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In the last two decades, the management of rivers has developed into the form of a
multifunctional procedure built upon the holistic base that unites scientific know-
ledge, engineering interventions, control of pollution, water resource manage-
ment, fisheries, transports, energy economy and protection of rivers. The paper
presents a review of basic groups of publications in the field. The methodology of
river morphology assessment based on ideas of the role of thresholds in river
morphology sensitivity, and stages of aggradation and degradation of channel and
floodplain morphology are regarded as principle tendencies of river morphology
change. Secondly, the article shows the basic features of the geomorphic assess-
ment framework of rivers. The main principles of the assessment procedure con-
sisting of comparison between the properties of river reach and reference reach
conditions are designed. The proposed framework includes guidance on sample
site selection, field procedures and the scoring system for the assessment as well
as guidance on training, certification and intercalibration procedures. The assess-
ment is based on the principle that the highest quality is obtained when the hydro-
morphological conditions are as close to the reference situation as possible and
when the spatial variation is as large as possible.
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INTRODUCTION

In the last two decades, the management of rivers has developed into the
form of a multifunctional procedure built upon a holistic base that unites the sci-
entific knowledge, engineering interventions, control of pollution, water re-
source management, fisheries, transport, energy economy and protection of ri-
vers. Adoption of such platform makes it possible to realize a priori that any
disharmonic or non systemic intervention into the basin or river system is not
relevant only at a local level but the response affects the whole basin. The time
of the presumed response in integrated multidisciplinary water management
schemes is 50 to 100 years. Meanwhile, it is obvious that the multidisciplinarity
and prolongation of the vision require adequate environmental legislation. The
traditional engineering interventions in the form of implementation of other
than natural conditions have destabilized water streams by modification of the
channel cross section and runoff-sedimentation regime, while the creation and
perhaps even more the maintenance of such conditions require a great volume
of capital demanding engineering work. Today, it is necessary to rehabilitate
such modified river reaches and return to the sustainable state. Although it is
not simple, there are projects in the world that try to maintain a healthy morpho-
logical and biotic state, recover the river bed meandering along with creation of
structure of morphological units in the form of river reaches of shallow-
depression type, changes of counter-flood dikes and weirs or their removal and
creation of the river corridor — river landscape with “liberation” of the river bed
for migration, projects stabilizing the bank zones, those involved with rehabili-
tation of the river bed and the like. Environmentally dimensioned engineering
interventions oriented to creation of “more natural” river beds and river land-
scape which ensure ecological diversity and natural stability of the channel-
floodplain geosystems should first of all make use of results obtained from re-
search into these natural entities and formulate visions of the future state of ba-
sins and streams. After reaching a potentially sustainable state that harmonizes
with the natural assets, the engineering measures can concentrate only on pro-
tection and enhancing of the environmental and conservationist values of water
streams. Though it should be noted that handling of “more natural” forms and
processes always requires a minimum investments for their maintenance.

Fluvial geomorphology has been established in the world as a modern dy-
namically developing discipline that was able to deepen and itemize its theoreti-
cal and methodological basis thanks to the most recent knowledge obtained by
detailed field research. In connection with the holistic and hierarchized interpre-
tation and “geographization” of the river landscape research, surveying assess-
ment and monitoring of its morphological basis has become an indivisible part
of the management and protection of this landscape type. Integrated research
into river landscapes also became topical in connection with global climatic
change. Cognition of processes taking place during floods and in dry spells and
their effect on fluvial geosystems has not only revealed new dimensions for re-
search into fluvial geomorphology but it has also opened space for collaboration
with the related sciences and practices. The results so far facilitate closer col-
laboration between fluvial geomorphologists and other engineering, biological
and environmental scientific disciplines. The basic prerequisite for successful
development of fluvial geomorphology and its contribution to planning is first
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of all the cognition of the water stream and basin structures, as well as the proc-
esses that take place there in different time horizons. However, assessment of
the actual state, i. e. assessment of these structures and processes is equally im-
portant. In accordance with Petts (1995), these ideas might be well summarized
in the form of a challenge for future fluvial geography. Apart from the develop-
ment of fluvial geography as a discipline and methodology applicable to river
landscape, this field of geography relies in Slovakia as in advanced countries,
on three areas: a) assessment of the health condition of rivers in collaboration
with ecologists and hydrobiologists; b) research into flood threats and the re-
sponse to them; and ¢) in the area of river and basin management. The paper is a
logical follow-up to our previous studies (Lehotsky 2002, 2004a and 2004b,
Greskova and Lehotsky 2004a and 2004b, Lehotsky and Greskova 2003a,
2004a, 2004b and 2006, Lehotsky and Novotny 2004), the ambition of which
was to present the basic features of the methodology of research, cognition and
classification of river and basin morphology. Its aim is to introduce the meth-
odological platform and procedures of channel-floodplain system assessment.

METHODOLOGY OF RIVER MORPHOLOGY ASSESSMENT

Recent key books dealing with the fluvial-geomorphological (Gurnell and
Petts 1995, Thorne et al. 1997, Thorne 1998, Brown and Quine 1999) and eco-
logical (Gordon et al. 2004) issues point to the fact that assessment of morpho-
logy is an integral step in research into channel-floodplain geosystems as the
basis of the river landscape. Other publications, which are involved with assess-
ment of river morphology, can be classified into two groups:

Firstly, studies published in recognized specialized journals which concen-
trate on elaboration of approaches or concepts for river morphology assessment
presenting them in broader theoretical and methodological context (Simon and
Downs 1995, Montgomery and Buffington 1997, Rowntree and Wadeson 2000,
Maddock 1999, Heritage et al. 2001, Brierley et al. 2002, Church 2002, Froth-
ingham et al. 2002, Claque and Turner 2003, Fryirs 2003).

