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Abstract: Variability of morphological condi-
tions of the Vistula river channel in the section
Czerwinsk-Kepa Polska. The paper presents an
assessment of morphological changes that oc-
curred in the Vistula river channel in selected sec-
tion of about 33 km long, located in the middle of
the Vistula river course between Czerwinsk and
Kgpa Polska (km 576-609). Based on the analysis
of archival material from 19722009, a character-
istics of river channel changes, taking primarily
into account the horizontal layout (shape in the
plan), was obtained. An attempt was made to es-
timate the trends and rate of transformation of the
following parameters in the river channel: width,
length, and position of the riverbanks, abundance
and size of islands and fluvial deposits, as well as
their percentage in the total area of the main river
channel and the floodplain area between levees.

Key words: river channel morphology, braided
river, Vistula river

INTRODUCTION

Between Czerwinsk and Kepa Polska,
the Vistula river flows through the val-
ley typical for most large lowland rivers.
This section is located in the western part
of the Warsaw Basin, on the border with
Ptock Basin (Fig. 1). This mesoregion
belongs to the Central-Mazovia Low-
land macroregion. The Plock Basin is
considered the beginning of the Torun-
-Eberswalde ice-marginal valley as a part

of the Southern-Baltic Lake district sub-
province (Kondracki 1994).

The Vistula river channel section
from km 578 to km 607 runs more or
less in the center of ice-marginal valley,
the width of which varies from a few
hundred meters to 6 km (around Kepa
Semptlawska), usually about 4 km. Two
floodplain terraces (lower and upper), as
well as alluvial terrace were formed in
the valley. Lower flood terrace is raised
from 0.5 to 2.5 m above the mean water
level in the Vistula river and is present
across the entire valley up to the width
of 500 m. The upper flood terrace oc-
curs in fragments — in the area between
Wyszogrod and Kepa Polska (left bank
of the river), as well as at the mouth of
the Bzura river. This terrace rises from
1.5 to 5 m above the lower flood terrace,
wherein it is characterized by varying
width from about 300 m to 4 km. The
alluvial terrace is present on both banks
of the floodplain and extends to the edge
of the plateau (Ruszczynska-Szenajch
1970, Popek et al. 2009).

The levees are landscape elements
of the floodplain. They appeared in the
second half of 19" century along with
Vistula river regulation. Groins and
longitudinal regulation structures in the
form of fascine-stone bands are another
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FIGURE 1. Localization of examined section of the Vistula river (km 576—-609)

regulatory elements in the Vistula river
valley. All the side arms of the river
were dammed with transverse struc-
tures and embankments controlling the
out-of-riverbed water flow towards the
mainstream axis, were piled. Accord-
ing to the development plan, fragment
of the Vistula river near Wyszogrdd is of
300 m regulatory width at the average
water level conditions.

On the river reach between Czerwinsk
and Wyszogrdd, in the northern part, the
Vistula riverbed is limited with Ptonska
Plateau slope, which is its right riverbank
rising up to a height of 35 m. It is sub-
ject to slow erosion, which is clearly vis-
ible in Wyszogrod between km 586 and
km 588 (Bajkiewicz-Grabowska and
Danielak 1996, Banach 1998).

MATERIALS AND METHODS

Following morphological parameters of
the river channel were analyzed in the
study: width, length, and localization of
the riverbanks, abundance and area of
islands, as well as their percentage in the
total river channel area. Measurements
were made within the main riverbed
zone, i.e. the space of the river chan-
nel defined by average water levels. We
analyzed archival cartographic materi-
als from 1972-1992 (three topographic
maps), as well as a digital situation-el-
evation map from 2003 and orthopho-
tomap from 2009.

Maps calibration and their vectori-
zation along with measurements of se-
lected characteristics of the river chan-
nel were performed by means of ArcGIS
software. The river channel width meas-
urements were made along the trans-
verse profiles plotted every 1 km of the
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river course. A total of 34 profiles were
determined in the examined section of
the Vistula river. These data allowed to
calculate the average width of the river
channel in a given year.

