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Oc00JMBOCTI CTPYKTYPH BUOPAHUX ALISAHOK pycJia piuku Yopuoi Tucn

AHacracis Jlepin

Azennoncokuit ynieepcumem, eyn. Inzapoena, 6, Kpaxis, Ilonswa

Pedepar

MerTor0 CTarTi € XapaKTepUCTHKa OKPEMHX AUISHOK pycia, NPEACTAaBICHHS Pe3yibTaTiB KapTyBaHHs meronoro Krzemien (2012) Ta posmisin
pyciodopmyrounx ynHHUKIB piuku YopHa Tuca. Kaprysanns Oyno nposezneHe B ausax 23.07.2020-28.07.2020. ITix yac TunonoriuyHol kinacudikamii
piuku Buniieno 34 6asosi Binpizku. [Ipu knacudikauii npuidHATO 10 yBaru pisHi (pakTopu, B TIM: Ilepernaj BUCOT Ha KUIOMETp Oiry pycia, HasBHICTb
pycnoBux ¢Gopm, mioia Gpopm, BicoTa Geperis, Oeperosa NMOUHA BPi3aHHS PycClia, JITOJIOT YHO-TEKTOHIYHI (JaKTOPH, a TakoX (aKTopy, 110 CBiYaTh
PO aHTPOIIOT€HHUI1 BIUIMB HA pyci1o0. 3aranom 3ictaBiieHo 16 ¢akropis. 3a BciMa napamerpamu Oyiii CTBOpEHi rpadikH, i Ha MiACTaBi aHAJI3Y MeX
BIJPI3KiB IPH 3MiHI TeHIEHIIT TapamMeTpiB 10 301IbLIeHHs a00 3MEHIIEHHs Ha KiHLI BiJpi3ka BU3Hadauacs Mexa. Micy, y skux 30irajgach 3Ha4Ha
KUIBKICTh MEX TapaMeTpiB, Oyau BUIIUICHI SIK MEXi BUILOTO PAaHTY- THIIM PyClia, TaK 1 MEXi HIXKYOTO PaHTy — MIATUIH Pycna. 3a IPEeBaTIOI0uYUMU
npouecamu Oyino BUIUIEHO 7 THIOJOTIYHUX AUISHOK. Bin 3mutts Yoproi Tucu 3 AnmmHueMm i 1o rupia notoky [lnenpkoro (12 kM 0iry piuku)
BUAUICHO PYCIIO aKyMyJIsLiitHO epo3iiiHe. JIo 24 kM Oiry piuku pyciio Oyio BUIUICHE SIK epo3iliHe (3 1OMiHYyI04010 AEHHOIO epo3ieto). [1o 29 kM- 3
IHTEHCUBHOIO JIaTepaJIbHOIO epo3i€to. Jlo 34 KM — BUALIEHO Bipi30K TpaHcnopTauiiHuid. Jlo rupna noroky Tpoctsneus (41 KM) BUAIIEHO Bipi30K
3 IHTEHCHBHOIO JIEHHOIO epo3ieto. Jo rupna notoky CitHuit (45 kM Oiry) BUAUIEHO BiPi30K 3 JaTepalbHOIO epo3ielo i aenosuuiero. Binpizok no
3Tt 3 binoro Trcoro cxapakTepu30BaHuii sIK IHTEHCHUBHOI IeHHOT epo3ii. Pycio YopHoi Tucw Bij 31uTTs 3 AnuuHLEM 10 3auTTs 3 binoto Tucoro
Mae 3arajibHy TeH/ICHIII0 10 MOWHHOI epo3ii (6 3 8 BUALICHHUX TUIIOJOTTYHHUX BiIPa3KiB), 3 IOKAJbHUMH BILUIMBAMH IHIIHMX JOMiHYIOYHX IIPOLIECIB,
10 3aJISKUTH Bijl 0araTbox YMHHMKIB. Tak, Ha BiIpi3KaX, pO3TAIIOBAaHUX B SICMHSHCHKIM YJOrOBUHI, IHIIMM IPOLECOM € akymyisnis. Ha neskux
BiJpi3Kax BiJI3HAYA€THCS CHIBHUN BIUIUB JiSUIBHOCTI JIIOAMHHU (BUIOOYTOK MaTepiany 3 OeperiB Ta OCTpOBIB, yKpiIuieHHs (cTabinasauis) 6eperis,
OyniBHMUTBO IUTYYHHX MOPOriB). Uepes JiKBigaLil0 NPUPOAHUX PYCIOBUX (OPM TYT HEMOXKIMBO BU3HAYUTH HATYPAIbHUN JOMIHYIOUMH HPOLIEC
(TpaHcmopTaniiiHi Ta aHTPONOTeHIYHO 3MiHEHI THIIOJIOTIUHI BiAPI3KH, KOTpUX BUALIEHO 4). JIoCTiDKEHHS IPOBEAEHE B Liiil CTATTi Ma€ SIK HAayKOBE,
TaK 1 MPaKTUYHE 3HAYCHHS, OCKIJIbKMA MOXKE CTATH IiJICTABOIO JUISl IIJIaHYBAHHS MPOTUITABOAKOBUX 3aXO/IB Ta 3MiH B JIOKaJbHOMY ILIaHi 3a0y10BH.
Takox MofiOHI JOCIIIKEHHS € BaKJIMBUMH ISl OCBITSIHCHKOT JisTIBHOCTI B MiCLEBOCTSIX /10 KOTPHX BiZJHOCATBCS 11i Ipalli.

