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River ecosystems remain enigmatic to many people, and are often seen as offering fewer benefits to
society compared with lakes or terrestrial habitats. Fluvial geomorphology has established in the world
as a modern dynamically developing discipline that was able to deepen and itemize its theoretical and
methodological basis thanks to the most recent knowledge obtained by a detailed field research. The
methodology of river morphology assessment consisting of comparison between the properties of river
reach and reference reach conditions and based on ideas of the holistic understanding of river systems
are designed. The proposed template 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 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

River ecosystems remain enigmatic to many
people, and are often seen as offering fewer
benefits to society compared with lakes or ter-
restrial habitats. This may soon change, howe-
ver, because of a developing trend in environ-
mental sciences to emphasize the benefits and
services provided by aquatic and terrestrial
ecosystems. Benefits are frequently separated
into supporting services (e.g., biogeochemical
cycling, production, habitat or refugia, and bio-
diversity), regulating services (e.g., regulation
of water quality, climate, floods and erosion,
and biological processes such as pollination,
pests, and diseases), provisioning services (di-
rect or indirect food for humans, fresh water,
wood and fiber, and fuel), and cultural services
(e.g., aesthetic, spiritual, educational, and re-
creational). Monetary values are assigned to a
subset of these services. The levels of ecosys-
tem services provided by riverine landscapes
are an increasing function of the hydrogeomor-
phic complexity of the local functional process
zones. This hypothesis should prove valid for
most of the ecosystem services listed in Tab. 1.
(THORP et al. 2010).

Fluvial geomorphology has established in
the world as a modern dynamically developing
discipline that was able to deepen and itemize
its theoretical and methodological basis thanks
to the most recent knowledge obtained by a

detailed field research. In connection with the
holistic and hierarchised interpretation and geo
-graphisation of the river landscape, research,
assessment and monitoring of its morphologi-
cal basis has become an indivisible part of the
management and protection of this landscape
type. Integrated research of river landscape
also became topical in connection with the
global climatic change. Cognition of processes
taking place during floods and in dry spells and
their effect on fluvial geosystems has revealed
new dimensions in research of not only fluvial
geomorphology but it also opens space for col-
laboration with the related sciences and prac-
tices. The reached results facilitate closer col-
laboration between fluvial geomorphologists
and other engineering, biological and environ-
mental scientific disciplines. The basic prereq-
uisite for successful development of fluvial
geomorphology and its contribution to the
planning is first of all the cognition of the wa-
ter bodies and basin structures, as well as the
processes that take place there in different time
horizons. However, assessment of the actual
state i.e. assessment of these structures and
processes is equally important. In accord with
PETTS (1995), these ideas might be as well
summarized in the form of a challenge for fu-
ture fluvial geography which relies on three
areas: a) assessment of the health condition of
rivers in collaboration with ecologists and hy-
drobiologists; b) in research of flood threat and
the response to it; and c) in the area of river
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Geomorphic structure,
ecosystem services River type
and benefits
. . . Reser-
Confined [Meandering| Braided |Anastomosing| Leveed voir
Geomorphic structure - selected hydrogeomorphic attributes
Bank line complexity
(ratio of bank line length to L LM H H L M
downstream length)
Relative number
of channels L L H HM L L
[Functional habitats
within channels L M M H M H
Channel/island permanence M M L M H
Floodplain size and connec-
tivity L MH M H L L
with main channel
Natural ecosystem benefits
Biodiversity (species richness
and tropic diversity) L M L H L M
IProportion of native biota (prior
to any change in river) H H H H L L
Primary and secondary
productivity L M M H L H
Nutrient cycling and carbon
sequestration L LM LM H L H
(Water storage L LM L H L H
Sediment storage L M M H L H
Anthropocentric services
IFood and fiber production
(agricultural production L M L H L M
excluded)
(Water withdrawal potential MH M L M H H
IRecreation LM LM L H L H
Disturbance and natural hazard
mitigation L M L H H H
Maintenance and catastrophic
sk of failure N/A N/A N/A N/A M H
Transportation M M L M H H

Tab. 1 Relationship between the geomorphic structure of rivers and some ecosystem benefits
and services they provide. Six types of natural and artificial river systems are used as examples.
Relative benefits and services are given as low — L, medium — M, and high — H (Modified after

THORP et al. 2010)

and basin management. The ambition of the
article is to present the methodological plat-
form for the assessment of changes in river
morphology.

