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AsstrACT: The morphological examination of the Slovak Ol'Sava River channel and valley parameters is based on obser-
vation of changes in the troughs’ longitudinal profile. While the relationship between valley and channel parameters
has previously been researched, establishment of the diverse conditions in trough formation enables better under-
standing of the basin/riverbed relationship. Our research is based on field measurements of representative sections
of nine segments defined by changes in the longitudinal profile. The field measurements were performed in autumn
months during a low water period to ensure the best conditions for repeated measurements. Significantly, as much as
75% asymmetry of the measured flow encourages the assumption of strong tectonic influence on the riverbed forma-
tion. While the difference between the assumed continuous changes of measured parameters and the actual measured
or evaluated parameters remains a matter of interpretation, the detected anomalies enable interpretation of the pa-
rameters’ relationships. The river bed and the valley morphological parameters were evaluated on the model of The
Olsava River basin which drains the eastern part of the Kosicka kotlina Basin (the Toryska pahorkatina Upland). The
location of the basin at the foot of the Slanské vrchy Mts. is an important factor in the formation of the river network
asymmetries. Both the Neogene contact between the Slanské vrchy Hills neo-volcanites and the Toryské pahorkatina
Upland and the neo-tectonics influenced the change in morphological parameters in the valley’s longitudinal and
transverse profile and the Ol'8ava river bed. Our terrain works comprised length and width measurements of the bars,
their positions in the river bed, the width and depth of the channel and the type of section riffle. Available maps ena-
bled calculation of the following; ratio of valley height to width, average gradient of the section, stream gradient index,
average channel segment slope, the degree of sinuosity and the highest observed correlation between slope, river
segment type (0.9576) and the width and type river reach (—0.9089). High correlation coefficient values were recorded
for the valley height and width ratio, the type of river section, the water area and the total river bed width and area.
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Introduction profiles. Knowledge of these processes is impor-
tant from the theoretical, hydro-biological and

Morphological exploration of riverbeds is an  technical view points, and one source of this in-
important prerequisite for understanding erosion ~ formation is the ever-increasing flow channels
causes and transport and deposition process- which prevent flooding during increased flows.
es in the riverbed’s longitudinal and transverse =~ Moreover, the specifics of individual flows and
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their segments are often overlooked when modi-
fications are designed.

Hydro-morphological research began with
Horton (1945), who concentrated on fluvial ge-
omorphology as a complex issue. Thus, channel
morphometry as a supplement to hydro-biology
was the starting point for calculating hydraulic
parameters of the river channel (Horton 1945,
Schumm and Lichty 1965, Rosgen 1994 and Lyp
2012). This was followed by unsystematic hy-
dro-morphological research in the 1950’s-60’s,
and formalised study then began in the former
Czechoslovakia with the regulation of river tor-
rents (Binder 1950, Kresl 1959, Ferulik 1964).
While significant work was undertaken in funda-
mental analysis of hydro-morphological param-
eters associated with hydro-biological research,
it lacked both comprehensive hydro-morpho-
logical research and on-going research of the
entire stream; and researchers evaluated only
hydro-morphological parameters on selected
profiles (Hol¢ik, Bastl 1976, Kosco et al., 2003).

The relationship between the slope of the
longitudinal profile and the outlet was then de-
fined by Leopold, Wolman and Miller (1964),
and the type of transport in this research was
assessed by Schumm (1977) and Rosgen (1994).
Based on cross-sectional analysis, Kaszowski
and Krzemien (1999) developed a comprehen-
sive classification of channel reaches and channel
types, and identification of changes in the longi-
tudinal profile was determined by Hack (1973)
who then defined the relationships required to
calculate the stream length-gradient index (SL).

This was followed by Keller’s (1986) assess-
ment of basin shape, and this provided the im-
petus for examining the tectonics which are so
important in influencing longitudinal channel
profiles. The relationship between tectonics and
rivers’ longitudinal profile was then analyzed by
Bull, McFadden (1977), Hack (1973), Demoulin
(1998, 2011), Zuchiewicz (1998), Holbrook,
Schumm (1999), Burbank and Anderson (2001),
and Bull (2007).

Crosby and Whipple (2006) and Roy and Sahu
(2015) examined the factors affecting tectonics, li-
thology and river formation of knickpoints and
tributaries, and this issue became the centre of at-
tention in Slovakia at the turn of the 21 century
(Lehotsky, Greskova 2005). The Slovak distribu-

tion of sediments in longitudinal and transverse

profiles was researched by Barabas, Sykorova
(2007), Barabas (2008), Kidova et. al. (2016) and
Barabas et. al. (2017), and detailed mapping of the
channel and the floodplain was made by Anstead
and Barabas (2013). Finally, Skarpich et al. (2013)
and Skarpich and Hradecky (2013) investigat-
ed features of the Paleogene Moravskoslezské
Beskydy Mts. in the Czech Republic.

