human dead might be purified for their return to heaven (Darian,
1978).

Indians bathe, water cattle, wash clothes and utensils, defecate, cremate
their dead and conduct the other waste activities of twenty-seven cities of over
100,000 people in the River Ganges; it is sacred in what we might call a ‘pre-
hygienic’ way. While the Indian government can control the activities of
industrial polluters via the 1974 Water Pollution Control Act and, through the
1985 Ganges (Ganga) Action Plan, is improving urban sewerage and sewage
purification, it is clear that a popular change in perception of the river’s true
role in an evolving society is required. Waterborne diseases in India account
for 80 per cent of the health problems; 73 million man-days are lost each year
through them at a cost of £250 million. The Ganga Action Plan targets
sewerage improvements for twenty-seven cities larger than 100,000
population along its banks, notably Varanasi, where Hindus believe they will
achieve liberation for the soul by the river (Ahmed, 1990).
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5.6.1 Nepal: a rush to judgement

However, pollution of the Ganges is not the major focus of international
attention in the basin. This is divided between the international tension
which exists as the result of India’s prime role in exploiting the river (by
comparison with its poorer riparian neighbours Nepal and Bangladesh) and
the apparent recent increase in sedimentation and flooding in these
countries, phenomena widely attributed to headwater land-use changes.
When one considers that the headwaters of the Ganges are the Himalayas
one might anticipate causes other than development pressures alone; one
might also anticipate that ‘solutions’ to the ‘problem’ might be taken at a
regional (Himalaya/Gangetic plain) level rather than locally or nationally.
All of these latter themes have been strongly developed in writings on the
Ganges basin in the last five years.

The link between the Ganges and the Nile is strengthened in a paper by
Hellen and Bonn (1981) demonstrating that both Egypt and Nepal, central
problem nations to the management of both basins, are experiencing
population growth of 2–5 per cent per year. However, these authors express
the dangers of assuming that the step from population growth to
environmental degradation is inevitable and a one-dimensional problem.

In a recent book devoted entirely to the Ganges and the development of the
mountain zone in Nepal (Ives and Pitt, 1988) Ives considers the elements of
‘the perceived crisis’ in the Himalaya—Ganges region. They are:
 
(a) That a population explosion was initiated shortly after the Second World

War due to the introduction of modern health care and medicine and the
suppression of malaria and other diseases.

(b) That increased population in subsistence mountain societies has led to:
—Reduced amount of land per family;
—Deepening poverty;
—Massive deforestation.

(c) That mountain deforestation, on such a scale, will result in total loss of
all accessible forest cover by AD 2000 and is the cause of accelerating
soil erosion and incidence of landsliding.

(d) That destabilised mountain slopes resulting from points (a)—(c) above
cause:
—Increased flooding on the Ganges and Brahmaputra plains;
—Extension of the delta and formation of islands in the Bay of Bengal;
—Massive siltation and drastic reduction in the useful life of highly

expensive water resource projects;
—Drying up of wells and springs in the hills and lower dry-season river

levels downstream.
(e) That deforestation also leads to climatic change in general and reduced

rainfall amounts in particular.
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Newspaper and TV journalists, together with the World Bank, have keenly
fallen upon the deforestation perception of cause with such statements as: ‘at
the present rate of cutting the Himalayas will be bald in 25 years, topsoil will
have disappeared and the climatic effects threaten to turn the fertile plain into
a new Sahel’ (Sunday Times, 11 September 1988). Gilmour (1988) cites this as
an example of the ‘uncertainty principle’ (Thompson and Warburton, 1985) in
Himalayan development, since, when conducting actual ground surveys, the
Nepalese government and the hill farmers appear jointly to have reversed the
loss of forests in the mountain zones—the problem is actually worse in the
‘terai’ or piedmont zone.

Ives and Pitt quote further direct survey evidence of the erosion problem
from Nelson (1979):

The blanket indictment of Nepal for high erosion rates is obviously
unwarranted. It is probable that, of the 14 Ecological Land Unit
Associations, 3 or 4 will be the site of most of the watershed problems.
This complex picture means that watershed management in Nepal must
be a mix of educational, remedial and protection activities which must
vary by geographic location.

(Ives and Pitt, 1988, p. 66)

Thus, while logic foretells a huge downstream impact for careless
deforestation of mountain lands, the inherent local instability of a very
extreme physiographic and climatic setting has much to offer as an
explanation for the observed effects (Figure 5.11). If one considers the heavy,
seasonally concentrated rainfalls, the very high altitudes, huge floods and the
6 mm/yr rate of geological uplift of the region, the list of causative factors
becomes much broader than just deforestation (Sharma, 1987):

(a) Steep topography.
(b) Weak geology.
(c) Heavy and intensive rainfall.
(d) Glacial lake outburst floods.
(e) Deforestation.
(f) Seismicity.
(g) Human factors.

Nepal has suffered nine major landslide events since 1819 and fifteen major
earthquakes since 1866.

Nevertheless, land-use planning and management is worthwhile both for
its intrinsic benefit to Nepalese society and as an ameliorative policy in river
basin management. Gilmour et al. (1987), undertaking the all-too-rare
factual field investigation in Nepal, point out that, while soil does become
compacted after deforestation and grazing, only 17 per cent of rainfall
exceeds the infiltration capacity of such soils to become flood-producing,
erosive surface runoff; they also point to the fact that deep-seated landslides
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are promoted by efficient infiltration, not surface flows (though undercutting
of slopes by stream incision must also be a factor). Hamilton (1988) stresses
the importance of maintaining a litter layer in forests (Table 5.12). A recent
hydrological analysis of trends in Himalayan rainfalls and river flows finds no
significant increase in flood flows (Hofer, 1993).

Elsewhere in the Himalayas, successful land management schemes in India
(Dhruva Narayana, 1987) have reduced the river impacts of deforestation
(Figure 5.12) and the Chipko movement has popularised the environmental
and local political benefits of forest covers.

Water is an important resource within Nepal’s own boundaries; 25 per cent
of cultivated land is irrigated and hydro-electric power (as yet only 0.15 per
cent developed) perhaps offers the best chance to halt the woodfuel crisis
which threatens the forests of the terai. Sharma (1987) stresses that within
Nepal aggradation has rendered river structures useless, ruling out the
feasibility of dam-building, and has produced a substantial flood threat
which extends, on the Kosi, into India. A review of the scanty sediment
transport data for Nepal by Ramsay (1987) concluded that total erosion
keeps pace with erogenic uplife (1–5 mm/yr), implying natural causes, but
locally deforestation or poor grazing leads to surface erosion, gullying and
shallow landsliding. Efficient delivery to channels sets up positive feedbacks

Figure 5.11 The physiographic Instability problem of the Himalaya/Ganges
region: montane geomorphology and hazard (modified from
Fookes and Vaughan, 1986)
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but Ramsay concludes that the loss to farmers is more serious than the ‘gain’
to rivers.

The work of Ives and his colleagues in the region has had considerable
benefits in the setting of new research agendas in watershed management,
particularly relevant to developing mountainous zones, but equally applicable in
principle to any large river basin. Ives et al. (1987) conclude that the Himalayan
region ‘is one of extreme complexity from both physical and human points of
view, and panacea-type solutions of perceived and illusory problems will likely
exacerbate growing human and environmental crises’. Further:

Problems, though they do involve all sorts of real physical processes,
are not defined by those processes. They are defined by people—
people, moreover, who are embedded in very different social and
cultural contexts and who naturally define their problems very
differently. The system, in other words, is a system of mountains and
people and we must do everything we can to avoid treating it as if it
were two separate slices.

(Ives et al., 1987, p. 335)

Figure 5.13 emphasises this multi-faceted system; Ives and his colleagues
demand a scaled, geographical approach to the search for solutions in which the
people, the village, the region and international policies are reconciled through
the flow of viewpoints and information. A more recent, local, argument for a
scaled, downstream approach has been put by Bandyopadhyay and Gyawali
(1994), who list twenty-two large dams proposed for the Himalayan region in an
environment which has no basin organisations and, as a result, no integrated
information base from which to make the projects sustainable.

Table 5.12 Erosion in various tropical moist forest and tree crop systems
(ton/ha/year)
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5.6.2 The Ganges as an international basin: India dries out, Bangladesh
floods

The problem of managing the River Ganges long predates perceptions of
environmental degradation in the basin (Crow, 1995). As far as international
activity is concerned, this is currently remote from basin-scale environmental
management, focusing instead on India’s demands for water from the barrages
erected across the river at Farakka and Gandak. Following the Farakka diversion
of water to benefit navigation to Calcutta, India and Bangladesh set up a Joint
Rivers Commission to study flows (Robinson, 1987); a treaty, resembling the
Nile Waters Agreement, on ‘Sharing of the Ganga Waters at Farakka and on
augmenting its flows’ was signed in 1977. Crow points out that the navigation
(siltation) problems at Calcutta may have originated when the Damodar Valley
Corporation (modelled on the Tennessee Valley Authority) closed its dams in
1955. The Joint Rivers Commission was set up to maintain liaison between the
participating countries and study flood control and irrigation projects. The
barrage has had a number of interconnected and unforeseen impacts on the
Ganges downstream, including saline intrusion (Crow, 1995) but, as might be
expected, India and Bangladesh disagree on the areas impacted.

The treaty with Nepal has little to do with that country’s environmental
and population problems, though it may come to have: the Gandak Barrage
Treaty allows Nepal rights to withdraw water upstream until India’s

Figure 5.12 Sucessful management of land In the Indian Himalayan region
has controlled runoff (Dhruva Narayana, 1987)
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irrigation schemes downstream are threatened by shortage; the shortage is
then shared! Robinson concludes that the knowledge base for a Ganges
environment convention is not available, making the research agenda set by
the Ives team yet more urgent if further tensions and damage are to be avoided.
Crow’s suggestion is that commodity exchanges between India, Nepal,
Bangladesh, Bhutan and the international community would be a more
hopeful means of reaching agreement on the Ganges. For example, Nepal
could exchange hydro-power and water storage with India for finance,
engineering expertise and navigation rights.

Figure 5.13 Himalayan research: appropriate scales for implementation (after
Ives et al., 1987)
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The situation is undoubtedly complicated by India’s apparent
unwillingness to confront the shortcomings in its water policy, particularly its
approach to irrigation and to drought. Newly independent India in 1947 set
about catchment management along the lines of the Tennessee Valley
Authority with corporations such as the Damodar Valley Corporation. Dam
building and large-scale irrigation have been central planks in national and
DVC policy despite the threats posed by floods, seismic activity and,
principally, siltation resulting from poor catchment management. India now
has 1,554 large dams (Bandyopadhyay, 1987); very little pre-scheme
monitoring was carried out and, for example, silt loads were ‘fixed’ at 1/5,000
of the inflow stream discharge. Chettri and Bowonder (1983) itemise the sorry
state of the Nizamsagar Reservoir which has lost 60 per cent of its gross water
storage capacity in forty-three years and will be filled by sediment after
seventy-two years! The Indian government appears to the authors to be
unconcerned about remedial action or monitoring, instead coping with
drought emergencies in a way which makes Mathur and Jayal (1993) detect
political cunning: the provision of relief measures shows the government to be
the true guardian of public welfare. Mathur and Jayal make a claim for
catchment management as part of dealing with drought (Bandyopadhyay,
1987, suggests ‘The crisis of surface water is mainly due to the collapse of
water conservation in the upper catchments’): ‘watershed development should
ideally be seen as a first step towards the more important objective of an
equitable sharing of scarce resources so developed’ (p. 51).

The Indian government initiated a National Watershed Development
Programme for Rainfed Agriculture in 1986 with the following features
(Mathur and Jayal, 1993):

1 Vegetative soil and moisture conservation.
2 Fodder, fuelwood and horticulture development.
3 Forest production.
4 Stabilisation of drainage lines, village water supply.
5 Land use planning; institutional capacity for same.
6 Training.
7 Interagency coordination.
8 Introduction of innovative, simple, low-cost, replicable technologies for

soil/water conservation.

The emphasis is on agricultural development and water supply rather than
river basin management and it must be said that one of the benefits of such
small-scale efforts has been erosion protection, notably in the Himalayan
foothills of India where community-based schemes involving earth dams,
water conveyance, forest management and improved agricultural productivity
are increasing (Figures 5.12 and 5.14; Grewal et al., 1990; Arya et al., 1994).
Sivanappan (1995) illustrates the good sense of soil and water management
strategies based upon the catchment outline.



Figure 5.14 Indian water resource development at different scales:
(a) The proposed water grid
(b) Catchment scale soil and water management (after

Sivanappan, 1995)



198 Land, water and development

Part of the watershed management debate in ‘dry India’ will inevitably
centre on forests (they are important to the culture and economy of rural India)
and in particular on the hydrological and erosional impacts of eucalyptus
plantations. Recent intensive research in Karnataka, southern India, suggests
that the prodigious rates of evaporation reported for eucalypts in Australia (see
Chapter 4) are unlikely in dry regions where soil moisture is limiting (Calder,
1994). Eucalypts use similar amounts of water to indigenous trees, but twice
as much as most traditional agricultural crops. In the interests of conserving
natural forests, says Calder, the productivity of eucalypts should be modelled
so that irrigated patches or rotation cropping could be used to integrate their
production with agriculture and other water users. Calder et al. (1992) report
in detail the research behind these recommendations, which were made to a
symposium in Bangalore in 1991. Nevertheless, such penetrating scientific
outputs will never reach policy implementation without a greater willingness
on the part of government to adopt watershed management. Because the
Indian government appears unable to cope with the crisis of drought, however
much it affects national development, it will need to keep the resources of the
Ganges ‘up its sleeve’ for the foreseeable future, making international
agreement on the river unlikely. As Figure 5.14 shows, there are plans for a
‘water grid’ in India, a scheme which will need yet more abstraction from the
Ganges, supported perhaps by dams built in Nepal.

Meanwhile Bangladesh is reacting to disastrous flooding in 1987 and 1988
(Brammer, 1990a). Floods are an integral part of Bangladeshi life but these
were the worst on record, killing 1,200 people and inundating 60 per cent of
the nation’s land. Up to 15 per cent of the grain production was lost but certain
flood-loving rice varieties (Bangladesh has 10,000 varieties, each with
specialist water needs—Custers, 1992) performed better. Custers points out
that flood management does not mean flood prevention. However, as one
journalist put it, ‘the world rallied round. It was open season for hydrologists
and technologists and what emerged was a dog’s breakfast of massive flood
defence proposals.’ The World Bank has now selected a coordinated scheme
of the best proposals, avoiding large dams, but nevertheless having a large
impact on people adapted to riparian or island livelihoods. This is clearly
important in the light of early conclusions from socially based investigations
(e.g. Thompson and Sultana, 1996) which reveal that flood losses can be
greater within the flood embankments, there is no stabilisation of livelihoods,
and that fishermen and boatmen are disadvantaged by the schemes; only nine
of sixty-three flood projects justified themselves economically. The UNDP
has stipulated that the flood control strategies adopted should research river
morphology and justifies a ‘small is beautiful’ approach to irrigated food
production in Bangladesh (Brammer, 1990b).

The Lower Atrai basin, a tributary of the Ganges, represents a much less
structural approach to flood control and has involved a broader approach to
the needs of local farmers (Franks, 1994).
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5.7 DAMS, ALTERNATIVES AND THE NEED FOR A NEW
INTERNATIONAL ORDER

It is likely that the most commonly occurring term in this chapter and the
preceding one is ‘dam’, such is the almost monotonous linearity of the river
basin development model evolved in the Western world and exported, like soft
drinks and burger bars, across all cultures, economies and stages of
development. Perhaps the precursor to further investigation of sustainable use
of a river basin ecosystem model in development should therefore be the
rather rhetorical question, ‘Do we need dams?’

It is rhetorical partly because so many are already there (e.g. 5,609 in the
USA and 1,554 in India) but also because many would claim (as do the
builders of the Aswan High Dam in Egypt) that they prevent the starvation of
millions of humans. We are put in mind of Joseph Krutch’s words:
‘Technology made large populations possible; large populations make
technology indispensable’ (Conley, 1989). Thus, even those who have
evidence or feelings antagonistic to dams and dam projects must consider
that some form of alternative technology is needed; ‘do nothing’ is only an
option when there is a proven, negotiated case for conservation or
preservation and even conservation normally needs technology (see Chapter
6).

Clearly, one of the most compelling needs in the technological reappraisal
of river basin development is a new look at large dams. Often the central,
triumphal feature of a project, the large dam has a growing popular and
political protest movement set against it. It is of note that Pakistan, for
example, now has a Small Dams Directorate in the North West Frontier
Province.

Since the early 1980s the International Dams Newsletter (now International
Rivers Network) has coordinated a campaign against such projects, not least
because of the large number of people relocated as a result of reservoir filling
or of changes to local agriculture and infrastructures.

5.7.1 The case against large dams and associated developments

There are many technical problems in dam-building and dam operation, some
of which are covered in Chapter 6, but in relation to development processes it
is essential to remember the message of Fahim’s study of Aswan.

Since dams are often associated with development, which I conceive as
an ultimate task involving a complex and longitudinal process of
concept-making, strategy-building and implementation, people should
present a central theme and a basic element in this process. Although
capital and technology are important pre-requisites for development,
people, in my view, represent a far more significant and non-depleting
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resource. A basic premise in this volume is that economic benefits and
human welfare should constitute part and parcel of the development
process of water projects. Otherwise, dams will result in situations of
‘growth without development’.

(Fahim, 1981, p. xv)

Goldsmith and Hildyard (1984) begin their litany of criticism of large dams
with a poem by Kenneth Boulding, reproduced here instead of a table of
environmental impacts!

A BALLAD OF ECOLOGICAL AWARENESS   

The cost of building dams is always underestimated
There’s erosion of the delta that the river has created,
There’s fertile soil below the dam that’s likely to be looted,
And the tangled mat of forest that has got to be uprooted.

There’s the breaking up of cultures with old haunts and habits loss,
There’s the education program that just doesn’t come across,
And the wasted fruits of progress that are seldom much enjoyed
By expelled subsistence farmers who are urban unemployed.  There’s
disappointing yield of fish, beyond the first explosion;
There’s silting up, and drawing down, and watershed erosion.
Above the dam the water’s lost by sheer evaporation;
Below, the river scours, and suffers dangerous alteration.

For engineers, however good, are likely to be guilty
Of quietly forgetting that a river can be silty,
While the irrigation people too are frequently forgetting
That water poured upon the land is likely to be wetting.

Then the water in the lake, and what the lake releases,
Is crawling with infected snails and water-borne diseases.
There’s a hideous locust breeding ground when water level’s low,
And a million ecologic facts we really do not know.

There are benefits, of course, which may be countable, but which
Have a tendency to fall into the pockets of the rich,
While the costs are apt to fall upon the shoulders of the poor.
So cost-benefit analysis is nearly always sure
To justify the building of a solid concrete fact,
While the Ecologic Truth is left behind in the Abstract.

Kenneth E.Boulding  From T.
Farvar and J.Milton [1973] The Careless Technology

(Tom Stacey, London)
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After their extensive, and as yet incomplete, review Goldsmith and Hildyard
claim to demonstrate:

(a) How little of the extra food grown through irrigation schemes ever
reaches those who need it most; how, in the long run, those irrigation
schemes are turning vast areas of fertile land into salt-encrusted deserts;
and how, too, the industry powered by dams is further undermining food
supplies through pollution and the destruction of agricultural land.

(b) How millions of people have been uprooted from their homes to make
way for the reservoirs of large dams; how their social lives have been
shattered and their cultures destroyed; and how, also, their health has been
jeopardised by the water-borne diseases introduced by those reservoirs
and their associated irrigation works.

(c) How dams are now suspected of triggering earthquakes; how they have
failed to control floods and have actually served to increase the severity of
flood damage; and how, in many instances, they have reduced the quality
of drinking water for hundreds of millions of people.

(d) How the real beneficiaries of large-scale dams and water development
schemes have invariably been large multi-national companies, the urban
elites of the Third World, and the politicians who commissioned the
projects in the first place.

Goldsmith and Hildyard’s (1986) case studies involve thirty-one contributions
from North America, Europe, the Soviet Union, Africa, South America, India
and other Asian countries. One of these, the Narmada Valley Project
(Kalpavriksh and the Hindu College Nature Club, 1986), involving two major
reservoirs and up to 3,000 smaller structures, has now been the subject of an
individual book of criticism (Alvares and Billorey, 1988). The key to the
Narmada controversy, according to Alvares and Billorey, was that a ‘majestic
and sacred’ river would be equipped with a plethora of dams which

would, in addition to generating irreversible environmental changes,
also uproot over a million people, including a large number of tribals,
and submerge a total of 350,000 hectares of forest lands and 200,000
hectares of cultivated land.

(Alvares and Billorey, 1988, p. 10)

Gita Mehta (1993) poetically explains the cultural significance of the Narmada:

You grace the Earth with your presence
The devout call you Kripa: Grace itself.
You cleanse the Earth of its impurities
The devout call you Surasa: The holy soul.
You leap through the Earth like a dancing deer
The devout call you Dewa: The leaping one.
But Shiva called you Delight and Laughing
Named you Narmada.
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Alvares and Billorey provide detailed scrutinies of ‘the human tragedy’ as
well as of the adverse environmental impacts (notably sedimentation) and (on
their calculation) minimal benefit/cost ratios of the project. The alternatives
they propose are:
 
(a) Reducing the height of dams.
(b) Lift irrigation—direct from rivers.
(c) Small-scale, community-run dams.

In March 1993 the World Bank announced that it was withdrawing its funding
from the Sardar Sarovar Dam, centrepiece of the scheme, but the Indian
government immediately said that it would proceed alone or find other
funding agencies after another review of options. This followed a threat by
villagers to drown themselves in the rising waters behind the dam and a
hunger strike by two members of the Save the Narmada movement.

Figure 5.15 and Table 5.13 point up the huge scale of the Narmada, a
project in the tradition of the Tennessee Valley Authority but without its
justification and having, if anything, the reverse impact.

Dislocations of traditional societies on such a scale have been relatively
common in development schemes involving dam construction. Barrow (1987)
tabulates more than twenty such schemes with resettlement costs ranging from
$3.6 million to $100.2 million. The most recent concern of anti-dams activists
in terms of dislocation has been the ‘2010’ Plan of the Brazilian government,
involving thirty-one large dams on tributaries of the Amazon (Cummings,
1990). The Indian tribal people lose land both to permanent flooding above
the dams and by lack of seasonal flooding below them.

Beauclerk et al. (1988) have listed the following characteristics of
indigenous peoples:

(a) They make sustainable use of resources.
(b) Their land is held in common.
(c) They have relatively unstratified economies; wealth is generally even.

Figure 5.15 The Narmada scheme, western India, indicating the heavy
reliance on dam construction (after Kalpavriksh, 1986)
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(d) Their societies are rooted in kinship.
(e) They are highly vulnerable.

In the volume edited by Carruthers (1983), officials from major financing
agencies such as the World Bank (which makes 38 per cent of agricultural
sector loans to irrigation projects and has loaned over $10 billion to schemes
since 1948) stress the need for all the improvements advocated in this chapter:
participation, environmental appraisal, realistic benefit/cost accounts, long
planning cycles, river basin scales, etc. In addition, Carruthers himself pleads
for better assessment of whether irrigated or improved rainfed agriculture is
more sustainable and for much more investment in operations and
maintenance of existing schemes. The latter statement tacitly admits that
benefit/costs have been poorly evaluated in the longer term: development ‘lift-
off’ has been illusory. The former needs little technological elaboration—it
simply builds on the lessons of traditional land and water use (Gilbertson,
1986). The long-term and broader scale considerations needed for investment
in irrigation schemes are also stressed by Welbank (1978), who prefixes his
reflections of two major schemes in the Sudan with the words, ‘on the day of
first water, dramatic changes take place in the project area’. Little thought and
no investment, he claims, is available for settlement lay-out and planning,
social welfare and the multiplier effects of the anticipated regional growth.

5.7.2 Respect for tradition: ‘bottom-up’ water development indrylands

Much of the fascination for dam building programmes in the developing world
derives from the need for irrigated agriculture and power generation as part of

Table 5.13 Villages and population to be submerged by Narmada Dams



204 Land, water and development

general national development; we deal with small-scale irrigation techniques
in Chapter 6 but here consider briefly the techniques employed in drylands to
make optimum use of what precipitation falls, techniques employed in
antiquity and by indigenous peoples today. Gilbertson (1986) provides a
general introduction to ‘floodwater farming’; traditional forms of ‘dry
farming’ cultivation are also worthy of encouragement by NGO aid or
government extension services. The ‘Khadin’ system of cultivation in India
uses basins of internal drainage in undulating semi-arid land to focus both
surface and groundwater supplies; the ratio of catchment to the ‘plain of
accumulation’ (Figure 5.16) is 11:1 (Tewari, 1988). Wheat and chickpeas are
grown without irrigation after the summer rains have infiltrated the basin (also
recharging wells for domestic supply and for livestock which manure the
basin). Khadin farming may date back to 3000 BC but currently the Indian
government has revived 500 Khadin farms under the Drought Prone Areas
Programme.

Perhaps surprisingly a similar venture is being attempted around Tucson,
Arizona, where groundwater irrigated agriculture is being ‘retired’ to be
replaced by water harvesting via catchment basins (Karpiscak et al., 1984).
Runoff from the non-agricultural area is increased by removing weeds,
compacting soil and adding salt to decrease infiltration. The resulting
‘agrisystem’ is at its most efficient in small units of 0.2 hectares. Runoff
from catchment strips is concentrated in channels and flows into a sump.
Annual average rainfall does not exceed 250 mm but evaporation reaches
2,860 mm; consequently losses from storage are potentially ruinous but are
curtailed by ingenious techniques such as the use of black film canisters

Figure 5.16 Traditional Indian dryland farming strategy: the Khadin irrigation
system (after Tewari, 1988)
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which float on the reservoirs. High-yield, high-value and drought-tolerant
crops such as grapes, jojoba, olives and pines are grown.

The aid agencies are coming to appreciate the lessons learned, mainly by
NGOs operating on small budgets, that gaining acceptance for techniques is
an innately socio-political process and that without it failure is likely however
much capital is poured in. Conroy and Litvinoff (1988) describe, with case
studies, ‘sustainable rural livelihoods’, including catchment protection in
Indonesia and river basin development in Ecuador. These authors emphasise
that sustainability entails ‘staying with’ projects well into the execution phase
to avoid ‘unravelling’ of integration—it is at such a stage that regional
development authorities can perform best.

Putting yet another slant on the sustainable water development conundrum,
Dankelman and Davidson (1988) advocate a special role for women, ‘the
invisible water managers’. Women were mentioned specifically by the UN’s
Drinking Water Supply and Sanitation Decade. States and agencies were
urged to ‘promote full participation of women in the planning,
implementation and application of technology for water supply projects’.
Women in villages know where to find water, how to judge its quality and how
to cope with shortages; however, much of their day needed for food
production may be occupied in fetching water. Examples of women’s schemes
for local water development quoted by Dankelman and Davidson include a
women’s dam in Burkina Faso and two Kenyan schemes to improve water
supplies. Chauhan et al. (1983) also develop the crucial role of women in
community-based water supply and sanitation schemes.

There are supreme challenges in the management of development through
the vehicle of improved water use. As Greenwell (1978) pointed out to us, our
species originated on arid plains and has prospered, developing culturally
through the hardships of dryland life. ‘In fact, our very existence may be due to
the now much-feared process of desertification’ (p. 10). Greenwell sees many of
the features of human life—bipedalism, binocular vision, birth of poorly
developed infants, and communication—as being related to resource hardship.

Modern resource hardship has, however, other complications, of nation,
politics, war and above all human numbers. It also has ‘developmentalism’.
Robert Lee sounds a warning about our perceptions of the development process:

the notion of reaching a universal model of economic, social and
political change has failed. This failure, partially acknowledged in the
West, has not yet gained full recognition in the Third World, which limps
along in pursuit of Western goals to which the West no longer
subscribes.

(quoted in Fahim, 1981, p. 1)

The truth of his statement for the West is brought home by Eckerberg’s (1990)
study of Swedish forestry in which environmental protection is achieved
mainly because non-professionals want it.
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5.7.3 Avoiding ‘water wars’ and sustaining ecosystems: international
river basin management

Marchand and Toornstra recognise that their ecosystem basis for the
technological choices in river-basin development often needs to be applied
across national boundaries, particularly in the developing world. Table 5.14
shows their summary of the existing institutional structures for such
diplomacy. Carroll (1988) is, however, sceptical about such bodies, citing the
failure of the International Joint Commission to control pollution along the
USA/Canada border as an example of failure to set and achieve the real
objectives.

I suggest we must start to measure such entities as boundary waters
treaties and the institutions they spawn not on the basis of how much
they seek to accomplish nor in how much they claim, but, in the final
analysis, in the health of the environment they are meant to protect, and
that means the long-term economic and political environment as well as
the natural ecosystem—for they are all ultimately one.

(Carroll, 1988, p. 276)

There are signs at present that ‘political environment’ can include the threat
of ‘water wars’, particularly prevalent in the Middle East. During 1990, for
example, Turkey closed the Ataturk Dam across the Euphrates, a
culmination of the ‘Pride of Turkey’ project on both the Tigris and Euphrates
designed to boost electricity supplies by 70 per cent and to irrigate 1.6
million hectares of land; it is self-funded because of its political sensitivity
(Hellier, 1990). Syria, next in line for the river’s waters, anticipates flow
reductions of 40–70 per cent volume; already electricity generation from its
Assad Reservoir is reduced to one-third capacity (a fault also blamed on
Russian technology). Iraq, next in line for the waters, fears not only reduced
quantity but also reduced quality, since some of the flow reaching its own
fields will have been salinised twice by upstream irrigation. With its own
irrigation systems damaged by the Gulf War the prospects for resource
tensions in the region clearly extend from oil to water in Iraq. Elsewhere in
the Middle East, the abundance of energy reserves to power pumping has
resulted in an over-reliance on groundwater reserves. The aquifers being
‘mined’ were recharged during the Pleistocene glaciations further north—
this is ‘fossil’ water. With a current average annual rainfall of 90 mm, Saudi
Arabia, the largest arid nation in the region, faces a future in which only
demand management and recycling can avoid inevitable decline in
agricultural production (Al-Ibrahim, 1991). Rowley (1990) describes how,
within the general problems posed by Middle East aridity, competition
occurs for groundwater resources on the West Bank. Since Israeli settlers
entered the region in 1967 their numbers have expanded to 68,000—
representing a considerable water-supply burden. However, much of the
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water pumped from the region is destined for Israel proper and there are
already signs of over-exploitation. The shallower wells and funnel systems
of the Arab population are being depleted by the superior Israeli technology.
Abu-Maila (1991) reports on similar problems caused by population growth
and the establishment of Israeli settlements in the Gaza Strip;
overexploitation of fossil groundwater is essential because of the negative
water balance (306mm precipitation, 1,800mm evaporation). Water quality
is also declining rapidly and with an anticipated resource deficit of 200 Mm3

by the year 2000 the only options appear to be desalination, recycled sewage
effluent or import of supplies from elsewhere in Israel, a prospect which
must be considered in the context of Israel’s relationship with the
Palestinians and with its neighbours (see Chapter 7). Conflicts of interest
between Jewish and Arab rural settlements within Israel reduce the
effectiveness of the Israeli Drainage Districts—the nearest approximation to
river basin authorities. Kliot (1986) describes how the Drainage Districts
expanded their interests from purely drainage and flooding to soil
conservation, water supply and some aspects of water quality. However,
incomplete spatial coverage and a wide national variation in their functions
blunt their influence on the crucial need to conserve water and protect the
environment throughout Israel. Nevertheless, Israel has made considerable
progress towards irrigation efficiency (Chapter 6) and is anticipating that 80
per cent of all waste water will be recycled for agricultural use by 2000 AD
(Shuval, 1987).

Falkenmark (1989) uses the Turkey-Syria-Iraq grouping as one of three
potential water conflicts in Middle East hydropolitics, the others being on the
Nile and the Jordan. There are, however, some optimistic signs. Turkey has
proposed a ‘peace pipeline’ for water, supplied from new sites in central
Turkey, via Syria, Jordan, Israel and Saudi Arabia to the Gulf, a formidable
distance of 3,000 kilometres but one emulated by President Quaddafi’s ‘Great
Man-Made River’ in Libya (1,900 km). The peace pipeline could be
completed in 8–10 years and could eventually serve 6–9 million people; it
would not, of course, remove the potential for conflict—indeed it might
strengthen the hand of terrorists. Pipelines once proved to be vulnerable to
attack within the UK (e.g. Wales 1969).