Geometric centers of islands (gravity
centers) have been generated automati-
cally in ArcGIS software by the function
of converting polygons to point objects.

RESULTS AND DISCUSSION

The average width of the Vistula river
channel within the studied section was
the biggestin 1972—1974 and was around
1,130 m. In the following years, the av-
erage width decreased to about 1,116 m
in 1992, then increased by 2 m in 2003,
to be reduced again to 1,094 m in 2009.
The decreasing width of the river chan-
nel was affected by the accumulation
of material near the riverbanks, which
caused that part of point bars and islands
merged with the banks thereby creating
a cutoff side river channel. Increase in
the river channel width could be caused
by floods in 1997-2001 (Table 1).

TABLE 1. The mean annual water stages at
Wyszogréd gauge station during realisation of
cartographic materials and the river channel av-
erage width’s changes on the Vistula river reach
Czerwinsk-Kepa Polska (km 576-609)

Average river channel
width in 34 transverse
Year Water stage profiles (m) .
(cm) . changes in
in the .
iven vear following
& y period
1974 240 1129 —
1982 245 1119 -10
1992 245 1116 -3
2003 247 1118 2
2009 250 1094 —24

The effect of accumulation process
on changes in the river channel width is
visible especially along the river course.
Maximum width, about 1,667 m, was
recorded at km 602 in 1974. The river
channel was characterized by the great-
est width and relatively small variation
of the width within entire analysis peri-
od — from 1,618 min 1982 to 1,639 m in
2009. The smallest river channel width
of about 621 m, was recorded in Kgpa
Polska (km 607) in 2003-2009. Width
at that point clearly decreased as com-
pared to previous years, when it was in
the range of 801-839 m.

Width of the river channel was
found to change on the entire stretch of
Vistula river in the analyzed period of
35 years. Taking into account the in-
crease and decrease of the river channel
width in subsequent years, it was found
that it has been narrowed by an average
of 24 m throughout the studied period.

Since the beginning of 1970s, regu-
latory works have begun consisting in
narrowing the river channel by means of
constructing the groins and seawalls, both
on the left and right banks. The most vis-
ible effect of these treatments can be seen
in the area of Kepa Wyszogrodzka, Kepa
Kaminskich, and Kgpa Semptawska.
These works resulted in, among oth-
ers, deepening the main river channel
near Kepa Wyszogrodzka and separat-
ing the river channel into two strands at
km 590-594 (Kepa Semptawska); the
left bank branch is the main one and is
deeper. After completing the regulatory
works, the embankment erosion process
and the local increase in the river chan-
nel width was observed between groins.
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After some time, erosion between groins
began to fade in favor of accumulation,
which resulted in an accelerated process
of the river channel width decrease and
deepening the stream (Banach 1998).
Accumulation of river material, result-
ing in narrowing the river channel, is
also visible in the right bank of the river
(km 603—605). Based on the analysis of
the river channel width in this region, the
disappearance of islands located above
Kepa Stobieckiego, was observed. This
is due to the decrease in the river chan-
nel width on this stretch by about 350 m
during 40 years of observation.

Length of the riverbanks of the ana-
lyzed section of the Vistula river in the
early 1970s, averaged for the right bank
of about 37 km and about 40 km for the
left bank. In subsequent years, changes
of this parameter were caused by both
natural factors and those associated with
human activity. During the analyzed pe-
riod, a decrease in the left bank length
and increase in the right bank length in
relation to values at the beginning of
1970s, was recorded (Table 2).