This current work analyses the causes of
changes in selected hydro-morphological pa-
rameters of the Slovak Olsava River and their
impact on the formation of deposits in the riv-
er channel. The asymmetry of the river system,
where the left tributaries are more developed
than the right, is an interesting feature of the
river catchment and this is of utmost important
because it strongly affects the intensity and spa-
tial structure of deposited processes. Based on
work by Zamolyi et. al. (2010) and Jacques et. al.
(2014), it is considered that neotectonics affected
the formation of the longitudinal and transverse
channel and valley profile, and also the intensity
of deposition.

Hydrogeographic settings of the
Ol'sava River basin

The study area comprises the Ol'sava River
catchment at the border of the Kosicka kotlina
Basin and the volcanic Slanské vrchy Mts. in
Slovakia (Fig. 1). The catchment directions and
boundaries are as follows; in the east it runs along
the main ridge of the Slanské vrchy Mts.; in the
north it runs onto the fork of highest peak of the
Simonka mountains at 1092 m a.s.l; in the west it
traverses the Toryska pahorkatina Upland, to the
Nizna Mysla village and the southern watershed
then passes the drab crotch of the Bradlo Hill at
836 ma.s.l.

The altitudes range from 173.9 m to 1092
m a.s.l, with mostly 917.5 m a.s.l. The Slovak
Hydrometeorological Institute (1988) defines
the total catchment area at 339,544 km? and ba-
sic 1:10,000 maps establish that the total length
of the river network is 376.4 km. The calculated
river network density is 1.11 km km™ and this
corresponds with the average density flows in
Slovakia.

The Olsava source is in the Chabzdova Hill
neo-volcanic formations at 775 m a.s.l. and its
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Fig. 1. Geological and tectonic structure of the Ol'Sava river catchment (A), geomorphological units of the
Ol'sava catchment area (B), the location of the basin (C).
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general southern progress enables inflow to the
Hornad River south of the 173.9 m a.s.l. Nizna
Mysla village. The altitude difference between
the source and river mouth reaches 601.1 metres,
with average 0.634° slope. The entire Ol'Sava river
system is significantly asymmetrical; where the
left catchement constitutes 75% of the total river
catchment area. While the 19.1 km Trstianka is an
important right side tributary, most tributaries
drain water from the Slanské vrchy Mts. western
hillsides. The most important tributaries are the
Svinicky potok Creek (17.3 km), the Herliansky
potok Creek (10.7 km) and the Ol'Savka stream
(9.9 km). In addition, the strato-volcano Slanské
vrchy Hills forming the Ol'Sava River eastern
watershed significantly influence the Ol'sava be-
cause they determine an eccentric radial river net-
work deformed by exogenous factors. However,
the Olsavka river nature is preserved, and this is
best seen close to the Mosnik, Bogota and Lazy
Peaks (Fig. 1).

The historical development of the region along
the OlI'Sava required interventions which affect-
ed both the river as a fundamental axis of the
catchment and also its tributaries. State maps at
1:10,000 scale detail the drastic 42.4 Km reduced
river length from that depicted in the Austrian-
Hungarian Empire II military maps.

Geological and geomorphological
settings

The Ol'sava river catchment has two differ-
ent geo-morphological units: the Slanské vrchy
(Mountains) at 900 m elevation and the 1092 m
a.s.l. highest point at Simonka. The Kogicka kotli-
na basin catchment, spatially delineated and de-
fined by Maztr and Lukni$ (1980), ranges from
160 to 384 m a.s.l. (Fig. 1). These units are also ge-
ologically different because the Kosicka kotlina
Basin is a tectonic-erosional graben formed in the
Low Miocene (Lukni$ 1972). The tectonic faults
and ruptures system differentiated the catchment
and consequently influenced the formation of the
river network. In contrast, the upper Ol'Sava river
catchment is based on andesite pyroclastic rocks,
and the Toryska pahorkatina Upland is formed
from polymict gravels with loams and claystones
of the Varhanovské strky (gravels) in the Upper
Badenian to Lower Sarmatian.

This geological area generated conditions for
landslides formation. One example is the fron-
tal stabilised landslides identified in tributary
sub-catchments. These include the Trstianka
tributary, one near Bohdanovce and another on
the bank of the Ol'Sava catchment (Kaliciak et al.
1991, 1996).