Falkenmark (1989) actually doubts whether technology transfer from
temperate zones unused to water shortage will ever meet the needs of the two-
thirds of Africa now facing serious water scarcity. She develops a risk spiral of
water demand now threatening Africa and calls for:
 
(a) Long-term national water master-plans.
(b) Water strategies for appropriate socio-economic development within

supply limits.
(c) Top-level autonomous authorities for integrated land and water

management.
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(d) Possible use of local rain by integrating soil and water conservation on a
catchment basis.

(e) Population control in relation to water resources.

The most pressing need is for developing indigenous expertise by prioritising
national programmes of research, education and training.

Further exploitation of developed-world philosophies and technologies
must clearly await a more introspective review of these, a process only
recently begun (Gunnerson and Kalbermatten, 1978; Kruse et al., 1982; Green
and Eiker, 1983). Reforms in the education and training of engineers are also
necessary and this is a theme returned to in Chapter 9.

5.8 DEVELOPMENT AND RIVERS: BROAD TRENDS

At the beginning of Chapter 4 we addressed two almost rhetorical questions
about the size of large water-based development schemes, particularly those
involving dams, and about the need to respect local variations in ‘appropriate
technology’. The two chapters can be viewed as a series of disparate national
and regional case studies, hardly helping to answer these big questions.
However, there seem to be certain threads in the material which indicate
scenarios for better management of river basins.

The sequence of priorities listed by Table 4.1 is broadly accurate, the most
challenging aspect being that, while issues such as conservation, recreation and
pollution are the ‘luxury’ issues of a developed world, the care and attention
they bespeak to river management practice brings benefits for all forms of water
resource management. For example, while the USA, Canada, New Zealand and
the UK hastily develop control strategies for non-point pollution sources, such
as those for nitrate (not yet proven as a toxic threat), they indirectly incorporate
measures which protect against soil erosion and encourage water recycling.

At earlier stages of national development these same nations made the sorts
of gross errors for which we now criticise the least developed countries;
indeed, in some cases the same technicians have been exported, their failings
intact! In an environment of rapidly increasing population and urbanisation
the developed nations felled their forests and let generations die from cholera;
under the same conditions of growth but under the additional stress of dryland
conditions it is likely to remain normal for large water development schemes
to dominate, proportional in scale to the management of international finance.
Since the monopoly of technical skill at such a scale is retained by expatriate
experts we will rely very heavily on their steep learning curve to make such
schemes more sensitive.

They appear to need to learn three important lessons:

(a) That the physical sensitivity of river basins in drylands to development
pressures is high, yet the resilience of adapted ecosystems and
indigenous cultures copes.
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(b) That a requirement of strategies based on sustainability makes it
necessary to anticipate the multiplier effects of development on the river
system, e.g. future pollution patterns.

(c) That the indigenous population, while unlikely to participate in the
design stage of a scheme, from then on effectively control the future of
that design.

 
Within these broad limits large schemes, including dam schemes, are likely to
continue. The World Bank, responsible for funding, has recently introduced
new guidelines for water resources management in developing countries
(World Bank, 1993). They include conservation of water and pollution control
for industry, efficient and accessible delivery of water services, modernised
irrigation practices (especially for small farmers), environmental protection
and the alleviation of poverty. The Bank will also ‘help countries improve the
management of shared international water resources by, for example,
supporting the analysis of development opportunities forgone because of
international water disputes’ (p. 19).

However, a ‘second front’, mainly operated by non-government
organisations, will deliberately exploit a knowledge of, and sympathy for, the
local talents of indigenous peoples for environmental management—even
when that environment is changing. These organisations can combine physical
and social improvements much more efficiently at the local level. Under the
title ‘Social aspects of sustainable dryland management’ Stiles (1995) has
brought together those elements which are essential to the social development
of those communities upon whom we depend to protect the environment.
Evers (1995) lists the guiding principles as ‘support, empower and enable’
while Hausler criticises the entire Western model of development, the
backdrop to large dam schemes and their universal, if inappropriate,
application:

At the core of this process lies a universalist economistic framework of
the human/nature relation… The universal introduction of the Western
industrial, export-led, economic growth model of development, despite
some positive changes, has caused considerable damage to local life
styles, cultures and—very visibly—to the environment.

(p. 181)  



Chapter 6
 

Technical issues in river basin
management

Despite the power of holistic science to open up issues to interdisciplinary
analysis, and despite the impression perhaps created in the book thus far that the
role of the engineer should now be minimised in river management (see also
Chapter 9), it is likely that technocentric solutions will remain influential, if not
dominant, in a world of teeming population and widespread famine and disease.

We therefore now return to the technical aspects of the river basin system,
having seen from Chapters 4 and 5 the dire consequences of the
unsympathetic application of present technologies. Improving ‘the sympathy’
is one part of the research agenda; we also need to improve the technology of
river basin management itself in order to stress the need for attention to the
larger-scale and longer-term environmental elements, which has proved
inadequate in both developed and developing worlds. Inevitably such
improvements are brought about by ‘normal science’—the conventional,
experimental route championed by Francis Bacon and orientated to ‘the relief
of man’s estate’; also inevitable for the foreseeable future is that research
results will be applied by engineers—agricultural, civil and environmental.
Nevertheless, at each stage of this chapter the ‘people’ issues are never far
from the technical ones.

We examine in this chapter the technical problems facing management; it
has been necessary to be very selective—omitting, for example, coastal
impacts of river basin development. We have included restoration of rivers and
wetlands to emphasise the overall ecosystem approach and as a warning that
those developed nations which have damaged the spontaneous regulators of
their river basins are now making large investments in reinstating them.

The first area of technical facilitation required by sustainable development
of a basin’s resources is that of controlling soil loss by erosion and
salinisation. It is the crudest paradox that in order to develop plenty we tend to
squander sufficient and, while erosion is a natural process, we must come to
understand it well enough to work in balance with it. Rainfed agriculture will,
in many circumstances, be more sustainable in poor economies than large-
scale irrigation, yet the unreliability and intensity of that rainfall make it a
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hazard as well as a resource in many countries. Another natural process, when
achieved by lakes, floodplains and wetlands, is water storage; however, dam/
reservoir construction, done to extend natural storage capacity, produces a
hiatus in the river system and associated developments such as land drainage,
flood control or irrigation can in fact reduce other parts of that capacity.
Furthermore, there is a direct loss of capacity if a dam impoundment slowly
fills with sediment, possibly representing the soil grains lost by erosion
upstream. Soils are also lost when they are salinised by unsophisticated
irrigation systems. It is unlikely that we have witnessed our last major dam
scheme despite the protests illustrated in Chapter 5. Neither have we seen our
last socially and environmentally damaging large-scale irrigation scheme.
However, by treating river basins in the ecosystem framework we have
suggested that we can again work with the processes of nature, producing net,
long-term gains rather than short-term gains ultimately exceeded by losses.
One need not be a transcendental philosopher to hold this view, merely a well-
trained engineer (see Chapter 9). The need for vision enters, however, in the
field of conserving or restoring Marchand and Toornstra’s spontaneous
regulation functions of the channel, its corridor, valley and associated
wetlands. Definitions are important here and we reflect below on the
differences between restoration, rehabilitation and enhancement of these
regulators.

Finally, these important elements of any river basin development scheme
must be refined to the point where they can be interactively managed through
time to reflect the changing needs of society and the environment. On the
latter count, therefore, the likely impact of climatic changes must be
researched. This presents major problems to ‘normal science’, requiring
highly public research ventures conducted urgently, without much prospect of
a certain answer. A system which is destabilised physically (one may say
geomorphologically) is much more difficult to restore than a chemically
polluted system. Once again therefore, as in Chapter 3, we will make
relatively limited reference to water pollution as a technical problem in basin
management. Restoration of unpolluted conditions is a challenge to law and to
economics as much as it is to science; restoration of a physically degraded
river system is a daunting task and the requirement to do so should be avoided
by anticipation and good science.

6.1 SOIL EROSION

The erosion of soils by running water (we do not here deal with wind erosion)
is not in itself a problem; soils are produced from a bedrock or drift mineral
base by weathering (and the incorporation of organic material) and are then
eroded as part of the long-term evolution of landscapes. Soil erosion only
becomes a problem when its rate is accelerated above that of other landscape
development processes (see Table 6.1)—notably weathering—because it
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becomes visible; it becomes a river management problem when it constrains
agricultural production and leads to river and reservoir sedimentation. Erosion
is not the only way in which exploitation of river basins can damage soil.
Mismanagement of this thin, interface system between lithosphere, biosphere
and atmosphere takes many forms as Figure 6.1 illustrates.

Soil erosion is often quoted as one of the clearest symptoms of global
environmental abuse by humans; as with desertification there are many
opportunities for even the well-intended to misunderstand the extent and
significance of erosion. Lal (1993) lists some of the key statistics—erosion
affects 24 per cent of the planet’s inhabited land area; 1,094 Mha of land are
impacted by water erosion and 548 Mha by wind erosion. Because soil erosion
rates are accelerated most commonly by human intervention in the soil
formation/denudation process its identification and control involves the social
as well as the physical sciences; Hallsworth (1987) describes the ‘anatomy,
physiology and psychology’ of erosion while a book by Blaikie (1985)
explores the ‘political economy’ of soil erosion in developing countries.
Boardman (1990) writes of the ‘costs, attitudes and policies’ in soil erosion
control.

6.1.1 The physical processes of erosion: identifying controls

The need to control soil loss by interventionist measures, both agricultural
and hydrological, was first perceived in terms of national crisis by the USA

Table 6.1 Recommended values for maximum permissible soil loss
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in the early 1930s following extremes which had created dust-bowls and
badlands from essential pioneer farmland. This is not to deny that other
civilisations have faced problems with the soil resource, as Seymour and
Girardet (1986) and Hillel (1992) draw out in stimulating historical reviews.
Hillel points out that terracing began in the second millennium BC—an
important feature of the Iron Age expansion of agriculture into hill country;
terracing increased the vulnerability of farming and erosion was still a major
problem at the time the Iliad included these lines:

Many a hillside do the torrents furrow deeply, and down to the dark sea they
rush headlong from the mountains with a mighty roar and the tilled fields of
men are wasted.

The measures adopted in the USA during the modern era have, however, been
exported across the globe, rightly or wrongly coming to dominate over the
local, traditional measures practised by traditional agrarian communities.
Equations to predict soil loss were developed on a rational basis to incorporate
soil, slope and rainfall factors during the 1930s and 1940s. However, these
tended to be of only local or regional relevance and in the 1950s field research
at the plot scale was combined to produce the USLE (Universal Soil Loss
Equation), originally described by Wischmeier and Smith (1965).

Figure 6.1 Mismanagement of land resources: soil erosion in context (modified
after Guerrieri and Vianello, 1990)
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The USLE is phrased as a simple multiplicative expression predicting a
mass of soil removed from a unit area per annum, based on causative factors
(see Figure 6.2) identified and measured at thiry-six locations in twenty-one
states in the USA (totalling >10,000 plot-years of data).
 

A=RKLSCP
where A=soil loss, kg.m-2

R=rainfall erosivity
K=soil erodibility
L=slope length
S=slope gradient
C=cropping management factor
P=erosion control practice

 
The USLE is codified in a simple fashion, with nomographs to ease
calculation of the basic factors from minimal data collection in the field.
Clearly, care and experience in applications are essential and as shortcomings
have been identified in aspects of its operation further research has ‘filled in
the gaps’. The USLE has become much more ‘universal’ in a geographical
sense than originally intended and is now applied well beyond its original
range but has the great advantage of rationality and simplicity; scientists who
may arrogantly claim that USLE is unsophisticated and outdated have seldom
seen it in practice, supporting essential conservation schemes.

The USLE may be used to:
 
(a) Predict annual soil loss under specific land uses.
(b) Guide the selection of cropping and management options.
(c) Predict the effects of changing land use or management.

Figure 6.2 Controlling factors built into the calculations of the Universal Soil
Loss Equation (USLE)
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(d) Determine conservation practice.
(e) Estimate losses from non-agricultural developments (e.g. mine spoil).
 
Numerous authors have reviewed the refinements produced by the
considerable research support that the USLE has achieved (e.g. Mitchell and
Bubenzer, 1980). Two main components of research improvements have been
made:

(a) Improvements to the rationality of the process mechanisms of the
equation or to the way that it agglomerates processes.

(b) Improvements to the applicability of the equation in specific (often
tropical) environments.

As it stands the Equation performs best for medium-textured soils on 3–18 per
cent slopes less than 122 metres in length. Improvements have, for example,
sought to move from plot scale to field scale and thence to catchments;
predictions for shorter time periods under variable input conditions are also
desirable and have resulted in alternative approaches through dynamic models
(see Morgan et al., 1984). Morgan (1995) describes three empirical (data-
based) models and four deterministic (physically based) models. Such models
seek to reproduce the process mechanisms of the soil detachment and
transport processes (Figure 6.3).

Keeping strictly within the USLE structure, major research improvements
have been made to extend the range of calibrations for slope form, for soil
erodibility and, especially, for rainfall erosivity (to include refined estimates
of raindrop size and the role of plant canopies—which tend to increase the
kinetic energy of drops). A further problem has been to address gully erosion
rather than sheet erosion. Rational equations, similar to the USLE, are
available but tend to predict the rate of growth of gullying rather than
initiation of this damaging process.

Renard et al. (1994) describe the Revised Universal Soil Loss Equation
(RUSLE). It retains the same nomenclature and format of the original but
has incorporated the following broad improvements. The ‘R’ term now
incorporates more climatic information, making the equation more
‘transportable’ to other regions of the world. The ‘K’ term can be varied
seasonally and includes soils containing rock fragments (common in
drylands). Renard et al. note that, while ‘L’ has attracted controversy its
effect on outcomes is far less significant than ‘S’, which has been improved
to incorporate complex slope profiles and plans. The conservation term ‘C’
has been extended to include surface soil roughness and ground cover
plants as well as crop cover. ‘P’ is still the least reliable term because of
the difficulty of incorporating farmer variability in practice. The US
Department of Agriculture is also pioneering WEPP (Water Erosion
Prediction Project), a model which incorporates the small-scale geometry
of eroding fields, i.e. rills and inter-rill areas; it also extends from the plot and field
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scale to the watershed via hillslope, channel, impoundment (terraces, stock
tanks) and irrigation modules. Nearing et al. (1994) describe the paradox that
the greatest need for improvement in WEPP is now in modelling deposition
(mirroring the geomorphologist’s view that much eroded material becomes
colluvium before it becomes alluvium; see below).

As examples of the often dire need to extend and apply the USLE to new
conditions we may select the work described by Hurni (1983), who has improved
the rainfall erosivity and slope components in Ethiopia, and Harper (1988), who
additionally improved the C, K and P components for North Thailand.

Hurni’s studies (Figure 6.4) contribute a basic statement of erosion as a
long-term resource problem facing rainfed agriculture in the Ethiopian
Highlands. Figure 6.4 compares the timescales of soil formation with those
of its erosional loss; rates of loss should not exceed those of production—a

Figure 6.3 A dynamic model of soil erosion (Morgan et al., 1984)



Plate 6.1 Sheet (mid-foreground) and gully erosion, Ethiopian Plateau (photo
M.D.Newson)

Figure 6.4 Soil erosion and sustainability: comparing the rate of soil production
by weathering and loss by careless cultivations (Hurni, 1983)
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key test of sustainable development. His project led to the production of a
simple field manual, using cartoons to select appropriate estimates of erosion
rates for different agroclimatic zones and to design simple protection
strategies. Such advice in the hands of capable extension workers touring the
farms achieves very rapid conservation results. The statistics of Ethiopian soil
erosion and attempts to control it are impressive. Losses of soil from the
Ethiopian Highlands exceed 20 tonnes per hectare; since this region comprises
40 per cent of the country but receives 90 per cent of the rainfall and is home
to 88 per cent of the population, remedial action is urgent. Since 1978 the
Ethiopian government has sponsored a national campaign of Food-for-Work;
the 20,000 peasant associations formed after the revolution in 1974 are
allocated extension workers and between 1978 and 1984 11 per cent of the
land in need of protection was treated, with a total of 590,000 kilometres of
contour bunds; 600,000 kilometres of diversion ditches; 1,100 check dams;
and 470,000 kilometres of afforestation terraces. These are merely locally
practicable examples from a wide range of available techniques for soil
protection shown in Figure 6.5.

6.1.2 Sophistication and the role of research

Experience such as that of Hurni and his collaborators, together with that
slowly emerging from other problem regions such as the Himalayas (Chapter
5), points to some interesting but daunting problems of effective erosion
control.  

Figure 6.5 Methods of combating soil erosion (FAO, 1977)
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In terms of scientific research the paradox becomes one of a need for
increasing sophistication yet the virtual impossibility of applying it. For
example, multi-parameter hydrological erosion models, either for sheet or
gully erosion, require expensive instrumentation in the field. While this is not
impossible it is likely that such instrumentation can only be provided by
foreign aid and only run by foreign experts, immediately breaking an
important bond with local land users (Table 6.2 and Blaikie, 1985).

Boardman et al. (1990) reveal two fundamental elements of mismatch
in research support for soil conservation. One is that research is often best

Table 6.2 Contradictions between foreign aid and soil conservation programmes
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supported in regions where there are few erosion problems: technology
transfer has significant restrictions in land-use and land management fields.
Another is that ‘problems in erosion studies’ are not equivalent to ‘erosion
problems’; a mismatch can therefore occur between the intellectual
satisfaction of process studies and the practical needs of application. Once
again the USLE, or techniques with a similarly practical but validated
orientation (e.g. Harris and Boardman’s simple expert system, 1990), is seen
to occupy an essential niche.

Practical field experience in soil conservation reveals the true importance
of social and cultural influences on the outcome; we should not consider this
to be only a feature of the developing world. Napier (1990), reviewing the
successes and failures of erosion control in the USA since the inception of the
Soil Conservation Service in the 1930s, stresses the very high levels of
financial and infrastructural support needed to achieve the initial, voluntary
thrust by farmers. Such support found political approval because of the
perception of the initial devastation of erosion and because of the strength of
the economy: 13,000 advisers took to the fields on 23 million acres. An
‘education-subsidy’ approach to erosion broke down in the 1950s when ‘soil
banking’ schemes to reduce production in sensitive zones were often abused;
the Food Security Act of 1985 is much stricter in its Conservation Title, a set
of clauses which imposes penalties for the cultivation of, or failure to protect,
erodible soils. Napier produces a list of twelve conditions to be satisfied by
effective soil conservation programmes (Table 6.3).

In the developing world the translation of soil conservation goals into
practical agricultural action must bear Napier’s assessment and the USA’s
experiences in mind but with the additional elements of local sensitivities. As
Eckholm (1976) puts it: ‘Land-use patterns are an expression of deep political,
economic and cultural structures; they do not change overnight when an
ecologist or forester sounds the alarm that a country is losing its resource
base’ (p. 54).

6.1.3 Social science and erosion

We are now closer to Hallsworth’s ‘psychology’ and Blaikie’s ‘political
economy’ of erosion. Blaikie writes of the need for judgement as to whether
an agrarian community can respond to the task of making good land
degradation; he is sceptical as to whether ‘induced innovations’ can cope with
the problem.

Land tenure is an especially relevant element in erosion and its control.
Whittenmore (1981) concludes that: ‘unjust land tenure systems and the
political, economic and social policies which enable these systems to prevail
are the chief causes of hunger and poverty in the Third World today’ (p. 1).

Stocking (1987) states, however, that part of the problem of introducing
erosion controls in Africa is the tendency to hyperbole of specialists, mainly
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from outside the continent, who speak and write of an erosion ‘crisis’—he
quotes examples. The measurement of erosion rates for Africa reveals a huge
variability inherent in the measurement techniques themselves. Furthermore,
the essential participation of people on the ground is unlikely if their folk
knowledge insists that there is no, or a very slow, acceleration of erosion rates
over what is ‘natural’. Morgan (1995) says ‘Most farmers are aware of the
problem and its effects and the notion of the peasant farmer damaging the land
through ignorance is severely mistaken’ (p. 98).

Stocking’s other conclusion is that while Africa may not have an ‘erosion
crisis’ in terms of the depth of physical soil loss, the depletion of soil nutrients
in a continent short of food is very serious. Zimbabwe loses 1,635,000 tonnes
of nitrogen and 236,000 tonnes of phosphate each year through soil erosion;
the cost of equivalent fertilisers would be $1.5 billion.

The return on investment for widespread structural protection against soil
erosion (e.g. terracing) has been poor throughout the developing world;
while traditional structural methods have a role this is more to do with their

Table 6.3 The elements of a successful soil conservation programme
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Table 6.4 Planning a soil and water conservation project
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maintenance by involved farming communities than the inherent value of
braking the transport of detached particles downslope. What is now required
is joint management of soil and water needs by farmers. As Shaxon et al.
(1989) put it: ‘The new message is this: aim to improve the soil conditions
for root growth and crop production and, in so doing achieve better
conservation of water and soil’—they call this approach ‘land husbandry’.
While we might advocate coordination of soil protection efforts at the
watershed scale it may be that management units based on village
communities are more appropriate if that is the identification of local
people. Van Dyke (1995) describes, from a very detailed study, how the Beja
nomads of the Sudan adapted and improved their traditional ‘teras’ for
collecting runoff and curtailing erosion; profitability was raised at the
household level. Crichley (1991) provides a list of questions (Table 6.4)
which overseas NGOs such as OXFAM can follow in promoting land
husbandry schemes. Atampugre (1993) describes the very successful
village-based scheme which has developed in Burkina Faso since 1988; crop
yields were improved by between 10 per cent and 45 per cent through the
construction of stone diguettes or bunds, an operation in which local women
were more heavily involved than men. This new approach to technical aid
for development is spreading very rapidly to, for example, rural water
supply schemes (Logan, 1987) and urban drainage (WHO, 1991).

6.1.4 Tropical deforestation: a particular erosion problem

The cover type intervening between the very high rainfall intensities of the
tropics (Table 6.5) and the underlying soil layer occupies a critical control on
erosivity. In seasonal rainfall regimes such as those of the Ethiopian
Highlands the present erosion ‘crisis’ has been precipitated by a mixture of
deforestation and the extension of arable cropping into areas of steep slopes.
However, in the remaining areas of tropical ‘rain’ forest, the rapid current rate
of exploitation lays an extremely thin and sensitive soil cover whose fertility
and stability depends on the rapid recycling possible with the forest cover
intact.

Ross et al. (1990) point, however, to the danger of blanket conclusions
about the erosional effects of tropical deforestation. In their Brazilian study
site, erosion rates following virgin forest clearance varied according to soil
texture, the presence of impermeable horizons, slope location and other
variables. They further support the view that erosion is the more serious as a
form of nutrient loss and that retention of soil organic matter is essential in
management regimes.

Rates of soil erosion measured from various tropical cover types are
shown in Table 6.6. Clearly, loss of the canopy cover involves a penalty of
soil loss. It is generally assumed that traditional tropical farming practice,
well adjusted to local conditions, can protect the soil and this has largely
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been borne out in plot experiments (e.g. Table 6.7a). However, under field
conditions, land pressure, for instance in small-holder cropping regions of
southern Africa, leads to over-intensification of cultivation and erosion (Table
6.7b).

As yet there is little written on the social implications of soil loss and soil
protection schemes in the humid tropics; this is perhaps related to the
remoteness of the regions affected (e.g. Amazon, Congo basins).

There are many similarities between the concepts of soil protection and
sustainable river basin management. Protection of soils against degradation
implies protection for the quantity and quality of runoff over and through
soils. Howard et al. (1989) see protection against heavy metals,
agrochemicals, compaction, farm waste, acidification and erosion as
comprising a ‘total package’; they employ the concept of critical loads to
define the maximum stress which the soil will bear without adverse changes in
function.

Table 6.5 Some examples of high intensity rainfall from tropical regions
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6.2 DAMS: PROBLEMS OF SEDIMENTATION AND RIVER
REGULATION

We have observed the popularity of dam construction as a means of
moderating the natural extremes of flow which rivers exhibit in response to
precipitation episodes. Since the first aim of reservoir storage is flow
moderation, this is the first impact of dam construction; river habitat is
adjusted to a natural pattern of flows (or ‘regime’). The storage itself is also
vulnerable from sedimentation in still-water conditions. Linking to the soil
erosion problem we therefore here treat a major off-site cost of erosion. The

Table 6.7(a) The impact on soil erosion rates of tropical deforestation
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dam is perhaps best seen as a simple hinge point in a disrupted erosion/
deposition system (Figure 6.6). For this and other reasons dam siting should
be based on far more considerations than the conventional ones of foundation
geology and water balance (see Newson, 1994a). Impoundments create
discontinuities in the river channel ecosystem; adopting the River Continuum
Concept of Vannote et al. (1980), Ward and Stanford (1983) refer to the Serial
Discontinuity Concept by which the position of an impoundment within the
continuum (of biotic and nutritional change) resets the channel downstream to
an analogue of the river headwaters. After a certain recovery distance the
continuum is reset until the next impoundment downstream.

Because sediments as well as water are stored by reservoirs there are
considerable changes in erosion and deposition downstream of dams; channel
capacity is adjusted to the transport of both water and sediments (Chapter 2)
and both are altered. Alterations also occur to water quality as a result of
storage or of the uses to which the stored water is put. Impacts tend to decay
downstream as natural tributaries restore the original flow regime and through
time as a new equilibrium is reached, but not before primary effects of flow
and sediment regulation have produced secondary and tertiary effects on the
river environment (see Figure 6.9).

6.2.1 Soil erosion and reservoir sedimentation

In Chapter 2 we saw how difficult it is to predict fluvial sediment transport;
however, in cases of severe practical need, such as soil erosion and reservoir

Figure 6.6 Influences of river regulation (by dam construction) on downstream
flows (Petts, 1984)
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sedimentation, simple empirical devices are better than ignorance. For the
Kesem dam feasibility study (described in Chapter 5) the author compiled
basin sediment yield estimates using all the available empirical techniques—
the bewildering array of outcomes is shown in Table 6.8 (the precautionary
principle demands that the most extreme estimate be accepted if valid). In
Chapter 2 we also stressed the importance of natural processes of sediment
storage in the basin sediment system; these tend to mitigate the impact of
erosion (natural or accelerated) in source areas. The process of sediment
delivery is that which converts erosion products into a sediment yield and the
sediment delivery ratio links the two (Walling 1983; see also Walling 1994).
Delivery ratios have been researched since the early 1950s with a view to
allowing downstream impacts, notably reservoir sedimentation, to be
calculated from erosion measurements (or predictions—using the USLE for
example). The source area erosion rate is considered as unity (or 100 per cent)
and the intervention of storage downstream reduces this value as area
increases; area is the most common variable used in delivery ratio predictions
(see Figure 6.7a) but multiple regression equations also exist and there have
been many attempts to explain the variability shown in Figure 6.7a.

Walling (1983) attempts to shed some process ‘light’ on the black box
model of catchment behaviour inherent in the delivery ratio. Ratios are subject
to variability because of the sorting of different sediment sizes, inter-storm

Table 6.8 Sediment yields to the proposed Kesem Dam, Shoa Province,
Ethiopia
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variability of erosive sources and re-mobilisation of previously stored
sediment from sources downstream (see Figure 6.7b-d and Chapter 2).

A further property of the erosion-deposition system which is of critical
importance to predicting reservoir sedimentation rates is the trapping
efficiency of the impounded waters (Brune, 1958). Controlling variables
include:
 
(a) Ratio of reservoir capacity to catchment size.
(b) Detention time of water in reservoir.
(c) Mixed variables such as

—inflow volume/reservoir volume;
—detention time/velocity of flow through system.

 Figure 6.7 Sediment delivery ratios:
(a) Variability of empirically derived curves (Walling, 1983)
(b-d) Schematic illustration of the role of remobilised sediments in

affecting delivery ratios. Periods of erosion lead to storage
(c) and subsequently release (d) of eroded sediments
(Boardman et al., 1990)



Technical issues in river basin management 233

It is also important to calculate the location and thickness of deposited
sediments within reservoirs. The successful operation of off-takes to supply,
valves and power turbines, is fundamentally upset by sediment accumulation
either because of the simple mechanical obstruction or because of abrasion
damage. Upstream impacts are also produced by reservoir sedimentation—
the backwater effects of deltaic deposition encourage deposition within the
inflow channel and flooding may then occur through loss of channel
capacity.
  Increasingly, dams regulate sediment accumulation in their reservoirs by
flushing and sluicing (Bruk, 1985). For example, on the Blue Nile the
Roseires Dam forsakes the storage of water during the early part of the flood
season to escape the first ‘flush’ of sediments; later the clearer inflows are
stored as the valves close.

6.2.2 Regulated rivers below dams

We have already encountered many of the technical problems of regulating
rivers (Chapters 4 and 5). It is difficult to ignore the recent prominence given
to the construction and operation of large dams in relation to irrigation
problems in the developing world; nevertheless river regulation has many
purposes. There are many means of achieving it and it has a very long
antecedence. Broadly speaking such a situation was inevitable for Man’s
habitation of earth, considering the very small proportion of usable water on
the planet which flows in river systems (3 mm depth equivalent) and the very
short residence time it has in those systems (two weeks). If one further adds
the repeated tendency for development processes to curtail major elements of
natural storage such as wetlands and floodplains then the need to interrupt the
natural flow of rivers and its pattern in space becomes inevitable. From the
unsuccessful Sadd el-Kafara dam onwards (i.e. for nearly 5,000 years) the
major form of river regulation—the dam—has spread to the point at which
Lvovitch (1973) estimates that 15 per cent of the stable discharge of world
rivers is provided by the 4,000 km3 of water now impounded behind them.

If one adds the extent of river margins protected by flood banks or in which
groundwater or wetlands are manipulated (or indeed where profound changes
to land use have modified flows) it would be difficult to find a ‘natural’ river.
By the year 2000 it has been estimated that two-thirds of the world’s runoff
will be controlled even under the narrow definition of reservoir regulation. By
that time the current potential availability to each of us of eight times more
water than we need will have been halved by population growth, so measures
to ensure its delivery will be crucial.

Beaumont (1978) catalogues the growth in the number of dams built across
the world between 1840 and the 1970s; this assessment puts the peak of dam
building at 1968 but, since development is accelerating, as is the problem of
food supply and aridity, the phenomenon is possibly one brought about by the
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increasing size of dam schemes. Changes to design have allowed earth-fill, a
relatively cheap technique, to replace masonry or concrete structures. Unit
costs are lower and maintenance less problematic with big dams. Finally,
problems of gaining acceptance and land for dams are sometimes easier when
a single dam is proposed and the prestige of size cannot be discounted in this
respect. Nevertheless, some notable large dam proposals have, according to
the International Rivers Network, recently been cancelled or delayed by the
action of popular protest movements: for example, Silent Valley, Kerala,
India; Franklin, Tasmania; Hainburg/Nagy Maros, Danube; Kings River,
California; Serre de la Fare, Loire.

Dams are built for several purposes; most are multi-purpose or are adapted
to be multi-purpose. They supply water from storage to domestic, industrial
and agricultural users, either by feeding into direct supply pipelines or by
regulating the flow of the river below the dam site (i.e. by using the river as a
natural pipeline). Dams also house turbines for generating electric power from
the controlled gravitational flow of water down a steep hydraulic gradient.
They may also produce advantageous flow regimes for users of the river
(navigation) or neighbouring land (flood control). Finally, they may have
subsidiary aims of environmental enhancement, for example, by aiding
fisheries or maintaining wetlands but as yet only small dams are built to
improve habitat conditions. Some large dams capable of regulating rivers have
also produced episodic benefits for recreation (e.g. canoeing) and for
pollution control (flushing accidental spills).

While the regulation river flow regime has major benefits, especially for
water suppliers, regulation brings environmental impacts whose full duration
and scope are now being recognised and quantified. Use of the river as a
‘cheap pipeline’ permits a higher yield from a given storage volume because
regulation patterns can be varied with natural conditions. Regulation allows
flood control to ‘ride on the back’ of other aims because both storage volume
and downstream flows can be manipulated. Regulation encourages multiple
use and re-use of water within the same river basin.

