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21.1 INTRODUCTION

Fluvial geomorphology can be useful to other discip-
lines, such as ecology (e.g., to provide a framework
within which to analyze habitats) and engincers, as
well as practitioners, such as planners and river man-
agers (e.g., to understand risks and effects of flooding,
or to regulate instream gravel extraction), and those
who implement ecological restoration programs (e.g.,
through insights into the functioning of former eco-
systems and constraints posed by human alterations),
Geomorphological questions posed by other scientists
and practitioners are oflen complex and merit being
subdivided into a set of more specific questions. The
physical, chemical, and biological interactions in river
systems operate at multiple temporal and spatial
scales implying that to understand relations or to
solve problems typically requires application of mul-
tiple tools. Somie of these tools are proper o geo-
morphology, while others were developed in allied
fields (such as biology or engineering sciences) and
are applied to geomorphological problems. These
tools range widely in the temporal and spatial scales
of application, from a few minutes or hours (the
duration of the bedload movement during a flood
event) to several centuries (the time needed for a
fluvial system to adjust its geomelry to a climate
change). and from centimeters (benthic invertebrate
habitat) to thousands of square kilometers (large river
catchments),

Through the range of tools presented in this book,
we have sought to provide a reference not only for the

practicing geomorphologist and graduate student, but
also to provide the manager and scientist working
with geomorphologists with an idea of the range of
approaches potentially available to address fluvial
geomorphic problems. The.purpose of this chapter is
to provide a framework within which the tools can be
used, and to present examples of application of geo-
morphic tools {o problems in river management and
restoration,

21.2 MOTIVATIONS FOR APPLYING FLUVIAL
GEOMORPHOLOGY TO MANAGEMENT

“It should be possible (o persuade decision-makers
that incorporating historical or empirical geomorphic
information into river management strategies is at
least as valuable as basing decisions on precise, yel
fallible mechanistic models”™ (Rhoads 1994). This
statement caplures the sense of potential for applied
fluvial geomorphology that rose in concerl with
growth in environmental awareness and political will
to recognize and account for the environment in land
and water management. Since the late 1980s, applied
fluvial geomorphology has risen up the operational
and policy agendas of river management authorities,
most recently propelled by the demands for “morpho-
logical™ assessment in support of river restoration
(Sear er al. 1995, Brookes and Shields 1996),

With increasing emphasis on environmental river
management and interest in sustainable approaches
to use of water (and other natural) resources,
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managers must base their decisions on insights from a
variety of disciplines. Because fluvial geomorphology
provides the overall framework within which habitats
develop, ecological processes operate, floods propa-
gate, and waters may (or may not) undergo purifica-
tion en route to the river and downstream,
geomorphological analyses are central to understand-
ing many issues in river management, including main-
tenance and restoration of aquatic and riparian
habitat, flood risk, and water quality. Specifically,
fluvial geomorphologists are increasingly called upon
to answer questions at different temporal and spatial
scales than other disciplines have typically employed.
Graf (1996) describes this recent resurgence of geo-
morphological application as the “return to its roots
of a close association with environmental resource
management and public policy”, arguing that geo-
morphology is now mature enough after a period
characterized by a focus on basic research, to begin
applying this collective wisdom to issues of social
concern.

The upsurge in the application of geomorphology
has also been driven by the recognition of the costs,
financial as well as environmental, of ignoring natural
system processes and structure in river channel man-
agement (Gilvear 1999). Legislative and economic
drivers aimed at reversing a trend of ecological deg-
radation have begun to transform the way many agen-
cies approach intervention in river systems. But as
Newson (1988) has made clear, translation of science
into policy frequently has long lead times, and uptake
of policy at the operational level is probably much
longer again. Furthermore, the trigger for any par-
ticular phase of uptake may be an externally imposed
policy shift, which invites a subsequent scientific
input, rather than a science advance that demands
policy modification. The recent policy emphasis on
sustainable river channel management (Raven et al.
2002) exemplifies a shift of stance driven by political
pressure rather than scientific logic. Nevertheless,
statutory requirements to take regard for “physio-
graphic features” or “hydromorphology” (note the
emphasis on the static descriptive nature of “geo-
morphology™ in legislation, which lags 30-40years
behind the shift away from this position in the discip-
line) and the ecological integrity of river systems have
focused attention on their natural form and function.
Most recently, the rise of physical habitat restoration
has provoked new research initiatives among engin-
eers focusing on the hydraulic functions of river chan-
nel features, whilst ecologists are increasingly
recognizing the value of geomorphology in describing

and accounting for the habitat structure of aquatic
systems (Jeffers 1998, Newson et al. 1998a, Newson
and Newson 2000).

21.3 CHALLENGES FOR
GEOMORPHOLOGISTS IN EMBRACING
APPLIED QUESTIONS

The potential contribution of geomorphology to river
channel management has yet to be fully realized, for
four main reasons:

1. The awareness of the subject among the public and
other environmental and engineering sciences is
low. Whilst most people have heard of geologists
and engineers, few (at least in Europe) have heard
of geomorphologists! Public perception is misin-
formed, since geomorphology is often seen as an
academic and descriptive discipline rather than a
management-oriented predictive science. Graf
(1996) argues that the acceptance of geomorpho-
logical research by society assists adoption among
management authorities.

2. It has been difficult for geomorphology to establish
its position within existing management structures.
Where should it fit'as an operational discipline?
This is a management issue as much as a technical
problem. In the UK, a management context could
be suggested for fluvial geomorphology in associ-
ation with ecither engineering or conservation—-
arguments for both are strong. The challenge is
one of chronology rather than function, and does
not imply that geomorphology is more or less am-
biguous than other operational components. New
elements imposed on existing management struc-
tures always struggle for assimilation.

3. The cost-benefit models (or other economically
based option appraisal devices) used for project
justification tend to undervalue or ignore the
longer-term  benefits provided by geomorpho-
logical contributions.

4. There is a relative lack of specialists prepared to
apply the science in some countries. This is partly a
reflection of inappropriate training curricula in the
disciplines concerned, and partly an indication that
a lack of perceived professional need militates
against recruitment in the area concerned. Geo-
morphological programs in most universities are
relatively small components of geological or geo-
graphical departments, and the number of students
produced has historically not been large. More-
over, until quite recently, most academic fluvial
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geomorphologists have focused on theoretical or
historical questions rather than applied problems,
and have historically made little effort to make
their work accessible to other fields or applicable
to practical problems.