Secondly, manuals and studies which present particular assessments or
monitoring procedures relying on the morphological classification schemes of
rivers by Rosgen (1994 and 1996), Montgomery and Baffington (1997), or their
modifications. An example of such work is the assessment of the rivers of Ver-
mont and British Columbia (Channel Assessment Procedure Guidebook 1996,
Kline et al. 2003), banks (Cramer and Bates eds. 2003) in the state of Washing-
ton, manual for basin and river assessment in the state of Oregon (Salminen et
al. 1999), manuals of river rehabilitation and management (Koehn 2001, Ben-
nett et al. 2000) and those of the riparial zone in Australia (Lovett and Prince
eds. 1999). Survey of river morphology constitutes a part of the methodology
concerning the survey of river habitats (River habitat survey 2003) in Great
Britain. The methodology of the eco-morphological survey significantly en-
riched by its modification for great rivers has been developed in Germany
(Fleischhacker and Kern 2002). Methodology for the assessment of what is re-
ferred to as the geomorphological index of rivers (Rowntree and Zirvogel 1999)
has been elaborated in the Republic South Africa. As far as the EU is con-
cerned, a complex of activities with the aim improving the state of all surface
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waters concentrates in the Water Framework Directive 2000/60/EU (WFD).
The aim of the Directive is to reach an acceptable ecological state of waters de-
fined by biological, physico-chemical and hydromorphological elements. The
above quoted suggests the necessity to establish indicative parameters for the
hydromophological quality of a stream, that is the hydromorphological indica-
tors of river quality. Their selection is targeted — parameters, indicators of the
ecological condition must facilitate ordinal assessment with regard to the type
of river and the following ecological functions: morphodynamic quality of habi-
tat and dynamics of runoff. Lehotsky and Greskova (2003b), Greskova (2004),
Pedersen et al. (2004) presents the method of assessment of morphological
properties in a modified form of that developed in Germany.

Apart from the above quoted studies, which helped us to orientate ourselves
in the methodology concerning the river morphology assessment there are a
great number of studies that more or less only apply or modify the basic ideas
contained in the quoted studies.

At the moment of selection of particular methods applicable to river mor-
phology assessment though, it is necessary to realize that no assessment can em-
brace the total complexity and moreover that the relationships, processes or re-
sponses must be considered in the context of anthropic effects. In spite of it,
many assessing approaches have been developed which try to bridge this gap by
searching for simpler causal relationships and an adequate set of indicators,
which relatively sufficiently explain the natural range of variability and beha-
vioural mechanisms attributable to streams.

In terms of procedure, assessment of the morphological properties of rivers
always relies on comparisons of a delimited (naturally or artificially) river
reach with the referential one which is reconstructed or little affected by an-
thropic activities and which reflects the developmental trajectory of the geosys-
tem. Delimitation of the assessed reach is done:

a) As purpose-bound — the river is simply divided into reaches with equal
length, which comply with the aim and exhaustiveness of the assessment.

b) Intentionally — if it is only a local issue, and

c) Stipulating a channel-floodplain unit selected on the basis of properties
quoted in the river morphology hierarchic classification (RMHC) (Lehotsky
2004b) and by knowing its invariant as a referential sample. The invariant is
identified from detailed cognition of the functioning of the channel-floodplain
units (character of planform, channel setting in the floodplain, possibilities for
lateral and vertical erosion and migration, type of the channel as a taxon, cha-
racter of development of morphological units, and the like), comprehension of
its functioning in the river segment determined by longitudinal profile inclina-
tion, size of discharge and basic types of valleys, character of the river zone
(Lehotsky and Novotny 2004) and finally by basin properties. The assessed
river reach is in good condition if its morphological conditions are close to the
referential.

Apart from the above said, there exist a number of other important assump-

tions that must be respected in assessment of river morphology:
1. The “good morphological condition” of a river in an artificially or natu-
rally delimited assessed reach is not the reflection of its maximum spatial
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diversity as it is, for instance, postulated in landscape ecology. It is be-
cause some types of river reaches are more homogeneous by nature and
other in turn, vary more in their essence.

. The model of hierarchic classification shows that as far as morphological
properties of rivers are concerned, there is a set of certain similar taxons
or types of assessed reaches. They are entities with specific properties
and composition of morphological elements, while every type can be
characterized by means of a specific set of attributes that do not agree
with those in other types of river reaches, thus assessment can only be
carried out by comparison of values corresponding to the attributes of a
referential reach of a certain type with the values of attributes of other
reaches, but only of the same type. If we know them, we can also decide
about the relevance of the particular attribute. Otherwise it is not possible
to compare, evaluate and monitor the reaches. This means that only the
related types of river reaches can be compared and assessed.

. Assessment must respect the principles of vertical, lateral and longitudi-
nal linkages. In other words, it is not possible to examine and assess the
river bed without its flood plain and on the contrary, it is not possible to
disrespect the state of morphology in reaches below or beyond the as-
sessed reach or disrespect the position of the reach in the framework of
superior taxons, etc.

. If assumption 2 is accepted along with the fact that the aim of the assess-
ment is to identify changes in the state of those morphological properties
of the river that were affected by humans but also those that were caused
by other natural phenomena (climate, tectonics) and their effects are iden-
tifiable as consequences of the natural development of the stream whether
it was under the impact of sudden events or during the average regime in
time horizon of 100-200 years, it seems logical that the taxon which com-
plies with the conditions of appropriateness as the subject of assessment
is the channel-floodplain units of RMHC (Lehotsky 2004b). Subject of
assessment defined in a similar way but under a different name (what is
referred to as the River Style), also interpreted as the taxon of the hierar-
chic structure of river can be found in Brierley et al. (2002) and Fryirs
(2003). Other authors call these river units used as assessment subjects
simply river reaches. The inclusion and comprehension of the develop-
ment of the channel-floodplain unit at the level of superior taxons
(segment, zone and basin with river network) already sufficiently traces
the evolutionary trajectory. On the other hand, cognition of the lower ta-
xons it is composed of facilitates cognition and assessment of change
symptoms and identification of the morphological “health” condition of
the river.

