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ABSTRACT

Aim of the study
This paper aims to present an integrated assessment of changes in a mountain river valley after a flood.

Material and methods

The assessment followed the LandScape & HydroMorphological Assessment of River Valleys Method
(LSHM Method). The method is intended for assessing and identifying valuable areas in river valleys and
determining their development potential. The LSHM Method distinguishes three main groups of factors:
hydromorphological (H), landscape (L), and integrated (I). All the factors are assessed using a 10-point scale.

Results and conclusions

Landscape and hydromorphological assessment with the LSHM Method facilitates identifying transforma-
tions of both the river channel and valley together with the areas interrelated with the river, and assessment
of integrated river valley landscape. The integrated approach can be applied in the planning of repairs when

restoring a river valley after a flood.

Keywords: hydromorphological and landscape valorisation, LSHM Method, river valleys, flood

INTRODUCTION

When Poland became a member of the European
Union in 2004, it ratified the Water Framework Di-
rective (WFD) (Directive 2000/60/EC). The purpose
of enforcing the Directive was to improve the quality
of river ecosystems. Good status of surface waters is
evidenced by biological and physicochemical quality
elements, supported by hydromorphological elements.
The implementation of the WFD (Directive 2000/60/
EC) saw the introduction of numerous methods for as-
sessing hydromorphological quality of rivers (Belletti
etal., 2015; Casado et al., 2015; Ioana-Toroimac et al.,

“e-mail: m.nawiesniak@ur.krakow.pl

2015; Rinaldi et al., 2013), also in Poland. Methods
used for hydromorphological assessment of water-
courses in Poland come in two varieties (Lewandows-
ki, 2012). The first one includes studies based on the
British method, called the River Habitat Survey. It in-
volves 500 metre-long sections with 10 cross-sections,
50 metres apart. In addition to the information collected
at the cross-sections, features recorded between them
and features of the surrounding valleys are also includ-
ed in the study. Two parameters are obtained for each
section: the HMS (Habitat Modification Score) and the
HQA (Habitat Quality Assessment). The HMS facili-
tates a numeric representation of the range of anthropo-
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genic changes in a river habitat. The HQA is related to
the occurrence and diversity of natural elements of the
watercourse and valley (Raven et al., 1998a; Raven et
al., 1998b). The second group includes methods based
on the assessment of rivers at cross-sections, which are
located between 100 and 1000 metres apart. For each
section, a 5-point scale is used to assess indicators (Le-
wandowski, 2012). Examples of such methods include:
the Ilnicki-Lewandowski method (Ilnicki and Lewand-
owski, 1997), the Oglecki-Pawtat method (Oglgcki and
Pawtat, 2000), or the method for assessing hydromor-
phological quality of rivers (Wyzga et al., 2009; Wyzga
et al., 2010; Wyzga et al., 2012). The method for as-
sessing hydromorphological quality of rivers involves
an evaluation of 10 categories of channel, bank, ripar-
ian zone, and floodplain features using a 5-point scale.
Then, based on the average values of the parameters
for each cross-section, the class of hydromorphological
quality of the river is determined (Wyzga et al., 2009;
Wyzga et al., 2010; Wyzga et al., 2012).

It is difficult to improve the hydromorphological
status of a river. The process requires comprehen-
sive corrective actions, or restitution. The intensity of
hydromorphological processes in a channel depends
mostly on flow dynamics and discharge. River chan-
nels change in particular during flood stage (Dufour et
al., 2015; Vogt et al., 2004; Wyzga, 2001) when they
may be shifted, braided, or deepened; meanders may
be cut off to form oxbow lakes. Flood flows are key
to the changes in the horizontal and vertical arrange-
ment of the watercourse channel. They often result in
changed river course, breaking away armoured bed,
and mass bed load transport, which increases vertical
erosion of the watercourse bed, and bed cuts down to
the bedrock (Wyzga, 2001).