21.4 MEETING THE DEMAND:
GEOMORPHOLOGICAL TRAINING
AND APPLICATION

As river managers and other scientific disciplines
recognized a need for geomorphological input over
the past two decades, the established field of geo-
morphology was nol prepared to meet the demand.
Instead, much of this demand was met by non-
geomorphologists with little academic training (at
least in geomorphology), and frequently using what
might be termed “shorteuts”. For example, non-
geomorphologists have based channel reconstructions
on relations between channel width and meander
wavelength, and on predictions of “stable” channel
configuration derived from a classification scheme.
instead ol undertaking a historical-geomorphological
study of the river under consideration, Although these
applications are often termed “geomorphically
based”, they lack an understanding of basin-scale
influences or even channel-level process interactions
that actually determine the success of the intervention
(Sear 1994). Moreover, they typically involve applica-
tions of only the (limited) tools with which the non-
geomorphologist has been exposed.

A “cookbook” approach to restoration, involving
application of the channel classification system of
Rosgen (1994), has proved enormously popular
among managers and other non-geomorphologists in
the US. In part, this has been because of the availabil-
ity of one-week training courses where managers and
stafl’ learned the system, becoming overnight experts
and apparently obviating the need for detailed geo-
morphic studies, and apparently satisfying  the
demand [or integration of geomorphology into river
management (Kondolf 1995). Most river restoration
projects designed in this way have never been object-
ively evaluated, but of those that have undergone
post-project appraisal, the track record has included
a high proportion of failures (Smith 1997, Kondolf
ef al. 2001, also see Chapter 7, this volume),

More recently, academically trained geomorpholo-
gists have responded to the demand from managers
by evolving classification and design methods using
the basic research within the discipline (Fryirs and
Brierley 1998, Newson er al. 1998a,b), and by con-

ducting post-project appraisals of restoration as a
basis for improving future designs (Downs and Kon-
dolf 2002). The challenge remains, however, to edu-
cate a broad section of society as to the existence of
the field and its real potential contributions to the
management of rivers (Brookes 1995, Kondolf and
Larson 1995), and to communicate to practitioners
alternative approaches to the cookbook methods S0
popular now. Wilcock (1997) observed that while the
scientific community has criticized restoration pro-
Jects whose failures could be attributed to lack of
substantial geomorphic study:

Practitioners may be inclined to dismiss criticism from
those who do not leave their handiwork on the land-
scape ... This view, however, misses the point that the
job ol science is nol to address particular cases, but to
find the general principles that apply (o all cases. Also,
itis likely that much of the criticism is basically correct
(given the advantage of hindsight). The problem is not
faulty criticism, nor that scientists do not have the
right to criticize. The problem is that the critique is
ineffective, if effectiveness is measured in terms of
injecting better ideas and reliability into practice.. .. To
be heard, the scientific community must come up with
a message that is not only correct, but also simple,
direct, and coherent. (Wilcock 1997 454)

When we assess the performance of restoration
projects designed and implemented by professionals
without a solid background in fluvial geomorphology,
we see that commonly the designers have not recog-
nized basic but important controls on channel form.
such as legacy effects of mining or flood control
efforts, changed sediment supply from the catchment.
or even the implications of the position of the reach
within the larger drainage network (e.g., depositional
reaches at the transition from piedmont uplands to
coastal plain along the Atlantic Seaboard of the US).
Reading the written justifications for such projects, it
is clear that one of the shortecomings of the lack of
substantive training is that one neither tends to ask
the right questions, nor to use the full range ol tools
available, With limited training, one is likely to ap-
proach every problem in essentially the same wiy, and
one is unlikely to step back from the manager's im-
mediate concern (be it with bank erosion or degrad-
ation of fish habitat) to redefine the problem in terms
ol longer-term and catchment-scale processes that
may be the underlying cause of the perceived reach-
level problem. The advantages of laking a larger-scale
geomorphic approach are illustrated in case studies
presented in this chapter.
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21.5 INTERACTIONS BETWEEN
GEOMORPHOLOGISTS, STAKEHOLDERS
AND RIVER MANAGERS

Interactions between geomorphologists (and for that
matter, scientists in general) and managers can be
tricky, because the goals and methods of operation
of the two groups are frequently at odds. To get past
the traditional behavioral and institutional barriers
may require that each makes efforts to understand
the perspective of the other. Managers and geo-
morphologists often approach problems in very differ-
ent ways, as reflected in their different attitudes
to issues such as uncertainty, the timescale of problem
definition (managers typically being concerned
with shorter timescales than the geomorphologists),
the timescale within which an answer is desired, the
spatial scale of problem definition (managers typi-
cally taking a site-specific view as opposed to the
catchment-scale view needed to understand many
geomorphic processes), and willingness to invest in
substantive studies by qualified technical personnel.

Interactions between scientists and managers have
been further complicated by the emergence in recent
years of participation in decision-making by stake-
holders and the public in general. Overall, this has
probably been a good thing, as decision-makers are
less likely to make unilateral decisions that run coun-
ter to local interests, but it poses an interesting
challenge to geomorphologists, who must now com-
municate not only with elected officials and appointed
administrators, but also with members of the public,
whose scientific backgrounds and ability to under-
stand sometimes complex interactions may vary
widely. For the geomorphologists, this puts a pre-
mium on effective communication (public education).
It has also created situations in which members of the
public and interest groups have vored on what are
essentially scientific questions. This perhaps is not
very different from juries deciding questions of fact
in legal cases that involve expert witness testimony,
but it has resulted in some strange (at least to a
trained scientist) conclusions being drawn.

As described by Wilcock er al. (2003), increasing
use of models as a basis for decisions in natural re-
source management has led to more frequent inter-
actions between managers and modelers in fluvial
geomorphology, and these interactions have high-
lighted differences in objectives between managers
and modelers. “The policy or legal context [may
demand] a precision in model predictions that the
available knowledge cannot support”, such as the

requirement of water law in states of the western US
that in-stream water users claim only the minimum
flow needed for a purpose, such as maintenance of
channel form. Conflict may also arise between my.
agers and modelers becayse management questiong
may require predictions that are more temporally
and spatially explicit than possible or practical (Wil
cock er af. 2003). However, models can serve useful
functions besides prediction: “to educate managers
about the ecosystem, to identify gaps in the curreny
knowledge, to allocate scarce research dollars [or
future work, and to define plausible managemer
scenarios that merit [urther evaluation® (Wilcock
et al. 2003). For example, in [raming the range of
possible dam operation alternatives along the Color-
ado River below Glen Canyon Dam and their poten-
tial effect on a multitude of resources (ranging [rom
extent of sand bedches to hydropower generation (o
native fish), models cannot produce specific predic.
tions, but can increase understanding of how parts
of the system work together (Schmidt e al. 1998,
Wilcock et al. 2003),

Most rivers have been affected by human interven-
tion to one degree or another. so their current condj-
tions result from the interplay of the river and social
systems (Figure 21.1). Within the river systen, flow
regime (Q) and sediment load (Q;) [rom the basin are
the independent variables that largely determine allu-
vial channel form, as reflected in (he adjustment of
dependent variables of width, depth, grain size, and
pattern. This simple system can be made more con-
plex by adding the biological and chemical elements
and their relationships with the geomorphic elements.
Human activities (a function of the social system) can
affect both the independent variables (e.g., through
urbanization and fashier runofl) and the channel
form directly (e.g., by channelization, or in-channel
sand and gravel mining), with resulting effects on
water chemistry and aquatic and riverine ecology.
Because rivers are dynamic systems, such actions
typically beget reactions, such as channel incision,
which in turn can affect human infrastructure or
other uses (e.g., through undermining bridges and
pipeline crossings) (Bravard er al. 1999). In response
to such negative feedback from the river system, the
social system tends to respond with countermeasures
such as structures to control erosion of bed and
banks, which in turn may produce further erosion
elsewhere in the channel.