The Slanské vrchy Mts. were formed from a
sequence of the following considerably erod-
ed strato-volcanoes; the Bradlo, Hradisko,
Bogota (Kalin¢iak 1996), Mosnik, Makovica and
Zlatobansky (Kali¢iak et al. 1991). While Kostalik
(1988) consider that these could have reached al-
titudes of 2000-4000 m a.s.l, the mountains are
elevated along longitudinal faults. Additional
tectonic evidence is apparent in the deep creek
gaps, faceted slopes and very straight foothill
lines. Disruption-lines in the transverse direction
are also clear in the saddlebacks near Slanec and
Ruskov villages, and the volcanic rocks lying on
soft sediments of the neogene loamy and shale
formation create conditions for block landslides
(Luknis et al. 1964).

The contemporary hydro-geographic network
began formation in the Late Miocene; mostly in
the Sarmatian and Pannonian (Mazar 1963).
However, the main morphological setting of
the Kosicka valley basin catchment was formed
in the Pliocene, and this contained the Ol'Sava
river valley. The relative tectonic stability of the
Upper Pliocene then induced a planation sur-
face which formed the catchment bed, and this
was later excised by the river network in the
Quarternary (Karnis, Kvitkovi¢ 1970, Maglay et
al. 1999). The alternation of climate conditions
in the Quarternary caused terrace formation, in-
cluding the Wiirmian deposited terraces in Nizna
Mysla and the Younger and Older Riss glacial
erosion-deposited terraces north of Bohdanovce
(Janocko 1987).

The terraces surrounded and preserved the
edge of the Ol'sava left bank floodplain but those
on the right bank of the floodplain are preserved
only in fragments north of the Trstianka inlet to
the Ol'sava river. This was caused by gradually
pushing the Ol'sava river and its tributaries to the
west and it resulted in denuded material terraces
(Maglay et al. 2011, 1:200 000 map scale).

The maximum width of the Ol'sava floodplain
is one kilometre where the Toryska pahorkati-
na Upland in the OlSava valley transits to the
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flat relief plains of the river floodplain catch-
ments (Kalin¢iak 1996). The Toryska pahorkatina
Upland range is formed from polymict gravels
with loams and claystones of the Varhanovské
strky (gravels) in the Upper Badenian to Lower
Sarmatian separates the OlI'Sava floodplain, and
the Torysa River was formed in the Quaternary.
Alluvial fans then formed at the foothills of the
Slanské vrchy Mountains where the vertical gra-
dient of the Olsava tributaries markedly decreas-
es (Janocko 1984, 1987; Kalinc¢iak 1996). Finally,
the Ol'sava, Torysa and Hornad river floodplains
merge into a 2-5 km wide floodplain near the in-
lets of the Ol'Sava and Torysa rivers to the Hornad.

Methods

We initially defined changes in the Ol'sava
valley longitudinal profile from contour maps at
1:10,000 scale. This profile curve does not reach
the ideal course theoretically approaching the
parabola which documents the balance between
erosion and deposits (Lehotsky 2004) (Fig. 2).
However, changes over the longitudinal profile
enabled the differentiation of nine relatively ho-
mogeneous segments and approximately homo-

and the valley longitudinal and transverse pro-
files (Fig. 2). We then measured and evaluated
at least 1 km-long-areas of the 11.6 total length
of the sections mapped in field work (Fig 1).
The measurements began at the confluence of
the more significant tributaries and covered the
measured segments most technically accessible.
Data derived from our field mapping and for seg-
ments processed from the 1:10,000 map provided
the basic characteristics of the segments listed in
Table 1.

Field section measurements were performed
in October 2011 when there was minimal change
in stream and water level. The measured param-
eters were evaluated at main intervals of 100 m
and we then measured stream depth at the deep-
est point and the width of the wet channel at the
end points of these 100m segments. Finally, the
riffle/pool and step/pool river lengths in the
segments were measured as in Montgomery and
Baffington (1998).