Increased human activity, particularly built devel-
opment in catchment areas, which results in sealing
the ground, and river regulation along the course, have
resulted in increased intensity of hydrological process-
es and higher water level in the channel (Bartnik et
al., 2009; Spéanhoff et al., 2012; Allaire et al., 2015).
It is important to differentiate between high water and
flood discharges. The latter results in social and finan-
cial losses. Flood losses have so far been understood
in terms of financial valuation, using the notion of
flood risk, which combines threat and potential rami-
fications (Directive 2007/60/EC). However, the flood,
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in particular a low annual accident probability flood,
changes the hydromorphology and the landscape of
river valleys (Merz et al., 2009).

The European Landscape Convention (ELC)
(Council of Europe 2000) was ratified in 2004. Ac-
cording to the Convention, the landscape, including
river valley landscape, should be provided with a legal
status and should be considered a basis for: quality of
living, shaping of regional and local awareness, and the
introduction of natural and cultural diversity (Council
of Europe 2000). Landscapes should be provided with
protection, management and planning — regardless
whether it is a natural, cultural, urban, degraded, partic-
ularly beautiful, or a ‘mundane’ landscape (Stoegleh-
ner and Schmid, 2007; Gulinck and Wagendorp, 2002).
Today, the areas with valuable landscapes require
proper and responsible management. The presence of
valuable cultural landscapes should not limit, prevent,
or hinder the economic use of the area (Hernik, 2008;
Kiihne et al., 2015). They cannot, however, be subject
to uncontrolled appropriation. Until now, activities
that affected the landscape, especially in Polish rural
municipalities, were often uncoordinated (Sankowski
et al., 2016; Hernik et al., 2013). Decisions regarding
these measures were typically random, and they often
reflected particular interests of various small groups.
In order to correctly implement the assumptions of the
ELC (Council of Europe 2000), the landscape must be
identified and assessed.

ECOVAST is a method for assessment and identi-
fication of landscape that is used in Poland (Spiegler
and Dower, 2006). It is based on a matrix, which
serves to describe a number of features related to the
landscape. Each feature is assigned a weight. The
purpose of the ECOVAST method is to assess and
identify areas of varied landscape values, in partic-
ular those that are the most precious, as well as the
least valuable ones whose landscape quality needs
improvement (Spiegler and Dower, 2006). Integrated
landscape protection is a long-term process involving
a variety of mutually supportive activities (Raszeja
and Skora, 2018).

Landscape research in Poland is not highly devel-
oped compared to other European landscape studies.
Poland has very little experience in the management of
landscapes at a local scale, and further studies should
be conducted in this field (Solecka et al., 2018). Hydro-
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morphological research is better developed, though. In
2017, guidelines for the monitoring of hydromorpho-
logical elements and the assessment of the ecological
status of running water were published (Szoszkiewicz et
al., 2017). Nevertheless, hydromorphological and land-
scape elements are assessed separately (Nawies$niak et
al., 2016, Nawiesniak, 2018). Landscape research tra-
ditionally focused on land, while it has much to offer,
and even more to learn from, studies of aquatic systems,
especially rivers and streams. Riverine systems are gov-
erned by water flows. Because of its density and vis-
cosity, water is a much more effective agent in linking
landscape elements, both in space and in scale, than the
air in which terrestrial landscapes are immersed. Conse-
quently, rivers and streams should be ideal settings for
exploring landscape ecology (Wiens, 2002).

The goal of the paper is to assess the changes in
a mountain river valley after a flood. The assessment
involves hydromorphological changes in the river and

the landscape of a small, mountainous river valley of
unique landscape qualities after flood stage. The as-
sessment followed the integrated LSHM method ap-
proach (Nawies$niak et al., 2016).

The studies presented in this paper were conduct-
ed in a selected, representative mountain catchment
area. In such mountain catchments, the morphological
changes after flood stage are most conspicuous, and
they affect integrated river valley landscape. Applica-
tion of the LSHM Method offers ‘holistic’, integrated
knowledge of the river valley, showing what should be
improved and where.