The environmental costs of regulation tend, however, to ruin the impression
held formerly that rivers can be ‘cheap pipelines’. Even without river
regulation the obstruction represented by dam construction to the downstream
system of water, sediment and solute transport and to the both-way migration
of living matter can have serious consequences depending largely on the siting
and operation of the dam in question; each is different and generalities are
only now appearing as the literature grows and syntheses are made (e.g. Petts,
1984).

6.2.3 Impacts of regulation

The impact of a dam upon the physical, chemical and biological environment
downstream varies mainly with the way in which the dam is operated



Plate 6.2 The control of river flows by valves: inside Clywedog Dam, mid-
Wales, regulating the flow of the River Severn (photo M.D.Newson)
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with regard to the timing and magnitude of water releases (and partly with the
depth from which releases are made). Since river channels tend to adjust to
flood flows of a magnitude which occurs approximately annually it is
important to note the general reduction of floods downstream of any storage
(including natural lakes). Reviewing a large number of UK reservoir release
strategies, Gustard et al. (1987) calculate a 26 per cent reduction of mean
annual flood downstream.

However, where can this or any other flow distortion be measured on the
downstream river reaches? We clearly need to consider an impact decay
downstream as ‘natural’ tributaries gradually restore the original regime to the
river. Petts (1979) provides considerable help in his depiction of the role of
unregulated tributaries (in terms of both flow and sediment contributions) and
the way in which a morphological response (channel capacity) responds
through time (Figure 6.8). The time dimension is vitally important as the river
system re-establishes a new steady state to reflect the balance of regulated and
natural inputs at all points downstream (Petts suggests that morphological
responses may be minimal by the stage at which the reservoir catchment area
is less than 40 per cent of the total catchment area to that point). Figure 6.9
combines space and time in a conceptual framework for the range of physical,
chemical, biological and off-stream impacts of regulation.

Returning to the temporal pattern of releases, Gustard et al. (1987)
document the predominant types found in the UK (Figure 6.10a) and
tabulate the frequency of use by reservoirs. They also graph the frequency
of reservoirs by purpose and Figure 6.10b shows the domination of direct

Figure 6.8 The role of tributary flow and sediment inputs in the adjustment of
fluvial morphology to regulated flows below reservoirs (Petts, 1979)
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supply reservoirs, a legacy of the tendency to ‘dam each valley’ in parts of
industrial Britain to obtain sufficient supply. Very little attention was given
in the early approaches to setting compensation water rules (see Table 6.9
and Chapter 1) for the protection of fisheries or wildlife below such
reservoirs. More recent, larger schemes have been dominated by a regulation
operation (some of the older dams have also been modified in terms of
operation) and some schemes have called in surveyors of impact
downstream. For example, an extremely comprehensive survey has been

Figure 6.9 River regulation and equilibrium:
(a) Chained impacts: first, second and third orders (Petts, 1979)
(b) Reaction times recorded in the literature
(c) A hypothetical general model of adjustment through time (Petts,

1987)
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conducted on the River Wye, already the site of impounding reservoirs, to
establish the baseline of biological habitats prior to a new dam which has not
yet been built (Edwards and Brooker, 1982).

However, such foresight is rare and is defined largely by the delay in dam
construction; elsewhere in Britain little monitoring was commissioned before
dam construction although major releases have produced post hoc evaluations
of the key processes at high flows after dam construction (e.g. Petts et al.,
1985; Leeks and Newson, 1989). Another notable exception to the lack of
impact predictions in the UK is the case of Kielder Reservoir,
Northumberland. Prior to its construction, surveys were conducted of the
stability of the bed sediments under regulating flow conditions and of the
invertebrates living above and below the dam site (Boon, 1987) mainly
because of the importance of salmonid fisheries on the river.

Figure 6.10 Patterns of UK river regulation:
(a) The river flow regime below typical schemes
(b) Changes in the aim of schemes built since 1750 (after Gustard

et al., 1987)



Technical issues in river basin management 239

A more recent post hoc evaluation of Kielder’s impacts was commissioned
as the result of a change in the operation of the dam; because water supply
demand has largely proved insufficient for the deployment of regulation
releases for downstream transfers and off-takes, hydro-electric turbines were
installed and a diurnal pattern of release waves is now the norm (Johnson,
1988; see Section 6.2.5 below).

The Kielder study is a vignette compared with the potential duration and
extent of the eventual adjustments to regulation; full biological adjustments
may take decades and be symptomatic of a ‘complex response’; particularly if
the sediment system and channel morphology are involved (Petts, 1979). As
Petts (1984) stresses: ‘Completely adjusted systems have been observed only
rarely and most studies relate to the period characterised by transient system
states’ (p. 258).

This conclusion has very serious implications because the decadal
timescale is now seen as one over which both economic and climatic systems
change profoundly; it is unlikely that Kielder will be the only dam to change
its operating pattern in response to outside pressure, thereby initiating another
transient phase. Another question raised by climatic change is the safety and
permanence of dams; will future dam decommissioning require impact
assessment? Impact studies of dam disasters are, regrettably, fairly common in
the geomorphological literature (Costa, 1988).

6.2.4 Regulation in tropical catchments

Turning to river regulation in the developing world, Kariba Dam on the
Zambezi River was the first large developing world scheme to involve river
regulation (in 1958). Although Leopold and Maddock had written the first
fundamental assessment of the physical impacts of regulation in 1954, Kariba

Table 6.9 Summary of river uses which are considered when assessing
compensation flow requirements
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has only been evaluated from an environmental viewpoint in retrospect, along
with Volta (Ghana), Kainji (Nigeria) and the Aswan High Dam (see Chapter 5)
by Obeng (1978). Obeng’s review of these impoundments deals with the more
spectacular effects on communities, health, seismic activity, growth of
macrophytes, and fisheries with only a passing mention of effects on channels.
There is a perceptual point of difference here between developed and densely
settled countries and the developing world: in the latter the types of impact
described by Obeng dominate those of regulation, partly because they are
major impacts but partly because the riparian zone downstream is not the
densely owned, exploited, enjoyed zone it is in the developed world. The
impacts of regulated flows downstream are more often quoted in terms of
coastal sediments and coastal morphological change. For example, the
Akosombo Dam on the Volta River in Ghana, 110 kilometres from the coast,
has reduced sediment inputs to the Guinea Current to the extent that in places
100 metres of coastal retreat has occurred in five years.

Of the small collection of developing world studies of river regulation
effects two are particularly valuable because they stress the importance of the
environmental conditions of the tropics. Dealing with the savanna conditions
of northern Nigeria (wet season June-September) Olofin (1984) describes the
geomorphological response of gullies to regulation below the Tiga Dam
(completed 1974). Because the Tiga reduces annual flows to a quarter of their
natural value, gully tributaries have incised their beds to reflect the lowering
of the effective base-level to their development; incision of almost a metre was
achieved in three wet seasons with obvious effects on the sediment load of the
river in the regulated reach and on the morphology of the floodplain, its
habitat and communications.

Hughes (1990) reports that large areas of evergreen forest, a relatively
common vegetation type in arid and semi-arid Africa, are vulnerable to the
altered regime of regulated rivers. The Tana River of Kenya (see Section 5.5.2)
has a 6 kilometre-wide floodplain in its lower reaches upon which the forests
are of conservation interest and of resource value to the tribal inhabitants.
Both maximum and minimum flood levels and frequencies are found to
control sensitively the occurrence of the forests; ‘natural’ rates of meander
migration also help to maintain the floodplain vegetation. Consequently, the
impact of the water resource developments built and proposed on the Tana is
likely to be adverse.

6.2.5 Improving the efficiency and accountability of river regulation

A major technical problem encountered with river regulation is that of
‘regulation losses’. Reservoir loss occurs because a large tract of open water is
exposed to evaporation or because macrophyte plant communities colonise the
reservoir and transpire without limitation. Regulation losses comprise
‘operational losses’, inherent in the time delay between the requirement for
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water use at a downstream site and the opening of a valve in the dam control
room, and ‘natural losses’ which occur by seepage into the floodplains
alongside the regulated river. Research in Britain (Central Water Planning
Unit, 1979) has established from field experiments under drought conditions
that natural losses are less than 20 per cent even in conditions and locations
favourable to seepage through river banks. While a release down the River
Severn in 1975 was ‘wasted’ by approximately 20 per cent, another trial on the
Tees in 1976 (a hard-rock and boulder clay basin) recorded only 2.5 per cent
losses into the floodplain. As well as geological conditions differing between
the two sites so did the height of the release wave (60 cm in the upper Severn,
20 cm in the upper Tees).

By varying the pattern of release waves it is also possible to predict the
timing of downstream arrival and therefore reduce ‘operational losses’ (Figure
6.11). The CWPU research presents four methods of prediction, of which the
simplest is illustrative of the importance of the discharged flow from the dam,
namely:
 

Wave speed=1.4+6Qpr/Qav (km hr-1)

where Qpr is the peak discharge of release
Qav is the average river discharge.

 
Clearly, therefore, ‘tweaking’ reservoir release patterns is in the interests of
more efficient use of the river channel and ‘playing tunes’ on a suitably
flexible arrangement of valves at a dam allows more equitable use of
regulation flows. By ‘equitable’ one hopes to reconcile the different
requirements of water management and the physical, chemical and biological
elements of river habitat. These ambitions are incorporated in the modern
concept of ‘ecologically acceptable flows’ (Petts et al., 1995 and see below).

For example, recent research on the River Tyne, UK, has demonstrated that
use of a scour valve (set low in the dam and therefore apt to discharge water
which is silty and out of temperature regime with natural flows) to generate
hydropower can significantly influence habitat downstream:

(a) Fine deposits blanket the bed material, reducing the number and diversity
of invertebrates.

(b) Warmer-than-ambient water emerges from the dam in spring, disrupting
the normal seasonal pattern of fish emergence from eggs.

Releases from a valve nearer the reservoir surface might not produce these
effects but would be much less efficient for power generation. The Tyne study
also concludes that the diurnal pattern of releases, which rises in 2 hours and
falls in 1.5 hours over a tenfold flow range, produces fluctuating velocity
conditions for micro-organisms and an oscillation of bed material
significantly strengthening the fabric of gravel riffles; salmonid fish find
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greater difficulty in excavating egg-laying sites. Alongside these, albeit
currently restricted effects, the North Tyne also shows degradation and
armouring for 7 kilometres downstream because of the obstruction of bedload
supply and considerable growth of tributary bars where ‘natural’ inputs of
gravels still occur into a flow of reduced competence (Petts and Thorns, 1987;
Sear, 1992).

There is rapid technological innovation in the selection of
‘environmentally acceptable flows’ in rivers affected by regulation schemes.
Geomorphologists are conducting impact assessments on the sediment
transport impacts of high regulated flows and they are combining with
freshwater biologists to identify those habitats which typify rivers of
different morphological characteristics. Petts et al. (1995) describe an
approach used for a regulation scheme in lowland Britain based on a
hierarchical survey of the impacted channel. In addition they use the
hydraulic habitat model PHABSIM (physical habitat simulation) to predict
ecological conditions at varying flows. For PHABSIM to be successful it is
necessary to know the requirements of each species of instream biota
which is considered sensitive (i.e. rare or economically important). Gore et al.

Figure 6.11 The relationship between release volume and timing and the
operational loss of reservoir release water to floodplains and
evaporation (ADF=average dry-weather flow) (Central Water
Planning Unit, 1979)
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(1992) use PHABSIM to simulate the conditions for fishes and
hippopotamuses in the Kruger National Park of South Africa.

6.2.6 Future of regulation

It is unlikely that we can proceed to manage rivers without dams and, since we
constantly explore the capacity of the environment to provide resources, we
need, along with asking the questions, ‘Is the scheme necessary?’ and ‘Is a
dam the only answer?’, to carry out very far-reaching proactive impact
assessments. Engineers must be aware that virtually every site and system is
different when local sensitivity to change and local requirements for
operational patterns are superimposed. A modular approach may be possible
but even this will work only if our knowledge is resourced by comprehensive
and long-lasting post hoc audits on regulated rivers, stretching even to the
‘finer points’ of river conditions under which certain operational patterns are
permitted and to the siting of new dams in the optimum position with regard to
‘natural’ tributary inflows. Canter (1985) offers the impact matrix for
impoundments modified here as Figure 6.12.

Finally, inevitably, people affected by dam schemes need an active and
continuing role in management—beyond the flooded area and the irrigated
area and including, especially, riparian interests. Lambert (1988) describes a
prototype institutional framework; the Dee Consultative Committee, set up by
Act of Parliament to influence the operation of a major regulating scheme in
the UK, is dominated by technocrats but nevertheless admits that the operators
of the scheme need inputs of advice (and even censure) from outside their
ranks.

6.3 IRRIGATION: LAND, WATER AND PEOPLE

Agriculture still dominates mankind’s use of freshwater (Table 6.10). The
lion’s share of the water use is by irrigated agriculture (Table 6.10b), (Figure
6.13). No other economic activity uses as much water per unit area as
agricultural applications; only evaporation from the surface of large reservoirs
such as the Aswan Dam ‘wastes’ so much water. Yet the 15 per cent of world
agriculture which benefits from irrigation contributes 40 per cent of the
world’s food supplies (Earthscan, 1984).

Irrigation can be defined as a human intervention to modify the spatial and
temporal distribution of water occurring in natural channels, depressions,
drainageways or aquifers and to manipulate all or part of this water to improve
production of agricultural crops or enhance growth of other desirable crops.
This simple, technical statement, when superimposed upon the drastic needs
of the world’s drylands and all developing countries for food to feed growing
populations and the human tradition of ‘hydraulic civilisations’ helps explain
why governments so avidly pursue the development of ‘irrigation potential’.
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Often this ‘irrigationism’ (Adams, 1992) takes a political hold with no regard
for the river basin context of large-scale irrigation or for the real needs of
those who will work the crops to be fed. Adams is vitriolic, from personal
experience, about the impact of large-scale irrigation schemes in Africa:

It has been good for international consultancies and engineering
contractors, and for the experts who jet out from northern universities to
hold forth on the future of Africa. It has suited young states eager to
establish control over remoter regions, and to harness and direct
energies within the country to predictable and controlled ends.

(p. 156)

Table 6.10(a) The use of the world’s freshwater in the 1980s: broad
geographical regions
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Reasons for the failure of large-scale schemes are given by Carter (1992)—see
Table 6.11.

To be more positive (because the crisis of irrigated agriculture is perhaps
the most immediate of all global environmental crises), Carter (1992) lists
the ‘true’ parameters of irrigation potential (Table 6.12) and these form the
urgent research agenda for hydrologists, agricultural scientists but, crucially,

Figure 6.13 Irrigation and its water use:
(a) Water use and returns in agriculture—developing and

developed world (after Allan, 1992)
(b) The domains of irrigation and their linkages (after Chambers,

1988)
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social scientists. As we saw in the case of soil erosion, the identification of
environmental resources and hazards is part of a vernacular knowledge. Add
understandable self-interest and one has the perfect reason for full
consultation, rather than control, for the implementation of irrigation schemes:
‘The degree of people’s interest in, commitment to and willingness to invest
in irrigation will depend on how it is perceived to enhance or diminish their

Table 6.11 Reasons identified for poor performance of large-scale irrigation
schemes
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lives.’ Table 6.13 draws up the social balance sheet of large-scale irrigation for
the poor farmers of the developing world. ‘Irrigation is not necessarily
beneficial’ (Guijt and Thompson, 1994), yet is seen as a development panacea
(Turner, 1994, introducing a theme issue of ‘Land Use Policy’ on small-scale
alternatives).

Planning a large-scale irrigation project requires inputs from a large
number of disciplines. Basic physical inputs include:

• Hydrometric data for the catchment and ‘command area’ served for
irrigation.

• Design of dams and diversion structures.
• Design of canals and distribution systems.
• Erosion protection of canals and distribution systems.
• Soil moisture and crop yield studies.
• Infiltration and evapotranspiration data.
• Drainage/waste water investigations.

This agenda is clearly daunting for a developing-world nation without the use
of overseas consultants; it is also daunting for the world of applied research—
the knowledge-base for irrigation is constructed by an estimated world
research and development budget of 0.0005 per cent of agricultural turnover
(compared with 1 per cent of turnover in the oil industry). We are also
emphasising in this treatment the wider linkages to development, thus nesting
the irrigation scheme in the river basin far more comprehensively than merely
via the physical considerations listed above. Chambers (1988) writes of three
domains of irrigation systems: physical, human and bio-economic. Figure 6.13

Table 6.12 Two paradigms of the concept of ‘irrigation potential’
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shows the interactions which should be given equal weight in the
investigation of the feasibility of a scheme and in its detailed planning.

Chambers’ study is of canal irrigation—the most common form of
gravitational supply in constructed large-scale schemes. Table 6.14 shows,
however, that there are three other main forms of irrigation scheme based
upon how the water is eventually applied to the crop. Flood irrigation
mimics the natural ‘bulk’ application of water from river to land but at the
field scale it is obviously the least controlled. At the sophisticated end of the
spectrum are sub-irrigation, with water being applied directly to the root
zone of the crop, and sprinkler irrigation, both of which require a
considerable infrastructure of pipes. The costs of infrastructure figure
highly in the assessment of benefits of irrigation and energy costs are
especially punishing (e.g. in pumping groundwater from depth or forcing
surface water through sprinklers).

The distribution of irrigation water, as Chambers explains in close detail,
is where technology, economics and politics confront each other in space
and time. The volume and timing of the supply of water in a canal scheme
(see Figure 6.14) can make or break the efforts of the farmers. Too much
irrigation water can be as damaging as too little, and water applied too early
or too late means that optimum yields are missed.

As well as irrigation schemes having the potential for social
‘inefficiency’, their efficacy depends on the degree to which the water
supplied from river, dam or pump translates into improved agricultural
production; at every stage in the water supply process to the fields there are
opportunities for malfunctions and transmission losses. Chambers’
tabulation of data for seven schemes in India shows that, while transmission
losses were anticipated (2–10 per cent) actual losses were greater in every
case (6–40 per cent). It has been estimated that the gross efficiency of
irrigated agriculture worldwide is 37 per cent. A notable exception to these
dismal figures is that of irrigated agriculture in Israel which, as well as
making more and more use of recycled wastewater, is using minimum-waste
delivery systems, such as trickle irrigation, to deliver the water needed (and
the fertiliser) according to biological and meteorological needs (Plate 6.3
and Figure 6.15).

Adams (1992) extends the typology of irrigation schemes to ‘indigenous
irrigation’ in Africa. There is a continuum of traditional techniques from
adaptation to natural flood patterns in wetland areas to complete water
control. His main division is between flood cropping, stream diversion and
lift irrigation which in total comprise 47 per cent of Africa’s irrigated area.
He warns, however, that Africa has a relatively small total area of irrigated
land compared with South Asia (India, Pakistan, Bangladesh and Sri Lanka).

Returning to  the  socia l  problems of  large-scale  i r r igat ion
development, Davies (1986) infers that one of the modern world’s first large-scale
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schemes was in fact a social success; the Gezira (Sudan) scheme (which is
often quoted as a model in a similar way to the TVA for basin authorities)
was developed after completion of the Sennar Dam on the Blue Nile in 1925.
The crops were cotton (for export and cash income) but also sorghum
(Sudan’s national food staple) and hyacinth bean (for fodder); rotations
involving fallow mirrored local traditions. Davies says that the scheme has
performed well because it provided food and security for humans and
animals, it kept cultivation methods as simple as possible and incorporated a
profit-sharing arrangement which gave incentives to the people. It also
eliminated the possibility of large landowners taking over. Land reforms are
often a prerequisite of successful irrigation resettlement, as Cummings et al.
(1989) make clear for Mexico. Rich farmers in irrigated areas own more than
four times the land of poor farmers; rich farmers are allowed to select the
best land, leading to a ‘crazy quilt’ pattern of holdings; overpopulation has
been encouraged by settling immigrants on small plots; and rich farmers
sink groundwater boreholes to increase their irrigation power, putting at risk
regional development of aquifers. The last point is a telling one in the
context of river basin management and planning; if private water
developments are sanctioned as part of making irrigation attractive there
are immense problems of coordination when drought threatens or resources
near their limits. Lemon et al. (1994) use social surveys on the Argolid Plain
of Greece to uncover the decisions made about irrigation by local farmers,
their crop water requirements and other significant data which should be

Figure 6.14 Canal irrigation: distribution problems with increasing distance
from the river offtake (after Chambers, 1988)
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part of the planning framework for irrigation schemes within water-based
development as a whole.

Just as it is misguided to think we can do without large dams in future, so
we have not seen the end of large-scale irrigation, and one alternative, that is,
small-scale irrigation, should not be seen as a universal solution. The essential
elements of small-scale irrigation are that plots are small and, more important,
that small farmers control the works and that those works are at a
technological level which they can operate and maintain (Carter, 1992; Carter
and Howsam, 1994). The differing perceptions of irrigation schemes between
men and women can be revealing (Guijt and Thompson, 1994). These authors
also emphasise that the common features of participatory approaches include
group dynamics and flexibility. ‘Appropriate technology’ for small-scale
irrigation clearly needs formalising and handbooks are beginning to appear
(e.g. Stern, 1979). A danger of perception of ‘progress’ and ‘efficiency’ by

Figure 6.15 Water use in Israel, 1948–89 (from data in Kliot, 1994)
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state water managers when dealing with traditional or modern small-scale
irrigation is brought out by Haagsma (1995). While the crop choice, water use,
operation and maintenance of small schemes on Santo Antao (Cape Verde)
may appear to be ‘primitive’ the overall efficiency is high when considered in
relation to river basin resources and resilience in the face of water shortages.
The state should, says Haagsma, ‘play a facilitating role, enabling farmers to
re-assume greater responsibility for local water management’. It is, however,
critical to gain a detailed understanding of indigenous irrigation practices
before endorsing them—an academic fascination with them is not sufficient in
itself (Adams et al., 1994).

Drought is a hazard to dryland communities, especially those in the
southern hemisphere where rainfall variability is at its global peak (see the
discussion of Australia, Chapter 4.4). All natural hazards may be thought of as
comprising a risk term and a vulnerability term; the risk is probabilistic (for
example, we speak of the 100-year event) but vulnerability is increased
through poor hazard perception (for example, hazardous locations, activities)
and inadequate warning systems. Drought hazard protection is a lot less well
developed than flood protection, possibly because large-scale development in
drylands is a new phenomenon and is occurring principally in those countries
which do not have the capacity built for systems such as long-range weather

Figure 6.16 The ‘hydro-illogical cycle’ (from Wilhite, 1993)
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forecasting. However, there are also technical difficulties not associated with
flood protection—the complex causation for rainfall deficit, the slow buildup
of damage and the lack of communications systems.

Drought has no single technical definition; we may envisage a time
sequence from meteorological drought (a rainfall deficit for a certain period),
through soil moisture deficit (involving evaporation loss—sometimes called
‘agricultural drought’) to various measures of extremely low groundwater
levels or river flows. If poorly designed irrigation schemes increase
vulnerability to drought their shortcomings are conveniently confused by
politicians with the ‘technical’ drought problem. As Bandyopadhyay (1987)
puts it: ‘The ambiguous term “drought” has been rather freely used in our
country (India) to explain away the process of ever increasing water scarcity’
(p. 12). National governments are frequently caught in the ‘hydro-illogical
cycle’ as regards drought hazard (Wilhite, 1993, and Figure 6.16) and the
international community may complicate matters by giving aid during the
‘panic’ stage which induces, once rain falls, ‘apathy’. This is totally unlike the
adaptive strategies of diverse uses implemented by indigenous peoples in
drylands. Mortimore (1989) made an intensive study of the adaptation of the
Hausa, Ful’be and Manga communities in Nigeria to the droughts of the 1970s
and 1980s; he concludes that:

Arid and semi-arid environments call for special adaptive skills on the
part of those who live there. The twentieth century has unwittingly
transformed the socio-economic milieu of the inhabitants of these
environments…. Therefore, ways must be found of supporting
productive communities in such high-risk environments.

(p. 230)

For both developed and developing countries the World Meteorological
Organisation called for the development of drought plans in 1986; progress
has been slow because governments are not inherently interdisciplinary in
knowledge or intersectoral in action—a similar problem afflicts river basin
management and planning. Yet drought relief programmes are infinitely more
expensive (Wilhite, 1993). Australia has, since 1990, operated a policy which
reduces relief in favour of advance preparedness, education, decision support
and weather forecasting. In the USA many states have drought contingency
plans, but in most countries reviewed as case studies in Wilhite’s 1993 volume
there has been little or no progress. In Chapter 5 we saw that India’s drought
problem has brought little by way of sustainable government response.

Researchers in the UK have recently recommended the following areas for
technological improvement in coping with drought:
 
• Climatology—monitoring, forecasting.
• Hydrology—efficient water use.
• Ecology—primary productivity in drought, resilience.
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• Pastoral farming—land tenure, markets.
• Arable agriculture—separation of drought, desiccation and degradation

phenomena.
• Social factors—food models, institutional structures.
• Risk assessment—vulnerability mapping.

(Drought Mitigation Working Group, 1993)

Barrow (1993) sums up the global problem as follows:

by the start of next century much of the world’s easily developed
irrigated land will have been opened up. The problem will be how to
intensify, diversify, extend and sustain the production of numerous,
remote, small cultivators who will probably have little or no money, no
access to groundwater or supplies from canals and streams. The answer
must largely be the development and promotion of improved rainfed
cultivation, runoff collection and concentration and the use of ephemeral
flows and floods, together with the cultivation of new moisture-efficient
crops and improved varieties of existing rainfed crops.

(p. 197)

Quite possibly, genetic engineering, together with indigenous soil and water
management, holds the key to world food supplies in the next decade.

6.4 CONSERVATION AND RESTORATION OF RIVER CHANNELS
AND WETLANDS

‘River restoration has a short history but is experiencing a steep growth curve’
(Newson, 1992c). In the first edition of this book it was possible to relegate
restoration to a small mention near the end (p. 317). This ‘steep growth curve’
has continued, forcing the topic into the mainstream of technical issues in
river management. In addition, wetland scientists have also begun to carry out
restoration schemes. Both movements suggest that managing river basin
systems along ecosystem lines can now incorporate a specific technical
approach to the spontaneous regulation functions of the Marchand and
Toornstra model. The danger might be that developers can risk damage or
destruction of these functions in the knowledge that, after a ‘quick profit’ they
can be restored, a deviousness which has afflicted certain terrestrial habitats.
A realistic balance may be that if damage or destruction is an inevitable
corollary of development, an equivalent, compensatory, capacity is created in
the same system by the developer. All too often, however, this ‘restoration’ is
merely rehabilitation or enhancement and the costs of so doing are out of
proportion to the achievement. Nevertheless, losses of the spontaneous
regulators in the developed world have been massive and in some senses
‘every little helps’.

Gore’s (1985) volume on river restoration used case studies from the USA
where the preoccupation was then with mitigating the impacts of surface
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mining. He emphasised that stream ecosystem structure and function were
controlled by energy source and water quality as well as flow regime and
habitat structure. He equated river restoration with ‘recovery enhancement’,
reflecting the prevailing situation of mining impacts. Hasfurther’s chapter in
Gore’s book represented the sole geomorphological contribution but it is the
geomorphological contribution to understanding instream physical habitat
and the relationship between channel, riparian, floodplain and valley-floor
processes (see Chapter 2) which has grown most in the last ten years.

After an initial overemphasis on meander planforms and the riffle-pool
sequence as vehicles of channel restoration (see Has further, 1985; Keller,
1978), geomorphological knowledge is now seen as an important input to
channel management for flood defence, water resources, pollution control,
conservation, recreation and amenity functions (Brookes, 1995a). Predictive
capability has extended to many more morphological and sedimentological
aspects of the ‘natural’ channel, classification schemes allow a context to be
set for engineering in different parts of the basin and the ecological
significance of fluvial features/dynamics is beginning to be understood (see
Newson, 1995). Perhaps the most significant demonstration of confidence has
been the publication of The Rivers Handbook (Calow and Petts, 1992; 1994),
the Rivers and Wildlife Handbooks (Lewis and Williams, 1984; Ward et al.,
1994) and the titles selected for Hey’s recent contributions on
‘Environmentally sensitive river engineering’ (Hey, 1994) and ‘River
processes and management’ (Hey, 1995).

To obviate the need for river channel restoration it is essential to be
proactive in river basin development where, in most cases, some form of

Figure 6.17 Competing uses for segments of the flow hydrograph—
developed world. Note that there are also upstream and
downstream user constraints
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engineering operation will change the natural dimensions and features of the
channel, however large (consider the flood action plan proposals for
Bangladesh, see Chapter 5). ‘Environmentally sensitive river engineering’
therefore seeks a compromise between retaining those dimensions and
features, the need for flow conveyance (principally floods) and the
requirements of instream users (see Figure 6.17). Once made confident about
the knowledge-base in fluvial geomorphology, civil engineers are willing to
incorporate predictive techniques to mitigate damage, though in some cases
there will be controversy about the balance between conserving naturalness
and facilitating development in less hazardous conditions, that is, in some
cases settlement, industry or agriculture must move to less vulnerable
locations in the interests of conserving rivers. With this in mind,
conservationists are evaluating and registering their sites of special interest
(Boon, 1992). Boon lists the motives for river conservation as maintenance of
earth’s life support systems, practical value (e.g. erosion control), economic
importance (minerals, tourism), scientific research, education, aesthetic and
recreational value, and ethical considerations. He establishes (Figure 6.18) a
range of management options which depend on the evaluation of the existing
condition of the river system in relation to the ‘natural’ (effectively the semi-
natural because of mankind’s all-pervading influence on rivers). Schemes to
assist this evaluation are now appearing, such as Rosgen’s classification of
channels in the USA (Rosgen, 1994) and River Habitats in England and Wales
(National Rivers Authority, 1996).

As yet, documentation on restored river channels is sparse, most schemes
being as Brookes (1995a) puts it an amalgam of the scientific and pragmatic.
This is Brookes’ experience of participation on the European Communities
project in Denmark and England (Brookes, 1992; Brookes and Shields,
1996); the River Restoration Project has taken two English lowland rivers,
the Cole and the Skerne, and ‘restored’ 2 kilometres of each, partly by
excavating new channel and partly by changing channel profiles and
vegetation. The rural Cole has been the simpler case because no housing was
threatened in the floodplain; the Skerne flows through urban Darlington

Figure 6.18 The case for conservation: matching effort to system conditions
(after Boon, 1992)
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(Plate 6.4) and it was necessary to both maintain flood conveyance and
protect urban infrastructure. Practical experience (added to that of Brookes
in his work for the National Rivers Authority and in Denmark) suggests that
monitoring is essential if the apparent success of the geomorphological
design procedures is to be translated into ecosystem recovery—at the
moment this is an act of faith. Table 6.15 lists the guidance from
geomorphology which Brookes considers important to restoration. The UK
River Restoration Project utilises, for example, multistage channels,
meanders, pools, riffles, shoals, islands, backwaters, bays and substrate
improvements as part of its site works.

It is more difficult to convince river basin managers that channel
changes result not just from engineering intervention but from flow
changes brought about by river regulation (see above) and by land use in

Plate 6.4 The restored River Skerne, Darlington, UK, showing the
introduced meander and rehabilitated floodplain (photo copyright
AirFotos, Newcastle upon Tyne)
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the contributing catchment. Brookes and Gregory (1988) graph a ‘channel
change ratio’ in relation to indirect impacts such as afforestation and
urbanisation; Table 6.16, taken from Gregory (1995), lists the causes of
change. It is clear that true, sustainable river restoration can only proceed if
the catchment context (particularly of the sediment system—Sear, 1994) is
appreciated. The expenditure implied by this ‘purity’ of approach may mean
that we are likely to be most frequently offered enhancement or rehabilitation
as options to assist the basin’s spontaneous regulation functions.