Deposits was measured as the maximum
length in the direction of the maximum surface
velocity streamline and the maximum width
perpendicular to this streamline. The following
equation approximated the channel bar area - P:

geneous parameters for stream slope, lithology P =3 (axb). 1)
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Fig. 2. The longitudinal profile of the Ol'Sava river valley showing the boundaries of the assessed segments.
The top of the figure depicts transverse profiles of the Ol'sava valley documenting the change in the width of
the valley and its asymmetry.
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Table 1. Basic parameters of evaluated segments of the longitudinal profile of the Ol'Sava River.

altitude stream average width average
[ma.sl] hight/width | lenght slope seg- slope seg- | sinuosity
segments . lenght valley (Vf) gradiet ments valley ments index
min | max index SL) | [%] [m] ]
1 1745 | 175.0 | 16759 5.19 15.96 0.0298 384.16 0.01707 1.030
2 175.0 | 200.0 | 9856.3 1.59 121.02 0.2536 241.02 0.14530 1.495
3 200.0 | 207.3 | 14909 6.17 204.43 0.489 1237.46 0.28052 1.042
4 207.3 | 222.0 | 9051.8 343 59.91 0.1624 1318.80 0.09305 1.604
5 222.0 | 265.0 | 9686.5 5.33 121.62 0.4439 1060.46 0.25430 1.569
6 265.0 | 305.0 | 57951 2.26 135.67 0.6902 550.25 0.39550 1.212
7 305.0 | 456.0 | 11692.2 0.26 140.93 1.2915 53.00 0.73990 1.296
8 456.0 | 504.0 | 1596.7 0.08 128.31 3.0062 10.00 1.72191 1.112
9 504.0 | 774.0 | 34697 0.15 135.00 7.7817 20.00 4.44960 1.056
The total channel area P, was calculated by V= 2Ve .
the following equation; where H is the width of (Ero=Esc)+(Erp~Esc) (7)

the stream:
P,=100xH. 2

The channel water level surface area AS was
calculated as the difference of the total riverbed
area P and the total area of bars AS, :

AS=P,~AS,,. 3)

The K coefficient is the ratio of the area of the
stream channel water level AS to the area of bars
P:

K=AS/P. (4)

The stream length-gradient index S, was cal-
culated to evaluate the stream slope; as in Hack
(1973):

H

max min XL

AR )

The difference in altitude of the initial H , and
H _ of segment point AL equals the evaluated
segment length L from the source to the middle
of the reported segment.

Average percentage slope S of the measured

segment was calculated by:

- AH 9
S= AL x100%. 6)

The valley height/width ratio S V, evaluated
the valley cross-section; as in Keller (1986):

The information to calculate this parameter
was ascertained by an axis drawn through the
middle of each longitudinal profile segment on
the 1:10,000 base map. The line is perpendicular
to the Ol'sava stream; where Vfw is part of this line
and is the width of the valley bottom; E, , is the
altitude of the left watershed; E,, is the altitude
of the right watershed and E,_ is the altitude of
the valley floor.

The sinusoity index was calculated as the
quotient of the median line of the stream and the
direct distance of the segment end-points (Pisut,
Tomcikova 2008). The channel width/depth in-
dex was then calculated as the quotient of these
parameters.

Synthesis of expected impacts enabled mon-
itoring the effect of potential energy changes on
segmental deposition. Concurrently, the sedi-
mentation processes in the river-bed were mainly
affected by short-term potential energy changes
occurring over several decades.

Morphometry of measured
longitudinal profile sections

Slope is the basic parameter defining the
stream’s longitudinal profile, and changes in
slope value affect the kinetic energy of the stream.
This is reflected especially in changes in the depth
and width of the stream, and in all other evaluat-
ed parameters (Rosgen 1994, Schumm 1977). The
basic morphometric channel depth/width index
from the river mouth to the source is declining,
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and anomalies are apparent in the Ol'sava river
section 4 width analysis. A significant decrease
in the average width of the river-bed is obvious
in the 1st section and is related to anthropogen-
ic modification of the river mouth, and 3rd sec-
tion loss is connected with neo-tectonic effects
(Maglay et al. 1999). Channel down-cutting also
reduced the channel width, and this affected the
total river-bed deposits area (Figs 3, 5).

The following OlSava River segment dif-
ferences were also noted; there is increased bar
area in segment 6 due to rapid slope decrease;
where section 6 has 0.4° and section 7, 0.74°, and
stream kinetic energy there created conditions
for increased sedimentation (Fig. 4). Anomalies
in reversed changes in width variation and de-
posits were then observed in segments 2 and 4,
and there is marked increase in river bench ar-
eas in the 2nd segment with increased river-bed
width. There is also incision in this section, where
tectonic lines epigenetically cut-off part of the
Slanské vrchy Hills east of Nizna Mysla village
(Dzurovéin 1989) (Fig. 1). Section 4 has increased
river channel width and less bar surface area.
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This section is moderately subsiding; most likely
due to neo-tectonics (Maglay et al. 1999) and it
is also affected by increased discharge from the
most significant Trstianka stream and Svinicky
potok Olsava tributaries (Fig. 1). The Ol'8ava is
narrowest in this part of the catchment, where it
cuts off the mouth of the extensive Svinicky po-
tok proluvial fan. This brook primarily follows
the tectonic fault-line connecting the transverse
faults affecting both the Ol'sava river’s longitu-
dinal profile slope and river-bed width (Kali¢iak
et al. 1991 and Fig. 1 herein). Further tectonic ele-
vation between the Bidovce and Herlany villag-
es induced Neogene tectonic movements cut by
the Ol'sava River, and this resulted in the widest
and deeper channel in section 5. (Pospisil, Husdk
1985).