MATERIALS AND METHODS

The study of changes in a mountain river valley af-
ter a flood was conducted on the valley of the Krzy-
worzeka river, located in the Carpathian Mountains
in southern Poland (see: Fig. 1). The Krzyworzeka is

Raciechowice
Municipality

Fig. 1. Location of the Krzyworzeka Valley
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aright-bank tributary of the Raba river. Its total length
is about 21.5 km (including the Kobielnik stream,
which is believed to be the headwaters of the river).
The surface area of the Krzyworzeka catchment at
the confluence with the Raba river at km 54+125, is
77.7 km? (Radecki-Pawlik, 1999). The Krzyworzeka
is located in the territory of the Matopolska Region.
The Krzyworzeka river flows through the Wisnio-
wa Municipality, Raciechowice Municipality (in the
Mysélenice District [second-tier administrative unit
in Poland]) with its confluence in Gdéw Municipal-
ity (in the Wieliczka District). It is joined by three
tributaries in the Wisnicz Plateau: the Sikornica, the
Lipnik, and the Olszynka. The Krzyworzeka river
is prone to spring and summer flooding. Owing to
its location in the Carpathian Flysch, the armouring
skeleton of the river is made up mainly of sandstone
and mudstone with finer deposits. Suspended load
is small, and it has no significant impact on channel
morphology. Down to the average depth of 3.0 m, the
bed is made mainly of coarse sands and gravel from
alluvial loams and few boulders. Below this level
(3.2 m) there are schists, clays and fine sandstones
(Radecki-Pawlik, 1999; 2002). In its upper course,
the Krzyworzeka river flows through densely devel-
oped areas; while in its middle and lower courses, it
flows through agricultural areas.

The study consisted of desk research, followed by
field work. In order to conduct the field work correctly,
the available and current documentation was studied
first. The following were analysed: the archived topo-
graphic maps (Austrian map: Spezialkarte der Oster-
reichisch-Ungarischen Monarchie dated 1907 and
Tactical Map dated 1934 by the Military Institute of
Geography); the current ortophoto of the studied area;
and the spatial development plan for the Wisniowa
Municipality.

Field work involved the use of LandScape & Hy-
droMorphological Assessment of River Valleys Meth-
od (LSHM Method) (Nawie$niak et al., 2016), which
was developed by merging and modifying two other
methods: the ECOVAST landscape identification and
assessment method, and the hydromorphological river
quality assessment method. The method is intended
for assessing and identifying valuable areas in river
valleys and determining their development potential.
The LSHM Method distinguishes three main groups

78

of factors: hydromorphological (H), landscape (L),
and integrated (I) ones. All the factors are assessed us-
ing a 10-point scale and assigned to one of five classes
(0; 1-2; 3-5; 6-8; 9-10).

The first group of elements, the hydromorpholog-
ical factors, pertains solely to the river channel. This
group includes the following parameters: geometry of
the watercourse (H-1), watercourse bed material (H-2),
plant life in the channel (H-3), and erosion/ deposition
(H-4). Table 1 shows extreme values for the assessed
parameters according to the LSHM Method.

Parameters assessed in the second group — the land-
scape elements — include: land cover and topography
(L-1), open landscape (L-2), settlement areas (L-3),
and historic features/ structures (L-4). Extreme values
for this group of elements as per the LSHM Method
are shown in Table 2.

The elements in the third group are integrated el-
ements (I), which could not be positively assigned to
either of the previous groups. These parameters inte-
grate hydromorphological and landscape elements:
flow characteristics (I-1), anthropogenic elements/
modifications (I-2), land use and vegetation in areas
adjacent to watercourse channel (I-3), as well as mo-
bility and connection of the channel to floodplain and/
or adjacent open area (I-4). Table 3 contains extreme
values for the parameters according to the LSHM
Method.