. The present development of a river must always be seen as the continua-
tion of its development in time, while this aspect of evolution provides
possibilities to explain mainly the causes of changes in structure and
processes and less symptoms of these changes.

. It is necessary to discern the morphocentric assessment of the morpho-
logical properties of rivers. Morphocentric assessment captures the char-
acter of changes in terms of aggradation or degradation. Results can be
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used in eco-morphocentric assessment. Monitoring is only a survey done
at regular intervals in mostly artificially, metrically and non-genetically
set river reaches. Morphocentric assessment should be part of monitoring
that is in its preparatory phase, it means during selection and definition of
referential conditions, identification of the reach to be monitored and in-
terpretation of the obtained results.

7. The key point of assessment is the identification of thresholds and the set-
ting of threshold values of channel-floodplain geosystem properties. If
they are exceeded, the character and type of river morphology changes.
For instance, the type of river reach changes in 50 - 100 years. They are
detectable only in the field. Threshold values are detected by looking for
changes in the character and composition of morphological units, symp-
toms of changes in channel planform, and the like. Engineering interven-
tions such as bridges, weirs or dams often fulfil the role of thresholds.

8. It is necessary to bear in mind that assessment can be accomplished for
various purposes. Then the rate of details of river research and scale of
the geomorphological map have to correspond. In the case of streams be-
low 30 metres wide, the map should be at scale 1:500. But it requires ade-
quate technical (GPS, distance meter, GIS, compass, inclinometer, wad-
ing rod) or material (fishing boots, raincoat) equipment, a very concrete
work plan with specified steps. The map legend uses a specific terminol-
ogy of fluvial geomorphology and apart from its scale it does not differ
substantially from other geomorphological maps.

PROCEDURE OF HYDROMORPHIC ASSESSMENT

The second aim of the article is to present the procedure of a hydromorphic
assessment framework, which is based on the methodology applied in Germany
for large rivers (Fleischhacker and Kern 2002) and modified to suit Slovak con-
ditions (Pedersen et al. 2004). The framework includes guidance on sample site
selection, field procedures and the scoring system for the assessment.

The assessment is based on the principle that the highest quality is obtained
when the hydromorphological conditions are as close to the reference situation
as possible and when the spatial variation is as large as possible. When a com-
parison with the reference situation is possible, this is given priority. For exam-
ple, with planform, a good score is given to rivers where the planform is the
same as in the reference condition and not to a specific planform (e.g. a straight
stream is given a good score if it is also straight in the reference condition). The
reference condition is the original state of the river reach before it was affected
by human influences. Knowledge of the reference condition is also a prerequi-
site for correct interpretation of the hydromorphological quality within the con-
cept of the Water Framework Directive (WFD). Old maps are a key source of
information for setting the reference condition for some hydromorphological
parameters. Field surveys on reference sites may be needed to identify the refer-
ence conditions for other parameters. Parameter values may differ between
streams even though they are in a reference condition. This simply reflects the
natural variation in parameters values found in natural systems. Guidance on
how to define river types and individual reaches is given in Harrelson (1994)
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and the CEN standard (CEN, 2003). The basis for the hydromorphological sur-
vey is the survey unit (SU) as a portion of river reach. The survey unit is sub-
divided into 5 sub-survey units (SSU) of equal length. The surveys are carried
out in the five SSUs, although some parameters, such as the channel planform
of the river bed (e.g. degree of sinuosity) are assessed for longer reaches. The
survey strategy is thus hierarchical. The size of morphological forms and fea-
tures changes as river size increases and therefore the length of the SU and
SSUs is scaled according to the size of rivers (Church 2002). A classification of
rivers in three size groups was proposed for the purpose of defining survey
lengths (Tab. 1). The boundaries between river size classes were established
based on the evaluation of accessible data concerning river channel width (maps
at scale 1:25,000) and field observations. Channel width is used as the basis for
size definitions rather than discharge because it is easily measured in the field or
it can be interpreted from a map or aerial photograph. The length of the reaches
defined will vary from river system to river system and from upland to lowland
streams. The exact location of the hydromorphological survey within the reach
will depend on the environmental variation along the reaches defined. The se-
lected survey unit should therefore be representative of the river reach in ques-
tion with respect to channel morphology, land use, geology and geomorphol-
ogy. The floodplain parameters, that are included in the hydromorphological
survey, are based on the whole floodplain. Riparian vegetation is assessed in a
20-metre wide zone along both sides of the river. All other parameters are based
on the stream channel. Surveys should be carried out during low flow periods
when the riverbed structure and substrate is visible. In addition, the field survey
should be carried out in the vegetation period from June to September, as sev-
eral parameters rely on assessing the vegetation structure. The vegetation period
may differ throughout Slovakia due to climatic and topographic differences, and
the survey period should be adjusted to the climatic conditions.

Tab. 1. Length of survey units (SU) and survey sub-units (SSU)

River type Channel width Length of SU Length of SSU
Small river <10m 200 m 40 m
Medium river 10-30m 500 m 100 m
Large river >30m 1 000 m 200 m

Survey procedure

The survey procedure consists of five different steps:
1. Collection of data

2. Defining survey units within the reaches

3. Assessing map based parameters

4. Field survey

5. Assessment and presentation
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Step 1. Collection of data

Data sources are maps, aerial photographs and GIS layers, as well as maps
showing the water body delineation within catchments. The following material
can be used for the survey:

— Topographic maps 1:10,000 or 1:25,000 for the definition of the current
planform,

— Historical maps for comparison of sinuosity,

— GIS database layers or maps for land use analysis on the floodplain and in
the catchment,

— Geological maps (1:50,000),

— Aerial photographs and/or vegetation maps for estimation of the land use
and the vegetation on the floodplain and riparian areas,

— Other material regarding water abstraction, reservoir management, etc.