Combined tectonics, consequent riverbed ge-
ological structure and catchment formation af-
fects bar distribution in the Ol'Sava longitudinal
profile, and this is important for material distri-
bution (Fig. 4). The combination also induces the
strong catchment asymmetry manifested in dep-
osition intensity. Analysis of the deposited areas
reveals the surprising superiority of right-sided
bars over the left, because although the great
stream asymmetry results in material deposition,
it is mostly left-side tributaries which push the
Olsava river westward. This is evident in the
position of the stream and the presence of the
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Quaternary sediments (Fig. 1). The right-bank
deposits may therefore result from a relatively
stable stream meandering in its own sediments
and forming right-sided channel flow deposits .

While we acknowledge the permanent Ol'Sava
shift by left-side tributaries, this should have gen-
erated intense left-bank deposition and right-bank
lateral erosion. This continuous process in its ex-
treme form then shaped the Ol'sava River chan-
nel with its current significant catchment asym-
metry. Dzurovéin (1989) also emphasised similar
results in Burbank, Anderson (2001), and fiurther
researchers registered an Ol'Sava river terrace of
large platforms formed especially on the left bank
of the catchment area (Janoc¢ko 1987, Bull 2007). In
contrast, there was only a narrow strip of similar
terraces preserved on the catchment’s right.

Although only segment 2 of the longitudinal
priofile confirmed our expectations of containing
the largest area of left-side bars, this section also
had the most typical alternating source-area phe-
nomena. Segment 2 also had obviously increased
area of central bars which decreases in sections
3 and 4, increases again in section 5 and attains
its maxima in sections 8 and 9. This sedimentary
process corresponds with results in other streams
(Barabas, Sykorova 2007, Barabas 2008, Barabas
et. al. 2017), and is most likely related to excess
material rising from intensive depth and causing
lateral erosion in the stream headwaters” higher
flow rates and ultimately shaping the channel
(Rosgen 1994).

It is remarkable that the 57:43% right/left side
deposits ratio is reversed to 25:75% in the catch-
ment area. Deposition also decrease between sec-
tions 3 and 5, and this is most likely related to
the neotectonic and slope changes which created
conditions for increased segment meandering in
its own sediments. This ultimately gave a high-
er sinuosity index value and a lower river-reach
due to rifle and pool-type configuration (Fig. 6).
Moreover, the Ol'sava River flow in sections 2, 3,
5 and 6 is pressured by significant left-sided trib-
utaries towards the Toryska pahorkatina Upland
slopes; thus enabling increased material deposi-
tion on the left side. Tectonic faults and Olsava
Valley asymmetry also influence this deposits,
and the Slanské vrchy Mts. Ol'sava sections 8 and
9 flow on the left side of the valley. This is finally
manifest in increased deposition on the right side
of the channel and eventual central deposition.

The decrease in total river-bed area from riv-
er-mouth to source is considered normal, and
here the total channel area decreases unevenly
(Fig. 5). This anomaly is attributed to section 2,
where channel area decreases significantly from
edge epigenesis which prevents channel widen-
ing. (Dzurov¢in 1989). This is then succeeded by
section 3’s different phenomenon of significant
channel increase which corresponds to chang-
es in evaluated parameters. While these include
valley ratio index, channel width and depth in-
dices and the stream’s channel flow surface area
and gradient index, the primary causes are valley
height/width ratio, average segment slope and
flow rate and stream index (Figs 5, 6).