Although we speak here of the social system as a
single entity, in reality, the human actors or “stake-
holders” range widely in interests, motivation, and
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Figure 21.1  Interactions between the geomorphological river system and the social system: impacts, negative feedbacks, and
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power. Landowners, recreational users, resource man-
agers, and elected decision-makers can act and react
at different spatial and temporal scales, sometimes in
complete contradiction to one another. Some conflicts
occur on many rivers, such as those between canoeists
and fishers, between hydroelectric companies and fish
and wildlife agencies, between managers of upstream
reaches and managers of downstream reaches, and
between regional and local planners. Each has specific
objectives and stakes, which may conflict with others.
In this environment, fluvial geomorphologists must
pursue the science and encourage participatory plan-
ning and management to diagnose problems and pro-
pose solutions so they can be understood by the
broadest community of actors. Applied fluvial geo-
morphic questions can generally be classed as relating
to (I) impacts of human development on the river
system, (II) the response of the river system to these
human influences, or (III) the countermeasures taken
by human actors to deal with the river response to
development. The success of the solutions proposed
will depend in large measure on how the geomorph-
ologist interacts with the social system. At level I1, it is
essential for them to interact with other disciplines
such as ecology, economy, and history to show the
cascading consequences of geomorphological adjust-
ments or functioning in terms of biodiversity or finan-
cial fluxes as well as job provided or lost. At level 111,
scenarios must be generated to project not only the
river’s geomorphologic response, but also resulting

natural hazards, resource availability, user satisfac-
tion, and sustainable development at the basin scale.
Otherwise, the solutions proposed may be effective
only at a short timescale.

Applied fluvial geomorphology is now called on to
evaluate the river system’s function, sensitivity to
change, and its ecological potential. These concerns
have arisen because the river is increasingly viewed as
dynamic and supporting a variety of resources, and
has to be managed sustainably to continue providing
those resources. A sampling of such questions and
concerns is presented in Table 21.1, and the case
studies in this chapter. One class of questions asks:
“How does the river work?”” This question is typically
posed by users who want to know if a projected action
may trigger unwanted responses. Another class of
questions asks: “Where is the river going?”’ This is
typically posed to understand the consequences of
ongoing river adjustments to past interventions. A
final class of questions, “How can we improve the
state of the river?”, encompasses questions related to
sustainable river management and restoration.

21.6 COMPONENTS OF
GEOMORPHOLOGICAL STUDIES
IN RIVER MANAGEMENT

An assessment of current geomorphological practice
suggests that fluvial geomorphology provides man-
agement information in four key areas:
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Establishing cause and effect in
river management problems

Strategic decisions on when,
and when not to intervene

Operational guidance as to
where and what intervention
to adopt

Mainly used on enhancement
and restoration projects

Advice on type and dimensions
of channel morphology,
appropriate flushing flow
regimes, sedimentology, and
nature of adjustments

For a range of river
management practices

® Assessment

® Decision support

® Design

® Post-project
appraisal

In the UK, a decade of investment in geomorpho-
logical research and development has culminated in a
suite of “standard” methods for incorporating geo-
morphological information into existing river man-
agement practice that provides a useful template for
deploying the range of tools discussed within this
volume (Environment Agency 1998). At their core
lies the basic notion that geomorphology has contri-
butions to make across the broad sector of river man-
agement, including strategic and operational
management, the latter involves actions that modify
watercourses.

An axiom of this approach is that it is essential
to understand the cause of the management pro-
blem. The methods are designed to nest in a quasi-
hierarchical fashion, collapsing from the catchment
(strategic) over-view of physical habitat resource,
down to the project level design and assessment.
This framework involves deployment of a range of
geomorphological tools to provide increasing levels
of certainty in the interpretation of system function-
ing, in support of specific management goals. The
approach is based on the view of the river network
as a continuum, whereby reaches are classified
according to the information recovered from the
catchment under study. This prevents the imposition
of rigid classifications, and recognizes the inherent
value in the uniqueness of a river, whilst seeking to
encourage standard approaches to the analysis of
channel processes and the resulting forms and habi-
tats. While these generic methodologies may be ap-
plied to a range of river management projects, there
will of course be more specific studies required by
individual projects. In this case, the tools described
in this book should be considered within the context

of the specific project brief. For example, the setting
of flushing flows for watercourses may require meas-
urement of sediment transport in relation to specific
discharges.

Table 21.2 provides examples of the scale and
nature of the information produced by these different
methods of data collection and assessment. Within
each scale of survey, different tools are required for
the collection of the relevant data. For example, with
the evolution of remote sensing technology and data
post-processing, much of the catchment and network
scale topography and morphology may be generated
without full ground survey; although calibration and
ground-truthing will still be necessary.

The following section takes each scale of geomor-
phological analysis in Table 21.2, and elaborates
through case studies, the application of different
tools to solve specific management problems.

21.7 GEOMORPHOLOGICAL ASSESSMENT
AT THE CATCHMENT SCALE

Catchment Baseline Survey

At the largest scale, catchment baseline surveys aim
to provide catchment inventories of the geomorpho-
logical sensitivity of the river network, and conser-
vation status of each reach. The information from
catchment surveys is used strategically to target in-
vestment in rehabilitation or conservation designa-
tions based on physical habitat diversity. Figure 21.2
illustrates an output from a catchment scale survey
of the river Britt, a low gradient groundwater dom-
inated stream in southern England. An important
component in both catchment surveys and fluvial
audits (discussed below) is visualization of the data
sets. Application of GIS to spatial geomorphological
data is a powerful tool in itself both for analysis
and presentation, the latter an important consider-
ation when communicating results to non-specialist
audiences. The use of a GIS also permits integration
of other data sets that may be relevant to a particular
study, for example, the presence and structure of
macrophyte, invertebrate, and fish communities.

The method of field data collection and desk-top
study may be standardized in terms of the type of
information collected through the use of data entry
forms which can be mounted on digital hand-held
platforms for direct data entry. The advantage of
standardized approaches is that they can be p-tested
and are replicable (and therefore accountable) with
clearly defined outputs (Table 21.2). Their main dis-
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Figure 21.2  Example of a GIS output from a catchment-scale geomorphological assessment; the river Britt, a groundwater

dominated river in southern UK

advantages are their inflexibility in the face of unique
conditions.