Step 2. Defining survey units within the reaches

River reach and representative sites should be selected based on the metho-
dology given above and the exact location of the survey units and subunits
should be determined from a map, orthophoto maps and field surveys. The basis
for this work is the delineation of the rivers into water bodies (reaches), carried
out prior to the assessment described in this protocol. The locations of the units
to be surveyed are marked on a topographic map or in the GIS environment and
the exact boundaries of the different survey units and sub-units should also be
marked.

Step 3. Assessing map based parameters

Map based parameters include catchment parameters and parameters related
to channel modifications. Furthermore, parameters related to river valley form
and maps and aerial photographs can also assist in the assessment of land use
and floodplain structure. The results can then be checked in the field afterwards.
The results are entered in the survey forms. Many site protocol parameters can
also be obtained from maps. This should also be carried out prior to the field
survey. In some cases the assessment of the map-based parameters will be sub-
stituted by expert judgements. This will be the case where map data are unavail-
able. Expert judgements will typically involve transfer of data or knowledge
from similar sites in other catchments or nearby sites up- or downstream from
the reach under survey (Thorne et al. 1997).

Step 4. Field survey

The field survey should be carried out in the survey units as defined from
maps. Any changes to the location of a survey unit decided in the field should
be mapped and documented for future use. The exact location of survey units
should be altered only where field surveying is impossible due to restrictions on
access to the river. Parameter descriptions (and pictures showing the different
features) should be taken to the field in order to enhance the quality of the as-
sessment. The field survey forms should be completed in the field and any map
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Tab. 2. Overall landscape features at the sites and in the catchment

Parameter

Description/Source of information

1 IDENTIFICATION

1.1 Stream (river) name Name
1.2 Site name Name
1.3 Number of stream/site Number
1.4 Name of river system Name
1.5 Map reference Number
1.6 Stream order Number

1.7 Latitude

Co-ordinate

1.8 Longitude

Co-ordinate

1.9 Site altitude (m.a.s.1.) Number
1.10 River width type Type

1.11 River type (WFD) Type

1.12 Sketch/Photo Picture
1.13 Surveyor Name

1.14 Surveyor certification number Number
1.15 Date of survey Date

1.16 River use Type

2 CHANNEL AND SITE PARAMETERS

2.1 Catchment area Map or GIS
2.2 Distance to source Map or GIS
2.3 Mean slope of the river channel GIS or map
2.4 Cross-section type of the channel Type

2.5 Bank stabilization Field survey/Type

2.6 Cross section dimensions

Field survey

2.7 Channel plan form (present)

Type

2.8 Valley type

Type

2.9 Presence of migration barriers

Field survey / Expert knowledge

3 RIPARIAN ZONE AND FLOODPLAIN

3.1 Non-natural vegetation in 20 m riparian zone

Field survey/Type

3.2 Predominant land use on floodplain

Field inspection

4 CATCHMENT ATTRIBUTES

4.1 Predominant geological structure Map or GIS
4.2 Predominant soil type Map or GIS
4.3 Predominant land use Map or GIS
4.4 Catchment topography (min. and max.) Map analysis
5 HYDROLOGICAL CONDITIONS

5.1 Mean flow Time series

5.2 Changes to the hydrological regime

Field survey/Expert knowledge
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survey parameters should be checked whenever possible. The field survey
should be carried out by walking along the watercourse, and by wading the
stream. For large rivers and waterways, that are too deep for wading, inspec-
tions are carried out by boat with occasional landings.

Step 5. Assessment

The site protocol parameters are collected to characterize the overall land-
scape features at the sites and in the catchment (Tab. 2). The assessment pa-
rameters are divided into two main groups, the morphology parameters and the
hydrology parameters. The morphology parameters can be separated into four
categories: channel form, instream features, bank/riparian zone and floodplain
parameters (Tab. 3). Each parameter is assigned a score from 1 to 5, with 1 indi-
cating the “best” state and 5 indicating the “worst” state. The score for each pa-
rameter is averaged for the SU, (if the assessment is carried out on the SSU
level), and the SU parameter values within each of the four categories are aver-
aged to give a SU category score. The final morphology score is the average of
the morphology category (1-4) values. The hydrology category includes four
parameters. The final hydrology score is the average of the four parameter
scores. This score is not combined with the morphology score. The final mor-
phology and hydrology scores are used to determine the morphological and the
hydrological quality classes (Tab. 4).

Tab. 3. List of hydromorphological parameters

Category/Parameter Obtained from Score for each
1 CHANNEL PLANFORM

1.1 Sinuosity Map/Field survey SU

1.2 Channel type Map/Field survey SU

1.3 Channel shortening Map/Field survey SU

2 IN-STREAM

2.1 Bed elements Field survey SSU

2.2 River bed substrate Field survey SSU

2.3 Spatial variation in width Map/Field survey SuU

2.4 Flow types Field survey SSU

2.5 Large woody debris Field survey SU

2.6 Artificial bed features Field survey SSU

3 BANK/RIPARIAN ZONE

3.1 Riparian vegetation Field survey SSU L/R
3.2 Bank stabilization Field survey SSU L/R
3.3 Bank profile Field survey SSU L/R
4 FLOODPLAIN

4.1 Flooded area Map/Field survey SSU L/R
4.2 Floodplain vegetation Map/Field survey SSU L/R
5 HYDROLOGY

5.1 Mean flow Data/Other information SU

5.2 Low flow Data/Other information SU

5.3 Water level range Data/Other information SU

5.4 Frequent flow fluctuations Data/Other information SU
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Tab. 4. Delineation of the hydromorphological quality classes defined from the
final score

Hydromorphological quality class Final score
1 High 1.0-1.7
2 Good 1.8-2.5
3 Moderate 26-34
4 Poor 35-42
5 Bad 43-5.0