Losses of wetland area have been a spectacular accompaniment to the
settlement of the humid-temperate developed world. The huge losses which
have occurred in the USA are now linked to the severity of the 1993
Mississippi floods (see Chapter 4). Losses in Europe have also been
spectacular (Baldock, 1984; for a world review see Maltby, 1986, Duggan,
1990). It is now appreciated that wetlands offer many more spontaneous
regulation functions in pristine river basins than the storage of flood waters.
Table 6.17 shows that they play a major part in a range of management
functions in the undeveloped basin (see also Table 3.11).

The restoration of wetlands varies according to the basic controls on their
origin and dynamics; simple flooding is often not their raison d’être: raised
and blanket bogs—a feature of cool humid upland areas—require inputs
from precipitation. They are ombrotrophic and only rainfall water quality is

Table 6.16 Human-induced river channel changes
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suitable. By contrast fenland ecosystems require a water quality (high in
bases) characteristic of groundwater. Both these (extreme) cases prove that
merely to obstruct drainage already installed to drain wetlands does not
restore them. Even where damming, flooding or ‘irrigation’ is used to restore
wetlands a complex seasonal regime may be necessary to suit the needs of the
biota comprising the original ecosystem. The recent volume by Wheeler et al.
(1995) explores the approaches and relative success rates of restoration in the
wide variety of wetland sites in the temperate zone; there is also, however, a
critical need to conserve wetlands in dryland river systems (see Hollis, 1990)
and in humid tropical basins. The USA has now initiated a major programme
of wetland research to create a functional assessment of wetlands, linking
their dynamics and impact to their landscape position in river basins in an
attempt to economically value and ecologically protect these vital natural
regulators (National Research Council, 1995). In Israel, the Huleh Valley
wetlands of the Jordan Valley have been rehabilitated after it was realised that
peat drainage was unsustainable; many Israelis are now, however, worried that
the wetlands are threatened by recreational developments.

It is important that river restoration and wetland restoration sites should
be linked if possible—an easier task for floodplain wetlands than for upland
ombrotrophic bogs which act as the source areas for small headwaters.

Figure 6.19 Restoration of Netherlands tributaries of the Rhine (S=summer,
W=winter dykes; the summer ones are removed to restore the
floodplain)
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Championing the integration of rivers and wetlands, Petersen et al. (1992) lay
out an agenda in which the valley floor is returned to its pristine condition via
the following steps:
 
(a) Buffer strips.
(b) Revegetation of riparian zone.
(c) Horseshoe wetlands to intercept existing drains.
(d) Reduction of channel bank slopes to reduce erosion.
(e) Restoration of meanders.
(f) Restoration of riffle/pool sequences.
(g) Restoration of wetland valley floors and swamp forests.
 
Many practical restoration schemes are meeting many of these criteria, as
evidenced by the Rhine scheme shown in Figure 6.19.

The joint restoration of rivers and wetlands as adjacent ecosystems has a
further justification in that it creates ‘ecotones’, defined by Decamps and
Naiman (1990) as consisting of ‘active interactions between two or more
ecosystems (or patches), with the appearance of mechanisms that do not
exist in either of the adjacent ecosystems’ (p. 2). Pinay et al. (1990) offer

Figure 6.20 River rehabilitation via instream structures—frequently used by
fisheries interests
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practical proof of the effectiveness of ecotone processes, for example, in
reducing nitrate concentrations in the Garonne system; an intact channel-
riparian wetland interaction is also important to the nutrient spiralling which
helps in the chemical equilibrium of channel flows. Riparian ecotones have
achieved most attention in attempts to extend the principles of in-stream
ecosystem protection to other parts of the valley floor landscape (Malanson,
1993).

Perhaps the best (most realistic) appreciation of the potential of river and
wetland restoration can be gained from serious attempts at definitions. The US
National Research Council (1992) offers: ‘return of an ecosystem to a close
approximation of its condition prior to disturbance. Both the structure and
functions of the ecosystem are recreated’ (p. 18). It also stresses that what
cannot be achieved is ‘setting the clock back’ to the conditions and timescales
through which the ecosystem evolved—imperfections are therefore
inevitable. Brookes (1995b) tabulates other, similar, definitions but helpfully
offers two alternatives to restoration: rehabilitation (return to pre-disturbance
for a limited number of attributes) and enhancement (improvement of one or
more attributes). Kern (1992) chooses ‘rehabilitation’ because the German
Leitbild vision of channels, following improvements in water quality, is to
improve the structural and aesthetic qualities. Fisheries managers have been
particularly active in ‘enhancement’ (e.g. Hunt, 1993), installing channel
structures to improve flow characteristics for the sometimes confused
purposes of improving the fishery and improving fishing (Figure 6.20).

The role of wetlands in improving food production in the developing world
is becoming increasingly realised as a major policy plank in sustainable river
development. Acreman (1994) shows how, when wetland products are
properly costed, their performance is superior to that of crops from large-scale
irrigation schemes; once again, community management and an enhanced
version of indigenous, traditional skills make for the best outcomes.
Rydzewski (1990) aligns the benefit/cost ratios of various irrigation strategies
in the developing world and finds that flood recession and flood spreading
represent sustainable use of floodplains, with ratios of between three and five
times those of modern, large-scale irrigation.

6.5 CLIMATIC CHANGE AND RIVER BASIN MANAGEMENT

Man-induced climatic change is a major issue for environmental science in
the 1990s; identified as a by-product of the burning of fossil fuels as early
as the 1930s, the crisis of confidence (in science) now facing the world’s
political leaders is one of trusting the evidence of progressive
climatological trends and, furthermore, of taking actions which curtail
economic growth by accepting the causal interpretations of change. At the
World Climate Conference, in Geneva in 1990, there was a good measure
of agreement between climatologists in ‘scenario setting’; this is achieved
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by examining recorded trends (in CO
2
 concentrations and global mean

temperatures) and using global climate models (GCMs) to extrapolate into
the next century. The conclusions presented to the 1990 World Climate
Conference and their implications for rivers and the coast are as shown in
Table 6.18. The International Panel on Climate Change updated its
findings in 1992 (Houghton et al . ,  1992) but this report mainly
substantiated, rather than refined, the earlier predictions. Difficulties
continue to beset the modelling of climatic variables ‘downstream’ of
global warming (which seems increasingly obvious from collected data).
Prediction of the components of the water balance and of their extreme
values is especially difficult.

While hydrological predictions have been made from GCMs and some
trends in river behaviour already appear conclusive to journalists (e.g.
droughts in the USA and floods in Bangladesh), hydrologists find the
incorporation of global water balancing in models very difficult indeed.
Furthermore, the response by water managers to global change will produce
feedback effects.

6.5.1 Asking questions of data and models

The most recent international meeting on the prediction of hydrological
changes (Solomon et al., 1987) raised the following apparently insoluble
questions:
 
(a) Is climate variability distinct from climatic change?
(b) What are the causes of long- and short-term climatic change?
(c) To what extent are people inadvertently causing additional variability or

triggering change?
(d) What are the best ways to treat data to detect and quantify variability and

change?
(e) What are the quantitative relationships between climatic and

hydrological variability/change?
(f) How can Mankind cope with change?
 
In dealing with the prime question of the inherent variability in elements of the
hydrological cycle, McMahon et al. (1987) stress the sensitivity of Australia
and Southern Africa to the variability of precipitation simply because of the
high evaporative demand in those regions (Figure 6.21). These authors have
used 30,800 station years of river gauge data (average thirty-three years from
938 stations worldwide) and the records of 424 raingauges. A much fuller
analysis is in progress and is expected to reveal the importance of the large
semi-arid interiors of Australia and Southern Africa in promoting efficient
evaporation and of the indigenous plant and animal species in utilising
episodic and extreme supplies of water.
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The Vancouver conference at which McMahon et al. reported their study
used six classifications of contribution:
 
(a) Identifiable hydrological patterns (such as those of McMahon et al.).
(b) Proxy (historical) data.
(c) Stochastic models of change.
(d) Sensitivity of river basins to change.
(e) Sensitivity of water resource systems to change.
(f) Man’s influence on change.
 
Each contribution appeared prepared to admit to the likelihood of a change in
the hydrological cycle towards higher activity rates as a result of warming.
Evaporation is likely to increase and therefore precipitation will also increase.
There the consensus ends because there is no firm guidance on the regional
variability of the changes, the timing of change and the importance of extreme
conditions, the effects of the response to change in the atmosphere or by
natural plant covers, crops or water management systems.

6.5.2 Reconstructing past changes

The basic river basin system of water and sediment/solute transport has
proved sensitive in the past to climatic change (in so far as we can identify
this from proxy data). From records preserved in sediments, morphology
and human cultures it is possible to invoke analogues in the past for those
changes in major variables such as temperature now proposed for the
immediate future. For example, Newson and Lewin (1991) use analogies
between current trends and the warming in Britain following the Little Ice

Figure 6.21 Rainfall and runoff variability by latitude (McMahon et al., 1987)
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Table 6.19 Evaluation of scientific approach methods for studying impacts
of climatic change on abiotic processes
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Age; this occurred during the eighteenth and nineteenth centuries and was
accompanied by increased storminess and flooding. These authors refer to the
‘forcing function’ of climate in controlling river basin evolution; land use
tends to bear the imprint of climatic variability in which the record of extreme
conditions is most marked.

Eybergen and Imeson (1989) are more cautious than Newson and Lewin,
stressing the difficulty of using analogues but also listing the problems
associated with monitoring and modelling the processes of river basin change
(Table 6.19). Eybergen and Imeson set up a research agenda which urges
attention to:

(a) A synthesis of the available knowledge of processes sensitive to climatic
change.

(b) Quantification of the key interrelationships.
(c) Identification of the key meteorological variables.
(d) Identification of the role of extreme meteorological events.
(e) Specification of threshold effects.
(f) Reassessment of monitoring programmes.
(g) Quantification of response times and timescales of impacts,
(h) Identification of the main climate-sensitive river basins,
(i) Comparison of climate and anthropogenic signals.
 

6.5.3 Change, management and resource stress

The Vancouver symposium pointed up that while changes in the
geomorphological aspects of river systems are likely, bringing adaptive
problems for flood control, reservoir design and irrigation, this may be a
rather narrow perspective from a humid temperate standpoint. There will
clearly be profound changes to glacierised river systems if melting increases,
considerable movement in the boundaries of arid lands, extensive alterations
in the volume of lakes and reservoirs and changes in water quality. Peterson et
al. (1987) argue convincingly that the position of regional atmospheric
systems off the west coast of North America exercises considerable control on
runoff patterns; sequences of dry and wet seasons are especially important in
explaining water quality variability.

In terms of the water resource management problems posed by climatic
change, attention has inevitably focused on those regions which are already
marginal in terms of coping with drought or flood; it is no accident that a
comparison has been made between the Colorado basin, USA, with available
water supplies halved over fifty years, and the Ganges/Brahmaputra in
Bangladesh with a markedly higher flood risk over the same period. Westcoat
(1991) reports on an assessment of management problems in the Indus basin;
in the developing world there are huge technical, financial and institutional
constraints on adaptive response in sensitive resource systems. Westcoat also
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treats the international political dimension (the upper Indus is disputed) and
the role of Muslim attitudes to the scientific evidence for climate change.
Riebsame (1992) stresses the need for a planning system which offers a
‘response repertoire’ for major world basins. Both authors agree on the need
for incrementally increasing public focus on practical implications of change
and maximum information provision. Gleick (1987) considers that
international conflict may well be the major result of CO

2
-induced warming

Figure 6.22 The critical path to global conflict over water and other major
resources following climate change (after Gleick, 1987)

Table 6.20(a) Rivers with five or more nations
forming part of the basin
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Table 6.20(b) Per capita water availability in selected countries dominated by
international river basins
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(Figure 6.22) with many international river basins the scene of potential
warfare over scarce resources (see also Chapter 5).

Tables 6.20a and b illustrate the inevitability of a water management crisis
in many parts of the world: nearly fifty countries have more than three-
quarters of their land area in international basins. Over 200 river basins are
multi-national including fifty-seven in Africa and forty-eight in Europe. In an
adjacent article to Gleick’s, Milliman et al. (1987) quantify the additional
pressure on land and population likely to be suffered by Egypt and Bangladesh
as the result of losses of delta land to sea-level rise. Between 15 per cent and
30 per cent of habitable land could be lost, especially where the rise of coastal
waters is accelerated by depriving the deltas of sediments as the result of dam
building on the contributing rivers.

The Bangladesh floods of 1987/8 are briefly described in Chapter 5,
together with the proposed engineering and environmental response. At the
other extreme the drought which affected the USA in the same years is
documented by Ross (1989); the extreme low flows reached across 60 per cent
of the USA and into southern Canada with major river systems flowing 45 per
cent below median discharge—exceeding the drought of 1934 during the
‘dustbowl years’. The American Association for the Advancement of Science
has concluded that it is the impact on water resources which is the most critical
aspect of global climate change for the USA (Waggoner, 1990).
Recommendations from the Waggoner volume include:

• All government agencies should consider climate change in setting
scenarios for water issues.

• Governments should encourage flexible institutions, including markets
for water allocation.

• The appropriate units for management may be ‘problem sheds’, i.e. water
source/use units.

• Climate change will favour those who invest in variability and then in
change; research is vital.

• Water conserving technology should be a focus for research and
development.

• Those researching climate change bear a special responsibility to society.

The importance of the USA for grain production has a further influence on
world flood resources (and hence water management) in the event of more
frequent droughts of this severity, although some agronomists point to the
improved conservation of water practised by plants in an atmosphere which
contains double the present amount of carbon dioxide (Allen et al., 1991).
Individual crop responses are important; Allen et al. show how corn and
winter wheat require less irrigation water in a ‘greenhouse’ world. Mearns
(1993) cautions that it will be the prevalence of extremes which will
condition world food production after global warming has run its course.
Temperature changes may be relatively well simulated by present models
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Figure 6.23 The variable evidence of climate change in the river discharge
records of Africa (from Sutcliffe and Knott, 1987)

but precipitation extremes are the least well understood. Improved use of
anomalous conditions (e.g. sea surface temperatures and the El Niño
oscillation) may be the best way to forecast such extremes and plan cropping
accordingly. Even so, crop failure is likely to be more common.

Perhaps the longest available records specific to an important, managed
river system are those from the Nile. The Roda ‘nilometer’ (Figure 1.2)
record dates back to AD 641; it has been shown to exhibit periodicities of
small amplitude. However, a wider variability of flood levels dates from



Figure 6.24
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1741 (T.E.Evans, 1990) and the period 1822–1921 shows the largest
fluctuations of any of the 100-year periods. The fall flow records at Aswan
date from 1871 and exhibit a falling mean discharge:

1871–98 102 Mm3

1899–1971 88 Mm3

1972–86 77 Mm3

Hulme (1990) uses general circulation models to construct future climatic
scenarios for the Nile Basin; increased evaporation is likely to be a feature and
more important than changes in precipitation, although these may well
produce relative changes in the flows from the Blue and White Nile, requiring
flexible management. Egypt’s existing and proposed methods of coping with
periodic droughts in the Nile basin are considered by Fahmy (1992). Sutcliffe
and Knott (1987) clearly indicate a considerable variability in the pace and
direction of contemporary change in African hydrology (Figure 6.23).

In the UK the use of analogues of past cool and warm periods within the
climatic database allows Palutikov (1987) to predict a general increase in
wetness for the north of England. However, reduced river flows in southern
England may afflict those regions where, currently, there is a steep increase in
demand for water resources—summer droughts may become the norm,

Figure 6.24 Climate change and river management in England and Wales:
(a) General context and linkages
(b) Impacts on water quality
(c) Impacts on management functions for each element of change

(National Rivers Authority, 1994)
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perhaps forcing the UK government into the demand management strategies
which are a corollary of sustainable management.

A more recent analysis of the implications for river basin management in
Britain has been carried out by the National Rivers Authority (Arnell et al.,
1994). It uses a matrix approach to assessing the sensitivity of all river basin
(and coastal) management functions and also to the reliability of the
predictions so far available. The report concludes that changes in the
Authority’s coastal flood protection responsibilities will accompany sea-level
rise; fluvial changes are much less certain but will involve the need to cope
with more variability, that is, a change in the regime of rivers and groundwater
levels. All aspects of the hydrological and marine system are influenced
(Figure 6.24). There are also possible impacts on river water quality and
therefore on stream ecosystems and fisheries. An emphasis is put on
preparedness in all the operational functions of the Authority as predictions
become more certain through time. As an indication of the difficulty of
making these predictions for a small landmass such as Britain, three papers
deal with the rainfall, evapotranspiration and flood runoff modelling
techniques available (respectively, Rowntree et al., 1993; Lockwood, 1994;
Beven, 1993). Rainfall patterns are confirmed as those originally suggested by
Palutikov—general increase but highly seasonally and regionally distributed.
Predictions for evapotranspiration are complicated by cloud cover, vegetation
change (affecting albedo, stomatal resistance, the balance between
transpiration and interception). Floods are complicated by antecedent
conditions, catchment scale and land use but the biggest deficit is in lack of
predictability of extreme rainfalls which overcome all these factors.

6.5.4 Global approaches

Clearly, a global approach to predicting the effects of climate change on the
hydrological cycle is desirable and it has been a tradition of Soviet, and now
Russian, hydrologists to provide worldwide assessments; their territory spans
almost every world climate. In this tradition Shiklomanov (1989) develops the
picture of future world water use first put forward in the Global 2000 Report
to the President of the USA (Barney, 1982) which predicted ‘serious water
shortages in many nations or regions’ (including Africa, North America, the
Middle East, Latin America and South Asia).

Shiklomanov, besides providing estimates of the demand for water in the
year 2000 for twenty-six regions of the world, deals separately with the extra
evaporation brought about not only by global warming but also because of
the increased ‘irretrievable losses’ of water through consumptive use in
agriculture, especially in irrigated agriculture. The extra evaporation
effectively redistributes the extra use: the global cycle is conservative
(Table 6.21). However, regions gaining from extra precipitation and runoff
are not necessarily those using most. Australia and South America do not
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recoup from the increased circulatory volumes which amount to 17–34 per
cent. As the author observes:

Thus a change in the evaporation regime resulting from human activity may
lead in future to some transformation of the ratios between water balance
components in various continents and large regions. The quantitative
evaluation of these events relative to vast regions is of great scientific and
practical importance for the future planning of large-scale projects for the
national water resources development of a global nature [sic].

(Shiklomanov, 1989, p. 515)

Clearly, since one of the themes of this book is the influence of land use, we
cannot ignore the fact that changes in natural land covers brought about by
climatic changes and the cultural response by agrarian and forest productive
systems may be crucial to good predictions of river response. Canada has
already drawn up comparative maps of ecoclimatic zones before and after a
doubling of CO

2
 (Rizzo, 1988) but it is as yet impossible to model river flows

to incorporate such wholesale shifts in some of the controls.
While the major control of river basin dynamics is climate the cultural

influence on the hydrological cycle can be profound; in some scenarios
painted of climatic change it is the ‘knock-on’ effects of changing settlement
and food production patterns on river basins which are proving difficult to
determine. For example, the change in patterns of global food production
which would be brought about by the ‘retirement’ of the arid Mid-West of the
USA (Dallas, 1990) could have a degrading effect on river basins thousands of
kilometres distant from those re-created ‘buffalo commons’.

6.6 CONCLUSIONS

This chapter has made clear that an era dominated by simple engineering
‘solutions’ to river basin management has ended, in favour of technical
solutions which have multidisciplinary or interdisciplinary authorship. A
partial selection of ‘new ways’ has been inevitable. However, each
demonstrates another important modern component of technical management:
it is inefficient, ineffective and often invalid on its own, requiring (as shown
classically by soil erosion control and efficient irrigation) large inputs of
social science and vernacular science too.

As the damage done by unsustainable development to river basin
ecosystems becomes clearer (in terms which are costly to those who have
benefited from that development) restoration, rehabilitation and enhancement
are bound to figure highly in future. The problem underlying future schemes,
in terms of the long timescales demanded by thinking in terms of
sustainability, is the uncertainty about climate change. This uncertainty, too,
will impose a social component and make the science/politics interface more
active than ever before; the next chapter turns to aspects of this interface.



Chapter 7
 

Institutional issues in river basin
management

 
River basin management will inevitably be delivered through institutional
structures. In this chapter we refer mainly to the agencies which are set up
specifically to manage river basins, though the management of the resource
‘package’ inherent in a basin will clearly involve the whole panoply of
society’s structures. Agenda 21 states (Chapter 18.21) that,

Although water is managed at various levels in the socio-political
system, demand-driven management requires the development of water-
related institutions at appropriate levels, taking into account the need for
integration with land-use management.

The Agenda also provides good leadership in respect of the stakeholders involved;
Figure 7.1 illustrates the range of society’s groupings deemed to have key roles in
sustainable development, and underlying their involvement are the basic human
institutions of finance, education, law, etc. As Priscoli (1989) puts it:

Institutions are the embodiment of values in regularised patterns of
behaviour.

The institutions and organisations that supply and distribute water
resources reflect society’s values towards equity, freedom and justice.

(Priscoli, 1989, pp. 33, 34)

While many water professionals may prefer the stability of their occupational
remoteness from everyday issues, the importance of their field makes this an
impossible luxury:

The significance of modern science and technology is that we now know
well the potential for degrading the water and for safeguarding it, and
this sharpens the social and political challenge of water policies.

(Kinnersley, 1988, pp. 6–7; emphasis added)

As was noted earlier (Chapter 1), a feature of the hydraulic civilisations of
prehistory, due mainly to their complete dependence upon irrigation, was a
very strong social structure in which the most basic, vital commodity was a
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focus for human organisation. In Oriental Despotism Karl Wittfogel (1957)
explains the origins of autocratic power through the development of water
supply systems. One might speculate that such a strong structure produced:

(a) The technology to exploit the vital resource.
(b) A means of regulating rights to, and use of, the resource.
(c) Protection of the resource against those who had no rights.
(d) Protection of the resource against misuse and deterioration.

At the end of the twentieth century the role and relevance of social and
institutional structures is under scrutiny in connection with the whole field of
contemporary environmental management. Environmental politics and
disputes over basic resources and their despoliation have ensured that societal
structures are being re-examined in relation to environmental management of
land, air and water. The essential thing about water management with an
environmental objective is that the catchment or river basin is an easily
appreciated plan projection of the ecosystem requiring management, an area
within which the population have one form of common identity, whether they
exploit it or not. Consequently, it is suggested that river basins are an ideal unit
for many forms of environmental management and for popular participation in
that management. In introducing the National Rivers Authority to England and
Wales in 1989 its Chairman described it as the strongest environmental
organisation in Europe; it has now become (1996) the main component of the
Environment Agency, all of whose activities (including air pollution and waste
controls) are planned around river basin boundaries.

The transition from engineering-dominated distribution philosophies to
hydrology- (and environmental science-) dominated collection philosophies

Figure 7.1 The community scale of Agenda 21 Implementation
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has accelerated in the developed world in the last decade; the American
Society of Civil Engineers now speaks of the ‘Life’ agenda, that is, the

Legal Institutional Financial Environmental

aspects of each water scheme. Of these, the institutional framework is most
important since it determines and channels the effectiveness of legal structures
and financial processes. Institutions are also important because of the
increasing realisation of the necessity to consult widely with the population
before environmental policies are implemented. While, for example, purely
economic analysis can produce an optimum solution to the allocation of
resources in a river basin and purely hydraulic analysis can produce
implementation technology, an ‘appropriate’ design has a host of qualitative
aspects which, except in totalitarian hydraulic civilisations, can best be
analysed in public.

In this chapter we explore the pattern of institutions relevant to river basin
management in the restricted sense of the organisations responsible for that
activity. Such organisations will obviously rely heavily on both regulation
and economic instruments to carry out their work and in a sense these have
become rival guides to institutional behaviour in the developed world with
the economic argument being that markets involve people more directly and
as freer agents than the framework of law. In order to judge the success or
failure of specific river basin institutions it is appropriate to begin with some

Table 7.1 (a) The European Water Charter
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very general principles about the management of water as a resource, non-
technical but derived from knowledgeable interest groups and activists. We
present here both the European Water Charter (Table 7.1a) and the San
Francisco Declaration (and the Watershed Management Declaration which
forms an addendum to it) (Table 7.1b-c) as statements of principle. Both

Table 7.1 (b) The San Francisco Declaration
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include the requirement to set the river basin unit as the unit of management.
The points given extra emphasis in Table 7.1b and c draw attention to the basic
dimensions of people, environment and the long-term, far-flung assessment,
monitoring and mitigation of the impacts of water developments. Table 5.1 (p.
152) represents a ‘stronger’ scientific statement of the ecological principles of
river basin development.

Table 7.1 (c) The Watershed Management Declaration
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7.1 BASIN AUTHORITIES: THE INFLUENCE OF THE TVA

It is appropriate to begin with the Tennessee Valley Authority (TVA) because:
 
(a) It was formed to ameliorate existing environmental problems.
(b) It has been influential across the world in promoting successor

organisations.
(c) It has been the subject of studies which reveal that, by some definitions, it

was and is largely unsuccessful.
 
A British observer of the Tennessee Valley after the American Civil War
commented: ‘The Tennessee Valley consists for the most part of plantations in
a state of semi-decay and plantations of which the ruin is total and complete.’

The extent of the valley (it covers an area equivalent to 80 per cent of
England and Wales) means that its environmental problems range from eroded
hill farms of the East to malarial swamps in the West. Flat-bottomed boats
could navigate much of the 652-mile-long channel except at Muscle Shoals
where canal works were begun late last century. During the First World War
Muscle Shoals was selected as a site for a hydropower dam and fertiliser plant;
it is important to note that this proposal did not survive economic evaluation
prior to the ‘New Deal’ conditions introduced in the 1930s by Franklin
Roosevelt. Introducing the Tennessee Valley Authority in 1933, Roosevelt
described it as: ‘charged with the broadest duty of planning for the proper use,
conservation and development of the natural resources of the Tennessee River
drainage basin’. (It should be noted that in the USA in the 1930s the word
‘conservation’ has the meaning of managed use of resources rather than its
more recent ‘green’ definition.)

Much of the criticism of the TVA and its achievements stems from a
cultural distrust of large public authorities (as redolent of socialism), and a
suggestion of duplicitous power- and finance-brokering by the leading lights
(Arthur Morgan, Engineer, Harcourt Morgan, President, and David Lilienthal,
Lawyer and Administrator). However, despite recent criticism of the heavy
dependence upon dam-building, it is to the integration of land and water
management that supporters of the TVA most look for praiseworthy
achievements. The ‘ruin’ observed after the Civil War was largely repaired by
improvements to land management and erosion control, with dams and
navigation improvements bringing power and salience to a neglected
peripheral region.

The TVA supporters would therefore claim that the Authority had
trailblazed the field of integrated basin management, led by economic
restoration. Recently Downs et al. (1991) have referred to the sometimes
platitudinous or rhetorical use of the term ‘integrated river basin
management’. Of twenty-one different approaches analysed, five basic
components of integrated schemes are derived: water, channel, land, ecology
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and human activity. Downs et al. prefer to separate the term comprehensive
river basin management, where several components are involved, retaining
integrated basin management for schemes where the components interact
(though one may lead); they then interject holistic river basin management to
cover both divisions but emphasising system energetics, change and human
interactions. Thus, the TVA was a comprehensive organisation but had too
little hydrological basis to be integrated and since the working definition of
‘conservation’ was wholly anthropocentric, it had little concept of
sustainability. It must also be added that, like many such bodies since the
inception of the TVA, part of its attraction was that it gave national identity to
a peripheral region.

7.2 DOES AN IDEAL RIVER BASIN MANAGEMENT INSTITUTION
EXIST?

Much of the comment by analysts on the TVA and its many imitator river basin
authorities has been negative in some respect; often criticism locates near the
interface between the technological side of the institutions and the need to be
publicly accountable. Clearly the institutions cannot take all the blame since
they seldom operate outside the basic policy framework of the host nation, its
laws and its financial plans. National traditions of centralist or devolved power
broking and decision making also profoundly affect the success of river basin
organisations. However, there are systematic problems involved with
operating knowledge-based systems and, because all future environmental
management will fall into this category, it is worth pausing to investigate the
power of knowledge about the system to be managed before, in the next
section, moving on to how the system is opened to public scrutiny.

If river basins are to be managed successfully there has to be knowledge:
this must be both basic geographical knowledge and the technical knowledge
needed to engineer, control, purify and provide basic resources. In Chapters 4
to 6 we gained the impression that the basic categories of knowledge required
are:
 
(a) A complete description of, and database for, the catchment.
(b) An understanding of the physical processes operating under the

boundary conditions specific to the basin.
(c) A breakdown of the resource needs and problems (including

conservation) in the basin.
(d) Technological knowledge to manipulate the resources and hazards of the

basin.
 
While information may be regarded as inferior in status to knowledge there is
clearly a justifiable need for information on the current state of any system by
those who manage it. The kinds of information available, and particularly the
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level of sophistication in its gathering, have a considerable bearing upon the
flexibility of the institutions which manage river basins. One of the traditional
problems of river basin management has been the interdisciplinary nature of
the knowledge base; information on the basin has, therefore, always been
tagged or coloured by a particular application rather than used to create a
synoptic view.

There are also new demands upon the kind of information available to be
presented to the public. To consult the public on what remain highly technical
issues requires innovation in modelling, computing and interactive display.
Flug and Ahmed (1990) describe a modelling scheme for reservoir-regulated
flows which has a decision-support role in circumstances involving special
interest groups. The model functions as a screening tool to identify good and
bad flow alternatives. We return to the special role of knowledge in guiding
management practice in Chapter 8.

In judging the success or failure of a river basin management institution it is
clearly too late to leave analysis until its fiftieth anniversary (as in the case of
the TVA); what is required is a checklist characterising the ideal or proven
strengths of such agencies. Such a framework is provided by Mitchell (1990),
summarised here as Table 7.2.

Table 7.2 Integrated basin management: an analytical framework
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In an empirical survey of integrated river basin management agencies
conducted by the Organisation for Economic Co-operation and Development
(OECD, 1989) the problem of legitimisation is given special attention. The
report includes around 100 case studies and over fifty country reports,
allowing OECD to conclude on the relative importance of thirteen
administrative/institutional characteristics leading to effective integration of
management. The Organisation remarks that this stress on institutions marks a
major shift from its traditional emphasis upon economic approaches to
achieving efficiency and legislative approaches to resolving environmental
problems. In the case of water resource management, however, integration
between such diverse strands as pollution control and transportation or
hydropower and forestry must be achieved. OECD suggests that the perpetual
danger is that of independent, fragmented groups with narrow mandates
having a vested interest in a closed decision process.

The thirteen OECD guidelines were derived from four basic dimensions of
the ‘good’ water resource organisation:
 
(a) Political credibility and legitimisation.
(b) Organisation structures relevant to a spatial hierarchy of issues and

functions.
(c) Processes and mechanisms for bargaining, negotiating and planning.
(d) Organisational culture and participant attitudes which will communicate,

educate, etc.
 
Nevertheless, even with the perfect set of attributes, an organisation designed
to bring about successful integration and put proactive, anticipatory action
foremost will need to improve legislation and also employ ‘the economics of
integration’. There is considerable current rivalry (arranged largely along left-
right political lines) between regulatory and economic approaches to
environmental management. Authors such as Winpenny (1994) appear to
advocate comprehensive adoption of fiscal measures in river basin
management and he roundly criticises the systematic approach to regulatory
basin frameworks as an intellectual luxury. Synott (1991), in defining the real
openings for economic instruments, exposes the relatively narrow range of
their true benefits. Postle (1993) has examined the potential for environmental
economics in the costing of environmental benefits and costs of development
for the UK National Rivers Authority; she finds that applications are limited
and techniques approximate. Resource pricing (including the cost of pollution
control and water purification) can, however, be seen as a key element for
driving integrated management. The transition to realistic pricing is a special
challenge for developing economies which have favoured heavily subsidised
water services; Arntzen (1995) notes that in Botswana the impediments to the
use of economic instruments include a significant non-market economy,
limited expertise and immediate welfare problems for the communities
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served. Nevertheless, Botswana’s National Water Master Plan is reducing
wastage, reducing the use of irrigation water, boosting the development of
water-saving appliances and improving the economic viability of recycling.
Clearly, benefit/cost analysis at an early stage of water-based developments
can avoid unsustainable decisions.