Koiouosi ciioBa

Tumnosnoris pycen, ¢uroBianbHi IPOLECH, TIPChKI PiYKH, TAaBOIOK
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Features of the structure of selected segments of the Chorna Tisza river

Anastasiia Derii
Jagiellonian University, 6, Ingardena St., Krakow, Poland

Abstract

The paper presents an analysis of the structure of the Chorna Tisza river based on the fieldwork done in the summer of 2020. In this paper, the
results of the riverbed classification by Krzemien (2012) are presented. During the typological classification of the river, 34 segments were identified,
which were grouped into 7 typological segments according to processes prevailing in each. The classification takes a variety of factors into account,
including: the difference in elevation per kilometer of channel run, the presence of channel forms, the area of the forms, the height of the banks, the
bank depth of channel incision, the lithological and tectonic factors as well as factors indicating anthropogenic influence on the channel. A total of
16 factors were identified. It was revealed that Chorna Tisza’s riverbed has a tendency to bed erosion mostly in all typological plots, which may be a
problem for residents in the future. An attempt was made to predict the evolution of the riverbed based on the collected data and assessment of the
human impact on the structure of the riverbed.
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1. Betyn

The Chorna Tisza river belongs to the upper part of
the Tisza basin in the Inner Eastern Carpathians and is 50

km long. As stated in the geographic regionalization of
Rudenko (2008), the Chorna Tisza catchment is located
across three regions: Torun-Lopushansky, Yasinya and
Svydovets-Chernohirsky. According to geomorphological
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classifications, this region consists of low and medium
mountains (Troll, 1972).

The Chorna Tisza catchment itself covers an area of 567
km2 (https://buvrtysa.gov.ua). 69% of the catchment area
are forests, 26% — meadows, 4% — fields and 1% — buildings
(the author’s calculations based on aerial images) (Fig. 1).

Since the Tisza river basin is one of the most flood-prone
areas of Ukraine, the study of the riverbed development
trends may be important for the identification of the most
dangerous river sections. It is also important to demonstrate
the human impact on the channel-forming processes and the
results of economic activity in the vicinity of the channel.

The purpose of the article is to determine the
morphological features of individual sections of the Chorna
Tisza riverbed, the main channel-forming processes and the
features of their changes under the influence of natural and
anthropogenic factors.

2. Study of the problem

In the middle of the 20th century, the basic principles
of fluvial geomorphology were created. The works that are
considered to be fundamental include: the method of series
analysis by Horton (1945) and Strahler (1952), the analysis
of river slope by Hack (1957) and the work of Leopold
and Wolmann (1957). The problems of river structure
and channel typology were touched upon in the works of
Kaszowski and Krzemien (1977), Chalov (1980), Rosgen
(1996), Montgomery and Buffington (1997), Thorne (1998).

For the territory of the Ukrainian Carpathians, typology
of river channels has been carried out quite rarely. Some
examples are Wierzbicki (2010) for the Kuzmieniec Wielki
stream according to Kamykowska et al.’s (1999) method
and Yu. Obodovskyi (2018) according to Chalov’s (1980)
method.