Survey forms

Survey forms are to be completed for each survey unit (SU): the site proto-
col and assessment form for the structural features. The site protocol holds the
general descriptions of the SU, including identification, site attributes and
catchment attributes. The site protocol describes the present state of the river,
whereas many of the assessment parameters describe the present state compared
to the reference situation. The site protocol includes a number of parameters
used to characterize the river and its surroundings. It is also used to identify the
survey site and includes many relevant parameters that will enable a variety of
analyses. Most parameters can be used to group streams with identical features
thereby enabling comparison of hydromorphological and biological parameters
among identical streams. The site protocol consists of 5 separate parts. identifi-
cation, channel parameters, riparian and floodplain features, catchment fea-
tures and hydrological parameters. The first parameters are used to identify the
site and the exact location within the catchment. Many of the parameters can be
assessed from maps; the remaining should be assessed from other relevant
sources. Individual map parameters should preferably be derived from maps
with identical scales to ensure consistent parameter estimation. The surveyor,
date of survey, and a photo or a sketch of the site is also included in the identifi-
cation part of the protocol. The survey unit should be situated within slope as-
sessment length. If there are any significant tributaries entering the river or
other significant changes to the river planform (e.g. dam) within the defined
length, the assessment length should be reduced to exclude these changes in
planform. Each parameter affecting the natural conditions at the site is marked
an “X” in the protocol. The assessment protocol is divided into five categories
or groups of parameters. Four parameters are each targeting different aspects of
the hydromorphological structure of the river/stream and the fifth targets the hy-
drological aspects of the hydromorphological quality. All parameters are de-
scribed below and procedure of scoring is described in Pedersen et al. (2004).

1. Channel planform parameters

The parameters are assessed according to their current state relative to the
historical and non-degraded state. They are found by comparing present day
features from the 1:10 000 maps with features from historical maps. These pa-
rameters should be assessed over longer river channel lengths than the length of
survey units for the following multiples of SU length: small river — 3% survey
unit length (3%200 m), for medium river — 6x survey unit length (6x500 m), for
large river — 6x survey unit length (6x1000 m). If there are any significant
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tributaries entering the river or other significant changes to the river planform
(e.g. dam) within the defined length the assessment length should be reduced to
exclude these changes in planform. If no old maps exists or the channel on the
old maps shows sign of modification, the three channel parameters have to be
assessed by expert judgement. This should include an analysis of the land use,
river valley slope, geological and geomorphological conditions, from which the
natural type can be interpreted with help from the literature (e.g. Rosgen 1994,
Thorne et al. 1997, Thorne 1998). Another possibility is that the historic type
and channel pattern can be inferred from a similar site with similar characteris-
tics and data available. Alternatively, remnants of the old channels in the flood
plain can potentially be identified on aerial photos, from which the historic
channel type, length and sinuosity can be estimated. The Channel planform
score (CPS) is calculated as the average of the scores given for channel sinuos-
ity, channel type and channel shortening:

CPS=(1.1+12+1.3)/3

Channel sinuosity (1.1). Sinuosity will be obtained by standard procedure
measuring the real length of the river channel and dividing it by the length of
the valley (Tab. 5).

Tab. 5. Channel sinuosidy

Historic

Present

Absolutely straight (1.00)
Straight (1.01 - 1.05)
Slightly sinuous (1.06 - 1.25)
Mod. sinuous (1.26 - 1.50)
Meandering (> 1.50)

| || — | & | Straight
8| 8| — | w | v Slightly

| —| 8| & | v | Mod. sinuous
— | | w | u | w| Meandering

Channel type (1.2). The channel type according to branching at the present
time is detectable from the 1:10,000 maps, historical maps provide its past
shape (Tab. 6).

Tab. 6. Channel type

.
.
.

Historic

Present

— | Single channels
w | Parallel channels

Single channels

w | w | Braided

Parallel channels 1 1

Ju—

Braided, anastomosing 1 1
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Channel shortening (1.3). The channel shortening value will be obtained by
comparison of the present state (length of the river channel in survey units from
the 1:10,000 maps) and the state in the past, from historical maps (Tab. 7).

Tab. 7. Channel shortening

Shortening Score
<10 % 1
10-30 % 3
>30 % 5

2. In-stream features

The in-stream parameters are assessed in the field and comprise several pa-
rameters related to the current conditions in the stream and on the streambed.
The in-stream parameters should be surveyed from within the stream. The
in-stream features are all evaluated at the scale of the SSU. After the in-stream
features have been assessed, the scores of all SSUs are first averaged and then
the in-stream feature score (IFS) is calculated as the average of the scores given
for the SU, 1i.e.:

[FS=(2.1+22+23+24+25+2.6)/6

Bed elements (2.1). This parameter gives the number of individual bed ele-
ments such as islands, various bar forms and rapids (bedrock bars). If the river
is too large for bed elements to be identified, this parameter is excluded from
the assessment. The minimum size (either width or length) of the individual
structure must reach 1/3 of the channel width, which is defined here as the dis-
tance between the left bank and the right bank at the time of the survey at the
location of the structure (Tab. 8).

Tab. 8. Bed elements

% of size of SSU - X S

‘ > b >

Number of bed forms™-__ v - A

>3 1 1 1

2 3 2 1

1 4 3 1
None 5

Bed substrates (2.2). The assessment is carried out while standing in the
river. The natural bed substrate is assessed by counting the number of different
types that cover more than 5 % of the bed in the SSU. The abbreviations for the
substrates that cover more than 5 % of the bed are circled in the assessment
form as follows:

Bedrock (BE) exposed solid rock,
Boulder (BO) loose rocks > 256 mm diameter,
Cobble (CO) loose material 64-256 mm diameter,
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Gravel/pebble (GR) loose material 2 - 64 mm diameter,

Sand (SA) particles 0.06-2 mm diameter,

Coarse debris (CD) Organic matter > 1 mm (leaves, twigs, small pieces of

wood etc.),

Silt/mud (MU) very fine deposits < 1 mm,

Clay (CL) solid surface comprising sticky material,

Peat (PE) predominantly or totally peat, organic origin.