In 1972-1974, the outline of the river-
banks of the test section was very varied,
there were numerous bays and embank-
ment fluvial deposits. This is reflected in
the length of the riverbanks, which for

the left bank was then the longest and
amounted to about 40 km, while at the
same time, the right bank was shorter
by almost 3 km. In 1982, both banks of
the river were shortened. Changing the
length of the right bank (by approxi-
mately 1.3 km) was caused by the disap-
pearance of two river branches located
near Zakrzewo Koscielne and above
Kepa Polska at km 606 of the river
course. Reduction of the left bank length
from 40.0 to about 35.5 km was induced
by backfilling of some river branches by
debris as well as cutting off part of the
point bars from the banks.

In the following period (1982—-1992),
there was a gradual increase in the length
of both banks, that in 1992 had a length
of: right bank — about 36.8 km, left bank
— 38.1 km. In subsequent years, length
of the right bank rose again to about
38.2 km in 2003, whereas length of the
left riverbank decreased compared to the
length in 1992 and finally amounted to
about 37.4 km. The reason for this was
to disconnect the left riverbank point
bar located between km 583 and km
584 of the river course. In the period
2003-2009, reduction in the length of
both banks by 0.8-0.9 km, was record-
ed (Table 2, Fig. 2).

TABLE 2. Length of the riverbanks on the Vistula river reach Czerwinsk-Ke¢pa Polska (km 576—609)

Length of the riverbanks Changes of riverbanks length’s in
Year (km) the following period (km)
left bank right bank left bank right bank
1974 40.0 37.1 - -
1982 35.5 35.8 —4.5 -1.3
1992 38.1 36.8 2.6 1.0
2003 37.4 38.2 —0.7 1.4
2009 36.6 37.3 0.8 -0.9
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FIGURE 2. Changes of shape end gravity center of islands on the Vistula river reach km 596602

No significant changes in the posi-
tion of the main river channel, but only
its banks alterations were found in ana-
lyzed section. Accumulated material
buried narrow river branches causing
the merging of numerous coastal islands
with a bank. These phenomena usually
occurred during the floods. It can be as-
sumed that these changes resulted from
extremely low water levels observed in
1982-1991. Later, there was an increase
in flows (including flood in 1997), which
resulted in greater erosion changes in
analyzed section of Vistula river.

Interesting observations relate to
changes in the position of islands within
Vistula river channel. Two island types
can be distinguished: so-called islands
— permanent islands with high vegeta-
tion as well as sandy fluvial deposits.
These structures differ significantly in

their change of shapes and rate of move-
ment in the river channel. Works carried
out by other authors (Babinski 1992,
Ashworth and Lewin 2012) indicate that
sandy point bars move at a rate depend-
ent on hydrological conditions. In the
case of increasing flow by approximately
30% (about 1 m upstream from the mean
water level), more than twofold increase
in the movement rate of the point bars
head from about 0.7-1.0 m per day to
more than 2.0 m per day, occurs. Point
bars are more stable structures. Major-
ity of islands analyzed in details have
been present at least for 200 years. This
can be seen when comparing the old car-
tographic materials such as map from
1888 (Fig. 3).

In 1974, the analyzed section of Vis-
tula river was characterized by the pres-
ence of a large number of islands and
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FIGURE 3. Part of “The new topographic map of west Russia in scale 1:84 000” from 1880 — sheet XXII-7

fixed fluvial deposits (106), the total area
of which was 14 km?, which accounted
for approximately 39.2% of the main
river channel area. In 1982 and 1992,
there was a smaller number of forms in
Vistula river channel and their area, as
compared to 1974, decreased to an aver-
age about 11.9 km? in 1992. Percentage
of the point bars area in both these years
was more or less similar and averaged
about 35% of the total river channel
area. In period 2003-2009, an increase
in the number of islands (up to 147) and
their area to 12.1 km? was observed.
The space occupied by persistent islands
accounted for 36% of the Vistula river
channel in 2009 (Table 3).