APPROACHES TO RIVER
MORPHOLOGY ASSESSMENT

Recent key books dealing with the fluvial-
geomorphologic issues (GURNELL an PETTS
1995, THORNE et al. 1997, THORNE 1998,
BROWN and QUINE 1999, DOWNS and
GREGORY 2004, BRIERLEY and, FRYIRS
2005, FRYIRS and BRIERLEY 2013) and
ecological (GORDON et al. 2004 THORP et
al. 2008) point to the fact that assessment of
morphology is an integral step in research of
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channel-floodplain geosystems as the basis of
the river landscape. Other publications,, manu-
als and studies present particular assessments
or monitoring procedures relying on morpho-
logical classification schemes of rivers ROS-
GEN (1994 and 1996), MONTGOMERY and
BAFFINGTON (1997), or their modifications.
The examples of such works is the assessment
of rivers of Vermont (KLINE et al. 2003), Brit-
ish Columbia (Channel Assessment Procedure
Guidebook 1996), banks in the state of Wash-
ington (CRAMER and BATES eds., 2003),
manual for basin and river assessment in the
state of Oregon (SALMINEN et al., 1999),
manuals of river rehabilitation and manage-
ment (KOEHN et al. 2001, Bennett et al. 2000)
and those of the riparial zone (LOVETT and
PRINCE eds. 1999) in Australia. Survey of
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river morphology constitutes a part of the
methodology concerning the survey of river
habitats (River habitat survey, version 2003) in
Great Britain. The methodology of the eco-
morphological survey significantly enriched by
its modification for great rivers has been deve-
loped in Germany (FLEISCHHACKER and
KERN 2002). Methodology for the assessment
of what is referred to as the geomorphologic
index of rivers has been elaborated in the South
African Republic (ROWNTREE and ZIRVO-
GEL 1999). As far as the EU is concerned, a
complex of activities with the aim to improve
the state of all surface waters concentrates in
the Water Framework Directive 2000/60/EU
(WFD). Apart from the above quoted studies,
which helped us to orientate in the methodo-
logy concerning the river morphology assess-
ment there is 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 morphology as-
sessment though, it is necessary to realize that
no assessment can embrace the total comple-
xity and moreover that the relationships, pro-
cesses or responses 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 search for sim-
pler causal relationships and an adequate set of
indicators, which relatively sufficiently explain
the natural range of variability and behavioural
mechanisms attributable to streams.

THEORETICAL BACKGROUND

In terms of procedure, assessment of mor-

phological properties of rivers always leans on
comparisons of a delimited (naturally or artifi-
cially) river reach with the referential one
which is reconstructed or little affected by an-
thropic activities and which reflects the deve-
lopmental trajectory of the geosystem (Fig. 1).
Delimitation of the assessed reach is done:
a) As purpose-bound — i.e. river is simply di-
vided into reaches with equal length, which
comply with the aim and exhaustiveness of
assessment.

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

c) Stipulating a channel-floodplain unit se-
lected on the basis of properties quoted in the
river morphology hierarchic classification
(RMHC) (LEHOTSKY 2004) and by knowing
its invariant as a referential sample. Invariant is
identified from a detailed cognition of the
functioning of the channel-floodplain units
(cha-racter of plan form, channel setting in the
floodplain, possibilities of lateral and vertical

erosion and migration, type of the channel as a
taxon, character of development of morpho-
logical units, and the like), comprehension of
its functioning in the river segment determined
by longitudinal profile inclination, size of dis-
charge and basic types of valleys, character of
the river zone (LEHOTSKY and NOVOTNY
2004) and finally by basin properties. The as-
sessed river reach is in a good condition if its
morphological conditions are close to referen-
tial.

Apart from the above said, there exist a

number of other important assumptions that
must be respected in assessment of river mor-
phology:
1. It is a fact that the good morphological con-
dition of a stream in artificially or naturally
delimited assessed reach is not the reflection of
its maximum spatial diversity as it is, for in-
stance, postulated in landscape ecology. It is
because some types of stream reaches are more
homogeneous by nature and other in turn, vary
more in their essence.

2. The model of hierarchic classification shows
that as far as morphological properties of rivers
concern, there is a set of certain similar taxons,
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, i.e. assessment can be
only carried out by comparison of values corre-
sponding to attributes of referential reach of
certain type with values of attributes of other
reach 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. It means that only the related types of
river reaches can be compared and assessed.