The OECD study promotes a strong movement away, however, from purely
economic approaches to river basin management. These were formerly related
to the development of resource systems rather than their sustainable
management but reached a high degree of economic/mathematical
sophistication prior to their demise. Krutilla and Eckstein’s (1958) study
applies economic efficiency as a criterion in three US basins developing
integrated hydropower schemes. The generation of power is an ideal vehicle
for conventional economic analysis and in such studies ‘integration’ often
refers to the efficient conjunctive use of a number of reservoirs for generation.
Even these early economic analyses admitted, however, that ‘higher’ criteria
often applied, for example: ‘complementary institutions for group decisions
and collective action are required to meet adequately the needs of the
members of a free society’ (Krutilla and Eckstein, 1958, p. 267).

In the following pages we shall begin to advocate a view that, in order to
implement sustainable development of a comprehensive range of river
resources and to influence those bodies concerned with land use, land
management and other livelihoods a strong agency will be prepared and able
to carry out Catchment Management Planning. Furthermore, environmental
management functions outside the water sector will accrue to such an agency
if the planning process becomes established as politically valid.

7.3 CASE STUDY: SUSTAINABLE BASIN MANAGEMENT AND UK
WATER INSTITUTIONS

There are many reasons for a special study of water institutions in the UK
besides this author’s nationality; however, UK water institutions were not
featured in Chapter 4 as part of the developed world pattern. As a result of
being among the earliest nations to industrialise and simultaneously to
urbanise, the UK has a century-and-a-half of institutional developments from
which to select trends. It may well be that, despite the OECD’s
recommendations, institutional controls are always in flux and rapidly
evolving; if so, a historical survey of one nation may repay our detailed
attention (as did broader historical trends in Chapter 1). This history, recently
much reviewed by protagonists and opponents alike of the ‘privatisation’ of
the water authorities in England and Wales, illuminates a number of issues of
general relevance to river basin management (Rees, 1989). They are:
 
(a) Policy responses to the growing list of activities attending the provision

of public benefits from water.
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(b) Attitudes to private, municipal or basin authorities (with attendant issues
of commodification of values and public consultation).

(c) Scales of organisation.

The importance of cultural and traditional factors in river management
systems may also be gathered from the UK example: there are entirely
separate patterns of organisation in Scotland, Northern Ireland, and England
and Wales. Here we are concentrating on England and Wales because of the
much heavier population pressures in those two countries.

In Chapter 1 we briefly considered the history of the major evolutionary
changes in river basin management in Britain. Rowland Parker’s records for
Foxton were quoted as an indication that sophisticated local, stream-based by-
laws were in operation, each of which (whether for maintenance of the
channel or pollution control) gave a boost to the integration of legal interests
downstream (and, in navigable reaches, upstream too). Kinnersley (1988) also
speaks of the Foxton records as illustrating a golden age of simple riparian
principles.

Later, as part of the development of common law, this riparian principle
required definition and implementation as pressures far greater than
‘dunghills’ and ‘cess-pits’ began to threaten the sharing of a fundamental
resource. As Kinnersley puts it:

the sharing of water has long been and will continue to be, in all
communities, a matter requiring public and constitutional governance
by lawyers, courts and community leaders at various levels.

(Kinnersley, 1988, p. 34)

At the first stage of the Industrial Revolution in England it was the issue of
navigation which forced the local by-laws into a larger scale of relevance. The
construction and filling of canals also had a profound influence on rivers (Rolt,
1985). Kinnersley views the canals as ‘among the first privately financed large
constructions intended for use by all comers’ (p. 43). Their individual Acts of
Parliament were ‘cast in a statutory format setting out obligations which
protected public and private interests as well as rights necessary for effective co-
operation’ (p. 43). The canal companies required water from rivers,
interconnection with river users and the agreement of landowners for
construction; the latter were well represented in Parliament and so the Canal
Acts provided a balance between gaining and losing interests and wider public
rights. The extension of this institutional structure to municipal water supply
and sewerage was, however, much less straightforward. Throughout the
eighteenth century commentators made much of the critical problem of the
emerging urban centres: a fair supply system of water for both fire fighting (the
major physical urban hazard) and human health.

While many authors document the problems of Victorian urban water
supply and sanitation as a series of local cameos, two important books develop
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the critical themes of local institutional development (Rennison, 1979, for
Tyneside) and the role of health reformers and engineers (Binnie, 1981).
Public health was to become the single issue around which the emerging local
democracies for cities—the municipalities—could form. Chadwick’s Report
on the Sanitary Condition of the Labouring Population of Great Britain
(1842) was followed by the facilitating legislation for private Bills developing
corporate powers for water supply. This was in 1847; by 1878 there were
seventy-eight municipal water undertakings.

It is worthwhile to examine briefly the reason for the adoption in Britain of
water-borne sewerage systems. While the open channels of early Victorian
cities were heavily abused by the dumping of every form of waste, the early
preference for disposal of human lavatory waste was to land, often outside the
city, as in Edinburgh. Until 1818 the law prevented waste other than from
surface and kitchen sources from entering sewers. However, the perfection of
the water closet (WC) allowed legislation making discharge of cesspool waste
into urban drains obligatory (1847). There was clearly none of the anticipatory
or precautionary thinking we now find essential when drainage of surface
waters was added to this sewerage function.

The rapid expansion of city buildings and roads led to a big surface-water
drainage problem, brought home frequently even today when street drains are
blocked or surcharged in a downpour. It was logical to channel excess surface
flow to the nearest natural river and a major saving in investment could be
made if foul sewers were combined with the surface drains such that street
drainage could flush the solids along the network of pipes (steep gradients
were not available in most cities).

Rivers became the sink for the sewerage systems of the neighbouring cities,
once again without considering the immediate or eventual capacity of the river
ecosystem to cope. Even if the cholera epidemics became curtailed by the rise
of municipal institutions for supply of water, what became of waste was to
herald the next scandal—that of stinking rivers. Parliament itself, next to the
Thames, had to meet behind sheets soaked in disinfectant in the 1870s and a
series of Royal Commissions eventually led to the Public Health Act 1875 and
the Rivers Pollution Prevention Act 1876.

These two years mark a very important stage in the development of British
institutions for river management:
 
(a) We see the beginnings of a move from municipal units to river basin units

(a law for water supply in rural areas was passed in 1878 and, as
Kinnersley records, a geologist named Toplis suggested twelve new river
basin authorities in 1879).

(b) The Rivers Pollution Prevention Act 1876 laid down principles of control
which reflect a British cultural attitude to statutory law in environmental
matters. While it was now to be an offence to discharge waste into rivers
(not only sewers but mines, gasworks and other features of industrial
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growth were also a threat), it was left to the municipal authorities to
administer the Act and it was to be a defence that polluters had used the
‘best practicable means’ of preventing pollution. Since most
municipalities were keen to promote further growth at the lowest cost to
developers these three words became a polluters’ charter. Demand for
river capacity was clearly not to be managed during these expansionist
days, a situation frequently repeated in the developing world today.

At this stage, therefore, Britain reached back an era to reassess the common
law principle of riparian rights; these could not empower the new institutions
since they were property rights but, redefined by a series of key judgements,
they were to provide some check to river-based developments. It should be
noted, however, that riparian rights are not identical the world over; for
example, in South Africa there are now attempts to disestablish property-
related water rights which are in the hands of a minority of riparian owners in
favour of the basic human right to water supply in townships away from
rivers—clearly national priorities need centralised apportionment of
resources.

There is argument over the classic definition of riparian rights. Kinnersley
(1988) chooses Lord Macnaughton’s judgement in 1893, while Wisdom
(1979) chooses Lord Wensleydale’s 1859 judgement in the case of Chasemore
v. Richards:

the right to the enjoyment of a natural stream of water on the surface…
belongs to the proprietor of the adjoining lands as a natural incident to
the right to the soil itself… He has the right to have it come to him in its
natural state, in flow, quantity and quality. [For the full definition see p.
16, this volume.]

(Wisdom, 1979, p. 83)

Importantly, groundwater rights were appropriative and judgements made it
clear that landowners could not win cases brought against the use of wells or
boreholes on a neighbour’s land. The law on pollution of groundwater was
also unclear. The separation of legal attitudes to surface waters and
groundwater in the UK, set down at this early stage, has had unwelcome
effects on all aspects of comprehensive water management until recently (see
Chapter 3).

Summarising the first phase of management institutions in England and
Wales we find that:
 
(a) They were local in scale (from village to municipality) but this merely

gave access to existing power groups and any restrictions on demand for
river uses were met with hostility.

(b) Lack of basin scale units hindered any wider application of the ‘upstream/
downstream’ philosophies of riparian rights; essentially the local reach
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was seen as a self-purifying sink for waste to the cost of downstream
communities—only direct damage or ‘nuisance’ was treated legally.

 
It became almost inevitable that basin scale authorities would be set up and, as
is perhaps the norm in public affairs, it was the crisis in flooding and
agricultural land drainage which promoted the next significant institutional
changes.

The 1930s and 1940s saw, therefore:
 
(a) The beginnings of a move from municipal to river basin authorities.
(b) The incorporation of public representation to encompass all relevant

related interests.
(c) An increasing role for central planning (and therefore a separation in

arrangements for Scotland and Northern Ireland from those for England
and Wales).

7.4 RIVER BASIN UNITS: LAND DRAINAGE LEADS THE WAY

An international audience might find it difficult to appreciate the importance
of land drainage in the UK without consulting both rainfall and geology
maps. The island of Great Britain can be divided into a very wet west and an
eastern half which, while markedly drier, has a predominance of low-lying
clay land. England and Wales are especially prone to water-logged
agricultural soils and to flooding (Figure 7.2) from both rivers and the sea;
the first ‘Commissions of Sewers’ to control local drainage date back to the
thirteenth century.

Drainage has, therefore, been of paramount importance in the settlement of
and optimum agricultural use of the land in the UK; only recently have
conservation pressures forced new attitudes in favour of the retention of
remaining wetlands and the new official title for the activity originally (and
proudly!) called land drainage is now flood protection (or flood prevention as
Hall (1989) and some journalists wrongly record it).

The scientific logic of drainage basin systems makes, as we saw in Chapter
2, the act of draining land in one part of a basin antagonistic in principle to that
of protecting downstream areas against flooding. Land drainage interests are
powerful enough in England and Wales to have led to the creation of special
local institutions. For the 214 Internal Drainage Boards (IDBs) in England and
Wales the security of life and economy still centres around efficient land
drainage. Their power to levy rates in order to create and maintain arterial
drains dates back to medieval times but their formal inception came with the
1930 Land Drainage Act. They have been criticised for being slow to adopt
more conservation-orientated practices (Purseglove, 1988) and for being
‘exclusive clubs’ (Hall, 1989).
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Among several Acts of Parliament between the World Wars which
attempted to reduce the Victorian legacy in UK water policy, the most far-
reaching was the Land Drainage Act (1930) which established forty-seven
Catchment Boards. Here at last was, for each major river catchment, an
institutional context free of the compartmental strictures of local
government yet very widely representative and able to devote investment

Figure 7.2 The drainage problem in England and Wales: flood-prone rivers
and wetlands (from Newbold et al., 1989)
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according to specialist engineering designs across whole catchment areas.
The Ministry of Agriculture, which has continued to control land drainage
(flood protection) in England and Wales, also ensured a central, specialist
coordinating interest.

At the same time the Ministry was also organising catchment-wide
Fisheries Boards (from 1923). Fishery interests are a continuing thread in UK
river basin management, mainly because they combine the interests of the
unpolluted environment (fish act as ‘miners’ canaries’ for pollution) and
property rights. They are a valued (in the economic sense) aspect of riparian
ownership and rights to fisheries may be sold or leased. Consequently,
fisheries, after milling and minor navigations became less important, came to
be a major platform from which landed interests intervened in river
management.

Kinnersley (1988) records the importance of these developments in
membership and financing:

These new (or in some cases reshaped) boards were bringing together
various local interests or lobbies such as elected councillors,
landowners, anglers and others directly engaged in river basin activities,
in a close relationship with central government also, but in each case for
a river-related territory. The significance of the systematic revision of
legislation and administration in this way was that, while local influence
was being kept very strong, the central government (in the shape of the
Ministry of Agriculture and Fisheries) was becoming committed in the
1920’s and 1930’s to a coherent pattern covering these specialist water
functions across England and Wales.

(Kinnersley, 1988, pp. 71–2)

The successes of this phase include the strong local interest created in river
management but the failures are obvious—there was little room for
conservation and the land-drainage function never really appreciated the
relationship between upstream developments and downstream impacts. There
was a high level of public investment without a proper analysis of risks and
benefits; the owners of fisheries had the most powerful access to the use of
riparian rights.

7.5 ISSUES OF RESOURCES AND POLLUTION

The basin-wide needs of fisheries and land drainage for coordinated action to
manage resources and hazards led in the UK to strong and purposeful
specialist institutions working clear legal and financial systems, but they had
far from comprehensive responsibilities even within the water sector. It is
interesting therefore to see how the much more generally important themes of
water resources and pollution control became administered at the river basin
scale.
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The 1948 River Boards Act set up thirty-two Boards (plus the Thames
and Lea Conservancies). These Boards were to become the administrators
of the system of licences introduced first for discharging pollutants to
rivers (1951 Rivers, Prevention of Pollution, Act) and, after a further
reorganisation into River Authorities, licences to abstract water resources
(Water Resource Act 1963). While the concept of comprehensive basin
management therefore began to grow, the extensions beyond land drainage
(flood protection) and fisheries powers for the basin authorities were to be
weak, especially in the field of pollution control. Existing dischargers
were exempt from licensing, the ‘consents’ procedures were kept secret
(even though the public had a fundamental right to know the sources of
river drainage) and the municipal council representation on the Boards
often led to a muted approach to improving sewage discharges (mainly
from municipal sources!).

For water resources there was a much more positive grouping of interests;
few politicians, whether local or national, doubted the wisdom of economic
growth in the 1960s. Growth required water resources and the rapidly
developing applied science of hydrology was now prepared to assess the UK’s
needs. The 1945 Water Act had regrouped the supply industry and the supply
sector was ready and able to distribute large volumes to domestic users
(automation and cleanliness in the home was the advertisers’ dream), to
industry (new large plants placed a huge demand for process and cooling
waters) and to agriculture (the drought of 1959 spectacularly checked the
post-war productivity surge).

Until the 1960s there were no specialist agencies dealing with water
resources. From the Victorian period of health reforms, during which seeking
the purity and clarity of upland waters had taken on an almost religious
fervour for municipal suppliers, each city wishing to dam an upland valley and
pipe its supplies merely took a private Act of Parliament through Westminster.

Not only did the Water Resources Act (1963) perpetuate river basin
institutions which were broadly representative in decision-making (thirty-four
Boards became twenty-nine Authorities) but water became a resource or raw
material like any other: abstractions required consents for which a charge was
levied. The scene became set for the commodification of water which was to
end in privatisation in 1989. Licensing of abstractions became a public
process with advertisement of proposals in newspapers.

The rise of centralism and the continued rise of technocrats in the water
industry both received a boost in the Act. It set up the Water Resources Board,
a national agency but with non-executive functions, to coordinate water
resource policy by advising the River Authorities and collating material from
them. The Board began a systematic archive of hydrometric information (the
1963 Act had begun the process of instrumentation in river basins, especially
the measurement of river flows).
 



Plate 7.1 (a) Flood risk in the centre of Lincoln is high. It has been reduced
by creative use of farmland upstream; (b) At high flows water
which would normally flood Lincoln is now released onto
farmland (photo M.D.Newson)
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Reviewing the procedures by which water resource planning was achieved
during this centralist (and highly technocentric) phase, Rees (1969) pointed to
the remoteness and technical domination of the schemes proposed. She
revealed the lack of published data on demand and supply, without which, ‘no
definitive statements can be made on…future demands for water, or the
characteristics of water users, on the possible effects of resource planning and
controls, or on the influence of water as a location factor’ (p. 2). Her own
survey revealed the irony of central planning for a burgeoning demand but the
failure of water supply or effluent disposal to influence industrial activity in
any major way. Effectively, water supply provision had become an industry in
itself. Politically, the centralised era was doomed by demands for more
strenuous, more localised, provision of and accounting for water use and a
multitude of other river basin activities.

Between the years 1974 and 1989 England and Wales had ten
multifunctional Regional Water Authorities charged with operating the human
use of the hydrological cycle (i.e. a much more comprehensive brief) within
river basin boundaries. Once again the decision-making lacked transparency
(Kinnersley, 1988 and Hall, 1989). However, during a period of changing
political stewardship it is remarkable that a consensus prevailed. Two reforms
were seen as necessary in the early 1970s, one to local government boundaries
and the other to control of environmental issues. Almost overnight it seemed
that the burden of the UK’s water problems had shifted from quantity to
quality of supply.

Plate 7.1(b)
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Environmental interests were, apparently, well protected in the new
arrangements if the public put their trust in the technological and spending
power of the new Authorities. If they did not have such trust they might
suspect an organisational framework which put polluters and prosecutors
under the same roof; however, a very generous system of local government
representation on the RWAs was obtained during the reorganisation—in a way
the last throes of the municipal legacy. As an additional reassurance the
Control of Pollution Act, passed in the same year as the RWAs began work,
made public the consent registers and pollution monitoring data;
unfortunately this did not become reality until 1985.

In a celebrated piece of ministerial infighting the Ministry of Agriculture,
Fisheries and Food (MAFF) retained control of land drainage (flood
protection). The battle between MAFF and DOE, described by Richardson et
al. (1978), is critical for this review of institutional roles since it effectively
prevented complete integration of management and denied an overall
environmental ‘flavour’ to the RWAs. Some of the biggest political battles in
their fifteen-year lifetime were to be fought over the production-orientation
and farmer-control of the land drainage function within RWAs. This is typical
of the tensions in resource management between ministries at national level
throughout the world.

Ironically, in the light of the strong political and technical movement
away from water resources, the first major practical test of the RWAs was
the drought of 1976 (Doornkamp et al., 1980). They came through the
water supply crisis ‘with flying colours’, thanks to some over-provision of
storage, to a general neglect of river ecology in seeking Drought Orders
(the amount of ‘compensation water’ allowed from reservoirs to maintain
downstream life was much diminished under these Orders) and to some
old-fashioned engineering ingenuity in temporarily linking neighbouring
supply systems. The only centralised function in the new structure—the
National Water Council (which had a pensions and pay negotiating role)—
was able to proclaim, ‘We didn’t wait for the rain’ (National Water
Council, 1976).

When the newly elected Conservative government of 1979 began its long
campaign for executive efficiency in public life (which became a battle against
many aspects of local government) it abolished the National Water Council,
feeling that the RWAs were now sufficiently competent to manage alone. In a
further gesture towards technocratic water management the Water Act 1983
also reduced local government representation (replacing it with consumer
consultative bodies), closed meetings to press and public and appointed
managerial personalities to key vacancies on RWAs. It would be easy to think
that the next major change—privatisation—had begun six years before its
enactment.
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7.6 PRIVATE OR PUBLIC? ECONOMICS AND ENVIRONMENT AS
INSTITUTIONAL FORCES

It is no secret that the concept of integrating river management was
championed by the professionals in the RWAs; many made explicitly
antagonistic statements during the run-up to privatisation, mourning the
proposed loss of total functional integration. However, the RWAs also
attracted some detailed political science scrutiny which was less favourable.
Interestingly, this was not because of their river basin scale or comprehensive
duties but because of their regional autonomy and technocratic monopoly
status.

Saunders (1985) placed the Regional Water Authorities alongside the
Regional Health Authorities in order to examine the divergence between what
he calls the ‘politics of production’ and the ‘politics of consumption’. Local
government lost control of both water and community health in 1974 yet,
claims Saunders, there was no political analysis of the ‘regional state’ which
was being thereby empowered. He goes on to use the dual politics thesis
(production, consumption) and to select the water authorities as examples of
the former, subject to influence from those enjoying property rights yet with a
large degree of managerial autonomy.

Patterson (1987) is yet more critical of the removal of water management
from its democratic, municipal (Victorian) roots in favour of regionalisation in
technocratic, remote agencies upon which was then forced the
commodification of water in an ill-disguised lead-up to privatisation
(following a spell of minimal investment and labour-shedding—see Figure
7.3). In terms of our argument here, over basin management, Patterson claims
that while the authorities had integrated control of the water cycle they made
little or no attempt to link it to local authority planning, thus they were not
‘integrated’ in the terms used by Downs et al. (1991).

By the mid-1980s the regular surveys of river water quality carried out by
the RWAs were beginning to cause concern: a deterioration had replaced the
steadily improving trend since the first surveys in 1975. New sources of
pollution were partly to blame, such as spillage of slurry and silage liquor
from livestock farms and nitrate from arable land; groundwater was becoming
polluted and the European Community was steadily tightening the standards
for river water, supply water and coastal water. However, a major component
of the RWAs’ problem remained their own decaying infrastructure of
sewerage and sewage disposal. The legacy of the Victorian reformers, when
not maintained and replaced by modern investment, became a liability and the
progress made by Mrs Thatcher’s government in reducing public investment
had badly hit the RWAs (see Figure 7.3). A key mistake had been made in
terms of sustainability: deterioration of assets had set in.

The Thatcher government had another doctrine in pursuit of economic
efficiency: privatisation of large public corporations. Kinnersley (1988)



Figure 7.3 Trends in investment, labour and problem abatement in the
water industry of England and Wales at the time of privatisation
(1989) (sources: water industry/DoE)
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suggests that the government ‘stumbled’ into privatisation of the RWAs in
England and Wales, though Table 7.3 indicates a large number of apparently
rational arguments made by government for the policy.

As Kinnersley points out, private companies can produce very efficient
water supply and sewerage services but in nations where they do so the
infrastructure remains in local government ownership (e.g. France) and there
are strong regulatory agencies to maintain standards and to run integrated
river basin management. In fact EU rules do not permit private companies to
operate the regulatory rules contained in EU Directives.

Rees (1989) develops, at length, the lead-up to privatisation but her main
focus is on the way in which true resource economics would impinge on water
supply, rather than the impact of regulatory, environmental operations. She
was doubtful that the privatised water and sewerage enterprises would achieve
improved quality service, renew assets, respond to growth, improve water
quality and protect customers against price rises. Price rises sought by the

Table 7.3 Why private ownership?
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privatised water utility companies have been regulated by the Office of Water
Services (OFWAT) since privatisation, in theory offering the public the choice
of environmental improvements at a rate their pockets could afford. With so
many objectives and so much regulation Rees cannot foresee the pricing of
water services as operating any control over demand, even if metering were
introduced. In other words ‘free market’ effects are impotent in a (rightly)
regulated social resource.

The government’s response to blocking of the move by the European
Communities was a dual public and private system, perfectly delimiting the
‘rival’ approaches to resource management. A National Rivers Authority
(NRA) was formed to carry out the regulatory, environmental and flood
defence functions for the same river basin areas as the privatised water supply
and sewerage authorities. The full list of duties proposed for the NRA is: water
resources (planning, licensing), pollution control, flood protection, fisheries,
conservation, recreation and navigation. These seven duties are essentially
those of any comprehensive river management organisation—the question
begged was whether any move towards integrated or holistic management
would be written into the foundations of the NRA.

When the National Rivers Authority inherited its new role on 1 September
1989 its staff were described as ‘Guardians of the Water Environment’. It had
leapt from being a hastily designed alternative to full privatisation to being a
vanguard of the rapidly ‘greening’ Conservative government. It had ten
regional units, each with a large measure of public consultations including
Regional Rivers Committees, Regional Fisheries Committees and Regional
Flood Defence Committees. It also had a firm central administration in
London (sixty staff, compared with 6,500 in the regions). Its annual spend was
set at £300 million of which £80 million came in from the Department of the
Environment direct.

Summarising the build-up of river basin management institutions in
England and Wales once more we see that since 1930:
 
(a) River basin outlines have been retained, with functions progressively

added to the point where, in 1974 the Regional Water Authorities were
the first comprehensive management bodies. However, the grouping of
all functions under one roof led to public fears of monopolistic and
technocratic power.

(b) Public representation and central funding were progressively reduced
during the period of the Regional Water Authorities, reducing their
capacity, for example, to prosecute polluters from outdated sewage
treatment plants (often within the same building!); privatisation became
an obvious source of investment and of education for the public that
water and river quality were not free resources.

(c) National interest, within a regionally devolved system, was retained
(albeit progressively reduced) for the purpose of strategic assessments of
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water resources; it was also critical that national statutory improvements
(e.g. Control of Pollution Act 1974) were made to assist the basin
managers.

(d) Public interest was retained at the formation of the NRA by keeping
regulation functions within the public sector, by restoring higher levels
of public representation and by making data services and educational
programmes part of the NRA’s remit.

(e) The NRA quickly adopted the larger river basin boundaries as the basis
for its management structure (within the original regional units). It began
to harden the catchment approach in all its duties.

(f) Privatisation is now perceived to have improved the administration of
pollution control but financing further environmental improvements is
not a matter for public participation—it is rather a matter for the financial
regulator and the commercially diversified interests of the water and
sewerage companies.

Perhaps the biggest test of the current structure will be when continued
drought or drives for ‘stronger’ sustainability open opportunities for demand
management. In recent droughts more than half the population of England and
Wales have faced supply shortages (Marsh and Turton, 1996); while the
mechanisms of demand management (including conservation and recycling)
are well known, their application is rare outside individual housing
developments (Guy and Marvin, 1996). During 1996 the privatised Yorkshire
Water promoted the development of an environmentally risky water transfer
scheme despite its admission of poor planning and infrastructure
management. Part of the regulatory procedure of the privatised companies
involves judging their performance on the basis of reducing supply shortages
and restrictions!

It is interesting to note that the first seeds of truly integrated management
(involving land-use planners) and holistic vision for catchments were already
planted at the time of the 1989 Water Act. Thames Water Authority (NRA
Thames Region, after 1989) began to formalise public consultation in the late
1980s, particularly in connection with flood protection projects. A handbook
of their experiences is now available (Gardiner, 1991).

The essence of the Thames approach was and is appraisal and review which,
following the definition of a project, are applied at every stage to the evaluation
of options in three fields: economics, engineering and environment. Thames
(and now NRA) believe that it is the responsibility of a public authority to:

(a) Demonstrate that all relevant factors have been properly considered at the
appropriate stage.

(b) Provide an appreciation of the important impacts of a proposal and its
alternatives.

(c) Improve the quality of decision-making.
(d) Ensure efficient implementation of the project.
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Project appraisal must be set within the context of integrated river basin
management, wherein the changes induced by man tend to change system
morphology and the balance of the river environment. Clearly, Thames Water,
and now the NRA, have faced costs in this approach, not least in recruiting the
relevant disciplines for the promotion of each project. In fact it is, in the view
of Gardiner (1988), the interdisciplinary, holistic view of river basins (Figure
7.4) which becomes the major drive for vesting the rejuvenated field of river
engineering in the context of project appraisal and management of system
equilibria. Woolhouse (1989) confirms the need for both modelling the
hydrological effects of new urban developments in Thames Region (where
development of Luton, Stevenage and Harlow has had costly effects on
flooding) and interaction with planning authorities. The former becomes the
vehicle for the latter. Catchment Management Planning had, like the first river
basin authorities, been born in the flood protection sector and it is possible
that each national situation will spawn such a move in the most hazardous
sector of a comprehensive river basin management portfolio.

Figure 7.4 The holistic, interdisciplinary view of river management (modified
from Gardiner, 1988)
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7.7 RIVER BASIN INSTITUTIONS AND DEVELOPING NATIONS

The historical survey of institutional change in UK river management can be
said to have taken the nation’s rivers from rural low-density usage to urban,
industrial exploitation. There are ways in which this sequence is unlikely to
apply to nations experiencing contemporary development of their river basins
in the developing world:

(a) The UK is unusual, in that erosion problems are not a contemporary
corollary of settlement.

(b) The UK needs little irrigation and its industrial revolution was powered
by fossil fuel not by hydro-electric power: the remaining water power
interest in fact led to legal protection which is now seen as beneficial.

(c) The earliest movements towards integrated basin-scale management
came from land drainage (which is not a problem in most developing
countries) and pollution (which becomes a basin-wide problem only after
development).

The two most pressing river basin development problems in the developing
world are irrigation, to permit rural development, and power generation,
largely for urban populations. Both are served best (under existing
technologies) by the construction of dams. Because erosion problems are a
frequent accompaniment to land pressure problems in the developing world, it
is to river basins as sediment transport systems that we should look for
guidance on the priorities for institutional action to integrate the interests of
land and water users (Newson, 1994a and Chapter 2).

The lesson of these differences should be that UK and other developed-
world water professionals enter an entirely new world when they work on
development projects. Elliot (1982) points to this confusion of identities but
also to the intellectual training of single discipline excellence which is the
European tradition in water technology. This, he considers, is a threat to
communication between disciplines; therefore we may have multi-
disciplinary project teams but very little of the inter-disciplinary work which
is now shown as necessary in both developed world and developing world
river management. While the powerful leaders of developing nations often
have very little political desire for public participation in river basin
development, they should at least expect a good project. Elliot says:

It is important to emphasise the losses in efficiency that result from this
failure of communication. Resources are misallocated and specifications
or operating schedules are suboptimal precisely because one discipline
cannot fully internalise the complexities and requirements of the other.

(Elliot, 1982, p. 22)

The importance of the signals given by project team operation is that they
become embodied in the river basin institutions that are left to manage the



308 Land, water and development

systems post-project. Barrow (1987) presents the desiderata for those
developing tropical catchments; they are rationalised here in Table 7.4 which
demonstrates why the traditional lead discipline—engineering—in water
projects needs the support of other skills in education or the interdisciplinary
breadth and dialogue requested by Elliot. There is often a need, rarely met by
project teams, for a fresh start on issues such as water rights.

Some items on Barrow’s list appear to be wishful thinking and clearly represent
a view from the cultural background of the developed world. Local consultation
may be laudable in the Thames basin but is highly improbable in the Awash.
However, properly conducted environmental assessment, matched with economic
analyses which include the principles of sustainability (World Commission on
Environment and Development, 1987) and intergenerational equity (Dixon et al.,
1986), can be further matched with ethnographic observation to moderate rates of
change to those appropriate to the cultural environment as a whole. Once
established and under local control a tropical river basin development authority
can make many mistakes. Despite its mandate to advise the government on ‘all
matters affecting the development of the Area’ and to ‘coordinate the various
studies of, and schemes within, the Area so that human, water, animal, land and
other resources are utilised to the best advantage’, the Tana River Development
Authority in Kenya has failed to prevent interference between hydropower
generation in the upper basin and irrigation in the lower basin and has succeeded
in supplying most of the generated power to Nairobi. The most recent
Development Plan passes the focus of activity to the Districts as a move from
resource conservation to rural development (Rowntree, 1990).

Sadly, the problems are not unique to Kenya. Adams (1992) suggests
that river basin planning proved too attractive a model to emerging
African governments in the 1960s because of the large-scale, technological
and centralised nature of the development it promoted. The use of basin

Table 7.4 Guidelines to tropical river basin development
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authorities to bypass difficult ministries or traditional laws was common.
Adams concludes (p. 127) ‘The structures created so far in Africa simply do
not warrant [such] hope, demonstrating planning failure on a vast scale.’

Clearly, few developing nations have the capacity to avoid the project cycle
and the dependency on external consultants which it normally implies. For this
reason Agenda 21 is emphatic that human resource development and capacity
building are central components of the sustainable development paradigm. Only
by educating local technicians in, for example, hydrology and by using
techniques such as rapid rural appraisal to obtain the vernacular knowledge of
the basin concerned can a firm, indigenous institutional framework be
established prior to major developments. Institutional capacities should not be
created after the project is ‘up and running’. River management institutions may
have very humble, grassroots beginnings in the developing world. For example,
in rural South Africa a ‘Conservancy in the Southern Drakensburg’ (a coalition
of farmers, led by a recreational developer) has as its targets, in order of priority:
Cattle theft, trespass, stock numbers, fences, stray dogs, invasive plants, basin
management, erosion control, sustainable utilisation (e.g. of trout). This is
clearly no Tennessee Valley Authority but it may, with government help and
advice, become a powerful vehicle for planned utilisation of the land-water
interactions of the region.