During the study period, consider-
able changes in the area were also ob-
served in the case of the largest islands
located in the analyzed section of Vistula
river. Following islands were subject to
analysis: Wyszogrodzka (km 583-587),
Semptawska and Bieniaw Stary (km
590-593), as well as groups of islands:
Rakowska, Grzegorkow, Kaminskich,
Ladowska (km 594-597), as well as
Antoninska, Suchodolska, and Sto-
bieckiego located at km 599-603 of the
river course (Table 4).

On the map from 1974, Kepa Wy-
szogrodzka had an area of 2.09 km?. In
1982-2003, area of the island steadily
declined up to 1.62 km?. The largest de-
crease in the area was observed in 1982
and 2003, which amounted to 11.4 and
9.8% in relation to the area occupied in
previous years. Its front part and bank at
the side of the mainstream between km
583-584, as well as fragment nearby the
bridge pylons in Wyszogrdd, was subject
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TABLE 3. Number of islands, their area and percentage portion in total river channel area on the Vistula

River reach Czerwinsk-Kegpa Polska (km 576-609)

Year Nljlmber of Islands area Total rlzf:achannel Portion of islands in
islands (km?) (k) river channel area (%)

1974 106 14.01 35.75 39.2

1982 84 12.11 34.68 34.9

1992 86 11.86 34.31 34.6

2003 124 9.87 34.48 28.6

2009 147 12.11 33.86 35.8

to erosion. Cutting the narrow piece of
islands located on the south-western tip
was the greatest impact on reduction of
the island area, which gave rise to sepa-
rate island. In 2009, it was found an in-
crease of Kgpa Wyszogrodzka by more
than 28% to 2.08 km? (i.e. close to the
area in 1974) due to the re-connection
of previously cut island fragment on the
south-western tip. Also geometric center
of the island was shifted in this direction
by about 150 m (Table 4).

The second largest island is Kepa
Semptawska/Bieniaw Stary. In the past,
these were two separate islands, that in
the 1970s were merged. In the period
1974-1992, the island area increased
from 1.77 km? in 1974 to 1.86 km? in
1992. It was due to burying the bays lo-
cated in the southern part of the island
and accumulation of the river channel
material in the western and eastern parts
of the island. In 19922003, its areca was
reduced by 7.7%, reaching the size of
1.73 km?. According to Banach (1998),
the reason for these changes was the
erosion from the left bank, as well as
formation of the bay in the western part
of island. In 2009, it was found the re-
-growth of the area to 1.83 km? and dis-
appearance of previously formed bays.

Geometrical center of the island during
35 years moved about 70 m to the south,
i.e. the left bank of the Vistula river.

In the central fragment of the test riv-
er section, there are two island groups.
The first contains the largest island Kepa
Rakowska (0.51 km?), while the second
— Kepa Antoninska (0.74 km?). The area
of both islands were reduced in period
from 1974 to 1992. The largest decrease
in the island area was recorded in 1992
and amounted to 11.9 and 12.6%, respec-
tively as compared to the previous state.
In 2003, there was a growth of Kepa Ra-
kowska area by 7.7% (to 0.46 km?) due
to merging with two smaller islands situ-
ated in the south-western end. In 2009,
the island has an area of 0.44 km?. Its
geometric center changed position by
92 m in the south-west direction, ob-
liquely to the Vistula river stream flow
and the left bank of the river.

In the case of K¢pa Antoninska, a sys-
tematic reduction of its area in analyzed
periods was observed, up to the value
of 0.74 km? in 1974 and to 0.56 km? in
2009 (Table 4, Fig. 2). The center of the
island was slightly shifted by 34 m in the
direction of the main stream of the river.
Two smaller islands located at the height
of Kepa Antoninska head in the left part
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of Vistula river channel, significantly in-
creased their surface in 1974-2009, and
their geometric centers were shifted re-
spectively by 135 and 200 m upstream
(Fig. 2). The reason for these changes
was the accumulation of debris on the
left side of Vistula river channel due to
destruction of groin constructed on the
right riverbank in 1960s and two dams
located between Kepa Antoninska and
the right bank of the river. As a result of
the destruction of the regulatory build-
ing, there was some shift of the Vistula
river mainstream from the central part of
the river channel to that located at the
right bank.