3. Assessment must respect the principles of
vertical, lateral and longitudinal 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 downstream and
upstream reaches or disrespect the position of
the reach in the framework of superior taxons,
etc.

4. If assumption 2 is accepted along with the
fact that the aim of the assessment 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 identifiable as conse-
quences of the natural development of the
stream whether it was under the effect of sud-
den events or in time of an average regime in
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Fig. 1 Examples of morphological conditions of river reaches reflecting different evolu-
tion trajectories. Pristine natural river reaches without human impact could be use as refer-
ence sites (1-3). Deriving reference conditions of river morphology need to take into ac-
count long-term evolution of river morphology such as different effects of channel inci-
sion (4, 5) or natural disaster — windblown forest (6). Human impact influences morpho-
logy of river reaches and results in channel narrowing (7), decreasing in river bed diver-
sity due to large woody debris extracting (8) and introducing new artificial bank structure
E9). River channel connectivity is modified by gravel extraction (10), water abstraction

11), or check-dam construction (12)

time horizon of 100-200 years, it seems logical
that the taxon which complies with the condi-
tions of appropriateness as the subject of as-
sessment is the channel-floodplain units of
RMHC (LE-HOTSKY, GRESKOVA 2003,
LEHOTSKY 2004). Subject of assessment de-
fined in a similar way but under a different
name (what is referred to as the River Style),
also interpreted as the taxon of the hierarchic
structure of water steam can be found in BRI-
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ERLEY et al. (2002) and FRYIRS (2003).
Other authors call these river units used as as-
sessment subjects simply river reaches. Inclu-
sion and comprehension of the development of
the channel-floodplain unit at the level of supe-
rior taxons (segment, zone and basin with river
network) already sufficiently traces the evolu-
tionary trajectory. On the other hand, cognition
of lower taxons it is composed facilitates cog-
nition and assessment of change symptoms and
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identification of the morphological health con-
dition of river.

5. The present development of a river must be
always seen as the continuation of its develop-
ment in time while this aspect of evolution pro-
vides possibilities to explain mainly the causes
of changes in structure and processes and less
symptoms of these changes.

6. It is necessary to discern the morphocentric
assessment of morphological properties of
streams. Morphocentric assessment captures
the character of changes in terms of aggrada-
tion or degradation. Results can be then used in
eco-morphocentric assessment. Monitoring is
only a survey done in regular intervals in
mostly artificially, metrically and non-
genetically set river reaches. Morphocentric
assessment should be part of monitoring that is
in its preparative phase, it means during selec-
tion and definition of referential conditions,
identification of the reach to be monitored and
interpretation of obtained results.

7. The key point of assessment is identification
of thresholds and setting of threshold values of
channel-floodplain geosystem properties. If
they are exceeded, the character and type of
river morphology changes. For instance, type
of river reach changes in 50 — 100 years. They
are detectable only in the field. Threshold va-
lues are detected by looking for changes in
character and composition of morphological
units, symptoms of changes in channel plan-
form, and the like. Engineering interventions
such as bridges, weirs or dams often fulfil the
role of thresholds.

8. It is necessary to bear in mind that assess-
ment can be accomplished for various pur-
poses. Then the rate of details of river research
and scale of the geomorphologic map have to
correspond. If it is the case of streams below
30 metres wide, the map should be at scale
1:500. But it requires adequate technical (GPS,
distance meter, GIS, compass, inclinometer,
wading rod) or material (fishing boots, rain-
coat) equipment, a very concrete work plan
with specified steps. Map le-gend uses a spe-
cific terminology of fluvial geomorphology
and apart from its scale it does not differ sub-
stantially from other geomorphologic maps.

9. Taking into account that the deviation of
contemporary environmental conditions in Car-
pathian catchments from historical ones and
the varied trends of channel evolution recorded
during the twentieth century emphasize the
need to base the reference state for assessment
and restoration of Carpathian rivers in their
human-modified sections on contemporary
conditions (WYZGA et al. 2012). Thus the
assessment of Slovak rivers is based on the
principle that the highest quality is obtained

when the morphological conditions are as close
to such reference situation as possible and
when the spatial variation is as large as possi-
ble. When a comparison with the reference
situation is possible, this is given priority. For
example with plan form, a good score is given
to rivers where the plan form is the same as in
the reference condition and not to a specific
plan form (e.g., a straight stream is given a
good score if it is also straight in the reference
condition). Old maps are a key source of infor-
mation for setting the reference condition for
some morphological parameters. Field surveys
on reference sites may be needed to identify
the reference 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 or
contemporary modified water bodies by human
activity which could not naturally or artificially
return to pristine natural state.