Adequate consultation with those affected by river developments is an
essential process for river basin agencies in the developing world (see Chapter
6), not least because of the shortages of information held centrally;
nevertheless, communications and human rights problems frustrate the ideal.
At the United Nations Water Conference in Mar del Plata in 1977 the Mexican
delegation proposed the following:

It is recommended that the effective participation of the public is the key
for success of programs of water management and that the lack of local
participation has frequently resulted in ineffective programs.

(in Elmendorf, 1978)

Mexico has been well served by community-based development since the
revolution of 1910; even so, as reported by Elmendorf (1978), 30 per cent of
small village water supply systems are inoperative. Maintenance is a key
problem and failure to fund maintenance or to equip people in the project
community with the necessary expertise once again recalls the need for
adherence to sustainable development.

Warford and Saunders summarise the problem in this way:

No matter how badly (in the opinion of an external appraiser) a village ‘needs’
a better water supply system, if the population itself does not perceive the value
of the system, the usage rate will be low, system maintenance and local
administration will be inadequate and vandalism could be a problem.

(in Elmendorf, 1978)
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Elmendorf concludes that ‘vicariousness’—an ability to imagine how the
project will feel to the people of the project area—is a neglected aspect of
planning, given that full consultation is seldom possible and that values will
need translation into a factual form for the rational choice between
alternatives.

7.8 ENVIRONMENTAL ASSESSMENT AND MANAGEMENT OF
WATER PROJECTS: WORLDWIDE PANACEA?

Environmental (impact) assessments (EIA or EA) must be more than a cipher
in order to free up development funds (it has been the practice since October
1991 of the World Bank and other agencies to insist on EIA before funding
projects—see World Bank, 1993), as is shown by Abracosa and Ortolano
(1988) for the Bicol River Basin Development Program in the Philippines. The
assessment failed to identify problems of flooding in the reservoir basin,
fisheries deterioration and the growth of water hyacinth. Failure to include
public hearings and to involve the public in assessment are identified by these
authors as leading to a very large amount of post-project modification and
maintenance.

In May 1996 the US Export-Import Bank removed support from the
Chinese plan for the Three Gorges Dam on the Yangtze after an evaluation
‘fails to establish the project’s consistency with the Bank’s environmental
guidelines’ (World Rivers Review, 11/2) Over 1.3 million people were due to
be displaced by the scheme. The World Bank has also been prepared to
retrospectively investigate human rights records abuses carried out as part of
water developments, for example the alleged massacre of 376 Guatemalan
Indians in 1980–82 during clearance of the Chixoy Dam basin.

It is very clear that a huge responsibility for effective environmental
assessment and the embodiment of precautions revealed as necessary rests
with the engineering profession. As Kalbermatten and Gunnerson (1978),
introducing the proceedings of a professional workshop on the topic,
conclude, it is essential to analyse the pattern of the project ‘helix’ (Figure
7.5). The engineer needs to ‘enter into and support programs for early public
disclosure and public participation in the conceptual planning and
implementation stages of civil engineering projects’ (p. 241) (see also Section
7.10). Post-project appraisal is also essential.

The essential links between land and water developments may be missed by
simple environmental assessment; this represents a failure of strategic thinking
and a failure to encompass the concepts of environmental capacity. Investment
in EA may be made in the political hope that it will bring ‘a quiet life’ and ‘buy
off opponents to projects. From experience with land-use planning in
connection with water issues in what was then West Germany, Wertz (1982)
concludes that open conflict is the best way to ‘settle’ rival professional
interests and responsibilities. Within such a field of creative tension it would
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be of value to the water interest to adopt standards to be attained by land-use
interests ‘even if those standards are not always scientifically dependable’ (p.
292). Interestingly for an author representing a successful developed
economy, Wertz also concludes that ‘it is not advisable to commercialise
public interests in water supply and sewage treatment…public administration
and management should, therefore, be given priority over private forms of
organisation’ (pp. 292–3). Within the appropriate institutional framework,
claims Wertz, the one remaining problem is to integrate research knowledge in
relation to specific courses of action rather than in abstract:

Only if exchanges between scientists and practitioners are related to
actual projects, while they are being implemented, rather than being
treated theoretically, can they be of greatest value. Land-use planners
and decision-makers should be included in educational activities and in
the exchange of information.

(Wertz, 1982, p. 293)

This voice of experience is echoed by Hellen and Bonn (1981) with their
rueful quote that ‘the best interdisciplinary activity is often that which goes on
in one person’s head’ (p. 333). In this context, thorough (even bruising!)
environmental assessments, which are very broadly scoped, appear to be
central to institutional management of developing river basins.

Figure 7.5 The engineering programme planning helix (Kalbermatten and
Gunnerson, 1978)
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Barbier (1991) suggests that comprehensive identification of components
of a watershed system (such as may be identified by EIA) make a very suitable
basis for applying the emerging factual basis of environmental economics. In
terms of development projects, environmental economics present the
opportunity to refine cost-benefit evaluations of project worth. Barbier quotes
examples of the cost of soil erosion in Java (both on-site and downstream
remedial actions are costed). He further suggests river basin projects as
suitable for applying the ‘environmentally compensating project to parallel
the main project and bring enhancement or rehabilitation to the basin
affected’. Tejwani (1993) applies benefit/cost ratios to the watershed
management of three reservoirs in India, including in the benefits the
improved crops, forest products, employment but none of the ‘uncosted’
benefits such as conservation and recreation which stimulate proponents of
environmental economics in the developed world.

Winpenny (1991) provides numerous examples of how national and project
scale accounting, including the costs and benefits of soil conservation,
reservoir impoundment, irrigation schemes and water supply schemes permits
a more rational approach to water development projects. In a much broader
context, Allan (1996) has introduced the concept of ‘virtual water’—that
water included in patterns of world trade, often at great cost. The concept
allows a nation (such as Israel) where water resources are scarce (but which is
locked into a world trade pattern of exporting irrigated crops) to elect to
import water-demanding produce from rain-fed systems in exchange for more
water-efficient exports such as industrial goods. Thus it becomes impossible
to separate environmental assessment from world trade patterns; we should
therefore seek trade patterns which permit nations to be more sustainable and
not to trade in sustainability by importing the products of unsustainable
development abroad.

7.9 INTERNATIONAL RIVER BASIN MANAGEMENT

In the context of ‘virtual water’ all river basins are international! However, we
here turn to the specific problems of large basins which cross international
boundaries. It is appropriate, once more, to differentiate between problems
and policies in the developed world and those in the developing world.

Ten factors which influence the likelihood of achieving workable
intergovernmental agreements are:
 
(a) Severity of the problem.
(b) Degree of technical agreement on the solution.
(c) Geographical balance of the problem.
(d) Law standards and access allowable to foreigners.
(e) Domestic interests and pressures.
(f) Level of preparedness of appropriate institutions.
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(g) History of cooperation/conflict,
(h) Relative economic strength/military power,
(i) Third party involvement, e.g. United Nations,
(j) Timing—agreement must precede entrenchment.

Taking two developed world problem basins (the North American Great Lakes
and the Rhine) and two developing world basins (the Nile and the Ganges/
Brahmaputra), it is easy to see how these factors work slightly differently in the
two situations.

In the Great Lakes the situation is covered by an International Joint
Commission dating back to 1909. It is a neutral adviser and factfinder staffed by
impartial professionals. Since the USA accounts for 87 per cent of the water
used from the Great Lakes basin and discharges 80 per cent of the pollution
load, it is clear that Canada has a vested interest in the impartiality of the IJC;
special boards and advisory groups were grafted on to the Commission to deal
with cross-border tensions over pollution. Manifestations of these tensions
included environment groups from Canada fighting in the US courts (backed by
Canadian government funds) to control toxic dumping and the effects of a stark
contrast in pollution control laws (the USA controls at source, Canada uses
receiving water standards). However, working in favour of the IJC are the
parallel arrangement of the two nations on either side of the water (rather than
upstream/downstream) and their similar levels of development.

While the nations of Europe have similar levels of development the River
Rhine basin is one in which there are clear source (Switzerland) and receptor
(Netherlands) nations and two traditionally antagonistic nations (France and
Germany) with intervening riparian interests. Treaties controlling the
management of the river date back, through two World Wars fought across it,
to 1868. Fisheries and navigation have been regularised for more than a
century; however, pollution has proved problematic for several reasons. First,
of the four participating nations Switzerland is not a member of the European
Union and therefore not bound by EU Directives on the control of pollution.
Second, the basin includes extremely important mining and industrial zones
relatively high up (e.g. potash mining in Alsace which contributes a third of
the Rhine’s huge salt load) and very important agriculture low down (in river
and altitude terms) in the Netherlands. Nevertheless, the four nations
established the International Commission for the Protection of the Rhine
against Pollution in 1963 and two important conventions (chemical pollution,
chloride pollution) in 1976.

The Commission has shown its appreciation of the basin’s ecosystems by
advancing the Ecological Master Plan for the River Rhine whose aims are:

• to restore the mainstream as the backbone of the complex Rhine
ecosystem and tributaries as habitats for migratory fish;

• to protect, preserve and improve ecologically important reaches.
(Van Dijk et al., 1995)



314 Land, water and development

While the Netherlands is highly dependent on good management of the Rhine
upstream it is in no way as vulnerable as Egypt on the Nile. The life of Egypt
(and its burgeoning population) is highly dependent on irrigated agriculture
(see Chapter 5). A cornerstone to Egypt’s survival has been, therefore,
friendly relations with Sudan immediately upstream, with whom the first Nile
Waters Agreement was signed in 1929. In 1959 a Permanent Joint
Commission was set up, gathering data, planning and coordinating. It was this
Commission which facilitated the Jonglei Canal project (p. 171). To Sudan the
Canal is an equally prestigious contribution to the water resource conservation
of the Nile as is Egypt’s Aswan High Dam. However, the real problem of Nile
management is that while the six headwater nations on the White Nile
(Uganda, Kenya, Tanzania, Rwanda, Burundi and Zaire) are apparently
amenable to joining a UN compact on the basin, they control only 14 per cent
of the flow. Ethiopia, responsible for the 86 per cent from the Blue Nile, is
politically, culturally and economically very distinct and refuses to join moves
towards integrated basin management.

Cultural and political differences also confuse moves to manage the huge
basins of the Ganges and Brahmaputra. In the 1950s India ‘stole’ water from
the Ganges above the Bangladesh (East Pakistan) border to keep open the port
of Calcutta by flushing silt into the Bay of Bengal. As Bangladesh became
independent in 1971 a Joint Rivers Commission was established but apart
from aiding flood control in Bangladesh the Commission has been largely
unsuccessful. In 1976 India ‘stole’ more of the low flow of the Ganges at the
Farakka barrage. There is a perennial proposal to divert the Brahmaputra in
India across to the Ganges. Bangladesh countered with proposals to dam
tributaries on Nepalese territory.

Kliot (1994) has provided the most penetrating analysis of the options and
constraints for managing international basins. She offers four principles for
interaction between riparian nations:

(a) Absolute territorial sovereignty (each nation develops the river according
to need).

(b) Absolute territorial integrity (respect for the needs of the other nations).
(c) Common jurisdiction (jointly agreed management via basin agencies).
(d) Equitable utilisation (sharing the resources).

Clearly (a) and (b) are extreme positions while (c) and (d) are intermediates.
Kliot takes the Helsinki Rules (see Chapter 5) and applies them in principle
to several of the problem international basins of the Middle East, including
the Nile and the Jordan. Table 7.5 here demonstrates the application of
the Helsinki Rules to the Jordan. Other authors are less methodical in
coming to the conclusion that ‘water wars’ are the inevitable outcome
of failure to reach rational accords of the type advocated by the
Helsinki Rules (Bullock and Darwish, 1993; Ohlsson, 1995). Allan and
Karshenas (1996) writing about the Jordan basin suggest that the national



Institutional issues in river basin management 315

economies of the riparian states have responded to the challenge of the water
deficit in ‘predictably different ways’. Restating their concept of ‘virtual
water’ they suggest that nations have the option of the ‘creation of new
livelihoods which use water to greater economic effect’. Clearly, two
weaknesses are exposed in the Helsinki Rules by this discussion: they are
almost entirely based upon water resource considerations and they neglect that
flexibility which exists in the deployment of resources.

7.10 CONCLUSIONS: SUSTAINABILITY AND SUBSIDIARITY—
INSTITUTIONS WHICH CAN PLAN BASIN DEVELOPMENT

We have seen that, in addition to decisions over funding and representation,
river basin organisations also face profound problems of scale.
Paradoxically they can operate best by owning land and/or influencing
people to concur with their wishes on land when the scale is very small. That
is why many conferences, books and papers are addressed to ‘catchment
management’ or ‘catchment control’, where the word catchment infers the
diminutive of ‘basin’ (see Chapter 1). Paradoxically, as geographical scale
increases to the natural drainage basin outline, including sources and users
of water, polluters and conservers of the aquatic environment, the challenge
of sustainable management and planning grows, as does the seriousness of
the outcome, but there are far fewer means of tackling that task. Schramm
(1980) concludes that there is a negative relationship between basin size and
the scope of work undertaken by planning institutions. It may, therefore, be
an essential feature of large basin management to set goals for small areas,
for example the ‘Priority Watershed Approach’ in Wisconsin, USA
(Konrad et al., 1986). The message of the successes won at small scale is that

Table 7.5 The relative ranking of the Jordan basin co-riparians according to
the Helsinki and International Law Commission rules
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Table 7.6 Conclusions and recommendations of the UNEP/UNESCO study
of ‘large water projects’ and the environment
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Table 7.6 (continued)
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‘ownership rules OK’, at least in much of the developed world and it is no
accident that the Ontario Conservation Authorities are encouraged at grass
roots and can then purchase land over which they want management control.
The case of the UK, however, and the recent trajectory of the Catchment
Authorities in New Zealand, is that the land planning process is an essential
element at the broader scale.

It may not be through the priority interest of the river basin organisation
that planning influence is achieved; for example, it was the fisheries and
conservation interests in the UK who first persuaded the Forestry Commission
to plan and manage plantations with stream sensitivity in mind, yet the water
losses by interception are more costly but had no influence. Similarly, the
nitrate pollution issue has forced the identification of ‘sensitive areas’ in the
UK agricultural landscape; nitrate is of unproven toxicity yet has achieved a
policy change impossible to arrange for the more serious issue of land
drainage and flood protection.

No government is going to allow a primacy to its water management
organisations; they must achieve influence by various means and it appears
that ‘sensitive areas’ are a good way to publicise the interests of good basin
management; they also have a profound educational value.

In time, too, there are problems of scale. Many of the strongest
precautionary regulatory activities (e.g. environmental assessment) apply to
projects, but not to routines. Recent advice from the United Nations
Environment Project (UNEP) and UNESCO (1990) offers an extensive guide
to sympathetic management of ‘large water projects’—summarised in Table
7.6. Thus, while a large development may be carefully considered by all with
a legitimate interest and carefully ‘nested’ into its environment, a rash of
smaller developments over a long time period may escape scrutiny.

In the last five years Catchment Management Planning has become a
centrepiece of river management in the UK (Slater et al. 1995). Its aims and
objectives are listed in Table 7.7; essentially, all scales of development in the
basin are considered, thanks to the co-existence of a local government
planning system which is open to comment by the public and by ‘relevant’
organisations such as the National Rivers Authority (now Environment
Agency). At the centre of both processes is public consultation, an easier
concept to advance than to implement but a considerable evolution from the
‘technocratic’ tendencies of the engineering project-dominated past.

Further encouragement to the civil engineering profession to formalise
public participation in water projects is provided by Priscoli (1989) who sees a
continuum between PI (public involvement) and CM (conflict management)—
see Figure 7.6. Priscoli reiterates the view that:

Frequently the major problems that engineers and scientists face are not
technical. They are problems of reaching agreement on facts,
alternatives or solutions.  



Institutional issues in river basin management 319

The engineer, trained and rewarded for technical excellence is
frequently frustrated by what are perceived as extra social or
environmental design constraints. However, far from constraints,
broadening the social objectives of engineering presents new
opportunities for engineering service if one makes the effort to look.

(Priscoli, 1989, pp. 31, 36)

Priscoli attempts to guide the engineer through a simple definition of the
values which public consulters might bring to discussion of a water scheme
(Figure 7.6) and to emphasise that an essential step for the professional is to
admit the interactive bias of the situation. Once open for discussion the project
loses its Newtonian, mechanistic simplicity and the professional, too, feels
lost. ‘You need to give the project away,’ says one experienced British flood
control engineer.

Once the interests of the consultees are established by exploring the
salience of values to the particular project, formal methods of interest-based
bargaining (e.g. Fisher and Ury, 1981) can be employed to progress to a
solution which is both feasible and broadly acceptable.

Table 7.7 Aims of Catchment Management Planning (CMP) as outlined by
the National Rivers Authority (now Environment Agency) of
England and Wales
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Thus, to follow these principles, it becomes essential for water managers to
understand land, its uses, management and planning. To intervene in land
issues is a large political step in any system of government; the intervention is
highly determined by the context of the information held about land and the
policy framework surrounding land. These matters are worth a chapter on their
own (Chapter 8).

Figure 7.6 Conciliation procedures and public consultation (Priscoli, 1989)



Chapter 8
 

Sustainable river basin management
Issues of the knowledge base

Although the river and the hillside…do not resemble each other at first
sight…one may fairly extend the river all over its basin and up to its very divides.

W.M.Davis (1899)

This definition emphasises for us the huge problems of information,
knowledge and influence inherent in our ambition to coordinate the human
exploitation of the river basin ecosystem and to make that exploitation
sustainable.

The United Nations Conference on Environment and Development
(UNCED or ‘Earth Summit’), held in 1992, made explicit to all nation states
the need to make development sustainable; far from advocating a single
operable definition of sustainability there was, within another ‘S’-word
(subsidiarity), the inherent challenge to define sustainable processes
appropriate to particular environments at particular scales. Subsidiarity
implies decision making at the appropriate level in a hierarchy of bodies from
the international community, through nation states to local government
bodies, popular groups and the individual. The word ‘sustainable’ is hard to
define; however, many agree that working towards a practical definition is an
essential technical and political venture in all fields of environmental
management at the close of the twentieth century. It is, however, an
appropriate adjective for the type of management which Chapter 7 implicitly
prescribes for the river basin system. Pezzey (1989) describes sixty-one
versions of a definition and the political, philosophical and scientific doubts
which attend the broad notion of sustainable development, first widely
publicised by the World Conservation Strategy (International Union for the
Conservation of Nature, 1980) but mainly boosted by the Brundtland Report
(World Commission on Environment and Development, 1987) which defines
it as: ‘development that meets the needs of the present without compromising
the ability of future generations to meet their own needs’ (p. 43).

Pearce (1993) suggests that there are three main forms of sustainability:
ultra weak, weak and strong, and that one may judge the stage to which policy
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has evolved on four dimensions (here modified to policy, economy, society
and contact—see Table 9.5). Turner (1993) adds ‘very strong sustainability’
which has a moral dimension of biotic rights—in other words respect for total
ecosystem integrity; this is generally assumed to be politically naive and
impracticable in the present era. Strong sustainability puts ecosystem
functional integrity at the core of its policies, corresponding approximately
with the holistic form of management discussed by Downs et al. (1991).
‘Natural capital’ and ‘human capital’ (what we produce from natural
resources) are not seen as interchangeable. Thus in terms of river basin
ecosystems the science agenda for strong sustainability would include:
 
• Ecosystem identification and calibration (to identify capacity).
• Assessment of natural extremes and trends.
• Assessment of system sensitivity to development impacts (natural

capital).
• Assessment of risks and precautionary principle for management.

(Newson, 1996a, in press)

The contribution of scientific knowledge is vital in guiding our decisions in all
versions of sustainability but it is particularly critical to our choice of how
‘strong’ we want our policies to be. This chapter is of even greater relevance
considering the special position advocated for river basin managers in the
vanguard of all environmental management systems by reason of antecedence
and opportunity. Paradoxically hydrology is a young science and the need for
scientific guidance is urgent; we have an added responsibility therefore to
assess the doubts, uncertainties and risks associated with such guidance.

Tollan (1992) has further characterised the ecosystem approach to water
management as requiring, before action, synthesis of knowledge from various
fields of specialisation; an holistic perspective focusing on links between
environmental elements and man; a multi-media approach (land, air, water)
which is geographically comprehensive (i.e. whole basins).

His vehicles for delivering the approach are also a useful summary of
points raised above:

• Legislation.
• Institutional arrangements.
• Planning.
• Impact assessment.
• Economic measures.
• Ecosystem evaluation/classification.
• Integrated monitoring.
• Public participation.

Can we afford this programme? Perhaps the question should be ‘Can we
afford to be without it?’
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8.1 SCIENCE IN THE ‘NEW ENVIRONMENTAL AGE’

While Chapter 7 has extolled the virtues of a rebalancing between technical
and popular inputs to river basin management it is clear that basic guidance
will continue to come from scientific research. The burden of this chapter is to
explore the appropriateness of the knowledge base available for the
conjunctive use of the land and water resources of large basins but, before this
exploration, we need to address more general problems of the nature of
environmental sciences and how they interact with the institutions whose
critical role is now understood (i.e. from Chapter 7).

In one sense sustainable river basin management is a vanguard project in
the critical quest for all ecosystem management systems; other than the few
world examples of urban ‘air basin’ management to curtail pollution (recently
extended to the European Union in terms of critical air pollution loads for
acidification) and ecosystem management in nature reserves, the river basin is
uniquely a process-response system with definable, meaningful boundaries
often coincident with existing social and administrative limits. The popularity
of rivers for recreation in the developed world (see Chapter 9) means that
popular environmental campaigns are directed at river managers before the
appropriate institutions are aware of problems or at least before they are
prepared to take mitigating action.

The high cost of taking mitigating action or of error in proactive action
means that from the outset environmental policies in many nations have been
cautionary rather than precautionary (see Section 8.3).

For example, in Victorian Britain clear principles were laid down to guide
public policy responses to pollution (Department of the Environment/Welsh
Office, 1988):

(a) Controls would be applied when the scientific evidence justified it.
(b) Pollution should be prevented at source.
(c) The best commercially viable technology should be used to effect

abatement of emissions or discharges.
(d) The polluter should bear the costs of the necessary controls.

Thus scientific evidence is codified as a key factor in prompting response but
debate, of course, rages about the stage at which the evidence is ‘conclusive’.
There are also options to use the same scientific evidence in different forms of
policy as evidenced by the contrasts in pollution control philosophies between
the European Union and the UK (Newson, 1991). Haigh (1986) describes the
pattern of policy responses to the pollution threat from the lead content of
petrol; he describes a ‘majestic descent’ of the lead content in response to a
complex interplay of scientific evidence and political and technical activity at
a variety of scales. Ashby (1978) has also noted a repeatable pattern of
‘ignition from public opinion’, ‘examination by scientists’ and ‘formulation
of political action’ by a combination of evidence and advocacy.
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At this stage we may note the ironic situation in which science is credited
with a key role but not as an anticipatory and radical force in the same way as
technology. For these reasons we need to examine the nature of environmental
science.

8.2 THE ENVIRONMENTAL SCIENCES

The popular definition of science plays up its objectivity and exactness;
science has become in the twentieth century utterly confused with technology,
to a point where ‘technocentrist’ positions on environmental management
(O’Riordan, 1977) are optimistic that the continued success of research and
development will ensure technical solutions to resource and hazard problems.

Environmental sciences fall into the popular and political images built for
the laboratory sciences and this leads to considerable confusion over the
incorporation of research results into policy; by comparison, the incorporation
of laboratory science into technology is extremely simple and is mainly
concealed from public scrutiny. Conventional research and development
processes have tended to support the growth of economies, diversifying,
extending and modernising the range and capability of manufactures and
services. The short history of the environmental sciences has, however, shown
them to be markedly different:

(a) They have tended to be identified with the sounding of alarms about the
effects of economic development.

(b) Their stated results, or the conclusions made from them, have been
contentious and much of the resulting public debate is between scientists
with opposing results or interpretation.

(c) Environmental sciences have lacked the methodological rigour of the
established sciences, being forced often into extensive modes of inquiry,
and uncontrolled or at best statistically validated frameworks.

(d) Environmental sciences have tended to group together in pursuit of trans-
boundary problems, particularly during the late 1980s with the rise of
global scale environmental challenges. Headings such as ‘Earth and
Atmospheric’ or ‘Terrestrial and Freshwater’ sciences have appeared on
doors and on letterheads. In addition, the social sciences have been
drawn into an increasingly holistic framework widely regarded as
appropriate by both philosophers (Bunyard and Goldsmith, 1988) and
managers (Gardiner, 1988) of environmental systems.

A further characteristic, particularly of environmental science integrated with
development studies, is its willingness to form alliances with ‘vernacular
science’ or ‘indigenous knowledge’ systems, in other words the cultural,
informal information (often value-laden) which is in the possession of those
groups impacted by the development. We investigate the characteristics of this
significant dimension below.
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How well equipped is environmental science to provide knowledge for
practical management of natural systems? Because river basins are, and have
been, in the vanguard of system management we can partly answer this
question by following the development of hydraulics and hydrology (see
Chapter 1). However, it is first necessary to consider the relationship between
providers and users of knowledge and therefore between science and society.

8.3 ‘SCIENCE SPEAKS TO POWER’

The field of metascience (the science of science) has been a very popular area
of enquiry for philosophers in recent years. Perhaps initially inspired by the
environmental damage brought about by some facets of applied science and
technology (e.g. nuclear power) but also by the way in which positivist
approaches to social systems were applied in an unquestioning way by policy-
makers, the metascientists have been able to capitalise on a period of profound
introspection on the part of scientists themselves, largely brought on by a
rapidly falling resource base for research.

Ziman (1984) attempts a guide to the contemporary status and problems of
applied science, though without any special attention to environmental
science. Ziman’s view is that, despite a treasured perspective of science as a
distinctive and wholly objective philosophy, independent of its material base,
this perspective has never been representative outside higher education. He
suggests that epistemological, occupational and societal functions are always
combined in a scientist. For long periods (e.g. 1850–1950) societal functions
of science are stable; an important aspect of stability is autonomy. However,
external steerage has now largely taken over (Kogan and Henkel, 1983) and
this has implications for what is researched, the manner of research and the
interface with policy.

Collingridge and Reeve (1986) are even more dubious of the role of science
in relation to policy rather than technology. In a study which gives its title to
this section, they unpick what they call the ‘myth of the power of science’ in
relation to policy-making, that is, that ‘whatever information is needed to
reduce uncertainty in making a particular policy choice, science can meet the
challenge’ (p. 2).

They claim that this myth is perpetuated as recently as the introduction of
environmental assessment in development programmes and conclude that:

Contrary to the myth of the power of science there is a fundamental and
profound mis-match between the needs of policy and the requirements
for efficient research within science which forbids science any real
influence on decision-making.

(Collingridge and Reeve, 1986, p. 5)

Collingridge and Reeve see research proceeding best when scientists are
allowed autonomy in their choice of problem, allowed to work in single
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disciplines and allowed to reach a consensus with low error costs. However,
the more relevant the policy field, the more likely will be criticism of technical
arguments. The status of scientific knowledge as simply a stage of negotiation
among scientists which has reached consensus is therefore directly threatened.
Similarly scientists become frustrated with the fact that policy-making does
not involve a synoptic rationality in which exact bricks are built into a
carefully planned wall of knowledge. Policy-making therefore becomes
incremental rather than fundamental and this aspect of the political filtering of
research results is poorly appreciated by scientists, including the present
author.

Three years after the acceptance of a paper on the hydrological impacts of
afforestation in the UK by Calder and Newson (1979) by the hydrological
community, the Secretary of State for the Environment in the UK government
made the following statement in Parliament: ‘As regards afforestation, its
percentage and its effect on catchment areas… I am advised there is a lack of
clear scientific evidence’ (Hansard, 21 March 1980). In later papers (Newson,
1990; 1991; 1992d), therefore, the author has tried to put the knowledge base
of hydrology into a policy context. These papers illustrated a slow but
measurable policy readjustment to the original scientific research.

One weakness of Collingridge and Reeve’s arguments for the field of
research on the natural environment is that they ignore the interdisciplinary
nature of a science like hydrology; contributions by generalists in this field
have been far more important than those in the medical and psychological
research fields they cover. Nevertheless, it is highly appropriate to the subject
matter of this chapter to consider the need for knowledge in river basin
management to be constrained by the restrictions raised by Collingridge and
Reeve. It is especially pertinent to consider the concept of managing the
uncertainty which applies to all scientific findings; we may speak, therefore,
of the error costs of changing policy in response to faulty scientific guidance.
This will apply particularly in river basins to problems of scale and of
experimental control which arise in hydrology.

To indicate that error costs may be an unneccessarily pessimistic image of
scientific guidance we need to briefly review a more optimistic innovation in
former West Germany’s public policy-making which subsequently caught the
attention of the Royal Commission on Environmental Pollution (1988).

The German Vorsorgeprinzip (precautionary principle) may be defined as
taking integrated steps to protect the environment from processes of
degradation which can be identified by research but about whose precise
operation and impact there is still scientific uncertainty. If applied to river
basin management the precautionary principle could have no other outcome
than land-use planning because it would be important to apply anticipatory
controls to maintaining both quantity and quality of river flows and to
managing the effects of extremes and responses to climatic change. Such
planning is already part of public policy in some countries (see Chapter 9).
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8.4 ENVIRONMENTALISM, ENVIRONMENTAL SCIENCE AND
RIVER BASIN SYSTEMS

Many of the oft-quoted visionaries of the environmental movement have made
observations which describe the relationship between the land and water
resources, and their human exploitation, within river basins. As explained by
Chapter 1, what allowed them to bring out the connectivity of basin systems
(before aerial and satellite photography and environmental science ‘revealed
all’) was the depiction of land and channel components as integral on plans
and maps—dating back to Leonardo da Vinci and beyond.

The origin of the modern phase of ‘basin scale environmentalism’ is
reputed by many writers to have been ‘The Alpine Torrents’ controversy
(Glacken, 1956) of the nineteenth century in Europe. In 1797 a French
engineer (Fabre) linked the sequence of damaging floods from rivers draining
the Alps to deforestation of the headwaters. Fabre listed seven kinds of
disaster which resulted in:

(a) The ruin of the forests themselves.
(b) The erosion of mountain soils and consequent destruction of mountain

pastures.
(c) The ruin of settlements near streams.
(d) Instability of channels.
(e) Litigation over channel migration.
(f) Siltation lower down rivers.
(g) Diminution of runoff from springs and subsoil.

Fabre’s work produced a series of studies in France which eventually evoked a
policy response from the French government. It introduced a project of
reboisement (reafforestation) during the nineteenth century (1860 and 1882).
The Austrians and Italians also faced the same problem. Alexander von
Humboldt pronounced on the causative link between catchment
mismanagement and environmental stress, using lake levels in the New World,
Asia and South America as evidence:

by felling the trees which cover the tops and sides of mountains, men in
every climate prepare at once two calamities for future generations:
want of fuel and scarcity of water.

(von Humboldt, 1852, quoted in Kittredge, 1948, p. 9)

A further profound influence at about this time was the landmark volume,
Man and Nature, or Physical Geography as Modified by Human Action by
George Perkins Marsh (1864). Widely acknowledged as the first major
influence on Western environmental concern, especially by geographers, this
book records Marsh’s extensive travels in the Alps. He was despatched by
President Lincoln as an American ambassador to several countries with
environmental problems in the Mediterranean and in Alpine Europe. He gave
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very high prominence to the dangers of deforestation and became instrumental
as a diplomat and bureaucrat in drafting laws on irrigation (in France and in
California); he also influenced the British Parliament in a policy of
reafforestation for India.

Marsh focused much of his factual reporting of deforestation on the Alpine
zone of Europe, linking deforestation with both flood and drought; in places
his observational data and bibliographic enquiries appear to yield
contradictory evidence on the precise hydrological effects of a forest cover but
concluded overwhelmingly that they were beneficial. It is interesting to note a
recent and contentious entry into the debate over deforestation; Metailie
(1987) concludes, from a study of the Pyrenees, that nineteenth-century
catastrophes from flooding can be blamed on exceptional climatic sequences
and natural geological and geomorphological proclivities rather than
‘anthropic’ erosion which was limited in extent. The same sort of battle
between alternative explanations rages in connection with the Ganges (see
Chapter 5).