The Fluvial Audit

An audit represents the second level of geomorpho-
logical analysis of a river catchment and is aimed at
providing an interpretation of the functioning of the
river system in terms ol a sediment budget, and estab-
lishing a link between this functioning and the morph-
ology and physical habitats of the system. Like the
calchment survey, the fluvial audit is a field-based,

reconnaissance survey, undertaken in a structured
framework to provide consistency and ease of data
entry and analysis within the GIS environment. The
field survey is continuous, and includes inventories of
features, coupled with assessments of materials and
pracesses operating within the river corridor (Seur
et al. 1995). Estimates of sediment supply and storage
are calculated from measures of sediment deposits
within the channel and floodplain (see Chapters 2,
9-11, 13, and 16), whilst supply from bank erosion is
informed from measures of bank morphology and
historical rates of erosion determined from historical
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surveys, maps, and remotely sensed data (see Chap-
ters 4 and 6). In this way, historical information is
integrated with contemporary survey to establish a
process-based classification based on channel activity
(both vertical and lateral). Classification of the data
within the GIS (see Chapters 7 and 8) facilitates iden-
tification of zones of sediment storage, supply, and
transfer. In addition, information on the types of
erosion and deposition processes are displayed that
may be used to guide erosion control measures (Sear
et al. 1995). This catchment scale information should
ultimately seek to provide a calibrated sediment
budget (though often without fluxes in European
rivers) that can inform river managers of the sources
of sediments that may be causing sedimentation prob-
lems or the most probable impact on the sediment
system (see Chapter 5) of undertaking a given channel
modification. Ideally, another layer in the information
includes field-determination of physical habitats and
associated biological communities (Newson and
Newson 2000). This information not only provides
guidance on the relationships between the geomorph-
ology of the river and the floodplain and channel
ecology, but also establishes a framework for integrat-
ing different disciplines.

Case Study: Strategic Assessment of a Proposed
Plan for Rehabilitating Salmonid Spawning Habitat
Using Catchment Survey Methods

Deer Creek drains 540 km? (average discharge
9m?sh, originating on the western slopes of Mount
Lassen, the southernmost volcano of the Cascades
range, and flows southwestward through rugged bed-
rock canyons to the Sacramento Valley floor, where it
traverses its alluvial fan for about 17km before

joining the Sacramento River at Vina, California.

Historically, flood flows would overflow (he current
channel of Deer Creek and flow across the loodplain,
on which land use is primarily livestock grazing and
orchards. The multiple distributaries appearing on the
topographic map hint at the history of channel agera-
dation and avulsion by which such alluvial fans are
built (Figure 21.3),

Adult spring-run chinook $almon ftraverse the
lower, alluvial reach en route to remote canyons cut
into volcanic rocks that offer them suitable spawning
and rearing habitat. Fall-run chinook use the alluvial
reach for spawning, and spring-run, winter-run, and
other salmonids, mostly from other drainages, use the
alluvial reach for rearing,
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Figure 21.3 Distributaries of Deer Creek (based on 1:24 000 US Geological Survey topographic maps)




V———*

» o~ O

W -

-

Integrating Geomorphological Tools in Ecological and Management Studies 645

Habitat conditions in the alluvial reach of Deer
Creek are not ideal. There is relatively little shade
because vegetation is lacking along most banks, the
channel form is very simple, and the gravel sizes (Dsg
decreases from 190 mm near the foot of the moun-
tains to 55mm about 3km upstream of the Sacra-
mento River confluence) are larger than ideal for
chinook salmon spawning (Kondolf and Wolman
1993). The channel lacks complex features that pro-
vide good habitat, such as tight bends and secondary
circulations, undercut banks, scour pools, woody
debris jams, and a well-developed pool-riffle sequence.
To partially address these problems, planning docu-
ments for salmon restoration programs in the early
1990s proposed planting riparian vegetation along the
low-flow channel banks and constructing spawning
riffles by regrading the bed and adding smaller-sized
gravels to the creek.

In 1949 the US Army Corps of Engineers
straightened and cleared the channel, and constructed
levees along much of the lower 11km of Deer Creek.
The manager of the Stanford-Vina ranch, immediately
downstream of the proposed levees, protested against
the project, accurately predicting that the proposed
flood control project would deliver to his ranch “. ..
more water and at greater velocity than under existing
conditions” (Robson 1948). Given its then entirely
agricultural land use, the need for federally funded
flood control along Deer Creek is not obvious. Despite
the apparent lack of benefit, and despite the protest of
the downstream landowner, the project was completed
and responsibility for maintaining the levees was given
to the county, with responsibility for the channel bed to
the state. In the early 1980s, the California Depart-
ment of Water Resources cleared the channel of accu-
mulated gravel and vegetation to maintain channel
capacity. During a large flood in January 1997, Deer
Creek broke through its left bank levee about 8 km
upstream of the Sacramento River confluence and
flowed across the floodplain, some water flowing dir-
ectly into the Sacramento, some flowing back into
Deer Creek (Figure 21.4). The channel had broken
through its levee in the same place in the early 1980s.
After the recent flooding, and the history of levee
failure, there was strong interest among local residents
and land owners to find a more sustainable solution to
flooding along Deer Creek.

A geomorphic study conducted as part of the Deer
Creek Watershed Management Plan (DCWC 1998)
reviewed historical maps and aerial photographs,
measured bed material size along the channel, and
evaluated current conditions in a longer-term and

larger-scale context. Examination of aerial photo-
graphs from 1939, prior to the flood control project,
showed highly complex channel forms, with frequent
pool-rifile alternations, meander bends, and gravel
bars, with trees overhanging the channel, undercut
banks, and log jams (Figure 21.5). Aerial photographs
taken after the flood control project showed a marked
simplification of the channel and thus loss of habitat
(Figure 21.5). The geomorphic study concluded that
habitat in Deer Creek was limited mostly by the
effects of the flood control project, not only because
of the direct impacts of clearing and subsequent main-
tenance, but also because the levees constrain high
flows within the low-flow channel, so that a given
flow is deeper (and thus exerts greater shear stress
on the channel bed) than was the case when floods
overflowed onto the floodplain. As a result, very high
shear stresses in the channel wash out spawning
gravels, complex channel forms, and riparian vegeta-
tion. The report also concluded that the proposed
riparian plantings and spawning riffle construction
along and in the channel would probably wash out
in the high shear stresses of the constrained levee
system.