Changes in the remaining parameters prove
only consequential. There is slight increase in
channel area in section 5 because of valley and
floodplain enlargement (Fig. 1). Stream mean-
der is also strong there, with sinuosity index be-
tween 1.5 and 1.6 and several large river islands
formed with overgrown permanent vegetation
of poplars, willows, alders and oaks. There is
then continuous decline in total river-bed area
in section 6 where anomalous flow is caused
by increased sediment deposits from anthropo-
genic channel work above the Kecerovce village
measuring points. This is followed by significant-
ly higher average slope in segments 7, 8 and 9,
where the stream is largely eroded and materi-
al was transported to segment 6 to produce its
river-bed decrease and from there to the Slanské
vrchy Mts. This material accumulation passes
down the Toryska pahorkatina Upland valley’s
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Fig. 6. Graph of the different parameters in the
Ol8ava measured section.
Left axis: section riffle type [m], channel gradient index
SL. Right axis: average channel segment slope and de-

gree of sinuosity.
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longitudinal profile slope. The Ol'Sava river-bed
deposited material then increases with the type
of river reach step/pool in the final two sections;
8 and 9 (Montgomery, Baffington 1998, Lehotsky,
Greskova 2005).

Overall, the Olsava is deeply eroded, and
thicker transported materials accumulate in chan-
nel areas with greater slope. Segment 7 therefore
forms a transition segment with geological base-
change and knickpoint. However, for best inter-
pretation and understanding of the complexity
of channel-forming processes, it is most useful to
employ the synthetic parameters previously dis-
cussed for deposits interpretation.

While Figure 5 establishes that the flow sur-
face channel area diagram is almost identical to
the graph of the total channel area, the decrease
towards the source is less evident. Increase in
channel flow area from section 3 to 5 is obvious,
and this determines the increase in the width of
the entire valley and highlights that the valley
is widest in these sections; 3 to 5 These values
then significantly decrease towards the source.
Moreover, section 6 has bar deposit areas which
exceed the flow surface channel area when the riv-
er loses power to transport this material through
the transition from the sharp Slanské Hills slopes
to the extended low-inclined part of the valley.
Although there is minimal channel flow-surface
area, the deposition flow intensity is striking.

Factor K identifies the extent to which the flow
surface channel area, or surface level, exceeds the
total area of a segment’s bars. When K has high-
er values, the flow channel area is larger than
the bar area; eventually resulting in less intense
deposition. This is significantly manifested in the
27 section where the slope begins to increase.
Similar to Section 6, there is a greater abundance
of river-reach riffle and pool sections here, a nar-
row valley with lower height/width ratio, a nar-
row, deep channel trough and decreased chan-
nel width and depth. However, the K coefficient
is greatest in section 4, where the total bar area
is small and this widest part of the valley has a
small height/width ratio and the accompanying
relatively deep and narrow trough indicates a
low channel width/depth index; similar to the
chacteristics noted in section 7.

Hack (1973) recorded that stream gradient
index is a theoretically calculated parameter
indicating slope changes, and figure 6 herein

highlights notable anomalies in segments 3 and
4 where index changes correspond to these sec-
tions” calculated slope changes. These sections
are on the boundary of tectonic uplift and de-
scent and this becomes apparent as an deposited
area. In addition, the fall-line index has no sig-
nificant changes between section 5 and the head-
waters, and Figure 6 hightlights that the average
segment slope does not change significantly from
river mouth to source. Tectonics, however, cre-
ated an exception in the 4" segment where part
of the valley subsides with subsequent high sin-
uosity index and change in width due to small
depositions.

The valley height-width ratio in Figure 5 pro-
vides information on the general nature of indi-
vidual parts of the catchment. Its value indicates
the intensity of deposition formation and docu-
ments the channel’s total area and its flow and
width-depth indices. Sections with tectonic-up-
lift induced stream incision to the river-bed and
have values close to zero. The stream reacts with
a time-lag dependent on rock resistance and riv-
er-bed water volume. The cross-section in Ol'sava
Valley segments 2, 7, 8 and 9 is V shaped, and
while this indicates prevailing erosional incision,
the remaining segments have a wide open val-
ley with transportation and lateral erosion. High
valley ratios result from tectonic movements and
stream kinetic energy, and here the watershed
divide to the Ol3ava left is much higher than on
the right.