UNITS AND STAGES OF
ASSESSMENT

The basis unit for the assessment and hy-
dromorphological survey is a river reach. Gui-
dance of how to define river types and refe-
rence reaches is given in Harrelson (1994). The
river reach could be sub-divided into 3 — 5 sur-
vey units (SU) of equal length. Some parame-
ters, such as the channel plan form of the river
bed (e.g., degree of sinuosity) might be as-
sessed for several reaches. The survey strategy
is thus hierarchical. The size of morphological
forms and features changes as river size in-
creases and therefore the length of the reach
and SUs is scaled according to the size of ri-
vers (CHURCH 2002). In Slovak conditions
channel width is used as the basis for size defi-
nitions rather than discharge because it is easi-
ly measured in the field or it can be interpreted
from a map or aerial photograph. Three chan-
nel size groups are proposed (1. less than 10
m; 2. 10 — 30 m; 3. more than 30 m). 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 sur-
vey within the reach will depend on the envi-
ronmental variation along the reaches defined.
The selected survey unit (SU) should therefore
be representative of the river reach in question
with respect to channel morphology, land use,
geology and geomorphology. The floodplain
parameters, that are included in the survey, are
based on the whole floodplain. Riparian vege-
tation is assessed in a 20-meter wide zone
along both sides of the river. All other parame-
ters are based on the stream channel. Surveys

11
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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 several parameters rely on as-
sessing 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.

The assessment procedure consists of five
stages:

1. Collection of data

2. Defining the reaches and survey units
3. Assessing map based parameters

4. Field survey

5. Assessment and presentation.

STAGE 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 plan form,

— Historical maps for comparison of sinuosity,

— GIS databases 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.

STAGE 2. DEFINING THE REACHES

River reach and representative sites should
be selected based on the methodology given
above and the exact location of the survey units
should be determined from a map, orthophoto
maps and field survey. 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 topo-
graphic map or in the GIS environment.

STAGE 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 photo-
graphs can also assist in the assessment of land
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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 assess-
ment of the map-based parameters will be sub-
stituted by expert judgements. This will be case
where map data are unavailable. Expert judge-
ments will typically involve transfer of data or
knowledge from similar sites in other catch-
ments or nearby sites up- or downstream from
the reach under survey (THORNE et al., 1997).

STAGE 4. FIELD SURVEY

The field survey should be carried out in the
reach as defined from maps. Any changes to the
location of reach decided in the field should be
mapped and documented for future use. The
exact location of reach should be altered only
where field surveying is impossible due to re-
strictions on access to the river. Parameter de-
scriptions (and pictures showing the different
features) should be taken to the field in order to
enhance the quality of the assessment. The field
survey forms should be completed in the field
and any map survey parameters should be
checked whenever possible. The field survey
should be carried out by walking along the wa-
tercourse, and by wading the stream. For large
rivers and waterways, that are too deep for wad-
ing, inspections are carried out by boat and oc-
casional landings.

STAGE 5. ASSESSMENT

The site protocol parameters are collected to
characterise the overall landscape features at the
sites and in the catchment. The assessment pa-
rameters are divided into two main groups, the
morphology parameters and the hydrology pa-
rameters. The morphology parameters can be
separated into four categories: 1. Channel form;
2. Instream features; 3. Bank / riparian zone and
4. Floodplain parameters. Each parameter is
assigned a score from 1 to 5, with 1 indicating
the ‘best’ state and 5 indicating the ‘worst’
state. The score for each parameter is averaged
for the reach if the assessment is carried out on
the SU level, and the SU parameter values
within each of the four categories are averaged
to give a SU category score. The final reach
morphology score is the average of the category
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 morphology and hydrology scores are
used to determine the morphological and the
hydrological quality classes.
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ASSESSED PARAMETERS

Survey forms of the reach are to be com-
pleted as the site protocol and assessment form
for the structural features for each survey unit