In this example, a geomorphic analysis suggested
that the habitat problems previously identified along
Deer Creek—Ilack of shading, simplified channel form,
and reported lack of suitable spawning gravels—were
all symptoms of an underlying cause: the effects of a
flood control project built five decades before. Rather
than spending restoration funds on treating the symp-
toms (planting trees and adding gravel to the channel)
the report recommended addressing the problem and
redesigning the flood infrastructure to allow Deer
Creek to flood its (still mostly agricultural) floodplain
in a controlled way, protecting vulnerable structures
by ring levees. This approach would have the advan-
tages of providing better flood protection to the struc-
tures on the floodplain, while reducing shear stresses
in the low-flow channel, allowing bars to build and
riparian vegetation to establish within the currently
“maintained” (cleared) floodway, thereby improving
habitat in the channel of Deer Creck. A feasibility
study for the Deer Creek floodplain project has re-
cently been identified for funding by the California
Bay Delta Ecosystem Restoration program, and a
three-dimensional modeling study is currently under-
way as part of a Ph.D. thesis. Fortunately, the
Deer Creek floodplain remains mostly agricultural
so there is a better opportunity here to reconnect the
floodplain and channel than along most streams in
California.
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Figure 21.4  Extent of flooding in 1997 along Deer Creek and its floodplain. Some of the overflow returned to the main channel
at Hwy 99, the rest followed China slough to flow directly into the Sacramento River. Based on contemporary observations,
high water marks documented shortly after the flood, and post-flood interviews with residents

21.8 GEOMORPHOLOGICAL DYNAMIC
ASSESSMENT AT THE REACH SCALE

The remaining levels of geomorphological assessment
relate to reach-scale, problem-focused management,
often associated with specific schemes (e.g., design of
river restoration projects, bank erosion control
measures, etc.). The nature of the questions posed is
more specific, and entail deployment of tools
necessary for quantifying system functionality (See
Chapters 6, 11-20). Thus, a Geomorphological Dy-
namics Assessment may quantify bank stability and
sediment transfer within a design or “problem” reach,
while establishing it within the broader catchment
context by applying a fluvial andit catchment survey.
Numerous examples exist in the geomorphological
literature of what could be termed “Geomorpho-
logical Dynamics Assessment”, Specific examples

include Sear er al. (1994), Kondolf and Wilcock
(1996), and Thorne er al. (1996). The range of tools
deployed within differing studies is dependent on
project budget and availability. In large-scale
restoration programs, where sediment load and
hydrodynamics are crucial factors to quantify, then
the sums of money may justify expensive pre-project
monitoring programs and model calibration. In many
cases, however, the budgets are more modest, and the
tools used must be carefully selected in order to
provide the most robust answers. For example, the
sedimentation of a small rural land drainage channel
is unlikely to attract the level of investment in
geomorphology that is required in order to under-
stand the sediment dynamics of a major hydropower
or restoration program, A crucial point to consider
here is the validity of the information obtained,
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Figure 21.5  Details from aerial photographs of Deer Creek near Leininger bridge in 1939 and 1997. Flow is from top to
bottom, length of river shown is about 1100m, {a) The 1939 channel was more complex, sinuous, and with more frequent bed
variations, gravel bars, and undercut banks with adjacent riparian vegetation, (b) The 1997 channel is less sinuous, wider, and
less complex, reflecting the effects of the 1949 flood control projeet, and subsequent maintenance. Also visible in the 1997 photo

detail is the levee breach along the left (south) bank

particularly when legal challenge is possible.
However, geomorphologists must avoid “advocacy
science” (Graf, pers. comm. 2002), and if more
investment is necessary to answer a problem,
then the science case must be made to the stake-
holders.

21.9 GEOMORPHOLOGICAL CHANNEL
DESIGN

Aims

This approach uses geomorphological principles to
develop an appropriate channel design. In practice,
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the tools deployed will depend on the nature of the
design problem and the type of river system under
study. For example, the restoration of a channel for
physical habitat enhancement in an urban setling miy
be constrained in terms of what is possible in com-
parison to a similir scheme undertaken in relatively
undeveloped landscapes. Similarly, low-energy cohe-
sive channels may require more detailed design con-
sideration compared with higher energy alluvial
streams that are in effect able to design themselves
(Sear er al. 1998). Approaches to geomorphological
design may be based on the derivation of local hy-
draulic geometry relationships or from analogue
reaches within the same or adjacent basins. In many
situations, however, development of the catchment
and modification of the hydrology and channel form
may be so exlensive that such approaches are not
possible. In these situations, modeling of the channel
form may be attempted provided that effective cali-
bration is made (See Chapters 17-19), Recent consid-
eration of the process of geomorphological channel
design has highlighted the role of both field survey
and modeling in quantifying and reducing levels of
uncertainty, and communicating these to the other
disciplines associated with the process.

Case Study: Setting Riparian Channel Widths,
An example of Geomorphological Channel Design

An interdisciplinary  problem, Riparian zones have
been recognized as critical environments for biodiver-
8ity in river systems (Odum 1978, Naiman et al. 1993),
Riparian zones influence aquatic ccosystems because
living tree roots and branches, as well as dead wood,
create channel (and thus habitat) complexity, because
leaves and invertebrates falling into the channel from
the canopy provide food, and because shading by
trees influences water temperature (Meehan et al
1977, Vannote er al. 1980, Gregory et al. 1991), Ri-
parian vegetation diversity in turn depends on chan-
nel migration and rejuvenation of floodplain habitats
(Pautou and Wuillot 1989, Marston et al. 1995, Born-
ette er al. 1998). In addition, well-vegetated riparian
zones can also serve to filter sediments, nutrients, and
conlaminants from runoff, thereby improving water
quality in rivers. Accordingly, riparian buffer strips or
streamside management zones are commonly pre-
scribed, often for multiple objectives, and riparian
zones have been the object of conservation and res-
toration efforts (Nilsson 1992, Petersen of al. 1992,
Goodwin er al. 1997, Landers 1997. Hunter et al.
1999),

In addition to the inherent ecological values of a
vegetated riparian zone, setting human structures
back from the active channel can minimize conflicts
between dynamic river behavior and human develop-
ment. Engineering measures to protect human struc-
tures, such as dikes, bank protection, and channe]
straightening or deepening, affect channel geometry
and bedload transport, often with negative conse-
quences for habitat (Brookes 1988, Petts 1989). The
“streamway” concept is to leave a wide belt within
which the river channel can freely move and flood; for
a meandering river this zone can correspond to the
meander belt (Palmer 1976, Piégay e al. 1994, 1996,
Brookes 1996). The regional agency in charge of water
management in the Rhéne Basin, France (SDAGE
RMC 1997) defined the streamway as a floodplain
band within which channel migration is useful for
the ecosystems and bedload supply.