It was difficult to accurately determine the
watershed divide in the 1¢ segment because this
area descends relatively evenly to the bottom of
the Kosice Basin, and the boundaries between the
Ol'sava River and adjacent Hornad tributaries are
hard to distinguish. This segment has maximum
height and consequent high height-width ratios
where the Ol'Sava River flows into the Hornad.
Meanwhile, the second segment has significantly
decreased valley width-depth ratio as the Ol'sava
cuts a channel through the remnants of pyroxen-
ic andesite lava flows (Kalic¢iak 1996). While the
highest valley ratios are evident in segments 2
and 3, segment 4 has decreased values caused by
the elevation of a very wide floodplain and di-
vided left watershed on the Slanské vrchy ridge.
Segment 5 then forms the widest part of the
Olsava River valley and the valley ratios increase
until segment 6 where valley narrowing and
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marked increase in ridge altitudes on both sides
decrease the ratios (Fig. 5). Figure 5 also high-
lights that the channel width/depth index graph
has identical course to the graph of total channel
area up to segment 6. Thereafter, segments 7, 8
and 9 in the upper part of the stream have low
banks and shallow channel depth with relative
width; and the channel width/depth index there-
fore has a different course in these segments.
Riggs (1978) records that the sinuosity in-
dex does not have smooth decline from the riv-
er mouth to the source area (Fig. 6). The higher
value >1.5 for meandering streams in segments
4 and 5 is related to valley-width and the Ol'Sava
River channel meandering in its own sediments.
Segments 2 and 7 have medium tortuosity, with
sinuosity index of 1.26-1.5. This then decreases to
1.06-1.25 in segments 6 and 8, and segments 1, 3,
9 have direct-type sinuosity index at 1.01 to 1.05.
Based on slope, the length-gradient index in the
3rd segment should be meandering but channel
formation induces direct-flow categorisation.
The calculated correlation coefficients in Table
2 can then be divided into two groups; the more
important group defines the value between the

measured and eventually evaluated parameters
of slope, section riffle type, bar areas and channel
and valley width/depth ratios.

The second group defines relationships be-
tween the derived parameters of water level
width/depth index, water/bar area and channel
flow surface. Segment slope angle has a crucial
role in river-reach typology, and a very close re-
lationship is apparent between channel width
and valley width/height ratio, total stream area
and channel flow surface. This relationship con-
firms the influence of overall catchment character
on channel formation. Although the calculated
correlation coefficients have only small depend-
ence on deposited parameters, a significant
negative relationship exists; deposit decreases
as sinuosity index increases (Table 2). There is
also the relatively high 0.676 correlation coeffi-
cient between channel width/depth index and
river water movement reaching the riffle/pools.
This is due to the relationship between channel
depth and width; where increase in one induces
decrease in the other. There are also high corre-
lation coefficients in the relationship between av-
erage channel width, total riverbed area and the

Table 2. Correlation matrix of the individual Ol'Sava flow parameters in the segments of the mapped sections.
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Significant level = 0.05, N=9.
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K coefficient which defines the water/bar area
relationship. These three parameters are formula
factors in calculating average riverbed width, so
the relationship is unsurprising

The average channel width significantly cor-
relates with the average segment slope which in-
creases towards the source, and high correlation
also exists between valley height and width and
the average riverbed width, total riverbed area,
water area and K index. The graph in Figure 5
highlights that similar coursing curves prove this
parameter dependence. The valley width/depth
ratio rated against other parameters provides the
strength of dependence between parameters.

Section 5 clearly shows that the Svinicky po-
tok Creek accumulation fan created conditions
for Olsava incisions. This resulted in a deep
narrow channel instead of the expected shallow
wide one with different accumulation forms. It is
natural that the average channel width correlates
with the channel width/depth index because of
almost identical input data. This dependency is
indirect.

Total riverbed area values strongly correlated
with water area values; where increasing bar ar-
eas decreased the water area. The total bar area
for all sections is relatively stable, with only small
fluctuations and therefore the total area and wa-
ter area values are similar. The correlation of av-
erage segment slope and K coefficient are related
to changes in the channel width, and width de-
creases with increasing slope.

The average section slope correlates with the
valley height and width and rises towards the
source, thus providing inverse values. In addi-
tion, the C coefficient has relatively high corre-
lation coefficient with the valley ratios which are
uneven in proportion. Indirect dependence is due
to increasing trending towards the sources and
the decrease in valley aspect ratio noted between
valley width and the headwaters fall-line.The rel-
atively high correlation coefficient between the
average slope index and channel width/depth
index documents the intensity of lateral erosion
compared to depth erosion. Concurrently, the
segments with lower channel width/depth ratio
than neighbouring segments are more prone to
flooding.

The sinuosity index has relatively significant
indirect dependency on total bar area and chan-
nel width/depth index; with the result that this

latter index is lower when stream sinuosity index
is higher. This provides an incised channel, with
lower flood potential. In addition, deposits de-
creases with increased sinuosity index, and this
mutual correlation was most likely induced by
human intervention because the streams were
previously aligned. This then affected the sinu-
osity index and consequently the channel width
and depth in individual segments. Analysis of
evaluated parameters by segment enables divi-
sion of the 9 segments into 3 groups. Correlation
is 0.93 between segments 1 to 4, 0.327 between 5
and 6 and 0.992 for 7 to 9. This reveals anomaly in
Sections 5 and 6 where the parameter correlation
is most anthropogenically disturbed.