Fig. 1. Map of the Chorna Tisza catchment area with boundaries of mapped segments
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Despite the low usage of typological river mapping
techniques, the Chorna Tisza catchment is quite well studied.
There are many geological and geomorphological works that
refer to the elements of this catchment. Staszic (1815) is the
first work pertaining to the Chorna Tisza catchment. At the
beginning of the 20th century many works devoted to glacial
themes were published: Gasiorowski (1906), Pawlowski
(1915), Romer (1904, 1906). The tectonics of the Krosno
zone was described by Bogdanov and Pusharovskij (1950).
There are comprehensive works on tectonics and stratigraphy
for the territory of the entire Ukrainian Carpathians such as
Bondarchuk (1959), V. Hlushko (1968), 1. Gofstein (1995)
and others. In the 21st century, many articles have been
published on the geomorphology of the Svydovets massif
(Krawczuk 2008, Ktapyta et al. 2020) and Chornohora
(Melnyk 2018). O. Obodowski (2005) and Yu. Obodowski
et al. (2018) describe the hydrometeorological features of
this area. Botanical overviews of the region can be found in
Biliak et al. (2013), Felbaba-Kluhina (2015), and Ustimenko
(2015).

3. Materials and methods

The mapping was based on the morphometric
segmentation methodology (boundary number methodology)
(Kaszowski and Krzemien, 1986) developed at the Institute
of Geography and Spatial Planning of the Jagicllonian
University in Krakow (Kamykowska et. al. 1999, Krzemien
2006, 2012). This methodology consists in dividing the
riverbed into homogeneous segments (in the case of Chorna
Tisza there were 34 segments (Fig.1)). According to the
typological classification of rivers (Kamykowska et. al. 1999,
Krzemien 2006, 2012), homogeneous river sections are
those where the same processes dominate. Each section was
described separately during the fieldwork using the forms
given in Krzemien (2012). During the fieldwork, information
was collected on the channel parameters (width, depth, height
and slope of the banks, etc.), the presence of features (rapids,
shoals, sidewalls, rock outcrops and landslides associated
with the channel formation processes), and the fraction of
material in the channel is measured. Anthropogenic changes
of the channel are also taken into account. The fieldwork
was carried out by the author in the period 23.07.2020-
28.07.2020.

To divide the channel into relatively homogeneous
sections, cartographic materials (map at a scale of 1:100000,
sheet M-35-133) and satellite images (Landsat, Sentinel)
were used. To analyze the trends of changes in the riverbed,
a comparative characterization of historical maps was carried
out (mapire.eu.). A digital terrain model (Alos DEM) was
used to calculate some parameters.

The following parameters were used to analyze the
factors’ complexity and their changes in the channel (Fig.2.):

Elevation difference per kilometer of the channel run.
This parameter was calculated on the basis of the height
above sea level of the segment boundaries and the length
of these segments. This information was obtained from the
digital elevation model (Alos DEM).

Channel depth / channel width. This parameter is
calculated based on the water depth measurements near
the shore and the channel width. Both parameters were
measured during the field surveys and the channel width was
additionally verified using satellite imagery (Google Earth).

Bank height / channel width. The parameter is set on the
basis of measurements during field surveys. The channel
width was additionally checked on the basis of satellite
images (in Google Earth).

Amount of rapids. The parameter was established during
field surveys.

Amount of rock outcrops. The parameter was calculated
during field surveys.

Amount of point bars and island. The parameter was
calculated during field research. This parameter was not
verified on the basis of satellite imagery, because it was
changed during the flood in June 2020.

The area of point bars and islands per kilometer of the
channel run. During the field surveys, the maximum length
and maximum width of all the point bars and islands were
measured. It turned out, however, that the area calculated
on the basis of the author’s own data and the true area are
slightly different. For this reason, the decision was made
to calculate the index of the difference between the area of
the forms along the maximum axes and the true area. To do
this, 21 sidewalls (from different parts of the channel) were
selected in ArcGis Pro (based on Landsat satellite images),
and for each shape the area based on the maximum axes and
the true area were calculated. The index was calculated for
each shape (dividing the true area by the area based on the
maximum axes), and then its average value was determined.
For the Chorna Tisza riverbed this index was 0.71. Further,
according to the data collected during the field studies, the
arithmetic mean of the area of the sides and islands (along
the maximum axes) was calculated, and then these data was
multiplied by the index 0.71.

‘Wildness’ of the channel. The number of islands per
length of the segment.

Lithological and tectonic boundaries. The data was
obtained from a geological map at the scale of 1:200 000
(geoinfkiev.ua).

Average maximum fraction of material from the channel.
The data was obtained during field research. For this
parameter, the 10 largest boulders (which were transported
by the water flow) were measured, and the arithmetic mean
was calculated from these measurements.

Length of bank reinforcement. To calculate this parameter,
the length of the development on each side of the banks was
outlined. Wood stabilization, concrete walls and gabions
were taken into account.

Anthropogenic thresholds. Amount was calculated during
field surveys.