The Swiss established a paired catchment study in 1900 to investigate the
effect of forest cover on runoff. They concluded almost entirely beneficial
effects of tree cover—balancing the extremes of flow and attracting
precipitation. The results were reported in the USA by Zon (1912), two years
after the establishment of the Wagon Wheel Gap paired catchment experiment
(including forest felling—whereas the Swiss had compared catchments with
98 per cent and 30 per cent covers). Zon reported that: ‘Accurate
observations…established with certainty… Forests increase both the
abundance and frequency of local precipitation over the areas they occupy’
(quoted by Kittredge, 1948). After less than fifty years of a plethora of US
paired catchment experiments, Hibbert (1967) summarised the results of
thirty-nine such studies as concluding that forest reduction increases water
yield, and reforestation decreases water yield.

Clearly, these early observers did not have the benefit of quantitative data;
these did not become available until the systematic hydrological monitoring of
a wide range of land uses in a wide range of climatic and physiographic
conditions began during the International Hydrological Decade (1965–74).
The Decade established a key distinction for scientists researching options in
river basin management: between representative and experimental basins.

8.5 THE HYDROLOGISTS’ STOCK-IN-TRADE: CATCHMENT
RESEARCH

Even within the autonomy of science under internal controls there is a
profound debate about the appropriateness of one of the basic forms of
research used to input to river basin management. We have already referred to
the systematic problems of environmental science in framing experiments.
One of these is that it has no unique theories to test but rather explores the
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boundary conditions which constrain the application of theory within
significant combinations of climate and physiography. Enter, therefore,
traditional geographical and biological tendencies to induction and
classification (Burt and Walling, 1984), which become combined in catchment
research frequently being carried out as a series of case studies (Church,
1984). Burt and Walling are very critical of this tendency and, following
Kuhn, claim that: ‘protracted attachment to the methodological directive “Go
ye forth and measure” may well prove an invitation to waste time’ (p. 7).

Nevertheless, these authors are hopeful that the phases of classification of
catchments and of the identification of processes and their controls are now
complete. An experimental approach to catchments can now mean, therefore,
the careful testing of models incorporating processes. Church eases this
sentiment into two avenues for catchment studies—exploratory and
confirmatory.

It is unlikely that catchment research will avoid a continuing plethora of
case studies, simply because land-use and land management effects often
require opportunistic research, especially where a manipulation of land is
required (part of the original definition of a true experimental catchment). We
here begin to move towards the true crux of catchment experimentation—it is
almost inevitably an applied science and has, therefore, in addition to the
problems of experimental control, problems of relevance (increasingly as
funds become scarcer) and the infrequently assessed problem of scale.

During the International Hydrological Decade (1965–74), Ward (1971)
produced a concise evaluation of the catchment framework for hydrological
work; he wrote from experience, having been among the earliest academic
geographers in Britain to set up field hydrological studies. Ward quotes a
Texas congressman who proclaimed that an experimental catchment was ‘an
area drained by a creek of the size that a coon dog could jump across’. More
seriously, Ward centres his critical evaluation of the catchment approach on
the relationship between the purely empirical findings it provides and two
much sterner tests—the ability to extrapolate those findings and an
understanding of the processes underlying them. In all, Ward lists five
practical problems of catchment experimentation:
 
(a) Lack of control.
(b) Representativeness.
(c) Accuracy of data.
(d) Data manipulation.
(e) Costs.

In terms of extrapolation, there had been early optimism among field
hydrologists that research catchments could be seen as modules, with
results being merged and grouped according to relief, soil, climate or land-
use protocols, ‘grossing up’ to the scale of river basin for which
management predictions are required. Most of them became less optimistic
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after their first practical attempts; Amerman (1965) concluded that
processes related to the areal pattern of runoff from slopes (such as
throughflow in soils and groundwater recharge on slopes of different
lengths and geometries) produced an inherent, scale-dependent
geographical variability in catchment performance. A further, more
obvious source of scale-dependent behaviour is that of the proportion of its
travel time spent by an element of runoff on slopes and in channels—the
channel proportion increasing with distance from the headwaters. It is no
accident that the most successful extrapolations from catchment research
have been those determined by atmospheric processes, such as interception
loss (see Calder and Newson, 1979). As one ‘goes deeper’ in the
hydrological process cascade, extrapolation becomes much more complex.
Turning to problems of providing basic understanding through catchment
research, Reynolds and Ley ton (1967) were very clear that even smaller
experimental areas are needed: ‘Watershed experiments cannot provide
understanding of the physical processes, for which plot studies must be
conducted’ (quoted by Ward, 1971, p. 131).

Reynolds and Leyton do not specify the location for plot studies but clearly
there is much to be gained from a nested approach to scales of study; the
geomorphologist’s technique of stream ordering can offer a basic principle for
this hierarchical approach, one which was to be central to the UK Institute of
Hydrology’s Plynlimon research catchments (Kirby et al., 1992). As Ward
says:

None of these…useful ways of supplementing small watershed
experiments…is a replacement for the small experimental watershed,
however, since ultimately all other methods must be verified and
assessed in relation to watershed data.

(Ward, 1971, p. 131)

This conclusion is valid within the confines of the research approach but still
neglects the problem of the next quantum leap—to application. In this respect
it is relevant to note that, at the start of the IHD, da Costa and Jacquet (1965)
reviewed 252 catchment studies, of which 188 were of areas less than 25 km2.
The size of catchments and the duration of research on them revealed by the
Helsinki Symposium in 1980 is shown in Figure 8.1—they are mainly small
and operate for around a decade. Hudson and Gilman (1993) have recently
demonstrated the benefits of maintaining the Plynlimon experimental
catchments in Wales for a period (twenty years plus) over which climate
changes become clear from the assembled data.

At the conclusion of the IHD in 1974, UNESCO implemented an indefinite
extension to coordinate further experimental hydrology: the International
Hydrological Programme (IHP). Arnell (1989a) reviews the accumulated
catchment studies from eighteen nations under the ‘FREND’ programme (Flow
Regimes from Experimental and Network Data). It is important here that ‘N’ for



Figure 8.1 The scale and duration of catchment experimentation on land-
use effects: data included in papers presented to the 1980
Helsinki Symposium of the International Association of
Hydrological Sciences (IAHS)
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Network has been included. At the time of the IHD, routine hydrological
measurement and data collection were often local and low-tech. Thus
catchment experiments were, in addition to their major role, a test-bed for
instrumentation techniques and data processing routines. Twenty years later
the ‘routine’ catchment is as well equipped as the early experimental sites,
with data processed, checked, used and archived as part of national
information systems such as the UK Surface Water Archive Programme
(SWAP).

Thus it is now to network data that river managers can look, at least for
vindication of an effect first isolated by researchers; the research catchment is
still the more likely venue for a true experiment, that is, manipulation of a
control such as land use, and has increasing value as a monitoring device as
the duration of its records grows and circumstances in policy (and now
climate) change.

The relative spatial coverage attained by research catchments and by
network measurements is shown in Figure 8.2 for Britain. A further indication

Figure 8.2 Great Britain—hydrological research and monitoring:
(a) The research scale: small, dispersed catchments
(b) The monitoring scale: large, cohesive basins
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of the growth of network power in the field of land and water management
comes from the volume edited by Solbé (1986). Of forty-six pieces of work
reported only two make detailed use of research catchment data; seven use
plot experiments or lysimeters and the remainder which report data collection
programmes utilise network monitoring data, especially in connection with
water quality data.

Arnell (1989a) further indicates a shift in scientific attention between the
IHD and the IHP. The theme of the Decade, he says in his Preface, was that
‘Rational water management…should be founded upon a thorough
understanding of water availability and movement’ while in the IHP ‘the
objectives have shifted slightly towards a multidisciplinary approach to the
assessment, planning and rational management of water resources’.

8.6 ALTERNATIVES TO CATCHMENT RESEARCH

Rational management, of course, asks similar questions to those of scientific
enquiry but often a preoccupation of the scientist with ‘How?’ becomes the
familiar ‘What if?’ of the manager.

In an era of fast computation and an explosion in data availability, the
conventional answer to such a question is ‘simulation’; the mathematical
model is in theory capable of replacing the research catchment for a fraction
of the hardware investment. Arnell (1989a) includes modelling alongside
experimental basins in a list of current hydrological techniques used to predict
the effects of land-use change. Also listed are analysis of time series data to
detect significant changes of trend (severely constrained by the gradual
change characteristic of anthropogenic effects) and regional comparisons,
substituting space for time. Both rely on statistical tests for which
management tends to have a blind spot; the latter approach is also subject to
the problem of transferability faced by catchment results.

Huff and Swank (1985) describe the PROSPER model, incorporating both
canopy and (multiple) soil layers which essentially see climate as powering a
flux of moisture away from the evaporating surface (the canopy). Interception
storage is modelled as an alternative source of the evaporated moisture. The
performance of the model on one of the Coweeta forest catchments through a
number of years of felling and regrowth demonstrated significant problems of
calibrating the leaf area of forest regrowth but as a bulked tool for predicting
the increase of water yield on felled catchments in the first year it was more
successful. Huff and Swank, however, conclude that the model cannot achieve
comparable accuracy to field measurements.

Turning to models of whole catchments, the most usual incorporation of
a land-use effect is via a tank concept, one which can be incorporated into
a hardware model for educational purposes (Figure 8.3). The parameters of
such a model therefore scale the size of the storages in the hydrological



Figure 8.3 Deterministic hydrological models, an alternative to catchment
research?
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cascade from canopy to channel and the catchment is simply seen as a
‘lumped’ system of these tanks (Blackie and Eeles, 1985). The interception
store is particularly amenable to this treatment but overall there is, of course,
the need to fit the model to an actual flow record so as to set the parameters.

By contrast, distributed models are more frequently physically based
(Beven, 1985); their parameters are the variables determining the operation of
process equations which determine the routeing of rainfall to runoff.
Distributed models are therefore useful to land-use hydrology and particularly
to catchment experiments because they incorporate a detailed knowledge of
actual catchment behaviour and can operate in data-sparse environments and
on land-use impacts whose main interest may be in their spatial organisation:
seldom will afforestation, or urbanisation, be the ‘lumped’ phenomenon
considered best by ‘lumped’ models.

8.7 SCIENCE AND POLICY: LAND-USE MANAGEMENT IN RIVER
BASINS—FORESTS AND BEYOND

It was important to the progress of integrated land and water management in
the USA that Yale established a graduate school of forestry in 1900 and that it
promoted the doctrine (attributable to Gifford Pinchot) of ‘scientific resource
management’. An important graduate of the school in 1909 was Aldo Leopold
(Tanner, 1987) who went on to work for the US Forest Service under Pinchot
and to develop an holistic approach to land management, a practical evocation
of the ‘green’ attitude of this time. He drew inspiration from the intact
landscape and clear, tree-lined rivers of the Sierra Madre and sought to
develop a ‘biotic view’ of land which led him to produce ethical guidance to
public policy developments. He was successful as a generalist, claims
Callicott (1987), because he provided an impeccable scientific basis for an
holistic, systems approach to all landscapes but particularly to those of river
basins. As a result land management for the benefit of water resources has
taken on an almost evangelical nature in the USA (see Plate 8.1), a point which
British foresters, faced with undesirable hydrological implications of their
plantations, must find hard to understand and to bear.

The recent compendia of catchment, plot and policy material by Solbé
(1986) and Arnell (1989b) allow an insight into the status of hydrological
research on issues of land management. The specific problems of
environmental science in achieving public credibility, except under a
‘precautionary principle’, have already been dissected but there are extra
difficulties within the phrase ‘science speaks to power’. In many ways the case
of hydrological research into land use and land management is a case of ‘science
speaks to the powerless’ since it is only rarely that rational management of
water has been given the political power to extend to issues of land. In Chapter
7 we suggested that one reason might be the quest for the perfect river basin
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institution; in many ways this issue is peripheral, however, to rivalry between
resource managers and property interests.

We have no opportunity to investigate the translation into the nineteenth-
century French policy of reboisement (reafforestation) of the observations by
many of changes in the flow of Alpine rivers. Kittredge (1948) lists the many
books and papers published in Europe prior to the policy decision; in an
environmental age we have earlier in this chapter referenced the work of von
Humboldt and Marsh in this connection. However, the telling work, according
to Kittredge was not by an environmentalist but by the engineer Surell who, in
1841, published a book confirming the observations of his predecessor Fabre
(see Glacken, 1956). We may therefore conclude that almost half a century of
influential, official persuasion was necessary before policies relating to land
were changed. It is also important to note that the agent of that change was the
French government’s Forest Department; Kittredge refers to the Department
as being given ‘the mission of controlling the torrents’. It is interesting to note
that in neighbouring nations with a problem of flood-prone Alpine rivers the
approach to control was more direct and structural. Vischer (1989) describes
how Switzerland coped with the apparent increase in river instability in the
eighteenth and nineteenth centuries: here was the birthplace of river ‘training’
(by analogy one might call land-use controls ‘river education’!).

Plate 8.1 The American way: forests in support of resource conservation
(photo M.D.Newson)
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The gauntlet of responsibility for managing land in relation to the aims of
flow regulation passed quickly to the USA where the 1902 Forest Reserve
Manual listed the aims of forest reserves as ‘to furnish timber’ but also ‘to
regulate the flow of water’. The Wagon Wheel Gap catchment studies in
Colorado did not begin until 1909, so this indicates a simple acceptance on
faith of the European conclusion. It is perhaps no accident that Kittredge
refers to 1877–1912 as the ‘period of propaganda’. There were counter-claims
against a widespread hydrological influence for forests but in the eastern
USA, the region most affected by the activities of the early settlers in clearing
trees, the Week’s Law of 1911 provided the crucial right to acquire land for
afforestation ‘for the protection of the watershed of navigable streams’ and to
‘appoint a commission for the acquisition of lands for the purpose of
conserving the navigability of navigable rivers’ (Kittredge, 1948, p. 13).

The ability to alter land use and to control land management techniques
depends critically on the approach of land-owning democracies to state
intervention; the USA became necessarily adept at Federal ownership for the
purposes of forest, conservation and erosion management. We must also
remember the great importance of river navigation to the spread of the Union
and cannot underestimate the undesirable effect of the early felling of forests
by European settlers on the erosion of the eastern USA.

From the small amount of historical evidence available on major land
policy changes in relation to water management we may conclude that the
following issues may be important:
 
(a) The spread of the observed change in river regime or water quality and

the extent to which such changes reflex upon the land interest itself (e.g.
through flooding, influence on navigation and trade in land products).

(b) The disciplinary origins of the work establishing the causal links.
Government engineers and foresters clearly work from within the policy
framework.

(c) The traditions of land ownership and planning in the region/nation
affected and the role of federal agencies and corporations as vehicles for
change.

 
These factors may be unique to the problem of forest and water, even to those
cases where afforestation has a benign effect on water properties (cf. UK
uplands). It is perhaps worthwhile to bring this treatment up to date via the
reviews by Solbé (1986) and Arnell (1989b). Solbé’s book is divided into four
areas of inter-relationship between land and water:

(a) Urbanisation (6 papers)
(b) Mineral exploitation (4 papers)
(c) Agriculture (13 papers)
(d) Forestry (6 papers)
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Arnell’s table (modified here as Table 8.1) goes into more detail to reflect
the considerable geographical spread of his eighteen nations. Since all
eighteen nations, bar China, report some impact of these ‘in-house’
activities by water managers, it is clear that in the development of public
policy a particular perception is one of engineers ‘in sole charge’ of river
behaviour. The land users and managers, it would seem, have a ready excuse
for inaction through pointing an accusing finger at the water managers; this
is particularly true in the case of nations such as the UK in which water
quality debates include the added dimension of official responsibility for
sewage pollution. The influence of climatic change is also now a potential
confusion to policy-makers since it can dominate over both land-use and
water-use effects on river regime. For example, Hudson and Gilman (1993)
conclude that in recent years rates of evapotranspiration have decreased in
the Plynlimon catchments, reducing the water yield differences between
forest and grassland; they cannot explain the change but favour an
explanation based on increasingly extreme rainfall regimes by season.
Climatic change also bespeaks new land uses and management techniques
(see Chapter 6).

8.8 POLICY RESPONSES

Arnell’s overview of his national reports from catchment research makes
interesting reading in relation to public policy reactions to the findings. He
concludes that the most widespread human impacts on hydrological
characteristics are:
 
(a) Deforestation.
(b) Irrigation.
(c) Urbanisation.
(d) River regulation.
(e) Use of agricultural chemicals.

He reports:

The reviews received from the international hydrological community
have shown that although there is a general consensus about the types of
change resulting from a given activity, the actual degree of change is
very variable.

(p. 15)

He also concludes that major river basins perform a kind of smoothing process
on the hydrological signals from individual anthropogenic activity:

Not only do the physical and climatic conditions of basins vary but
similarly-titled impacts also take many forms. One activity is rarely
performed in isolation, and the hydrological characteristics at a basin
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outlet are an integration of the effects of different activities operating at
different scales.

(Arnell, 1989a, p. 15)

The policy-maker has, therefore, some excuse for confusion: either land-use
effects are confused and overlapping or clear and the source of an insidious
chain of ‘knock-on’ deteriorations in the river environment.

The key to the confusion is twofold: first, land-use effects are regionally
adjusted in their impact by major variables such as climate (e.g. forests behave
differently in wet, dry and snowy climates) and second, their impact will
depend on the sensitivity of the river basin resource system considered (e.g. in
relation to the degree of control on basin behaviour already exerted by climate
and water management).

Hydrologists have been slow to make their findings clear to policymakers;
it is not just a case of there being few appropriate laws or institutions to bring
about land/water control in most developed nations. None of Arnell’s authors
put their reports of hydrological experiments in the context of policy, though
the report from Germany at least begins with a tabulation of national land-use
categories and recent rates of change. With the exceptions of Australia and
New Zealand, the choice of research catchments as far back as the launch of
the IHD in 1965 was without reference to the potential use of results in a
policy context.

A typical outcome of the neglect of policy links in the UK is the
retrospective multivariate analysis of over 300 research catchments in which
acidification has been studied (Bull and Hall, 1989). This study groups the
catchments statistically so that six groups are linked for future data collection
programmes.

While Arnell’s authors report as scientists to a scientific peer group in
UNESCO, those contributing to Solbé’s (1986) volume, while also scientists,
reflect far more the results of the relationship with policy (i.e. power)
described by Collingridge and Reeve (Section 8.3). They also contain a high
proportion of applied scientists, engineers and managers. Thus, under
urbanisation, we read of tests of control structures (Coombes; Hellawell and
Green). Hamerton lists the Acts of Parliament relevant to his water quality
study, Howells and Marriman list legal difficulties as well as chemical
determinands and Worthington seeks regulatory remedies to halt farm
pollution.

Interestingly this largely British book contains ‘the farmer’s view’ as a
chapter while the contribution by Phillips suggests that better engineering will
clean up rivers draining farming regions. A similar theme of ‘managing
through’ is set by British contributions on the (deleterious) effects of conifer
afforestation (chapters by Binns and by Mills).

In complete contrast, chapters from the USA on farm pollution control
(Konrad, Baumann and Ott) and forest management (Ponce) are much more
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prescriptive and describe rational policy structures reflecting the impact of
those activities on river basin management.

Clearly, Solbé’s collection is of more direct use to policy-making and
equally clearly it contains controversies and contradictions of exactly the type
predicted by Collingridge and Reeve for work produced in a policy context.
Possibly the knowledge base for river basin management is destined to remain
divided into a set of concentric rings around the core of policy
implementation.

The salient features of the present state of the upland management debate
indicate that at the stage where there is no policy, for example on rural land-
use planning, there will be considerable rejection of research results.
O’Riordan (1976) suggests that ‘Where problems pose solutions which
challenge the dominant values and rules of political consensus, substantial
power may be directed simply at keeping this challenge out of the political
arena.’ Under such circumstances the researcher may well feel jealous of the
effect evoked by qualitative rather than quantitative evidence, such as in the
case of the high impact of the conservation lobby in the uplands (see
publications by Nature Conservancy Council [1986] and Tomkins [1986]).
O’Riordan (1976) finds society’s fears of rationality predictable; as a direct
result, ‘policy making is basically a political process’.

At a second stage one can detect that society ‘feels a policy coming on’.
Hydrologists may well feel resentment that moves towards policy will be led
by other issues, principally nature conservation and agricultural production.
Thus, once again, numerical inputs to a rational model for land use are swept
aside by fiscal, social and even ideological considerations.

In the uplands the activities of single-interest agencies clearly need to
become broadened and coordinated while the value of land is manipulated to
achieve some form of planning. Roome (1984) concludes that there must be
‘fundamental change to the distribution of rights, whether voluntarily
accepted or legally enforced’. Clearly, we are some distance now, both
conceptually and methodologically, from the interception of rainfall!

Returning to the assertion in Chapter 7 that a valid river basin management
organisation should demonstrate its legitimate interests in land use by
becoming involved with catchment planning we now need to ask what special
demands on science (of all varieties) does such a venture make.

8.9 THE STRUCTURE OF IMPLEMENTATION: LAND-USE
CONTROLS IN RIVER BASINS

Chapter 7 shows how the former National Rivers Authority in England and
Wales evolved a system of influencing land-use decisions from the
perspective of their flood defence function. Catchment Management
Planning, a much broader process, has now reached a critical stage of
implementation (Figure 8.4), but it is not a device unique to the NRA. For
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example the New Zealand Catchment Authorities have been involved with
local government planning since the 1980s (Otago Catchment Board, 1986;
see also Figure vii). Buller (1996) compares the NRA’s planning approach
with that adopted in France since the Water Act of 1992. France has six
regional river basin agencies (Loire, Seine, Somme, Rhine, Rhone, Garonne);
within each a SAGE (Schéma d’Aménagement et de Gestion des Eaux) plan is
being prepared for significant individual basins (e.g. the Isère) under the
guidance of local water commissions comprising representatives of central
and local government and water users. The plans are largely driven by water
quality interests rather than ecosystem protection and Buller also warns that
the basis of devolved power in France is political, not environmental—hence
fragmentation may frustrate holism. Buller makes no comment on the role of

Figure 8.4 The National Rivers Authority programme of Catchment
Management Planning in England and Wales
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scientific knowledge in French catchment planning but it, too, is fragmented
thanks to the long history of local government management of water supply,
water quality and flood protection. In the UK sixty years of basin authorities,
nationally coordinated, and thirty years of harmonised monitoring and
catchment research offer a sounder basis for holistic planning.

To develop an influential position with regard to land-use planning those
concerned with river basin management have a tough problem. It may be
compartmentalised as a series of gaps, between knowledge and applications
(Figure 8.5). Since most research is done on small research catchments the
prediction gap is that between such small entities and the larger areas for
which practical measures are needed. To be prescriptive, however, a wide
range of these larger units must be addressed—the extrapolative technique
must therefore have comprehensive scope, the models must be robust. Finally,
a policy gap may exist between the boundaries of those agencies (e.g. local
councils in the UK) with land-use planning powers and the outline of the river
basin unit. In the first edition of this book we noted the pathways in which the
hydrological findings about the impact of conifer forests on upland water
quantities and quality opened a doorway between water managers and land
managers. Only an outline is repeated here.

Figure 8.5 Gaps in the application of hydrological research to Catchment
Management Planning
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There are two essential prerequisites of policy information before
investigating the uptake of hydrological guidance in land use and land
management in Britain.
 
(a) Rural land-use policy is not achieved directly but by market interventions

for produce or incentives offered by the Common Agricultural Policy of
the European Communities.

(b) Outside towns there is little land-use planning, exceptions being national
parks and land for nature conservation.

 
Thus, in a sense, the UK cannot use hydrological advice except and unless the
government forestry and agriculture agencies take action (mainly fiscal action
via grant control) or the planning process for towns incorporates the
professional guidance of water managers. Movement is now brisk on both
fronts and this brief review explores the factors which lie behind recent policy
developments (see also Newson, 1988, 1990, 1996b in press).

Two major inconsistencies in the attitude to upland forest land use taken by
the water industry itself are important as background. First, British water
engineers and scientists are not accustomed to invoking catchment area
processes to explain river dynamics. Second, and more specifically, for at least
forty years the water industry gave a cautious welcome to conifer plantations
on catchment areas. Newson (1986) reviews the history of attitudes within the

Figure 8.6 Guidance on cultivation furrows, cross-drains and buffer zones
(after Forests and Water Guidelines, 1993)
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water industry and how research results, principally those of Law (1956),
eventually impinged on decision-making. Prefacing the ‘era of trees on
catchments’, the Gathering Grounds Committee (Ministry of Health, 1948)
decided that while trees did not attract rainfall they did protect upland
reservoir catchments against erosion. The Committee reached this conclusion
on the basis of a trawl of the qualitative opinions of experts, much of the
information coming from abroad. Much of it was inappropriate but several
well-known reservoirs became surrounded by conifers in an effort to blanket
them off from human and livestock influences.

Law’s (1956) results, which ‘proved’ that trees ‘use’ more water than rough
moorland, did not lead to a change of policy but to an intensification of
research. Indeed there was no public policy to change, catchment area land use
being mainly decided by individual water suppliers, who desired to own whole
catchment areas in order to prevent public access and agricultural
improvement.

In 1979 the results of the important Plynlimon (mid-Wales) catchment
experiments were published, confirming and extending Law’s adverse
conclusions about the reduction of water yields when the uplands are covered
by mature conifer plantations (Calder and Newson, 1979). In the late 1970s
the outlook for timber production (Forestry Commission, 1979) suggested that
Scotland would bear the brunt of new planting. Already the Scottish local
councils and hydro-electric boards were identifying local hydrological
problems in connection with afforestation. Since research results were not
available in Britain on the effects of a ‘natural’ vegetation dominated by
heather or of frequent snowfall (both conditions likely to make Scottish
afforestation unique in its hydrological effect), the Institute of Hydrology set
up a paired catchment study on the Plynlimon model at Balquhidder,
Perthshire. Work began in 1980. By now the water quality dimension was
becoming much more important to water industry perceptions of land use and
land management (see Youngman and Lack, 1981). Issues not strictly related
to water supply, such as fisheries, also began to surface (Harriman, 1978) and
none of these research results was favourable to forestry.

The last fifteen years have brought further research results which sustain a
critical attitude by the water industry to proposals for upland afforestation,
principally on the grounds of erosion, acidification and discoloration.

Legislative support for land-use control in the UK has grown, principally
in other contexts (e.g. to reduce nitrate pollution from agriculture). It is now
possible to consider protection zones and environmental quality standards
(for certain pollutants). In addition, and in contrast, voluntary guidelines for
foresters have been published to reduce conflict. These standards (Forestry
Commission, 1988, 1991; Forestry Authority, 1993) are used directly by
the Commission but also indirectly in the Commission’s judgements on
the suitability of applications by private forestry for government grants.
They are also likely to be used by forest developers facing the new legal
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requirement in the UK for an environmental assessment on new plantations
larger than 200 hectares.

Newson (1996b) sets out the new policy environment for the commercial
forestry cropping cycle in UK upland catchments; it is increasingly influenced
by the water sector through Catchment Management Plans (see below), the
Environment Agency’s Forestry Strategy and the industry’s own Forest
Redesign Plans which aim to mitigate all adverse environmental impacts. In
the UK there are signs of a swing in commercial forestry interest towards the
lowlands where a tree cover is normally seen as comparatively beneficial to
the environment where it replaces intensive agriculture.

It is useful to maintain and develop the dichotomy between issues of land
allocation and issues capable of resolution through existing legal or technical
fixes. We may set up two scenarios for decision-making:
 
(a) The allocation option, whereby a ‘keep-off’ attitude to catchment areas

may be followed by the water industry, armed with maps of sensitive
areas. A refinement of this approach might be to plan catchment land use
rationally on the basis of land capability assessments and hydrological
predictions.

(b) The accommodation option, whereby land is allocated by a combination
of ‘free market’ forces and a technical dialogue between the forest and
water industries. Water and timber are harvested from the same land but
both industries accept that higher costs may be involved, e.g. for greater
care in preparing ground for afforestation, for leaving large strips of land
unplanted or for higher levels of water treatment from upland sources.

 
Table 8.2 shows how both options have come to be used in recent years in the
UK. It is an extremely important context for the successful implementation of
catchment management planning that scientific evidence of damage has been
used in policies, for example, to protect groundwater, to minimise the risk of
accidental pollution, and so on. The role of the European Union’s Directives
on these topics has also been important, although the UK government has
always employed scientific surveys to locate the application of such policies
to the optimum sites (some would say to minimise expenditure). Furthermore,
in the production of guidelines to good practice (see Figure 8.6) the
integration of professional data and standpoints has been something of a
breakthrough in the style of British administration.

8.10 KNOWLEDGE AND POLICY CONSENSUS: SCIENCE SPEAKS
TO PEOPLE

Throughout the latter stages of this book frequent, and at times slightly
patronising, reference has been made to the involvement of the general
population in sustainable management (of all resources—hence the Agenda 21
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references—see Figure 7.1). We now need to investigate, briefly, the nature
and role of what ordinary citizens have as knowledge about river management
and, more importantly, what they count as knowledge about the problem.
O’Riordan and Rayner (1991) have elevated this knowledge to the status of
‘vernacular science’ but it is more commonly referred to as ‘indigenous
knowledge’.

Adams (1992) gives a concise general definition of the value of indigenous
knowledge by writing that ‘African land users have often had (and still have) a
better understanding than anyone else of what can and cannot be done in their
environment’ (p. 37). He goes on to bracket ‘specific techniques of the
management of land and water resources’ with ‘the cultural and socio-
economic systems in which they are rooted’. We appear, therefore, to have a
ready-made holism in indigenous knowledge, one which, unlike academic
knowledge, does not suffer interdisciplinary tensions. Adams further
emphasises the ability of indigenous knowledge to be responsive to changing
conditions, which is why he prefers the term to ‘traditional knowledge’. This
dimension makes popular consensus imperative in both the developed and
developing worlds. Formal science is too uncertain about the risks involved in
environmental management and the trends in the boundary conditions to lay
out its traditional prescriptions.

Another feature of indigenous knowledge which has become apparent from
more modern forms of extension services in developing-world land
management has been its ability to accept and exploit the appropriate in
modern technology from outside—IF this is not imposed as a complete
solution. Adaptability and resilience are essential in sustainable basin
management and it may be that modern systems of information technology are
the most likely forms of ‘technology transfer’ to benefit local communities
(rather than the construction ‘mega-projects’ of the past). The notion is often
developed through the medium of decision support systems (DSS).

DSS is defined by O’Callaghan (1995) as ‘computer-based information
systems that combine models and data in an attempt to solve poorly structured
problems with extensive user involvement’ (p. 15, emphasis added).
O’Callaghan and co-authors describe a DSS to assist in debates about
catchment land use in the UK. It employs hydrological, ecological and
economic models (each appropriate to the scientific methodology of its
founding discipline) and a geographic information system (GIS). A graphical
user interface represents the true technological achievement of modern DSSs
(McClean et at., 1995) because it allows the user to select questions, data and
models and explore the outcomes interactively on an attractive screen layout.
Davis et al. (1991) depict some of the questions and options raised by their
DSS for catchment land use in the hinterland of Adelaide, Australia. The user
is asked, for example, to specify a view on whether dairy farmers should
install soakaways for waste in areas of more than 900 mm per annum
precipitation—or build full wastewater treatment lagoons. These authors
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emphasise the need for users to be fully informed about the sources and
reliability of data used in DSS and the impact of compliance with control
scenarios.

It is clear from recent volumes on water management that experimental
DSS is maturing and taking a place in public debate about planning options. In
the USA there are support systems for wetland conservation and regional
water use, for relating storage and utilisation of river flow in the Colorado and
as part of a popular campaign to improve water quality in the Tennessee Valley
Authority area (Fontane and Tuvel, 1994).

What is not clear from the literature is the degree to which DSS has
penetrated truly democratic pathways; most people in the developed world
encounter IT in their daily lives but it is a critical political decision as to
whether the popular culture of the VDU is overtly and honestly deployed in
planning resource allocation and use.