If all coarse substrate types (boulder, cobble and gravel/pebble) are present,
the SSU automatically scores 1. If the inorganic substrates are estimated to be
covered by more than 25 % silt/mud or more than 75 % bio-film (e.g. filamen-
tous algae) +1 should be added to scores below 5. If silt/mud cover is estimated
to cover more than 50 %, +2 should be added to scores below 4 and +1 should

be added to the score equal 4. If the riverbed is completely covered by artificial
substrate the score is 5 (Tab. 9).

Tab. 9. Bed substrates

Number of substrate types Score
1 4
2 3
3 2
4 or more 1
If mud covers > 25 % or biofilm > 75 % +1
If mud covers > 50 % and score is 1,2,3 +2
If mud covers > 50 % and score is 4 +1
100 % artificial substrate 5
100 % boulders, cobble, gravel 1

Variation in width (2.3). Variation in width is defined as the largest channel
water width divided by the smallest channel water width in the SU at the time of
the survey. The width is the distance from the right bank to the left bank per-
pendicular to the current, independent of whether islands occur in the cross-
section. For large rivers, the value is found from topographic maps (scale
1:10,000 or 1:25,000) or on aerial photographs. Man-made structures such as
port entries, etc., and small-scale protrusions are not taken into account. For
smaller rivers the variation of width is measured in the field. The smallest and
largest river widths are measured in each SSU and added to the assessment
form. The ratio between the largest and the smallest width considering all mea-
surements within all the SSUs is calculated (Tab. 10).

Flow types (2.4). This parameter is the number of different flow types in the
SU. The flow types included in the assessment are based on the flow types de-
fined in the River Habitat Survey (2003) as well in Greskova and Lehotsky
(2005) (Tab. 11).
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Tab. 10. Variation in width

Variation in width Score
None (1.00) 5
Low (1.01 - 1.25) 4
Moderate (1.26 - 1.50) 3
High (1.51 -2.00) 2
Very high (> 2.00) 1

Tab. 11. Flow types

Number of flow types Score
1 5
2 4
3 3
4 2
>4 1

Large woody debris (2.5). The parameter is the density of large woody de-
bris (LWD) per 1 km. LWD is defined here as trees or substantial parts of trees
that are either at least 3 metres long or have a diameter of more than 30 cm for
medium sized and large rivers, and for small rivers the dimensions are half of
these values. LWD is found in the channel and must be partly under water at the
time of the survey. Forty pieces of LWD per km are considered to represent the
potential natural state. If aggregations of LWD are present, each individual
LWD is counted. This value is based on results obtained in navigable rivers in
North America and has been verified during the mapping of the lower course of
the Mulde in Germany (Fleischhacker and Kern 2002) and proved by field sur-
veys of small Slovak rivers (Tab. 12).

Tab. 12. Large woody debris

Number of LWD Score
>20 1
11-20 2
6-10 3
1-5 4
None 5

Artificial bed features (2.6). This covers constructions such as fairway, bed
reinforcement, parallel structures, groynes, ground sills, pipeline crossings and
colmatage. Artificial bed features are always made of artificial materials that are
not endemic to the stream/river (Tab. 13).
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Tab. 13. Artificial bed features

% coverage of length Score
None 1
Low (<10 %) 2
Some (10 - 50 %) 3
Many (> 50 %) 5

3. Bank / Riparian zone parameters

Bank and riparian parameters are assessed separately for the left and the
right side of the stream in each SSU. The scores for each parameter are first
averaged for all SSU and then bank and riparian score (BRS) is calculated as
the average of the three bank and riparian parameters.

BRS = (3.1 + 3.2 +3.3)/3

Natural riparian vegetation (3.1). This includes vegetation in the riparian
zone along both channel banks. The riparian zone is here defined as a 20-metre
strip with the lower boundary at bankfull stage. Islands are not included in the
survey. Note that in the case of trees it is the projected area of the canopy that is
used for the coverage and not the stem of the tree. Scores are given according to
the extent of the different groups (Tab. 14):

Tab. 14. Natural riparian vegetation

Natural riparian vegetation Score
Natural 1
Near natural 2
Semi natural 3
Modified 4
Heavily modified 5

Natural: > 90 % natural vegetation. Rest: other vegetation types. No artificial
structures or managed land.

Near natural: 25 % - 90 % natural vegetation. Rest: other vegetation types.

No artificial structures or managed land.

Semi-natural: < 25 % artificial structures or < 50 % managed land.

Modified: 25 - 50 % artificial structures or 50 - 75 % managed land.

Heavily modified: > 50 % artificial structures or > 75 % managed land.

Bank stabilization (3.2). This parameter is used to assess the restriction of
natural lateral dynamics due to stabilized banks and a separate assessment for
the left and right bank is carried out. The survey is field based and is carried out

in each of the 5 sub-units. The percentage length of the river bank affected by
stabilization structures is assessed in the field (Tab. 15).



123

Tab. 15. Bank stabilization

Extent of bank stabilization in % of length Score
None 1
<10 % 2
10-50 % 3
> 50 % part of the bank surface affected 4
> 50 % entire bank surface affected 5

Bank profile (3.3). The assessment focuses on the length of natural river-
banks in the SSU. The habitat quality of profiled and stabilized banks is consid-
ered additionally. The survey is carried out for both left and right bank. The de-
termination of the share of natural banks in a unit requires a field survey for all
river sizes. In order to distinguish between natural and artificial banks short de-
scriptions of the characteristic features for each type are given (Tab. 16).