The values assigned to individual elements (param-
eters) indicate the attractiveness (or the lack of attrac-
tiveness) of the studied area. River valley landscapes
were divided into 3 groups according to the economic
and tourist attractiveness in order to apply the LSHM
Method. The first group (mean values of the assessed
elements as per the LSHM Method vary from 7 to 10)
includes a very attractive area with a complex network
of pedestrian routes, pavements and economic and
tourist facilities. The tourists visiting the area do not
harm the environment. The channel of the watercourse
can shift freely. It is a natural (unregulated) channel,
which poses no flood threat to adjacent areas. The
second group (mean values for the assessed elements
as per the LSHM Method vary from 3 to 7) contains
a moderately attractive area. This area has pedestrian
routes and pavements, but no economic or tourist fa-
cilities, that would pose a threat to the environment.
The channel of the watercourse is natural (unregulat-
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ed) but it cannot shift, which poses a flood threat to
adjacent areas. The third group contains an unappeal-
ing area (mean values for the assessed elements as per
the LSHM Method vary from 0 to 3). The area has
no pedestrian routes and no economic or tourist fa-
cilities. The tourists (anglers) who visit the landscape
area of this river valley damage the environment. The
channel of the watercourse is regulated and it cannot
shift, which poses a flood threat to adjacent areas. This
division does not apply to river valley landscapes in
national parks, natural landscape parks, or areas under
special landscape protection.

The hydromorphological and landscape assess-
ment according to the LSHM Method was conducted
twice: in 2014 and 2015 in the Krzyworzeka valley,
from km 6+157 (Czastaw) to km 14+657 (Wisnio-
wa). The studied area is the middle course of the river,
which is also the most modified, owing to the housing
developments, partially directly adjoining the channel.
The selected sector exhibits significant hydromorpho-
logical diversity: substantial depressions in the river-
bed and varied riffle-pool sequences. It was divided
into 13 cross-sections along the axis of bridges across
the river channel (see: Fig. 2).

Table 1. Extreme values of hydromorphological elements as per the LSHM Method

Scale

Hydromorphological elements (H)

10-9 0

Watercourse geometry (H-1) - assessed

up to 5% of the section of the

90 to 100% of the section of the

value of change in the channel

section, change (or lack thereof) in the
longitudinal profile and cross-sections of
the watercourse

watercourse channel changed, no human
impact (or minimal interference) in the
course of the river channel, no change
in the longitudinal profile and cross
sections of the river, any changes are
slight, almost imperceptible

watercourse channel changed, change
in the entire geometry and course of the
river channel (straightened), complete
change in the longitudinal profile and
cross-sections of the watercourse

Watercourse bed material (H-2) — the
value of the parameter is higher if the
material is natural, diversified, and
unaffected by human activity. Lower
values are assigned to artificial beds or
beds improved by using engineering
materials (such as concrete channels or
groynes)

natural course of the riverbed, very large
diversity of watercourse bed material,
natural occurrence of rough elements

course of the riverbed completely
artificial, concrete

Plant life in the channel (H-3) - assessed
depending on the degree of channel
improvement and plant potential, in
particular on bars

channel unregulated, presence of various
species of plant life on bars and banks of
the watercourse, natural woody debris

channel is completely regulated
(concrete), absence of vegetation

Erosion/ deposition (H-4) - assessed
depending on the present forms

of erosion and deposition, which

is also related to watercourse bed
improvements (or lack thereof)

presence of erosion and deposition

in watercourse channel, presence of
many point bars and mid-channel
bars, existence of natural riffle-pool
sequences, occurring forms of erosion
do not cause undue damage associated
with lateral erosion

watercourse channel completely
regulated (concrete); absence of erosion
or deposition forms
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Table 2. Extreme values of landscape elements as per the LSHM Method

Landscape elements (L)