One of the questions posed by managers and
decision-makers to scientists in order to maintain an
optimal river corridor which can support, over a long
period of time, many uses and high biodiversity is:
“What is the riparian width to be preserved or to be
restored?”. It is an interdisciplinary question, which
can be shared in many sub-disciplinary questions
(Budd er al. 1987). What is the width of the riparian
zone within which most of the riparian vegetation
species (Spackman and Hughes 1995) or most of the
avian communities (Keller et al. 1993) are observed?
What is the wooded corridor width to be preserved to
mitigate the effects of logging on stream habitat, in-
vertebrate community composition and fish abun-
dance (Davies and Nelson 1994)? What is the width
of the riparian zone required for plants to take up
most of the nutrients (e.g., nitrates) coming from
neighboring agricultural areas (Pinay and Décamps
1988, Petersen et al. 1992)? What width of wooded
corridor is needed to trap sediments and woody debris
from floodwaters to protect floodplain farmland
against damage from sediment and woody debris?
This is an important question in the lower Rhone
Valley, where tributaries traverse alluvial plains with
vineyards, which are sensitive to scouring and burial
under sediments during floods, but not to inundation
(Piégay and Bravard 1997).

What streamway width should be preserved for
ecological or long-term socio-economical purposes
(Malavoi et al. 1998, Piégay and Saulnier 2000)? The
last question needs not only geomorphological and
ecological analysis, but also economic and policy an-
alysis to evaluate relative costs of bank erosion versus
bank protection construction and maintenance, the
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price of the land, and the annual value of its agricul-
tural production (Combe 1991, Piégay et al. 1997).

Applying geomorphic tools to assess channel migra-
tion. The magnitude and frequency of the channel
shifting may be of interest at a local scale to a
land owner, at a larger scale to decision-makers and
managers designing a streamway for ecological con-
servation or to minimize future conflicts between
human settlement and bank erosion processes. From
a geomorphological point of view, bank erosion is a
natural process, which contributes to the overall phys-
ical functioning of the river. If we counteract this
process, it may involve cascading changes in channel
geometry, and may affect other human uses. In ac-
tively shifting channels (wandering, meandering, and
braided channels), the geomorphological approach is
first applied at the scale of a homogeneous reach
(from 10° to 102 km) where bank erosion occurs. For
example, if the river is characterized by a meander
train, it is first important to work at the scale of the
whole train rather than at the single curve scale.

Two main approaches include historical studies of
channel mobility, increasingly using GIS technology
(Downward et al. 1994, Marston et al. 1995). Histor-
ical maps and air photos are scanned, georeferenced,
and rectified. Using several temporal series, it is pos-
sible to overlay the different channel courses, docu-
menting temporal and spatial varjation of the channel
migration rate, channel cut-off frequency and charac-
ter, and the areas of newly eroded and constructed
floodplain, and assessing the sensitivity to erosion of
individual reaches (Figure 21.6).

Analysis of a series of air photos of the Ain River
showed that from 1945 to 2000, the surface area of the
unvegetated, active channel reduced from 630 to
450 ha, and riparian forest established in the formerly
openchannel (Piégay and Saulnier 2000). Erosion of the
floodplain surface averaged 7hayear™ over a 40-km
reach between 1980 and 1996; 8.3 ha year™! between
1996 and 2000. Fortunately, only 6% of the eroded
areas were occupied by agriculture, most of the
remaining areas consisted of the riparian forest estab-
lished on the former active channel. In this context of
in-channel forest establishment and low human pres-
sure on the riparian zone, the streamway concept
(preventing development within the river corridor)
has potential to succeed. The streamway zone width
is based on historical analysis of channel change, with
different patches distinguished according to their
probability of being eroded in the next three decades.
Such mapping has been done on few tens of rivers in
France. The Ain River is one of the most advanced

example (Figure 21.6). Channel shifting has been
mapped over a 40-km reach over the last five decades,
as a basis for determining the streamway. River man-
agers have identified land ownership within the
streaming band and are now determining guidelines
for managing actions such as forest harvest, bridge
construction, or extension of existing mining sites.

Because this approach is based on expert informa-
tion, historical channel mobility as a basis to predict
future mobility and future advances on numerical
modeling to simulate channel evolution should im-
prove the process. At this stage of the research process,
such tools are available but not robust enough to be
used in an applied sense. Numerical modeling has pro-
gressed such that it is now possible to simulate channel
meandering or braiding (see Chapter 19, this volume).
Models of meander migration are based on a general
relationship relating lateral bank erosion rate to the
near-bank velocity, channel depth, and bank erodabil-
ity. Previously limited to neck cut-offs, recent models
incorporate not only chute cut-offs from probability
function but also spatial variability of bank erodability
(exposure of resistant floodplain or terrace sediments,
bedrock outcrops). Moreover, Howard (1996) also
simulated the meander belt width which can be defined
as the maximum floodplain width occupied by the me-
andering stream during the simulation time. He pro-
posed different sceneries including chute cut-offs and
also resistant valley walls or oxbow plugs (Figure 21.7).
These models can help set streamway width, as well as
other objectives, such as assessing the residence time of
contaminants in the floodplain sediments.

Recent work combining planform models and bank
erosion models (Rinaldi and Casagli 1999) may im-
prove model predictions further. Tools to assess bank
erosion at a short timescale, such as traditional ero-
sion pins, terrestrial photogrammetry, and Photo-
Electronic Erosion Pin (PEEP) system, can be casily
applied to a wide range of environments at low cost,
and provide accurate results even for bank retreat of
few millimeters (Lawler 1993). However, they yield
information at the site scale, and must be somehow
scaled up to provide meaningful insights at a larger
scale (Figure 21.8).

Applying geomorphic tools to assess potential incision.
Use of buffer strips to improve water quality
is increasingly popular among managers, but the
cfficiency of such measures depends strongly on
the potential of the reach to affect biogeochemistry of
shallow groundwater, which is partly controlled
by channel geometry. For example, nitrates in shallow
groundwater can be transformed by soil (denitrification
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Other curves show effects on growth rate of chute cut-offs, resistant clay plugs, and resistant valley walls (from Howard 1996)

(reproduced by permission of John Wiley and Sons, Ltd.)

process based on bacteria activity) and root systems
(nitrates are absorbed by plants). However, if the
channel incises, and the alluvial water table drops,
the denitrification process is reduced or inactive. Ac-
cordingly, when planning riparian restoration projects
with such water quality objectives, it is essential to
assess the sensitivity of the channel to incision and its
current status.

The current status, future trends, and potential for
incision are important attributes to assess in establish-
ing riparian buffer zones and for other purposes. First,
we can examine evidence for recent and ongoing inci-
sion, such as historical cross-sections. bridge drawings.
and field evidence (Simon 1992, Piégay and Peiry 1997,
Landon 1999). Historical documents demonstrated in-
cision over the downstream 160 km of the Arno River,
with a maximum of 10m in the lower Valadarno
during the contemporary period (Figure 21.9a)
(Rinaldi et al. 1997). Cross-sections for 1890-1920
showed incision from basin afforestation and reduced
sediment delivery from the catchment, while cross-
sections from 1945 to 2000 showed incision caused by
channel regulation and mining (Figure 21.9b).