Tab. 16. Bank profile
Length of natural bank | Score
> 90 % natural 1

90 - 60 % near natural

2
60 - 30 % semi natural 3
<30 % modified 4
0 % heavily modified 5

4. Floodplain parameters

The subject of the assessment is the extent of the current floodplain exposed
to frequent flooding compared with the extent of the natural (historic) flood-
plain and the natural vegetation/land use in the current floodplain. The assess-
ment considers the extent of natural alluvial habitats (i.e. alluvial forest includ-
ing abandoned channels such as oxbows, side-arm systems and cut-off mean-
ders) and the type of land use in cultivated areas. Undisturbed floodplains are
characterized by wetland vegetation, natural forests and/or natural water bodies.
These water bodies must be in contact with surface water channel. The flood-
plain is identified based on geological/soil/morphological criteria (map and
field). The assessment is carried out in each of the survey sub-units and on both
sides of the river. The results are averaged for all SSUs and sides and then the
floodplain score (FPS) is calculated as:

FPS = (4.1 +4.2)2

Flooded area (4.1). The flooded area is here defined as that part of the flood-
plain that has the potential to be flooded. The subject of the assessment is the
retention function of the floodplain and its function as a meander corridor
(morphodynamic channel migration). Therefore the actually flooded area must
be estimated in relation to the old alluvial floodplain. Flood controlling struc-
tures such as guide dykes must be taken into account. The survey and assess-
ment are carried out separately for each section of the floodplain and the L and
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R bank. This parameter is only relevant in alluvial valleys. The survey is fully
based on maps and existing information (no field survey) and is concentrated in
the survey unit. In case of multiple discrete sub-units the entire length from the
upstream to the downstream sub survey unit is considered (Tab. 17).

Tab. 17. Flooded area

% of potentially inundated floodplain area | Score

0% 5
<10 % 4
10-50 % 3
>50% 2

Entire floodplain 1

Natural vegetation/land use on floodplain (4.2). Natural floodplain
(floodplain forest, wetland and abandoned channels). The area covered by natu-
ral or secondary forest, wetlands and abandoned channels in relation to the total
survey section area must be estimated for each side of the river. The share of
non-indigenous species may not exceed 10 %. Abandoned channels must be
connected to the flow regime of the river (surface connection to the river or
connection by groundwater), in order to be part of the natural floodplain area.
Land use in remaining area: Only the relation between natural/not natural land
use is subject to the assessment score. Registration of the types of non natural
land use on each side of the river is to be registered in the site protocol (Tab.
18).

Tab. 18. Natural vegetation/land use on floodplain area

% of the floodplain covered by natural vegetation Score
>90 % 1
90 - 60 %
60-30%
10-30%
<10 %

AN~ VS B S ]

No floodplain

5. Hydrological regime assessment

This group of parameters is used to evaluate the effect of artificial impacts
on the hydrological regime in the SU. Artificial impacts include changes caused
by hydropower dams and operations, abstractions (for irrigation, water supply,
etc.) and industrial outlets to the stream. The hydrological quality is assessed by
4 parameters, one describing the change in mean flow, one describing the
change in low flow, one describing the change in water level range and one de-
scribing the impact of frequent artificial flow fluctuations, all compared to the
reference state. Preferably the estimates are based on hydrological records. If
records are not available, the parameters are estimated from available data for
abstraction rates, outlet rates from power stations, industrial discharges, and so
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on. Another option is to obtain estimates of mean flow, low flow and high flow
from before and after the artificial impact from other sources (recorded observa-
tions, general knowledge). The hydrological regime score (HRS) is calculated
as the average of the scores given for mean flow, low flow, water level range
and frequent flow fluctuations:

HRS = (5.1 + 5.2+ 5.3 +5.4)/4

Mean flow (5.1). The score is based on the reduction in mean flow from the
mean flow in the reference state (Tab. 19).

Tab. 19. Mean flow

Reduction in mean flow Score

None or minor (app. 0 - 10 %) 1
Moderate (app. 10 - 50 %) 3
Major (> 50 %) 5

Low flow (5.2). The score is evaluated based on the reduction in low flow
from the low flow in the reference state. If hydrological records are available,
Qssscan be used. Otherwise the low flow is the typical flow during low flow
periods (Tab. 20).

Tab. 20. Low flow

Reduction in low flow Score
None or minor (0 - 10 %) 1
Moderate (10 - 50 %) 3
Major (> 50 %) 5

Water level range (5.3). The range in water level is defined as (Hc/Hr)x100,
where Hc is the current difference between the mean annual maximum water
level and the mean annual minimum water level, and Hr is the difference be-
tween the mean annual maximum water level and the mean annual minimum
water level in the reference condition (Tab. 21).

Tab. 21. Water level range

Change in water level range | Score
None or minor (0 - 10 %) 1
Moderate (10 - 50 %) 3
Major (> 50 %) 5

Frequent flow fluctuations (5.4). Frequent flow fluctuations occur typically
below hydropower plants where the operation of the turbines changes on a
short-term (often daily) basis. The score is based on the magnitude of the fre-
quent flow fluctuations, which is assessed as minor, moderate or major

(Tab. 22).
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Tab. 22. Frequent flow fluctuations

Impact on water level/flow dynamics | Score
None or minor 1
Moderate 3
Major 5

The results of assessment will be presented in five quality classes of hydro-
morphological state of river channels. The final score of classes of hydromor-
phological state quality of river channels is identical with the final score of
classes of ecological state defined in WFD. The resulting quality of the hydro-
morphological state represents the degree of deviation of the observed value
from the reference state: high state (no or very minor deviation from undis-
turbed conditions), good state (slight deviation from reference conditions), mod-
erate state (moderate deviation from reference conditions), poor state (high de-
viation from reference conditions) and bad state (full deviation from reference
conditions).

CONCLUSION

River can be viewed as barometers of landscape conditions, or catchments
health. Assessments and improvements to river conditions are contingent on re-
searchers, managers, and the community working together to establish sustain-
able, long-term management strategies that “work with nature”. The participa-
tion of geomorphologists in the planning phase of engineering will hopefully
become established with hazard identification and interpretation. An under-
standing of the control function that morphological diversity and fluvial dynam-
ics have in supporting biotic populations and ecosystem resilience will also be
of increasing importance. The presented geomorphological approach should
promote proactive planning and management of rivers, their morphological
variability in maintaining channel stability and resﬂlence channel dynamics,
and the sensitivity of systems to change.