Scale

10-9

0

Land cover and topography (L-1) —
assessed based on visible diversity

(or homogeneity) of topography and land

cover

clearly varied topography and land cover,
presence of hills and valleys, forests,
meadows, cultivated fields; perfectly
harmonised landscape: coexisting landmarks
perfectly match each other, without causing
visual disturbance

topography isn’t varied, there is no
diversity in land cover

Open landscape (L-2) — values
assigned depending on the occurrence
(or absence) of spatial order and
characteristic features and patterns
related to agriculture and forestry

spatial order, clear boundary between
cultivated fields and forests, high feelings
and associations, distinguishing agricultural
and forestry features and patterns,
preservation of traditional arrangement of
farmland

total absence of spatial order, absence
of boundary between cultivated fields
and forests, as well as distinguishing
agricultural and forestry features

and patterns, absence of traditional
arrangement of farmland

Settlement areas (L-3) — assessed
depending on the occurrence (or not)
of region-specific developments and
buildings’ condition

spatial order, preserved regional features of
development, high feelings and associations,
visible distinguishing features of houses and
settlements, buildings in good condition

total absence of spatial order, absence
of regional features of development,
buildings preserved in poor condition
with no distinguishing features

Historic features/ structures (L-4) —
assessed based on the occurrence of

presence of historic structures (castles, ruins
of castles, walls, etc.), which clearly attract

absence of historic structures,
distinguishing features or patterns of

historic structures, characteristic features, the observer’s attention

and patterns of cultural landscape

the cultural landscape

Table 3. Extreme values of integrated elements as per the LSHM Method

Integrated elements (I)

Scale

10-9

0

Flow characteristics (I-1) — assessed based
on the occurrence (or absence) of diversified
hydromorphological units in watercourse
channel and feelings related to the sound of
flowing water (or lack thereof due to human
activity)

many different hydromorphological
units in watercourse channel, sound
of flowing water is unobstructed by
any anthropogenic activities,

a clear, unique sound landscape

absence of hydromorphological units in
watercourse channel, no sound of flowing
water (completely disturbed by human
activities), no unique sound landscape

Anthropogenic elements/ modifications
(I-2) — assessed in watercourse channel and
in river valley based on occurrence

(or absence) of bank and bed modifications
and anthropogenic elements in river valley
that disrupt landscape structure

watercourse channel: completely
natural river channel, no
anthropogenic elements, river
valley: few anthropogenic elements
perfectly integrated into the
landscape, harmonious landscape

watercourse channel: presence of hydraulic
and concrete structures across the channel,
as well as bank and bed revetment made of
artificial materials, river valley: presence of
many artificial, anthropogenic elements that
disturb the spatial order and harmony of the
landscape (e.g. motorways, dumps)

Land use and vegetation in areas adjacent
to the watercourse channel (I-3) — assessed
depending on the surface area of the land
adjacent to the channel and its use

area directly adjacent to the
watercourse channel is a wide belt
covered with natural vegetation and
alluvial forests

area directly adjacent to the watercourse
is very narrow and used for technical
infrastructure or development

Mobility and connection of the bed to
floodplain and/or adjacent open area (I-4) —
assessed based on the possibility (or not) of
channel shifting in the adjacent area

the channel has an unlimited ability
to shift (meandering, braiding),
very good channel connection to
floodplain and/or adjacent open area

the channel is completely regulated

and unable to shift, absence of channel
connection to floodplain and/or adjacent
open area
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Cross-section |
August 2014, after flood stage

September 2015, after river
channel was repaired

Cross-section XIII
August 2014, after flood stage

September 2015, after river
channel was repaired

Evaluated cross-sections
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Il (km 6+505
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V (km 8+683)
km 9+275
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Fig. 2. The examined section of the Krzyworzeka river valley divided into test cross-sections

RESULTS AND DISCUSSION

In August 2014, the studied area was flooded due to
heavy precipitation lasting several days. It was on
6 August that the intensity of rainfall caused flood
stage on the Krzyworzeka river within a few hours.
The municipalities of Wisniowa and Raciechowice,
whose housing areas are located in a zone adjacent to
the river channel, suffered the worst losses. Apart from
inundated houses and basements, these included roads
and bridges damaged beyond repair.