(SU). The site protocol holds the general de-
scriptions of the reach, including identification,
site attributes and catchment attributes. The
site protocol describes the present state of the
river, whereas many of the assessment parame-
ters describe the present state compared to the
reference situation. The site protocol includes a
number of parameters used to characterise the
river and the surroundings. It is also used to
identify the survey site and includes many rele-
vant 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 sepa-
rate parts: identification, channel parameters,
riparian_and_floodplain features, catchment
features 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 rele-
vant sources. Individual map parameters
should preferably be derived from maps having
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 identification part of the protocol. The sur-
vey unit should be situated within slope assess-
ment length. If there are any significant tribu-
taries entering the river or other significant
changes to the river plan form (e.g. dam)
within the defined length, the assessment
length should be reduced to exclude these
changes in plan form. Each parameter affecting
the natural conditions at the site is marked with
“X” in the protocol. The assessment protocol is
divided into five categories or groups of pa-
rameters. Four parameters are each targeting
different aspects of the hydromorphological
structure of the river/stream and the fifth target
the hydrological aspects of the hydromorpho-
logical quality. All parameters are described
below and procedure of scoring is described in
Pedersen et al. (2004).

CHANNEL PLANFORM PARAMETERS

The parameters are assessed according to
their current state relative to the historical and
non-degraded state. They are found by compa-
ring present day features from the 1:10,000
maps with features from historical maps. These
parameters should be assessed over longer

river channel length than the length of survey
units for the following multiples of SU length:
small river — 3 x survey unit length (3 x 200 m,
for medium river - 6x survey unit length (6 x
500 m), for large river — 6 x survey unit length
(6 x 1000 m). If there are any significant tribu-
taries entering the river or other significant
changes to the river plan form (e.g. dam)
within the defined length the assessment length
should be reduced to exclude these changes in
plan form. If no old maps exists or the channel
on the old maps shows sign of modification,
the three channel parameters have to be as-
sessed by expert judgement. This should in-
clude an analysis of the land use, river valley
slope, geology and geomorphology, from
which the natural type can be interpreted with
help from the literature (e.g., ROSGEN 1994,
THORNE et al.,, 1997 and THORNE 1998).
Another possibility is that the historic type and
channel pattern can be inferred from a similar
site with similar characteristics and data avail-
able. Alternatively, remnants of the old chan-
nels in the flood plain can potentially be identi-
fied on aerial photos, from which the historic
channel type, length and sinuosity can be esti-
mated. The Channel planform score (CPS) is
calculated as the average of the scores given
for channel sinuosity, channel type and channel
shortening:

CPS=(1.1+12+13)3

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

Channel type (1.2). The channel type ac-
cording to branching at the present time is de-
tectable from the 1:10 000 maps, historical
maps provide its past shape.

Channel shortening (1.3). The channel
shortening value will be obtained by compari-
son of the present state (length of the river
channel in survey unit from the 1:10 000 maps)
and the state in the past (from historical maps).

IN-STREAM FEATURES

The in stream parameters are assessed in
field and comprise several parameters related
to the current conditions in the stream and on
the stream bed. 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, i.e.:

13
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[FS=2.1+22+23+24+25+2.6)/6

Bed elements (2.1). This parameter gives
the number of individual bed elements 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 distance between the left
bank and the right bank at the time of the sur-
vey at the location of the structure).

Bed substrates (2.2). The assessment is
carried out while standing in the river. The
natural bed substrate is assessed by count-
ing 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 dia-
meter,

Cobble (CO) loose material 64 — 256 mm
diameter,

Gravel/pebble (GR) loose material 2 — 64
mm diameter,

Sand (SA4) 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 inor-
ganic substrates are estimated to be co-
vered by more than 25 % silt/mud or more
than 75 % bio-film (e.g. filamentous algae)
scores below 5 should be added +1. If silt/
mud cover is estimated to cover more than
50 %, scores below 4 should be added +2
and the score 4 should be added +1. If the
riverbed is completely covered by artificial
substrate the score is 5.

Variation in width (2.3). Variation in width
is defined as the largest channel wetted width
divided by the smallest channel wetted width
in the SU at the time of the survey. The width
is the distance from the right bank to the left
bank perpendicular to the current, independent
of whether islands occur in the cross-section.
For large rivers, the value is found from topo-
graphic maps (scale 1:10,000 or 1:25,000) or
on aerial photographs. Man-made structures
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such as port entries, etc., and small-scale pro-
trusions 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 assess-
ment form. The ratio between the largest and
the smallest width considering all measure-
ments within all the SSUs is calculated.