Graphs were created for all parameters based on the
analysis of the segment boundaries. The boundary was
determined when the tendency of the parameters’ changes
(increase or decrease). The places where a significant number
of parameter boundaries coincided were identified as higher
rank boundaries - types of the channel, and lower rank
boundaries - subtypes of the channel.
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Fig. 2. Graphs illustrating parameter change
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4. Discussion

The method of segment boundaries was tested in
different regions of the world but it was most often used for
mapping rivers in the Western Carpathians. The following
studies exemplify the method: the mapping of the Raba
River (Poland) (Gorczyca 2016, 2020), the Konin Stream
(Poland) (Krzemien 1976) and the mapping of the Feshie
River (Scotland) (Chetmicki and Krzemien 1999). Among
the works related to the Eastern Carpathians, the article by
Wierzbicki (2010), in which a comparative characterization
of the structure of the Hulski stream and the Kuzmieniec
Wielki stream was carried out, is of particular importance.

Photo 1. The channel in the 0 section

Fig. 3. The longitudinal profile of the Chorna Tisza with typological boundaries

5. The results of the study

Since the mapping of the Chorna Tisza was carried out
not from the source, but from its confluence with Apshynets,
the so-called section 0 was introduced (Photo 1). This section
was designated as exclusively erosive, with the dominance of
bed erosion (Ew) (Fig.3.). This modification made it possible
to interpret the material delivery to section 1.

DE - channel of deposition and erosion. It was highlighted
in segments 1-6. This type is characterized by variable
erosion and accumulation. This segment was modified by
human activity only to a low extent: the bank was stabilized
using wood in the vicinity of bridges and at meanders. A
total of 11 wooden rapids were mapped in these segments.
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However, the most intensive deforestation is observed in the
vicinity of DE segment. To better characterize the channel
along its entire length, the DE type was divided into two
more subtypes. Thus, segments 1-3 were combined into
the subtype DEew (dominated by deep erosion). The first
segment is characterized by increased accumulation due
to the presence of a splash dam in this place in the past.
Segments 2-3 are characterized by a tendency to deep

Photo 2. The channel on the section 2

Photo 3. Channel at segment 4

Type Ed was identified as erosive with local deposition.
It was identified in sections 7-13. This type is relatively
homogeneous and therefore no sub-types were highlighted.
In this type, a series of rapids up to 4 m high were mapped.
They are mutually interspersed with segments of sidewalls
and islands. Segment 10 is indicative (Photo 4), as high
values of Depth/width parameter (indication of bed erosion)
are compared with high values of Area of sides and islands
parameter.

erosion, which was additionally intensified by the activity
of splash dam (Photo 2.).

The DEd subtype was identified as accumulative on
reaches 4-6 (Photo 3). The reason for such a characteristic
is the presence of a large number of deposition forms such
as point bars and islands of significant size. Locally, signs
of erosion (sills and outcrops) can be found in this subtype,
but accumulative forms prevail.

Type Eb (lateral erosion) was identified in segments
14-15. High banks with the left bank exceeding the right
bank are noted on these segments. In this type, bed erosion
is noted, but lateral erosion is more pronounced in channel
forms (a large number of outcrops (Photo 5). Segment 15 is
also characterized by high channel sinuosity and the presence
of large islands, which is why the subtype Ebd (lateral
erosion with deposition) was also identified in this segment.
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Photo 4. The channel on the section 10

Photo 5. Outcrop in section 15

Type T (transport) was allocated for segments 16-19.
The reason behind this decision was the insufficient number
of channel forms which did not allow to determine the main
channel-forming processes (Photo 6). Human activity is an
additional distorting factor. The extraction of gravel from
the channel, stabilization structures, etc. cause destruction
of channel forms. These segments were also divided into
subtypes: Tew(a) - transport with a tendency to bed erosion
and anthropopression, and 7d transport with a tendency to
deposition. The boundary between these subtypes is quite
clearly visible on the longitudinal profile of the Chorna Tisza.
At the confluence of the Lazeshchyna and the Chorna Tisza
there is a profile flattening, which is most likely caused by
sediment transport by the Lazeshchyna River. However,
there are no channel forms that could more likely confirm
this thesis in this section. The data on outcrops are also
anthropogenically altered due to the banks’ stabilization with
concrete walls. The only parameter that may not have been
changed to such a great extent is the elevation difference per
kilometer of the river, and this parameter, in fact, decreases
in section 18 relative to the neighboring sections. In section
19 there is already a tendency to deposition, which translates
to the increase of all deposition parameters in the graphs.