We can also evaluate whether incision is continu-
ing. As described in Chapter 11 for channels in loess,
if at least two topographical surveys are available, it is

possible to predict (by extrapolation) the elevation of
the channel bed at time ¢, from an exponential func-
tion. The more detailed the temporal serics and the
more extensive the survey, the better this approach
can predict the duration of adjustment and the stages
attained in different reaches. A channel survey up-
stream and downstream from the study reach can
indicate the existence or absence of headcuts or desta-
bilized banks from regressive and progressive erosion.
A detailed historical analysis of human factors that
could produce incision can provide information on
probable future trends.

The inherent sensitivity of the channel to incision
can be evaluated from the stratigraphy of the valley
sediments and the elevation of the bedrock. In several
rivers in the French Alps, a few meters of alluvial
gravel overlie fine-grained lacustrine silts, sand, and
peat. Once the channel incises through the gravel, the
underlying fine sediments erode rapidly (Peiry et al.
1994). By contrast, incision through the gravel bed on
the Roubion River from gravel mining and reduced
sediment supply from the catchment has exhumed
boulders deposited by large floods during the last
glacial period, effectively armoring the bed. Similarly,
exhumed moraines or bedrock outcrops can limit in-
cision. For the bed material now exposed, grain size

F—
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can be measured, the critical shear stress required to
move it estimated, and compared with the expected
range of discharges, thereby assessing the sensitivity
of reaches 1o winnowing and armoring. These ap-
proaches can be useful on reaches with reduced sedi-
ment supply, such as downstream of dams (Komura
and Simons 1967).

21.10 GEOMORPHOLOGICAL POST-PROJECT
APPRAISAL: EXAMPLE OF THE RIVER
WYLYE RESTORATION PROJECT

This final phase in the approach again deploys a range
of tools to determine the success or otherwise of a
river management program, and aims to feedback
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into the adaptive management process (Downs and
Kondolf 2002). Geomorphological post-project ap-
praisal is, however, often overlooked and under-
funded by river managers who see it as an expensive
“luxury” rather than as a valuable tool in itself. Those
published studies demonstrate that at worse, the in-
formation may lead to a need to intervene in a
scheme, but even in these cases, the information de-
rived has value in terms of lessons learned that can be
input into other projects.

Restoration of groundwater dominated rivers in the
UK is largely undertaken in order to provide en-
hanced physical habitat diversity for different life-
stages of salmonids, or as part of a wider program
of rehabilitation of past channelization. Typical re-
habilitation options include narrowing of the channel

to encourage flushing of silt from the gravels, and
the re-introduction of riffles. Typically, these schemes
are undertaken without any reference to geomorpho-
logical processes, but are intuitively designed by
people with some knowledge of fisheries. As part of
a wider study of the sediment dynamics and physical
habitat of the river Wylye (see Figure 21.2), a geomor-
phological post-project appraisal was undertaken
in order to establish the geomorphological impact
and performance of a range of rehabilitation
schemes.

Setting the performance criteria for such schemes
depends on establishing their original aims. In the
case of the restoration schemes on the Wylye, the
main aims were to flush silt, create riffles for sal-
monids, and to restore a physically diverse habitat.
Assessing such criteria can prove problematic since
few schemes have quantified targets (e.g., establish
silt levels at <10% by weight of bulk sampled gravels),
as was the case in this instance. Instead, an alternative
approach was adopted that sought to establish the
performance of the restored channels as measured by
three criteria:

(a) channel geomorphology and erosion/deposition
processes,

(b) substrate heterogeneity, and

(¢) hydraulic habitat.

The performance of each rehabilitated reach was
measured against an adjacent control reach that had
not been rehabilitated. In addition, a reference condi-
tion site was measured in order to provide a suitable
analog for assessing overall success of each scheme
(Figure 21.10).

Channel geomorphology and processes were re-
corded through geomorphological mapping of each
site, locating the features (pools, riffles, etc.) and pro-
cesses (sediment storage and erosion). Channel form,
channel geometry, and water surface elevation were
recorded at cross-sections spaced at every bankfull
channel width using standard Total Station surveying.
Water surface slope was determined through the reach
for the time of survey. Physical habitat was quantified
for 20 randomly selected sections through each reach.
At each section, five measures were made at points
located in the channel center, edges, and mid-way be-
tween these points. These measures included; average
velocity (0.6 depth), flow depth, and substrate. Flow
velocity was measured using an electromagnetic cur-
rent meter that is not mechanically affected by sub-
merged aquatic macrophytes. Substrate was estimated

*———
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Figure 21,10 River Wylye geomorphological post-project
appraisal. (a) A reach subjected to dredging in the 1950s
for land drainage. (b) A rehabilitated reach, using soft engin-
eering to manipulate channel form. (¢) The semi-natural
reference condition site

visually as flow depths precluded manual sampling. A
total of 100 spot readings were therefore made for
each reach.

The geomorphological maps were used to generate
indices of geomorphological and physical biotope
(flow type), diversity, and patchiness (sensu, Newson
and Newson 2000). Diversity scores are estimated as
the product of the number of different features and
the total number of features within a reach. The
values are normalized by reach length and multiplied
up to a standard 100 m length to give scores in terms
of 100m channel sections. Patchiness is simply the
number of different features recorded; again normal-
ized by reach length and multiplied up to 100m
lengths. The hydraulic and substrate data were used
to generate summary statistics and distributions for
comparison.

The process level analysis was based on an assess-
ment of the sediment transport and stream power
characteristics of each reach. Three criteria were used:

1. ability to mobilize median surface bed material
which was seen as a test of the overall stability of
the river bed;

2. sediment continuity through the reach, which was
used as a test of the sustainability of the reach in
terms of sediment transfer (reaches in equilibrium
should convey as much sediment on entry as exit)
and a way of assessing the impacts of rehabilita-
tion;

3. presence of significant fluvial or geotechnical bank
erosion in the reach.

Estimates of stream power, critical entrainment thresh-
old for the median (Ds) particle motion and sediment
transport rates (kgm™! s were all established for
each cross-section, in each reach for bankfull condi-
tions using standard one-dimensional hydraulic and
sediment transport modeling (See Chapter 18).