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 defined in the River
Habitat Survey as well in Lehotsky and Gres-
kova (2005).

Large woody debris (2.5). The parameter is
the density of large woody debris (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 aggrega-
tions 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
(KERN et al., 2002) and proved by field sur-
veys of small Slovak rivers.

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

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 pa-
rameter are first averaged for all SSU and then
bank and riparian score (BRS) is calculated as
the average of the three bank and riparian pa-
rameters.

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 cove-
rage and not the stem of the tree. Scores
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are given according to the extent of the dif-
ferent groups:

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

Near natural: 25 % — 90 % natural vegeta-
tion. Rest: other vegetation types. No artifi-
cial 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 struc-
tures or >75 % managed land.

Bank stabilisation (3.2). This parame-
ter is used to assess the restriction of natu-
ral lateral dynamics due to stabilised 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 stabilisation struc-
tures is assessed in the field.

Bank profile (3.3). The assessment fo-
cuses on the length of natural riverbanks in
the SSU. The habitat quality of profiled
and stabilised banks is considered addition-
ally. The survey is carried out for both left
and right bank. The determination 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 descriptions of the characteris-
tic features for each type are given.

FLOODPLAIN PARAMETERS

Subject of the assessment is the extent of
the current floodplain exposed to frequent
flooding compared with the extent of the natu-
ral (historic) floodplain and the natural vegeta-
tion/land use in the current floodplain. The as-
sessment considers the extent of natural allu-
vial habitats (i.e. alluvial forest including aban-
doned channels such as oxbows, side-arm sys-
tems and cut-off meanders) and the type of
land use in cultivated areas. Undisturbed flood-
plains are characterised by wetland vegetation,
natural forests and/or natural water bodies.
These water bodies must be in contact with
surface water channel. The floodplain is identi-
fied based on geological/soil/morphological
criteria (map and field). The assessment is car-
ried out in each of the survey sub-units and on
the both sides of the river. 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 floodplain that
has the potential of being flooded. Subject of
the assessment are the retention function of the
floodplain and its function as a meander corri-
dor (morphodynamic channel migration). The-
refore the actually flooded area must be esti-
mated in relation to the old alluvial floodplain.
Flood controlling structures such as guide
dykes must be taken into account. The survey
and assessment are carried out separately for
each section of the floodplain and the L. and R
bank. This parameter is only relevant in allu-
vial 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 sur-
vey unit is considered.

Natural vegetation / land use on floodplain
(4.2). Natural floodplain (floodplain forest,
wetland and abandoned channels). The area
covered by natural or secondary forest, wet-
lands 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: Subject to the as-
sessment score is only the relation between
natural/not natural land use. Registration of the
types of not natural land use on each side of the
river is to be registered in the site protocol.

HYDROLOGICAL REGIME PARAMATERS

This group of parameters is used to evaluate
the effect of artificial impacts on the hydrologi-
cal regime in the SU. Artificial impacts include
changes caused by hydropower dams and ope-
ration, abstractions (for irrigation, water sup-
ply, etc.) and industrial outlets to the stream.
The hydrological quality is assessed by 4 pa-
rameters, one describing the change in mean
flow, one describing the change in low flow,
one describing the change in water level range
and one describing the impact of artificial fre-
quent 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 of abstraction rates, outlet
rates from power stations, industrial dischar-
ges, etc. 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 observations, general know-
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ledge). 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

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. Other-
wise the low flow is the typical flow during
low flow periods.

Water level range (5.3). The range in water
level is defined as (Hc / Hr ) x 100, where Hc
1s the current difference between the mean an-
nual maximum water level and the mean an-
nual minimum water level, and Hr is the diffe-
rence between the mean annual maximum wa-
ter level and the mean annual minimum water
level in the reference condition.

Frequent flow fluctuations (5.4). Frequent
flow fluctuations occur typically below hydro-
power plants where the operation of the tur-
bines changes on a short-term (often daily) ba-
sis. The score is based on the magnitude of the
frequent flow fluctuations, which is assessed as
minor, moderate or major.