This paper was supported by Science Grant Agency (VEGA) of the
Ministry of Education of the Slovak Republic and the Slovak Academy of
Sciences (grant No 2/6040).
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Milan Lehotsky, Anna Greskovad

FLUVIALNOGEOMORFOLOGICKY PRISTUP K HODNOTENIU
RIEK - METODOLOGIA A POSTUP HODNOTENIA

V celosvetovom meradle si rieCne systémy vo viacerych smeroch pozmenené, des-
tabilizované a narusené, ¢o sa prejavuje zmenou parametrov ich pozdlznych a prie¢nych
profilov, odtokovo-sedimentacnych rezimov a modifikaciou pririeénych koridorov. Vo
viacerych krajinach si nové pravne normy, ale aj prax vynutila pre potreby manazmen-
tu, renaturacie a ochrany rie¢nej krajiny vyvoj novych metodik, ktorych sucastou je aj
prieskum a hodnotenie ich ekologického stavu. Vo svete sa realizuju projekty rieSiace
zachovanie zdravého morfologického a biotického stavu, obnovenie povodnych podory-
sov rieénych koryt (meandrovanie), spolu s vytvorenim Struktiry morfologickych jed-
notiek do podoby riecnych tisekov typu plytCina-priehlbina, zmeny zaplavovanych tze-
mi, vytvorenie $irSich riecnych koridorov s naslednym ,,uvolnenim* koryta rieky na
lateralnu migraciu, projekty zamerané na stabilizaciu brehovej zony a pod.

Environmentalne dimenzované inzinierske zasahy, nasmerované na tvorbu ,,pri-
rodnejsich® koryt vodnych tokov a riecnej krajiny s adekvatnou Struktirou vnutro-
korytovych, brehovych a pribreznych habitatov, zabezpecujuce ekologicku diverzitu a
prirodnu stabilitu korytovo-nivného geosystému, by mali v prvom rade siahat’ po vy-
sledkoch ziskanych vyskumom tychto prirodnych entit a spolu s nimi vytvarat’ akési
vizie budiiceho stavu rieénych systémov a ich povodi. V stvislosti s holistickym, integ-
rovanym chapanim rie¢nej krajiny sa vyskum, hodnotenie a monitorovanie jej morfolo-
gickej bazy stava nerozlu¢nou sucastou manazmentu a ochrany tohoto krajinného typu.
Zakladom pre Uspesné rozvijanie fluvialnej geomorfologie a jej prinos do planovacej
praxe je v prvom rade poznanie Struktiry vodného toku a povodia, ako aj v nich
prebichajtcich procesov v réznych ¢asovych horizontoch. Nemenej je vSak dolezité aj
posudenie stavu, t. j. hodnotenie tychto Struktir a procesov.

V ostatnych dvoch desatroc¢iach vzniklo viacero vyznamnych publikacii, pojednava-
jucich a priblizujicich pozndvanie a hodnotenie morfolégie vodnych tokov. Pri konci-
povani konkrétnych metdd hodnotenia morfoldgie vodnych tokov je v prvom rade pot-
rebné uvedomit’ si, ze ziadne hodnotenie nemdze postihnut’ ich komplexnost’ v celej
Sirke. Pritom treba mat’ na zreteli, ze vztahy, procesy a odozvy musia byt navyse hod-
notené v kontexte s antropogénnymi vplyvmi. Aj napriek tomu vznikli viaceré postupy
hodnotenia, ktoré sa tiito nedokonalost’ snazia preklenit’ h'adanim jednoduchsich pri-
¢innych vztahov a adekvatneho suboru indikatorov, relativne dostatone objasniujucich
prirodzeny rozsah variability a mechanizmy komplexného spravania sa riek. Procedu-
ralne je hodnotenie morfologickych vlastnosti vodnych tokov vzdy postavené na porov-
navani stavu hodnoteného tuseku vodného toku voci tzv. referenénému, ¢lovekom malo
ovplyvnenému.

V prispevku sme sa snazili prezentovat’ zakladné metodologické vychodiska hodno-
tenia hydromorfologického stavu riek, ktoré pozostava z piatich krokov: 1. zber udajov,
2. definovanie prieskumnych jednotiek v rieénom tuseku, 3. vyhodnotenie parametrov
z mapovych a digitalnych podkladov, 4. terénny prieskum, 5. vyhodnotenie a prezenta-
cia vysledkov. Hodnotenie sa uskuto¢nuje formou terénneho protokolu, ktory sa sklada
zo skupin parametrov vztahujicich sa k podorysnej vzorke koryta, k charakteru dna
koryta, brehov a riparialnej zony, nivy a hydrologického rezimu. Kazdému parametru sa
priradi odpovedajuca hodnota v rozpiti 1-5. Vysledna hodnota kvality hydromorfolo-
gického stavu danej prieskumnej riecnej jednotky sa pocita ako priemer zo skore par-
cidlnych parametrov. Vysledna hodnota kvality hydromorfologického stavu vodného
toku sa prezentuje v piatich triedach a predstavuje stupen odchylky od referen¢ného sta-
vu. Velmi dobry stav vykazuje hodnoteny usek vtedy, ked’ jeho hydromorfologické
podmienky st blizke referenénym podmienkam.



	GC2007_2 25.pdf
	GC2007_2 26.pdf
	GC2007_2 27.pdf
	GC2007_2 28.pdf
	GC2007_2 29.pdf
	GC2007_2 30.pdf
	GC2007_2 31.pdf
	GC2007_2 32.pdf
	GC2007_2 33.pdf
	GC2007_2 34.pdf
	GC2007_2 35.pdf
	GC2007_2 36.pdf
	GC2007_2 37.pdf
	GC2007_2 38.pdf
	GC2007_2 39.pdf
	GC2007_2 40.pdf
	GC2007_2 41.pdf
	GC2007_2 42.pdf
	GC2007_2 43.pdf
	GC2007_2 44.pdf
	GC2007_2 45.pdf
	GC2007_2 46.pdf
	GC2007_2 47.pdf