From the information collected at each site, the
following specific conclusions can be drawn regarding
the geomorphological process regimes. First, at all of
the sites except one semi-natural reach, bed substrates
are immobile at bankfull and lower discharges. This
supports the findings of the wider “fluvial audit” that
had highlighted the absence of bed morphology de-
rived from scour and deposition of coarse sediments
relative to other stream types. Secondly, the impact of
rehabilitation has been to increase sediment transport
capacity and maximum mobile particle size, but not
sufficiently to generate a self-sustaining coarse sedi-
ment morphology (bars, pools, riffles). Rather, sedi-
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ment conveyance is limited at most sites to at most fine
gravels (<4 mm) and sands (<2 mm). Rehabilitation,
has maintained sediment continuity with as much
transport capacity into as out of the reach. Thirdly,
at bankfull discharges, all the channels are competent
to mobilize fine sediments (<2 mm). The observed ac-
cumulation of fines within each reach is therefore re-
lated to local zones of lower transport capacity such as
channe] margins and backwaters, or where flows are
locally over-deep; for example, the pools between the
rehabilitated riffles at one site. The relative roughness
of vegetated channel margins and areas of flow re-
circulation downstream of meander bends are suscep-
tible sites for fine sediment accumulation. This is cor-
roborated by field observations of vegetated and
unvegetated fine sediment berms at most sites.

In terms of channel geometry, the impacts of rehabili-
tation are again site specific, but in general they reduce
bankfull depth (one of the design aims) and result in
higher and more varied width:depth ratios. In this re-
spect, they are probably moving towards the typical
cross-section of natural chalk streams (Sear et al. 1999).

The physical features that contribute to channel
form and habitat are an important measure of re-
habilitation effectiveness, especially when they are

the result of physical processes. Most rehabilitation
schemes are based on the assumption that high phys-
ical habitat diversity or a specific suite of physical
habitats will create improvements in biodiversity or
specific target species. In practice, few studies have
explicitly made this link. The analysis of physical
habitat diversity undertaken for the river Wylye,
revealed the following points; first the presence of
coarse woody debris and riparian trees significantly
increases the total number and type of geomorpho-
logical features present in a given length of channel.
Thus, while rehabilitation of sites on the Wylye has
increased both the frequency and type of geomorpho-
logical features found in a reach, they have not
optimized these when considered in relation to a
semi-natural analog stream (Figure 21.11). Secondly,
the control reaches on the Wylye, which may be con-
sidered as typical of reaches that have been subjected
to dredging, are shown to have an impoverished geo-
morphology relative to semi-natural reaches in the
same river (Figure 21.11). However, rehabilitation
has not achieved the same balance of features as
those found in semi-natural chalk streams. Overall,
there are too few pools and berms, and too many
runs. Woody debris, though present, is currently
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limited to bankside features or “island” type features
that are not common in semi-natural chalk streams.

Overall, the rehabilitation has not significantly in-
creased bed mobility or bank erosion. It has increased
fine sediment transport capacity, but at the same time
can increase the opportunities for accumulation due
to the creation of a more varied hydraulic habitat. In
terms of channel geometry cross-section form remains
simple and relatively uniform. Only where riffie cre-
ation has been undertaken does the long profile show
significant changes over control conditions. It is here
where hydraulic conditions vary most and where fine
sediment loads have increased over control condi-
tions. Rehabilitation has decreased hydraulic variabil-
ity whilst increasing depth variability at two sites, but
it is very clear that each site has reacted differently. At
no sites did physical habitat diversity approach that
found in a semi-natural stream. Future rehabilitation
programs should seek to create more varied physical
habitat through the use of large woody debris. How-
ever, without treatment of the catchment-scale prob-
lems of fine sediment delivery, such rehabilitation
projects will be subject to sedimentation. A more
strategic approach that includes the catchment-scale
issues is to be advocated.

21.11 CONCLUSIONS

The framework presented within this chapter is only
one of many evolving within different regions around
the world (Rosgen 1994, Brietley er al. 2002, Raven
et al. 2002). Some, such as the river styles approach
developed by Brietley et al. (2002), share a similar
hierarchical structure in an attempt to integrate catch-
ment-scale and reach-scale levels of investigation.
Others, however, are tailored to provide specific out-
puts for a specific purpose (See Chapter 7). What is
common to all is that the application of geomorpho-
logical tools must be undertaken within a clear concep-
tual framework designed to identify the geomorphic
principles relevant to the management requiremerits,
Furthermore, it is also vital in most applications, to
interface with other relevant disciplines. GIS and the
transfer of technology between disciplines are useful
vehicles towards achieving these goals.

Social demands are complex, with multiple
stakeholders and conflicts amongst them. With river
management agencies increasingly considering longer-
term perspective and larger spatial scales, the oppor-
tunity for geomorphologists to participate in the
assessment of specific issues and to propose solutions
is increasing (Piégay et al. 2002).

Land-owners, flood managers, ecosystem/nature
conservancy managers, land managers and planners,
civil engineers, as well as ecologists and other scientists
can benefit from understanding geomorphological
controls upon habitat dynamics and complexity, envir-
onmental chemistry, the complexity of fluvial forms
and processes operating in the river system, basin-
scale water and sediment transfer, and biogeochemical
cycles.

Geomorphology programs in universities are now
training more students who can operate at a practical
level, and who typically work for management agen-
cies or private companies conducting geomorpho-
logical studies and engineering designs. Moreover,
interdisciplinary teams of scientists are increasingly
common, and the traditional boundaries between dis-
ciplines are eroding as new fields such as ecogeomor-
phology, hydrogeomorphology, and ecohydrology
develop.

There is a clear need to better explain to end-users
the geomorphic basis of management-oriented clas-
sifications, and the tools geomorphologists use for
different applications.

Fluvial geomorphic tools can support design plan-
ning, river bank protection, sediment supply, evalu-
ation of impacts of proposed actions, sensitivity of
systems, channel maintenance, ecological restoration
and conservation.

At this stage of the evolution of the discipline and
its increasing application to solving problems, there
are strong needs to articulate the benefits of the geo-
morphological approach, to identify indicators and
metrics to monitor and assess the efficiency of meas-
ures, to learn from experience in river interventions,
to develop more collaborations within the geomor-
phological communities in order to make profit of
the different experiences, and to use more of the
(complementary) tools available. The development
of models is a key challenge, as there is a need to
simplify them, then to adapt them to the local cases,
and to test their performance and calibrate them by
using retrospective information. For each river of
application, the development of conceptual models
should be encouraged providing a schedule within
which some hypothesized links can be tested. Finally,
even if the geomorphological analyses and predictions
are correct, that does not guarantee a successful pro-
Ject. Other factors such as cost efficiency, water re-
sources demands, and social consequences must be
considered. Interdisciplinary teams and scenario elab-
oration (prospective approaches) can help improve
the chances of success of future projects.
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Whilst the increasing use of geomorphology is en-
couraging, a further problem lies in ensuring that the
information is translated into policy and improved
practices.

Information derived using tools such as those de-
scribed in this book is only valuable if the people
commissioning the work understand its value and
utility. Perhaps after all, among the most powerful
tools available to the geomorphologist is the ability
to educate non-specialists!
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