Results of assessment will be presented in
five quality classes of hydromorphological
state of river channels. The final score of
classes of hydromorphological state quality
(Tab. 4) of river channels is identical with the
final score of classes of ecological state de-
fined in WFD. The resulting quality of hydro-
morphological state represents the degree of
deviation of the observed value from the refe-
rence state: high state (no or very minor devia-
tion from undisturbed conditions), good state
(slight deviation from reference conditions),
moderate state (moderate deviation from refer-
ence conditions), poor state (high deviation
from reference conditions) and bad state (full
deviation from reference conditions).

CONCLUSION

In sense, river can be viewed as barometers
of landscape conditions, or carchment health.
Assessments and improvments to river condi-
tions are contingent on researchers, managers,
and the community working together to estab-
lish sustainable, long-term management strate-
gies that work with nature. The use of geomor-
phologists in the planning phase of engineering
will hopefully become established with hazard
identification and interpretation. Of increasing
importance will also be an understanding of the
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control that morphological diversity and fluvial
dynamics have in supporting biotic populations
and ecosystem resilience. The presented geo-
morphological approach should promote proac-
tive planning and management of rivers, their
morphological variability in maintaining chan-
nel dynamic metastable equilibrium.

ACKNOWLEDGMENT

The author is grateful to VEGA, Grants
No. 2/0106/12.

REFERENCES

BENNETT, J.,, SANDERS, N., MOULTON,
D., PHILIPS, N., LUKACS, G., WALKER,
K., REDFERN, F. (2002). Guedelines for Pro-
tecting Australian Waterways. Camberra (Land
and Water Australia).

BRIERLEY, G., FRYIRS, K., OUTHET, D.,
MASSEY, C. (2002). Application of the River
Styles framework as a basis for river manage-
ment in New South Wales, Australia. Applied
Geography, 22,91 — 122.

BRIERLEY, G., FRYIRS, K., (2008). River
Futures. Society for Ecological Restoration
International. (Island Press).

BROWN, A. G., QUINE, T. A., eds. (1999).
Fluvial Processes and Environmental Change.
Chichester (John Wiley & Sons).

CHANNEL ASSESSMENT PROCEDURE
GUIDEBOOK. (1996). Forest Practices Code
of British Columbia Act, Operational Planning
Regulation (Ministry of Forestry).

CHURCH, M. (2002). Geomorphic thresholds
in riverine landscape. Freshwater Biology, 47,
541 —557.

CRAMER, M., BATES, K., eds. (2003). Inte-
grated Streambank Protection Guidelines. Se-
attle, Washington, (Department of Fish and
Wildlife).

DOWNS, P. W., GREGORY, K. J. (2004).
River channel management. Towards sustain-
able chtchment hydrosystems, (Hodder Ar-
nold).

FLEISCHHACKER, T., KERN, K. (2002).
Ecomorphological survey of large rivers. Ma-
nual, German federal Institute of Hydrology.
Karlsruhe (German Institute of Hydrology).

FRYIRS, K. (2003). Guiding principles for
assessing geomorphic river condition: applica-



Milan Lehotsky

GEOMORPHOLOGIA SLOVACA ET BOHEMICA 2/2012

tion of a framework in the Bega catchment,
South Coast, New South Wales, Australia. Ca-
tena, 30, 1 — 36.

FRYIRS, K. A, BRIERLEY, G. J. (2013).
Geomorphic Analysis of River Systems. An Ap-
proach to Reading the Landscape. (Wiley-
Blackwell).

GORDON, N. D., McMAHON, T. A,
FINLAYSON, B. L., GIPPEL, CH. J., NA-
THAN, R. J. (2004). Stream Hyrology. An In-
troduction for Ecologists. Chichester (John
Wiley & Sons).

GURNELL, A., PETTS, G. eds. (1995). Chan-
ging River Channels. Chichester (John Wiley
& Sons).

HARRELSON, CH. C., RAWLINS, C. L., PO-
TYONDY, J. P. (1994). Stream channel refer-
ence sites: an illustrated guide to field tech-
nique. Gen. Tech. Rep. RM-245. Fort Collins,
Cololorado (Department of Agriculture, Forest
Service, Rocky Mountain Forest and Range
Experiment Station).

KLINE, M. , JAQUITH, S., SPRINGSTON,
G., BECKER, L. (2003). Vermont Stream Geo-
morphic assessment. Vermont Agency of natu-
ral Resources, Phase 1, 2, 3.