Immediately after, the hydromorphological and
landscape assessment was performed using the
LSHM Method. Each parameter in each group of
elements was assigned a value. The results are pre-
sented (see: Fig. 3) as the value of dispersion, which
is the range, or the difference between the highest
and the lowest value assigned to parameters in a giv-
en group of elements. The intervals thus obtained
facilitated the assessment of the area in terms of
economic and tourist attractiveness. Additionally,
a line of the average value of the parameters was
plotted.
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After the flood stage, the average value for hydro-
morphological elements at the examined cross-sec-
tions was 6 to 7 (cross-sections III and XI: 5.5). This
means that in these sectors, the channel has changed
in 5 to 40%. Changes in channel geometry were vis-
ible; the longitudinal profile and cross-sections were
deformed. Bed of the watercourse had been improved
using natural materials: reed, topsoil, and grass. The
channel was unregulated. Vegetation was present at
the banks and on bars. The channel featured depres-
sions and rapids with scarce deposition landforms (in-
dividual mid-channel bars).

The average value for landscape elements in all the
investigated cross-sections was 7, which is indicative
of diversified topography: hills and valleys. Variability
of land cover and spatial order were both visible. Oth-
er apparent elements included: boundary between cul-
tivated fields and forests, distinguishing agricultural
and forestry features and patterns, and preservation of
traditional arrangement of farmland. Regional features
of development were preserved: they were noticeable
both in the houses and the settlements; most buildings
were in good condition.
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Fig. 3. Diagram with LSHM Method results for the Krzyworzeka river valley obtained in August 2014 after a flood stage

Average values of integrated elements for most ex-
amined cross-sections varied from 3.5 to 5 (cross-sec-
tions III, VI, VII, and VIII: 5.5). Rarely, in few hy-
dromorphological units in the channel, the sound of
flowing water was disturbed by human activity. Both
the banks and the bed of the watercourse were modi-
fied using natural materials. Anthropogenic elements
disturbed the landscape structure in the river valley.
The area directly adjacent to the channel was a broad
belt of land used for agricultural and/or forest purpos-
es, partially for technical infrastructure. The channel
could shift only slightly, but its connection to flood-
plain and open area was noticeable. This is a large area
with high flood risk. The value is 2.5 for cross-section
XII only, which indicates conditions worse than for
the other cross-sections.

The second assessment, in September 2015, was
conducted in a similar fashion, using the LSHM Meth-
od. It was carried out in the same sector following re-
pairs of the regulation of the channel after flood stage
(see: Fig. 4).
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The average value for hydromorphological ele-
ments after restoring regulation in the channel at the
examined cross-sections ranged from 3 to 5. This
means that the channel was changed in 40 to 70%. The
longitudinal profile, cross-sections, and horizontal po-
sition of the watercourse changed substantially. The
bed was regulated with natural engineering materials
such as stone, gravel, pebbles, broken stone, and sand.
The channel featured depressions and rapids, but there
were no deposition in the form of bars. Lateral erosion
caused uncontrolled, dangerous sliding of the banks
(river cliffs), which resulted in transportation of rubble
downstream. Watercourse channel was partially regu-
lated; there was vegetation growing on the banks.

The average value of landscape elements for all
the examined cross-sections did not change during
the second assessment, and it was exactly the same as
during the first one, i.e. 7.

Mean values of integrated elements for most exam-
ined cross-sections varied from 3 to 5 (cross-sections
I, VI, and VII: 5.5) during the second assessment,
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Fig. 4. Diagram with LSHM Method results for the Krzyworzeka river valley obtained in September 2015 after river channel

was repaired

which was identical to the first one. Only in the case
of cross-section XIII the value of integrated elements
was 1.5. Hydrological units/ elements in the channel
were rather indistinct. Sound of the flow was disrupted
by human activity to a large extent. The modifications
to the channel were made using engineering materials
(such as concrete). Extremely numerous anthropogen-
ic elements disturbed the landscape structure in the
river valley. The area directly adjacent to watercourse
was narrow, and it was partially used to house techni-
cal infrastructure. The channel could not shift; there
was no connection to floodplain and open area. These
are vast areas with high flood risk.