8.11 CONCLUSIONS: INTERVENING IN LAND—A POLITICAL
TEST OF KNOWLEDGE

The author well remembers the chill realisation that his work was politically
unrecognised and, perhaps, unknown to an otherwise successful politician
(see Section 8.3). We may conclude that the location of the research effort
within water management, the degree to which it is funded and the degree to
which it is ‘controlled’ (towards practical answers) is a critical aspect of the
ideals of this book. If we wish for ‘hydrologic civilisation’, hydrology must
be done, well done and exposed to popular and/or (depending on the
national context) political scrutiny. As many scientists would conclude, this
requires an educational movement among politicians; many of the
conclusions from hydrological research are as difficult for politicians to
comprehend as is defining sustainable development. In other words, while
spectacular results may convince the politician, they are seldom
forthcoming; instead hydrology tends to produce ‘depth charges’ or a
‘delayed fuse’ when it comes to impact.

Because hydrology is a regional science, results often differ between
research sites—this is notably true of forest hydrology (Newson and Calder,
1989). A far larger problem is that land-use influences are apparently
subordinate to direct flow management influences and to climatic change in
gross effect on rivers. The scientific agenda is moving strongly to changing
environments at present and away from man-made manipulations. However,
the polluting effects of unwise land use are well known, as is the conservation
loss produced by some forms of catchment ‘abuse’. In addition, catchment
land use or management can be used to mitigate the effects of climate
change—but the processes involved must be understood and deployed.

The lessons are surely that hydrologists must start with policy in mind;
just as engineering hydrology was adjusted to the service of society, so
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environmental hydrology must agree a certain subordination to human needs.
It must anticipate needs. For example, at the time of writing it would seem
obvious to put more effort into ground water research since, during periods of
environmental change, the groundwater store provides continuity and
survival. Fundamentally, there must be an evolution of interdisciplinary
research, taking as its example the inherent holism of the ‘vernacular science’
which yields the indigenous knowledge upon which river basin management
ultimately depends.

Finally, as Table 8.3 shows, there must be a continuing research field which
attempts to link the outputs of research from small catchments to devices and
structures which control the processes of accommodation or allocation in
large basins.

Table 8.3 Linking small-area research to large-area application



Chapter 9

Land and water
Towards systems of management in a
period of change

9.1 FUTURE OF THE RIVER BASIN IDEA

This book follows in the footsteps of a geography text, Water, Earth and Man
(Chorley, 1969), which brought together authors from the physical science,
social science and humanities areas of geography to set down what were at
that stage separate agenda items, components of an integrated approach to
river basins. In the final chapter of Water, Earth and Man, O’Riordan and
More (1969) set a very perceptive agenda for the future development of water
resources:

Thus, whereas the vehicles of water-resources planning are becoming
more massive and complex, the requirement for their manoeuvrability is
also increasing, and the aim of all future planning is to produce a large-
scale and completely integrated scheme capable of constant re-
evaluation.

(O’Riordan and More, 1969, p. 572)

These words were written before the arrival (in policy terms) of the ‘New
Environmental Age’; without superhuman foresight the authors could not have
judged how great the need for manoeuvrability might become; for example, in
1969 climatic change was being written of but was mainly played down by
official agencies. Water, Earth and Man was published four years before
Schumacher (1973) brought out Small is Beautiful, a herald call to a
generation to begin thinking in terms of the organisation of human society in
units which its members understand and can practically manage with low
technologies.

At the United Nations Conference on Environment and Development in
1992, Agenda 21—the blueprint for sustainability—brought together the
biophysical and social aspects of river basin development in several of its
chapters (Table 9.1), providing a boost for the concept and a realistic
assessment of the huge task ahead for both the developed and developing
world. Post-Rio, scale considerations still dominate the geographer’s
approach to the river basin development problem; the notion that the river
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basin ecosystem constitutes an obvious ‘bioregion’ or ‘ecoregion’, one with
which human communities can identify, has become a major justification for
river basin institutions (see Chapter 7). Aberley (1993) brings together
statements which emphasise this connectivity, for example, ‘ecoregional
boundaries stand forth as convergent thresholds welcoming us “home”.’
Subsidiarity in decision making, backed by new devices available to the
‘information age’ (such as decision-support models) make O’Riordan and
More’s plea for ‘manoeuvrability’ realistic and there are unlikely to be
‘massive and complex’ basin plans suited to all applications. Paradigms have
changed as fast as technology since 1969. Ten years ago Falkenmark (1986)
set the scene with the words, ‘It is urgent to compare needed benefits from
land and water development with threats to both the resources themselves and
to the biological resources such as flora, fauna and a diverse gene pool’ (p.
200).

The reasons for this inherent geographical variability of options for river
basin management include:
 
(a) Differences in scale. In successful river basin management the flow of

information is critical (see below) and so scale does not merely become a
boundary condition to physical and chemical processes in rivers but a

Table 9.1 Agenda 21 policies relevant to river basin management
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central institutional issue. One of the critical contrasts between the Tyne
and the Nile is the presence of nine national boundaries in the latter
river’s basin.

(b) Differences in trajectory. Here we may include changes through time in
water needs, the development process, climatic controls and political
controls. Successful river basin management will be the result of
considering a range of options to suit the often unique combination of
these variables for each basin, though admittedly there will be some
basins in which the water stress is so great that emergency, monolithic
action is considered essential.

(c) Differences in the environmental capacity and resilience of the system to
be developed, in turn leading to different relative needs to manage
demand for that capacity. Our ignorance of the particular circumstances
of dryland environments is a critical barrier to their sustainable
development (Magalhaes, 1994).

 
It is of interest that the European Communities are at present debating a
Framework Directive which includes the acknowledgement that subsidiarity
(at the national level) is appropriate for river basin management, despite the
need to integrate regulatory functions within management frameworks (Table
9.2).

The United Nations Economic Commission for Europe (1995) has also
made a plea for European governments to ‘develop an integrated approach to
demand management, water allocation instruments, including licencing,
minimum acceptable water flow and the pricing of water’. This should be
achieved by ‘strengthened coordination of the water management activities
carried out in key water-related sectors within a catchment area’.

Table 9.2 Principles of European Union water policy (European Commission 1996)
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9.2 THE MUTUAL CONSIDERATION OF LAND WITH WATER

It is easy to move from the fact that 98 per cent of rainfall passes over or
through land on its way to the river (Chapter 3) to an assumption that land use
and management is axiomatic to those who set up water schemes, even where
their chosen scale is the river basin.

A major problem here is that of ownership and the history of land use and
management; water agencies seldom own land in the river basin and therefore
have only indirect controls. We have divided the routes for influence over land
into ‘catchment control’ (allocation) and ‘catchment planning’
(accommodation) (Newson, 1991). Control implies ownership or legislative
circumscription of land use (e.g. South Africa’s Mountain Catchment Areas
Act, which allows direct intervention in catchments vital to water
conservation) while planning describes the consultative indirect manipulation
of land management rather than land use. The water interest is sometimes
weak, entering the land political ring late, and therefore needs to
accommodate to existing patterns in the basin; where it has entered early it has
earned a poor reputation for land planning of its own holdings (e.g. careless
afforestation, disruption of traditional land rights, salinised irrigation fields,
etc.).

Of more direct importance to the theme of this book, however, is that land
issues, while all-pervasive and conceptually logical, have many rivals in the
perception of water managers interested in the degree of control exercised by
all the relevant variables in the river basin environment. Thus land use and
management may mean little in some basins compared with tectonic activity
(e.g. the Ganges—see Chapter 5); in others climate changes are the main
concern. In yet others only urban land use may be important and so the
problem of conjunctive management of resources is contained within a small
area of point pollution controls or flood runoff detention.

Land use and management therefore has rivals for the attention of river
managers, including the strongest of all, namely the influence of river
regulation in bringing about fundamental changes to the flow and water
quality patterns of up to two-thirds of the flow of world rivers (Chapter 6).
This immediately facilitates the traditional engineering approach to river
management in which manipulation, ‘training’ and other interventionist,
structural measures come to be preferred because of the degree and certainty
of control they offer. The technical fix to such issues has largely arisen from
the lack of demand management for such services from the river. In
sustainable development programmes demand management is an essential
component of respect for ecosystem services provided by critical natural
capital.

In terms of catchment management we have, to date, been able to advocate
‘suitable’ land uses for river basin management and in some cases national
planning has concurred, although not at a very large scale. We have been much
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less successful, however, at removing ‘unsuitable’ land uses. Nevertheless
there are many signs that, for small and sensitive areas (both whole
catchments and riparian zones of all rivers), there is a tendency for the
indirect, non-structural approach to be gaining momentum. This book has
been written at a time when public concern for the prevention of pollution is
being rapidly translated into schemes of monitoring and control; it is apparent,
for example from the Nitrate Sensitive Areas of the UK, that land issues
(including rural land uses) will not gain greater prominence in basin
management (Newson, 1991). In countries undergoing rapid development and
embarking on major water schemes it should not be beyond our wit to warn
that a concern for supplies, power, crops and other water benefits bespeaks a
relatively rapid (140 years in the UK) transition to the hygienic and then
ecological concerns of an urbanised population.

9.3 ECOSYSTEM SERVICES: HUMANS IN THE ENVIRONMENT

Naiman et al. (1995) tabulate the benefits we derive from freshwater eco-
systems—modified here as Table 9.3. Cairns (1995) employs the term
‘ecosystem services’ in describing the ecological integrity of the aquatic system.

Table 9.3 Benefits humans derive from (intact) freshwater ecosystems
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Use of the term ‘benefits’ invites the burgeoning field of environmental
economics to put financial values on these aspects of intact ecosystems in
order to justify their protection (over and above their uncostable value to
human society). The value of protecting stream ecosystems by enhancing low
flows has been costed by Garrod and Willis (1996), who use ‘willingness to
pay’ criteria based on interviewing riparian communities and visitors to a
stream in southern England as a basis for a benefit/cost analysis supporting the
costly improvements to flow regime. Pending the ‘arrival’ of environmental
economics those organisations which seek to protect ecosystems (e.g. non-
governmental organisations and statutory wildlife agencies) are increasingly
campaigning in the water sector. In the UK both the Royal Society for the
Protection of Birds (RSPB) and English Nature have recently made policy
inputs to water resource development (RSPB, 1995; English Nature, 1996).
RSPB advocate site protection, abstraction controls, financial incentives,
demand management and planning controls to protect ecosystems.

As an indication of the failure of successive river basin management
institutions in the UK to protect river ecosystems over the historical period
reviewed here, Table 9.4 lists the losses of the spontaneous regulation
functions enshrined in the Marchand and Toornstra model. Even at this late
stage in the development process, therefore, ‘strong’ sustainability is not
included in public policy (although attempts to restore ecosystems are
becoming more widespread—see Chapter 6).

There is tacit, if not overt, recognition of the ecosystem ideal by many
policy-makers. Freshwater biologists are contributing to river management in
a much more profound way than they were ten years ago. In many ways they
are defining the future shape of the freshwater ecosystem: ‘A new discipline of
restoration ecology has developed’ (Eiseltova and Biggs, 1995). The latter
volume describes river and catchment restoration schemes in Germany,
Denmark, Sweden, the Czech Republic, the Slovak Republic, Romania,
Lithuania and Estonia. They further remark that: ‘A healthy river with its
adjacent floodplain perform many functions and provide many benefits which,
far too late it seems, we suddenly come to miss.’

Table 9.4 Loss of spontaneous regulation functions in river basins: the UK



Figure 9.1 Carrying capacity arguments for water use (after Falkenmark, 1989):
(a) Vegetation and water use
(b) Human water use (500 people per unit signifies problems in 

the next century; 1,000 represents current problems)
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Falkenmark (1986) develops a ‘carrying capacity’ model for human water
consumption which links biomass production (in terms of its water needs per
tonne of dry matter) with human gross need for water. She uses the basic unit
of 1 Mm3/yr as a guide to the populations which can be supported. In the semi-
arid world the total demand is likely to produce a carrying capacity of 2,000
people/Mm3; interestingly, Israel has already reduced to 500 people per unit
through re-use and other efficiency measures. Without such sustainable
policies, however, there are sixty-four nations which will not be able to
support their population in the year 2000. Falkenmark’s analysis is, however,
lacking in a quantitative assessment of the biological requirements for water—
an essential prerequisite if the model is to be superimposed on the ecosystem
model.

9.4 LAND, WATER AND DEVELOPMENT

Development continues. Because of its continuity, albeit at different rates and
taking different forms, it is tempting to say that the problems faced by those
developing river basin resources in a ‘developing’ country are no different to
those in a ‘developed’ country. There are good reasons, discussed below, for
looking for common institutional problems (see also Chapter 7), but at the
outset we may illustrate some typical differences brought about by the
physical environment of typical basin situations.

Chapter 5 emphasises that problems of water development in the
developing world surround:

(a) The least developed countries.
(b) The drylands and their wetter hinterlands, often mountains.
(c) Major international river basins.
(d) Inter- and intra-national political tension.
(e) Institutional problems of integration and application.

In the developed world, outside drylands (which makes the case of the USA’s
drylands so intriguing) we have the following problems:

(a) Pollution controls permissive to further development.
(b) Hazard management.
(c) Recreational and conservational priorities.
(d) Problems of inadequate data; decisions must appear rational.
(e) Institutional problems of integration and planning.

Convergence in the last two items of each list is deliberate, despite the
dangers to a physical scientist of admitting that the common thread is social!
However, since integration, planning and application issues are genuinely
interdisciplinary the physical scientist has a right, even a duty, to intervene.
This author does so from a background of considerable disappointment at
the institutional rejection of certain of his own research contributions, the
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result of a previously ingenuous attitude to the practicalities of applying
knowledge. The real issue, therefore, of sustainable river basin management,
wherever it is required, is that of the application of knowledge against an
informed perception of the enormity of the integration required (Figure 9.2).
Holistic thinking has a special, almost visionary role in helping politicians and
people understand that rapid ‘fixes’ are impossible, but that strategies can, and
must, ‘keep us on the rails’.

9.5 TECHNOCRACY AND DEMOCRACY: PLANNING AND PEOPLE

The horns of the river basin dilemma are as follows. As soon as one leaves
the realms of traditional, local environmental management of the water
resource or hazard, that is, when one embarks on development, there is an
immediate need for technology and for experts. Society, if it identifies with
the project, supports the experts; in the hydraulic civilisations their power
was considerable and society was structured around the need to achieve the
goals of development. While environmental scientists, including
hydrologists, enjoy considerably less certainty in their technology they need
the support of society for their agenda by that anticipation or reclamation
(see Section 9.6).

Environmental science is highly technical and its proponents find it no
easier to communicate simply with those affected by their proposals than their
specialist, reductionist colleagues and forebears; there are, however, signs of
increasing freedom of environmental information and an increasing effort by
specialists and their institutions to provide environmental education. The

Figure 9.2 The complex of projects involved in river basin management



360 Land, water and development

bridging of the information gulf is essential to the acceptance by those
affected by river basin management of the schemes its technologists employ.
We cannot dispense with the pure scientist, nor with the engineer. The
engineering discipline has dominated water development and basin
management throughout history (de Camp, 1990); its support has been tacit
because its achievements have been spectacular. However, engineers in
particular need to explore a new relationship with people and the education
and training of engineers should emphasise this. As Kirpich (1990) remarks:
‘the poor performance of engineers in management results to a considerable
degree from inadequate education requirements, i.e. insufficient attention to
non-engineering but pertinent subjects such as economics, sociology and
business management’ (p. 846). Most geographers would want another
subject added to the list and the present author has often mused on the valency
of two disciplines which at first appear to compete on issues of depth and
breadth!

It is, of course, also a duty for the rest of us to understand the position of
the engineer in society (a compulsory paper in the qualification procedure
for UK Civil Engineers). As Cosgrove (1990) has stressed, ‘the need for
visionary engineering is still with us’ (p. 11). Society must realise that,
outside the prison of its reliable, practical reputation, engineering is
speculative and as open to flair and passion as the arts. The world became
modernised by engineers and water engineering is often the hallmark of the
process. This progress represented an amalgam of engineering skill and the
ready response of engineering to the demands placed, without check, by
society; there is no reason at all why, under conditions of managed demands,
engineering cannot achieve the new agenda items of environmental
management.

Consultation over river basin management may be inevitable but it should
also be formal; it is a particularly dangerous assumption by environmentalists
that consultation does not need rules! Protest movements can often set their
own rules, but for an official agency to consult widely needs the formality of
the emerging field of conciliation (see Chapter 7).

Furthermore, it should not be assumed that consultation is possible
under all political conditions. This is a particular difficulty in the politics
of development. Nations undergoing rapid development are often one-
party states with major regional problems of opposition, even civil war.
For this reason the recent tougher stance taken by the major financial
institutions to environmental and human rights assessments of proposals is
very welcome.

The consultation process also, of course, needs the information to supply
from the technocratic to the democratic process or body. As Chapters 6 and 8
show, research agendas need to change to respect the eventual use of the
information which is gained. Important here is the need for truly
interdisciplinary research activity.
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As an indication of the degree to which popular action is now progressing
the concepts of integrated river basin management, ecosystem protection and
river restoration we need only list the ‘grass roots’ programmes whose
brochures fall on our doormats or whose home pages we access on the
Internet: ‘Tamar 2000’ encouraging better farming practice to improve
fisheries, ‘Maryland Tributary Strategy Implementation Teams’, the Wild
Rivers Project, the River Restoration Project, CSIRO’s ‘Indicators of
Catchment Health’ programme—and many more. Such popular schemes
should not surprise us, neither should their frequent association with fishing—
although many ‘greens’ might consider angling to infringe animal rights.
Human use of fisheries was (and should remain) one of the ‘extensive
exploitation functions’ of the ecosystem and should not threaten
sustainability, particularly if the restoration programme generating the fishery
is rooted in good ecological guidance. Such guidance can often come from
indigenous knowledge as evidenced by the many tomes written by those
managing fisheries ‘from the heart’ (e.g. Pease, 1982).

Clearly, projects such as the Maryland Tributary Teams can complement
(and even ‘show up’) agency approaches to the same problem. The Teams are
charged with restoration of Chesapeake Bay by cutting nitrogen and
phosphate loadings from the river system by 40 per cent by the year 2000,
coordinating agency strategies, checking implementation and providing
education. This is clearly essential work, given that Falkenmark (1996)
denotes ‘hydroconservatism’ among agencies, resulting from:

• Indifference due to reductionist ideas of water.
• Poor general understanding of the complexity of water issues.
• Fragmented and inflexible administrative structures.
• Inter-cultural difficulties in development work.

Under such circumstances it is useful to read of the partnerships being built to
circumvent the blockages in minds, bodies and budgets in, for example, the
Mersey Basin Campaign in north-west England, the Tennessee Valley’s Clean
Water Initiative (Ungate, 1996) and the ‘river contract’ system in Belgium
(Mormont, 1996 and Table 9.5). Mormont quotes the advantages of the
Belgian system as empowering local communities, recreating community
spirit, being neither ‘bottom up’ nor ‘top down’ in direction and seeing no
separation between nature and development. In Queensland, Australia,
Catchment Care Groups are part of the non-statutory basis of integrated
catchment management, even though the Minister for Primary Industries
retains the right to appoint the public representatives to the core management
boards (Johnson et al., 1996).

The World Resources Institute has made repeated pleas, with audited
studies of the outcomes of its recommendations, that the developing world
offers a particularly fertile field for the application of participation; the
Institute recommends that rehabilitating and improving upon indigenous
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environmental management strategies should be a cornerstone of policy for
developing-world governments (Mascarenhas and Veit, 1994; Veit et al., 1995;
Zazueta, 1995). Bottrall (1992) plays up the cost-cutting element of
participation: ‘It may be possible to keep the administrative costs of integrated
watershed development within acceptable limits by delegating a large part of
local management responsibilities to farmers’ (p. 89).

9.6 ANTICIPATION AND RESTORATION: A PRACTICAL AGENDA

Environmental Impact Assessment (EIA, or simply EA) has been mentioned
frequently in this book, both in a positive and in a negative vein. It is far too
early to pronounce EA procedures a success or a failure; they were introduced
in 1969 in the USA, from the same stable as an earlier litmus test for
development: cost/benefit analysis. Ingram (1990) concludes that the National
Environmental Protection Act (NEPA) which established the legal need for EA
rang the death knell of the large water project in the USA. The addition of EA
to project evaluation by the World Bank (in March 1989) may have a similar
effect on developing world schemes; the United Nations Environment
Programme (UNEP) has a programme devoted to the environmentally sound

Table 9.5 Key features of a river contract in Belgium
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management of inland waters. EA procedures differ wherever they are applied
and there is a current clamour for more uniformity, if only among technical
practitioners. They are essentially conciliation procedures in which
knowledge plays a very large part, if allowed to and if available. Ingram cites
the cost of achieving the knowledge for EA as one nail in the coffin of US
water development.

There are also humanistic issues in the use of EA; like its simpler
predecessor, cost/benefit analysis, it can be used as an alternative to true
consultation and may be equally unable to include local factors and values
(see Sagoff, 1989). In polarised cases there must be considerable room for the
triumph of passion over knowledge as Petts (1990) hints:

decisions on new water projects will continue to be made without
adequate baseline data. Arguably the existence of an undisturbed river
valley should be cause enough to guarantee its protection from
development, at least until such baseline data are available.

(Petts, 1990, pp. 199–200)

A further, more technical problem with river basin EA is that in river basin
management long timescales are essential; Chapter 2 drives home a message
from the basic physical science of river systems—geomorphology—that the
longer view is essential for basic stability and that stability is a steady state,
not equilibrium. Predictions of future changes in the river transport system are
extremely difficult to make, especially under conditions of climatic change;
the best way in which EA processes can respond is by building in monitoring
and evaluation procedures where doubt is honestly expressed in the scientific
evidence.

Antle (1983) has suggested that post hoc impact analyses will always be
necessary in order to refine the process of forward planning in water
development, though an intractable element of such analysis is the ‘What if
not?’ question (i.e. What would have happened had not the scheme been
built?).

While, in 1978, Kalbermatten and Gunnerson were able to describe EA as
exhibiting ‘newness and unfamiliarity’, they nevertheless prescribe two
aspects of the procedure which are still relevant to the success of the principle:
 
(a) Public involvement and participation is essential to a project’s success.
(b) Environmental constraints constitute performance standards.
 
However, by 1985, Canter’s annotated bibliography of published
environmental impact analyses (formal and informal) reveals that only 10 per
cent were connected with baseline studies or indicators of environmental
viability; a similar proportion were relevant to public participation and
decision-making, but not at a scale relevant to major international problems of
river basin development, nor to the conjunctive consideration of land and
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water. Only very recently have formal, technical procedures such as decision
support modelling been brought to bear on the problem of EA for large
international rivers (e.g. Kovacs, 1990; Hartmann, 1990). These authors use
techniques such as database management, impact modelling and decision
algorithms as a means of producing a flexible-scale and interactive procedure
for cross-disciplinary exploration of options.

River restoration capitalises on the innate ability of freshwater biotic
systems to recover from damage. The indirect methods of restoration include,
obviously, restoration of hydrological stability and the improvement of water
quality but direct methods are becoming prominent too: instream habitat
structures and management of the riparian zone (see Chapter 6). Restoration is
largely successful because it:
 
(a) Involves a committed professional and public approach.
(b) Uses a systems approach, tackling quite extensive reaches.
(c) Is feasible in terms of land-take and therefore of ownership and control.
 
The latter point is critical in river basins where ownership confers rights,
simply because water agencies, conservation and amenity agencies have very
little ownership of land. The valley floor cross-section shown in Figure 2.9
represents a policy agenda for extending restoration campaigns from the open
flow channel to the catchment as a whole; this agenda has its spatial
implications and controlling functions developed by New son (1992b).

Widespread public involvement is also critical to restoration; there are now
a number of metropolitan restoration schemes in the UK motivated either by
those who in increasing numbers live in waterfront locations taken up by
developers as part of civic regeneration schemes or by those who are seeking
to improve riverside amenity or conservation. The most comprehensive
restoration scheme is that for the Mersey Basin; because it takes the basin
approach it is multi-agency as well as public (through the voluntary sector).
Having spent £0.5 billion on structural improvements during the 1980s the
water authorities, local authorities and Shell UK have now come together to
make the improvements sustainable; special posts include a ‘Waterwatch
Officer’ and there are joint committees with executive power over interagency
action (Mersey Basin Campaign, 1988).

The European Communities’ ‘Project Fluvius’ has brought a programme
of river frontage restoration to three European communities: Redbridge in
Essex, UK, Romans sur Isère in France and Giannitsa in Greece. It worked
by first creating awareness of the river environment in exhibitions and
meetings, followed by conferences and comparisons of problems and
progress. Once again, in hard financial times, much of the progress was
brought about by private initiatives or partnership between the public and
private sectors.
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9.7 HOW SUSTAINABLE? A SLOW REVOLUTION

Buller (1996) comments that ‘In its current form, catchment planning is a half-
way step to sustainable water management’ (p. 301). He makes this claim on
the grounds that catchment planning:

• gives weight to system parameters;
• negotiates strategies at a local level; and
• integrates the planning and management of land and water.

At this late stage of the book it is appropriate to judge the degree to which river
basin management has followed the forms of sustainability laid out by Pearce
(1993). Table 9.6 shows how far the National Rivers Authority had reached
with the sustainable agenda at the time of its evolution to the Environment
Agency in England and Wales.

The caution is clear but the agenda is complex and checks are everywhere
in the literature of official agencies. For example, the UK Environment Act
1990 states that the mission of the Environment Agency (which now subsumes
the role of the National Rivers Authority) is ‘to protect or enhance the
environment, taken as a whole, [so] as to make a contribution towards
attaining the objective of achieving sustainable development that Ministers
consider appropriate’—hardly a revolutionary call!

Nevertheless, post-Rio, the local government sector in the UK has been
very active in contemplating and operationalising Local Agenda 21. In this
spirit the Thames Region of the National Rivers Authority launched in 1995

Table 9.7 Thames 21—water quality function



Figure 9.3 Sustainability in practice:
(a) Sustainable cycles (after Thames Region, National Rivers

Authority, 1996)
(b) Transition to sustainable programmes for UK water (after

Gardiner, 1996)
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Table 9.8 Water Law Principles (abridged and emphasis added)
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a fully consulted Thames 21 document in which all the Authority’s duties are
given listed sustainability principles (see Table 9.7).

Figure 9.3a is taken from Thames 21 and shows the key questions (and
cyclicity) of corporate sustainability. It is crucial that the NRA (now
Environment Agency) realises the importance of the links shown to
development planning. Gardiner (1996), whose work inspired much of the
Thames Region approach, has developed the relationship further in a diagram
(Figure 9.3b) which illustrates the general pathways towards sustainable
development.

The UK has had a lengthy period of political and economic stagnation;
perhaps it is more useful, therefore, to examine the principles and practices
being contemplated for water management in one of the newest
democracies—South Africa, a nation facing daunting water problems but
benefiting from ‘fresh start’ national attitudes and opportunities. Table 9.8
illustrates the apparently ‘stronger’ sustainability contemplated for South
Africa’s new Water Act, an Act which itself is open to public consultation.

Table 9.8 (continued)
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To empower those in the developing world to embark on sustainable
development of river basins will be extremely expensive. Fortunately Agenda
21 hazarded estimates of the costs of each part of its programme related to
water (Table 9.9). Transfers of funds to build capacity are seen as preferable to
the traditional transfer of technologies suited mainly to the country of origin
or of funds for the remote and unpopular ‘megaproject’.

9.8 CATCHMENTS, BASINS, CORRIDORS AND VALLEYS: A FINAL
NOTE ON SCALE

It is the geographer’s privilege to pick out the scale elements of a scientific,
political or administrative problem. Gamble and Meentemeyer (1996) have
recently reiterated that any remedies for the currently unsustainable use of the
Ganges and Brahmaputra must come from the explicit use of scale in both
research and applications. The whole system may be considered, as in Figure
9.2, as a complex of resources, including rural, urban, water and human
resources, each requiring management and impact assessment at the
appropriate scale.

I have frequently claimed in this book that the river basin concept has been
promoted mainly by geographers; however, the topic of stream restoration
introduces the very important, hitherto latent role of the biologist. Academic
biologists have for many years stressed the continuity of the river basin system
(e.g. Hynes, 1975; Vannote et al., 1980); issues of conservation and
restoration have brought biologists and fluvial geomorphologists together, if

Table 9.9 Agenda 21: ‘Protection of the quality and supply of freshwater
resources’—target costs and sources of finance
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not in research programmes on contentious sites. Their contribution is
particularly noteworthy, for example, in the journals Regulated Rivers:
Research and Management and Aquatic Conservation. Biologists have
achieved many of the senior posts in the reorganised water industry in England
and Wales. Biological assessment of water quality standards is becoming
formally incorporated in UK monitoring systems. Definitions of land-take for
conservation of wetlands are increasingly ‘bullish’, particularly as doubts are
raised by economists and politicians about the validity of production-
orientated farming.

Petersen et al. (1987) first pointed out to river managers the centrality of
the riparian zone; huge costs involved with river purification can be saved by
what the authors call a ‘holistic ecosystem approach’, in which the first goal is
not catchment control but riparian control. In many countries of Europe
stream restoration is now associated with the achievement of water quality
objectives and, where relevant, compliance with EU legislation—a fusion of
idealistic conservation and hard-nosed economics. In Denmark, for example,
formerly straightened streams are being ‘re-meandered’ and buffer strips, akin
to those used in US forestry activities (Chapter 4), are legally applied to
prevent soil erosion and nutrient leaching from polluting streams. Germany,
the Netherlands and Denmark are close behind. Petersen and colleagues set
down five principles of ‘repeated patterns of stream management’:

(a) Watershed management is the goal, riparian control the starting point.
(b) The riparian zone is the important interface between the terrestrial and

stream ecosystem.
(c) Short-term events may be far more damaging than average conditions.
(d) Good management requires holistic approaches.
(e) Some stream management problems are the result of global

environmental problems.

If a practical agenda of riparian control can be introduced as part of
developedworld stream restoration projects it can be introduced as part of
international environmental management for those 200 major river basins
whose boundaries cross national boundaries, including the ‘water crisis’ zone.

Petersen et al. (1992) have now developed a management sequence for the
riparian zone, effectively the valley floor:

(a) Buffer strips.
(b) Revegetation (natural, cf. agricultural species).
(c) Horseshoe wetlands (where productive agriculture discharges drainage

waters to the valley floor).
(d) Reduction of channel bank slopes to reduce erosion.
(e) Restoration of meanders.
(f) Restoration of riffle/pool sequences in channels.
(g) Restoration of wetland valley floors and swamp forests.
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The future is one of great interest. It represents, as has been stressed, a pattern
of the application of knowledge within an increasingly public context. The
compromise will exist between two extremes, the traditional one of water
power, as quoted by Ingram (1990):

Water still symbolizes such values as opportunity, security and self-
determination. Water represents these values less because the water
itself has economic value than because control over it signals social
organization and political power…Strong communities are able to hold
on to their water and put it to work.

(Ingram, 1990, p. 5)

and the new context of crisis and opportunity provided by water as an
element of our natural environment for which we require sustainable
management strategies, compliance with which will depend on public
acceptability.

Allan (1995) removes issues of scale from the debate by adopting the
American term ‘problem-shed’ within which the key solutions in future will
be:

(a) Movement from the management of water supply to management of
demand.

(b) Movement from water supply as a ‘free good’, or uncosted incentive to
development, to an economic entity.

(c) Change from inequitable practices (social, temporal and spatial) to
equity.

(d) Incorporation of ecological impacts in all aspects of water-related
development.

Perhaps less ordered and practical have been the many pleas in the last five
years for a ‘water ethic’ to guide sustainable development. Feldman (1991)
advocates the lead role for water in educating those charged with
environmental policy-making; the outcome will be ‘dignified, orderly survival
on this planet’. Falkenmark and Lunqvist (1995) are similarly convinced of
the primacy of water management:

The concern for the multifunctional value of water has so far been
neglected. There is a need for a new professionalism which does not lead
to another generation of compartmentalization, nor to a lingering
disregard for the linkages between resource endowments, environmental
conditions and livelihood situations.

(p. 212)

Postel (1992) is yet more profound in the quest for a water ethic:

at the heart of the matter is modern society’s disconnection from water’s
life-giving qualities. Grasping the connection between our own destiny
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and that of the water world around us is integral to the challenge of
meeting human needs while protecting the ecological functions that all
life depends on. The essence of such an ethic is to make protection of
water ecosystems a central goal in what we do.

(pp. 184, 185)
 
Let’s drink to that!
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