KOEHN, J. D., BRIERLEY, G. J., CANT, B.
L., LUCAS, A. M. (2001). River Restoration
Framework., Canberra (Land and Water Aus-
tralia).

LEHOTSKY, M. (2004). River Morphology
hierarchical Classification (RMHC). Acta Uni-
veristatis Carolinae, Geographica, 39, 1, 33 —
45.

LEHOTSKY, M., GRESKOVA, A. (2003).
Geomorphology, fluvial geosystems and rive-
rine landscape (methodological aspects). Geo-
morphologia Slovaca, 3, 2, 46 — 59.

LEHOTSKY, M. GRESKOVA, A. (2005).
Zékladné klasifikacné systémy a morfome-
trické charakteristiky korytovo-nivnych geo-

systémov. Geomorphologia Slovaca, 5, 1, 5 —
20.

LEHOTSKY, M., NOVOTNY, J. (2004). Mor-
fologické zony vodnych tokov Slovenska. Geo-
morphologia Slovaca, 4, 2, 48 — 53.

LOVETT, S., PRINCE, P. (1999). Riparian
Land Management Technical Guidelines. Vol.
1., 2. Canberra (Land and Water Resource Re-
search and Development Corporation).

MONTGOMERY, D., BUFFINGTON, 1.
(1997). Channel-reach Morphology in Moun-
tain Drainage Basins. Geological Society of
America Bulletin, 109, 5, 596 — 611.

PEDERSEN, M.L., OVESEN, N. B. FRI-
BERG, N., CLAUSEN, B., LEHOTSKY, M,,
GRESKOVA, A. (2004). Hydromorphological
assessment protokol for the Slovak republic.
Annex 2. In Establishment of the protocol on
monitoring and assessment of the hydromor-
phological elements. Twinning light Project
No. TLP 01 - 29, Final report, http:/
www.shmu/File/Implementacia_rsv {twinning/
al Protocol Final.pdf

RIVER HABITAT SURVEY IN BRITAIN
AND IRELAND (RHS). (2003). Field Survey
Guidance Manual, Warrington (Environmental
Agency of Great Britan, Environmental
Agency of England and Wales, Scottish Envi-
ronment Protection Agency, and Environment
and Heritage Service of Northern Ireland).

ROSGEN, D. L. (1994). A classification of
natural rivers. Catena, 22, 169 — 199.

ROSGEN, D.L. (1996). Applied River Mor-
phology. Pagosa Springs, Cololorado (Wild-
land Hydrology Books).

ROWNTREE, K., ZIERVOGEL, G. (1999).
Development of an Index of stream geomor-
phology for the Assessment of River Health.
NAEBP Report Series No 7., Pretoria (Institute
for Water Qaulity Studies, Department of Wa-
ter Affairs and Forestry).

SALMINEN, E. KUZIS, K., BAUER, S., RU-
NYON, J., DENMAN, B., GREENBERG, J.,
WHINNEY, M. B., ANDRUS, CH., CALD-
WELL, J. (1999). Oregon Watershed Assess-
ment Manual. Salem, Oregon (Watershed Pro-
fessional Network).

THORP, J. H., THOMS, M. C., DELONG, M.
D. (2008). The Riverine Ecvosystem Synthesis.
Towards Conceptual Cohesiveness in River
Science. Elsevier.

THORP, J. H.,, FLOTEMERSCH, J. E,
DELONG, M. D., CASPER, A. F., THOMS,
M. C., BALLANTYNE, F., WILLIAMS, B. S,
O’NEILL, B. J.,, HAASE, C. S. (2010).
Linking Ecosystem Services, Rehabilitation,
and River Hydrogeomorphology, BioScience
60, 67 — 74.

THORNE, C. R., HEY, R. D., NEWSON,
M.D., eds. (1997). Applied Fluvial Geomor-
phology for River Engineering and Manage-
ment. Chichester (Wiley).

17



Milan Lehotsky

GEOMORPHOLOGIA SLOVACA ET BOHEMICA 1/2012

THORNE, C. R. (1998). Stream Reconnais-
sance Handbook. Chichester (John Wiley &
Sons).

WYZGA, B., ZAWIEJSKA, J., RADECKI-
PAWLIK, A., HAJDUKOWICZ, H. (2012).
Environmental change, hydromorphological re-
ference conditions and the restoration of Po-
lish Carpathian rivers. Earth Surface Processes
and Landforms 37, 1213 — 1226.

18




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