The SL stream length-gradient index has a
higher correlation coefficient than the K coeffi-
cient for water/bars area. While both parame-
ters have relatively stable values in all segments,
slope and anthropogenic activity have preserved
deposit forms in the riverbed. While the SL and
valley height/width ratios in segments 7 to 9
follow the same course as Segment 2; all seg-
ments share the common break-through feature
of narrow parts before reaching the catchment
headwaters.

The Ministry of Environment documented the
relationship between segment parameter chang-
es and flood frequency (MZP 2011). The high-
est frequency of floods between 2004 and 2010
occurred in the villages in segments 2, 4 and 6.
This significantly correlates with channel width/
depth index; where flooding was more frequent
in narrow and deep segments with a low index
value and there was little or no flooding in seg-
ments with higher width/depth indices.

Discussion and conclusion

Analysis of the measured and evaluated mor-
phometric parameters revealed very complex
relationships in the Ol'sava River longitudinal
profile. The anthropogenically altered river flow
courses along significant river-bed asymme-
try in a tectonically damaged river basin area.
This ensures prerequisites for complex devel-
opment of the river network and accompanying
trough-floating units. Lithology then influenced
trough parameters, and this is most noticeable in
Section 2 which records sudden change in almost
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all evaluated parameters. Figure 1 highlights the
relationship between tectonics and river network,
where it is evident that the bulk of the river net-
work has developed into a fault-line system. The
asymmetry of the basin is certainly influenced by
tectonics, and this is supported by Holbrook and

Schum (1999), Burbank and Anderson (2001),

Bull (2007), and Roy and Sahu (2015).

When the continuous changes in the meas-
ured sections’ parameters are considered, each
anomaly in the channel’s morphometry parame-
ters graphed herein results from individual river
basin changes. Moreover, the impact of trans-
verse fractures and other structural-influenced
movements can only be identified from trough
morphometry. Further, Section 3’s rapid parame-
ter changes in sinuosity index, channel gradient,
total bar area and water level height/width ratio
document the altered development of this section
(Figs 5, 6). Maglay et al. (1999) neotectonic map
also highlights the up-lift of segments 1, 2, and
3 in the catchment area, with consequent higher
channel gradient and less sinuosity, and Burbank
and Anderson (2001) and Zamolyi et al. (2010)
add that these changes are further enhanced by
anthropogenic adaptations. Thus, some sinuosity
decrease and the coincidental altered trough in
segment 3 is occasioned by human intervention.

Additional changes include:

1. significant inflow from the Svinicky stream
induces section 4 changes in SL flow gradi-
ent index (Fig. 6) and also depth increase and
trough narrowing (Fig. 3),

2. the transition to Neogene volcanic segments
in section 6 accounts for its knick-zone in the
Toryska pahorkatina Upland, and it also has
over 1% slope increase and a greater accumu-
lation area deposited at the foot of the Slanské
vrchy Mts, and

3. sections 7, 8, 9 are in an unevenly elevated
part of the basin, where depletion and accu-
mulation processes form a channel-bed pro-
portional to the extensive accumulation width
(Maglay et al. 1999).

Historically, the development of this area re-
quired interventions that affected both Ol'sava
river flow and the baseline of the catchment and
the tributaries. These promoted decreased river
flow length by 42.4 km; the length of the river
network in the basic 1:10,000 map compared to
the length in the 3 military map.

The preservation of the Risky and Wiirmen
aged terraces in the left part of the valley and
their absence on the right side corresponds with
the flow asymmetry recorded in Holbrook and
Schumm (1999), Burbank and Anderson (2001)
and Bull (2007). Moreover, despite the expected
greater left-hand accumulation forms, there is
slight prevalence of right-hand forms, thus con-
tradicting our previous assumptions, but it most
likely occurred in stabilisation of the Ol'Sava riv-
er’s longitudinal profile. The stream-flow in its
floodplains and the decreased right-bank deg-
radation created evenly rotating material accu-
mulation on both sides of the river-bed. (Fig. 4).
This may be proven by the trough’s altered posi-
tion from the torsion of the Toryska pahorkatina
Upland in some parts of the river’s profile (Fig.
1).

Our research established the Ol'sava’s flow
by measuring all parameters in the 9 individual
segments. While this method carries error pos-
sibility that can be averted by continuous flow
measurements, the immediate length of meas-
urements enables accurate assessment of the
segment relationships. Finally, this division into
river flow segments has proven a very sensitive
technique for comparative parameter measure-
ments throughout the Ol'Sava River’s profile.
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