Until now, hydromorphological and landscape ele-
ments were assessed separately. Hydromorphological
assessment methods focused solely on the watercourse
channel, while landscape methods focused on the area
up to the watercourse boundary. However, river val-
leys constitute separate natural systems and particular
socio-economic systems. Any analysis of transforma-
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tions to river valley landscape must not be limited to
the geomorphological unit (river valley with the chan-
nel and terrace system), or the hydromorphological
unit (with natural riffle-pool sequences); instead, it
should adopt a broader perspective, and focus on en-
tire zones and the key function of valleys: corridors for
nature and people (in the meaning of wildlife, as well
as social and cultural corridors). When embarking on
a study of transformation of river valley landscape,
one has to be aware of the influence the river and val-
ley have on their hinterlands (Bernat, 2005) and the
quality of life of the people who live in the zone of
direct river impact.

The presented results show a significant difference
for hydromorphological elements. During the first as-
sessment, the hydromorphological elements were rat-
ed high owing to the natural character of the feature,
which facilitated unobstructed channel behaviour. The
assessment following the repairs resulted in much
lower values. The repairs necessitated hydraulic en-
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gineering solutions in order to restore the active chan-
nel. These works, in turn, produced a significant trans-
formation of river channel morphology, in particular
as regards ecological continuity. The most common
material applied in the regulation was quarry stone.
Elements used to assess the landscape of the valley do
not focus on the channel alone. Hence, the high values
after the flood [August 2014] and after the repairs on
the channel [September 2015]. The first assessment
yielded higher values for integrated elements, in par-
ticular for ‘mobility and connection of the bed to the
floodplain and/or adjacent open area’. This is related
to the Krzyworzeka river being located between two
roads, with areas of residential development close
to the channel, which is characteristic of Carpathian
mountain catchments. During the second assessment,
integrated elements related more closely to the river
channel were rated lower.

The analysis of the changes caused by the flood
thus establishes a new approach to the determination
of these changes from the point of view of the river
valley landscape. The changes are understood not as
economic phenomena and factors but as environmen-
tal phenomena and factors — both positive and neg-
ative modifications to the landscape of river valleys.
Currently, the assessment of flood losses has covered
only the negative effects of changes in the material
(economic/commercial) area; the new method allows
for an assessment of changes, which are advantageous
and expected in the river ecosystem for the improve-
ment of its hydromorphological condition. This ap-
proach results in bringing the watercourse bed clos-
er to the reference values for a given river type, and
this contributes to the improvement of the river valley
landscape. Therefore, it is possible to define a new
concept of hydromorphological and landscape risk,
understood as the product of probability of an extreme
hydrological phenomenon occurrence with potential
negative or positive effects caused by it from a hydro-
morphological and landscape point of view.

Water is an important component of the natural
landscape (Dufour et al., 2015; Vogt et al., 2004; Ya-
mashita, 2002). Mountain rivers and streams in par-
ticular have large impact on its shape (Litton, 1977);
they undergo constant changes in time and space due
to their dynamic nature (Bartnik et al., 2009; Wyz-
ga, 2001). Mountain catchments, such as the Krzy-
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worzeka river catchment, feature significant gradients,
which results in larger runoff, and that in turn causes
sudden and uncontrolled high water (Radecki-Pawlik,
2011). Morphological transformations of river chan-
nels are affected by natural and anthropogenic factors
(Naiman et al., 2005; Ward et al., 2002; Whited et al.,
2007). The LSHM Method included anthropogenic
factors under integrated elements: anthropogenic ele-
ments/ modifications (I-2). They influence the value of
the assessed hydromorphological elements (H) as well
(Nawie$niak et al., 2016).