Type Ew(a) — deep erosion with the influence of
anthropopression, was highlighted in segments 20-26.
3 subtypes were identified in this type. In segments 20-21, the
subtype Ewt was identified — deep erosion with a tendency to
transport. The reason for the highlighting of this subtype is
the structure of new bank stabilization, which does not allow
to identify channel-forming processes. The Ewew subtype
(strong dominance of bed erosion) was identified in segments
22-23. In these segments, traces of intensive erosion can be
identified on the old bank stabilization (Photo 7). Moreover,
the channel is anthropogenically narrowed in these segments,
which increases the intensity of erosion processes. Segments
24-26 were identified as subtype Ewt - bed erosion with a
tendency to transport. In these segments, the parameter of
elevation difference per kilometer of river run increases in
comparison with the neighboring segments, and the values
for the area and number of point bars are increased as well,
but the reason for this is the artificial point bars created
during the construction of stabilization.

Photo 6. The channel on the section 17

Photo 7. The channel on the section 22
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Type Ebd(a) — anthropogenic with lateral erosion and
local deposition, was identified at segments 27-29 (Photo 8).
This type is relatively homogeneous, so it was not divided
into subtypes. Destruction of bank stabilization due to the
intensification of lateral erosion was identified in all segments
of this type, and outcrops of left bank terraces were localized
in some places. In this type, the parameters of the number of
laterals and the ‘wildness’ of the channel stand out against
the background of the neighboring segments.

Photo 8. The channel on the section 27

Type Ew(a) — anthropogenic with the dominance of bed
erosion, highlighted for segments 30-34. Segments 30-32 are
combined into subtype Ewl - a lower degree of bed erosion
intensity (Photo 9), and segments 33-34 - into subtype Ew2
- a higher degree of bed erosion intensity. This division
was used to bring attention to the intensification of erosion
and cutting of the channel into the local erosion base. As
a confirmation of this thesis, it is possible to present an
increase in the number of rapids in the last segments.

Photo 9. The channel on the section 32

6. Influence of various factors on channel formation

Long-term channel forming trends can often be altered
by catastrophic floods. Since the mapping took place between
23-28 July 2020, I was able to determine the impact of the June
2020 flood on channel changes. In general, several patterns
can be identified: during floods, point bars and islands are
extremely prone to pattern change due to erosion. The islands
with dense vegetation cover are quite stable, so they are prone
to surface reduction only in the coastal zones, where the
vegetation is mostly herbaceous (Picture 3). Smaller point
bars may be completely eroded and will be restored only in
the event of a strong local tendency to deposition (e.g. at the
confluences of rivers with a large longitudinal decline). On
anthropogenically modified stretches, where the number of
point bars is too small to expend all the energy of the water
jet, erosion intensifies. This is best seen in the sections of type
Ew(a), where during the flood the stabilization on a large
section of the road was destroyed (Picture 7). Information on
the intensity of deep erosion during floods for stream gauges
was found in the works of O.Obodovskij (2006, 2018). Thus,
for the gauge in Yasinya, a deepening of 84 cm was measured
for 1968-2012, the gauge in Rakhiv shows a maximum
deepening of 114 cm. However, according to the Bilyn gauge,
the accumulation is within 14 cm, which can be explained
by the local nature of the segment. During the author’s own
fieldwork, the intensity of deep erosion was determined on
the basis of traces of deepening on infrastructure (bridge
pillars, concrete stabilization of the railway). In the point of
the channel which was anthropogenically narrowed to the
greatest extent (section 23) it was noted that since 1894 (the
year of the railway construction) the channel could have
deepened even up to 1 m.

Intensive deforestation in the catchment area causes an
increase in the delivery of material to the channel through
surface washout and landslides. From our own calculations,
it was determined that only in the period 2015-2019 forest
cover of the catchment decreased by 18 km2. Such rates
of deforestation cause an increase in the mass of material
transported to the channel and tendency of temporary
deposition of material in Chorna Tisza riverbed and later
transport to Tisza bed during flood events.

7. Conclusions

To sum up, the channel of the Chorna Tisza from the
confluence with the Apshynets to the confluence with the
Bila Tisza has a general tendency to bed erosion (6 out of
8 highlighted typological segments), with local changes in
other dominant processes. Thus, on the segments located in
the Yasynia Basin, another process is deposition (typological
segments DE and Ed). In some segments there is a strong
influence of human activity (extraction of material from the
point bars, stabilization of the banks, construction of artificial
rapids). Due to the elimination of natural channel forms, it
is impossible to determine the dominant natural process
here (transport and anthropogenically altered typological
segments). The research conducted in this article has both
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scientific and practical importance, as it can serve as the
basis for planning flood control measures and changes in the
local development plan. Such studies are also important for
educational activities in the areas to which these works refer.
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