The developed LSHM Method makes it possible
to show the areas that require improvement as regards
hydromorphological and landscape components so as
to make them attractive, and the areas that do not need
such an improvement. This will allow finding of the
social, landscape and hydromorphological benefits
that may be derived from this area to the benefit of
tourism, recreation and economic use of river valleys
(e.g. fishing, power industry). Additionally, the assess-
ment of valorisation according to this method allows
for the pinpointing of areas, which are dependent on
the river and the landscape that is connected with the
hydromorphological changes in the watercourse bed.
The specified zone of river-dependent areas will be
characterised by a domination of hydromorpholog-
ical components over landscape components. It will
be possible to show thus determined zones graphically
through mapping (Nawiesniak et al., 2016).

Frequently, landscape changes are seen as a threat,
a negative evolution resulting in the loss of biodiver-
sity, integrity and identity of a region. New elements
and structures are added to the landscape, which are
much the same in all respects. However, we cannot
forget that the landscape changes all the time, through
dynamic interaction of both natural and cultural forc-
es. Culture-related landscapes are the result of land re-
organisation in order to ensure better adaptation of its
land use and spatial structure to changing social needs
(Antrop, 2005).

CONCLUSIONS
Mountain river valleys undergo constant changes in
time and space. Application of the LSHM Method to

assess changes in the Krzyworzeka river valley after
flood stage facilitated identification of areas in need of
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improvements due to hydromorphological and land-
scape elements as well as areas not requiring any en-
hancements.

This will facilitate discerning social, landscape,
and hydromorphological benefits of the area for tour-
ism, leisure, and economic use of river valleys.

Hydromorphological and landscape assessment
with the LSHM Method facilitates the identification
of transformations of both the river channel and valley
in terms of the function of wildlife corridor together
with areas interrelated with the river, as well as the as-
sessment of integrated river valley landscape as an el-
ement determining attractiveness of the area or a space
with a significant development potential. Balanced
approach to hydromorphology and landscape changes
after flood stage facilitates assessing complementari-
ty of repairs and maintenance and their impact on the
economic growth of the region.

Using the LSHM Method enables assessment of
changes in the river ecosystems. Having information
about the changes in the river ecosystems facilitates
improvements, which strengthen its hydromorpholog-
ical condition. Applying this method thus results in
the bed of the watercourse being brought closer to the
reference values of a given river type. This in turn con-
tributes to an improved river valley landscape.

So far, the method was tested only on mountain
river valleys in Poland. The nature of these areas and
shape of river valleys is substantially different than for
the lowlands. Authors hope that it would be possible to
apply the LSHM Method to lowlands as well, follow-
ing a modification in the manner of assessing some of
the parameters that are currently included.
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KRAJOBRAZOWO-HYDROMORFOLOGICZNA OCENA GORSKIEJ DOLINY RZECZNEJ PO POWODZI

ABSTRAKT

Cel pracy

Zintegrowana ocena zmian krajobrazowo-hydromorfologicznych w gorskiej dolinie rzecznej po powodzi.

Materiat i metody

Oceng przeprowadzono metoda LandScape & HydroMorfological Assessment of River Valleys (metoda
LSHM). Metoda ta stuzy do oceny i identyfikacji cennych obszarow w dolinach rzecznych i okreslania ich
potencjalu rozwojowego. Metoda LSHM rozrdznia trzy gléwne grupy czynnikoéw: hydromorfologiczne (H),
krajobrazowe (L) i zintegrowane (I). Wszystkie czynniki sg oceniane przy uzyciu 10-punktowe;j skali.

Wyniki i wnioski

Ocena krajobrazowo-hydromorfologiczna wykonana za pomoca metody LSHM, ulatwia identyfikacj¢ prze-
ksztatcen zar6wno w korycie rzeki, jak i w catej dolinie oraz oceng krajobrazu doliny rzecznej. Zintegrowane
podejs$cie mozna zastosowa¢ do napraw po powodziowych w dolinie rzecznej.

Stowa kluczowe: waloryzacja hydromorfologiczna i krajobrazowa, metoda LSHM, doliny rzek, powodz
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