Analysis of changes in the area of
other islands showed an alternating ten-
dency to their decrease and increase (Ta-
ble 4). The largest decrease in area (by
20.7%) was recorded in 1992-3003 for
Kepa Ladowska. In contrast, the smallest
loss of area concerned Kepa Kaminskich
and Kg¢pa Suchodolska in 1974-1982.
Kepa Stobieckiego did not change its
area during 2003-2009. The greatest sta-
bility characterized islands: Kaminskich,
Suchodolska, and Stobieckiego — within
35 years, their area decreased only by
about 3—4% (Table 4).

Within studied area, a trend to a de-
crease in the number and area of sandy
fluvial deposits, as well as percentage of
occupied area in the river channel, was
observed. Detailed information in this
regard, however, relate to the morpho-
logical changes that occurred at a much
shorter distance at km 596-602 of the
Vistula river, i.e. near Kgpa Rakowska
and Ke¢pa Antoninska (Popek and Wa-
silewicz 2013). Based on the analysis

of the river channel in 2000 and 2009, it
was found that the proportion of sandy
fluvial deposits within this stretch de-
creased by 2%, while the share of all per-
manent vegetated islands (i.e. including
the above-mentioned islands) increased
by 0.4%. The reason for the increase in
the area of islands is the intensive devel-
opment of high vegetation (mainly wil-
low), that stabilizes the fluvial deposits
and accelerates the accumulation of bed
load. High vegetation on the islands ad-
ditionally makes greater resistance to
flow, which increases the speed and con-
centration of flood water flow in streams
of the river channel. This situation, in
turn, is not conducive to the accumula-
tion of river channel material in the form
of sandy point bars. This should explain
the decrease in area of fresh sandy fluvi-
al deposits, which in 2000 occupied the
area of 154 ha in Vistula river channel
(17.7%), while in 2009—134 ha (15.7%).
Similar processes in the Vistula river near
Warsaw (km 495-498) was observed by
Falkowski and Ostrowski (2012) but the
main reason of sandy fluvial deposits
decreasing was specific geological con-
ditions and former river training works,
which led to artificial narrowing of river
channel.

CONCLUSIONS

Analysis of archival cartographic and
remote sensing materials showed that
average width of the Vistula river chan-
nel within tested section was reduced by
24 m in 1974-2009. Regulatory works
carried out in the Vistula since early
1970s, as well as low water levels ob-
served especially in 1982—-1992, can be
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indicated as the reason for these chang-
es. The largest decrease in the river
channel width, averaging to 200 m, was
observed in the initial and final parts of
the test section, i.e. in the area of km
578-579, km 603, and km 607. On the
other hand, the largest increase in river
channel width of about 100 m occurred
at km 608 in Kepa Polska.

Based on the study, it was found that
during 35 years, the length of both river-
banks was changed. These changes were
caused by both natural and anthropo-
genic factors. During analyzed period,
a decrease in the length of left bank of
about 3 km was observed, while the
right edge length increased slightly by
0.2 km. Analysis of the banks position
showed that the primary factor of chang-
es in main river channel was the accu-
mulation of material at the edges, which
is largely the result of regulatory build-
ings. Erosion of the Vistula riverbanks
occurred to a clearly lesser extent.

In 1974, 106 islands were present
within test section of the river, and
they occupied a total of approximately
14.0 km? (39% of the river channel area).
In subsequent years, there has been both
decline in their number and the space
occupied in the river channel. In 2009,
an increase to 147 islands was record-
ed, but they were mostly structures of
a very small area, so that the total area
decreased to 12.1 km?, and the percent-
age to 36% of the river channel area.

Analysis of changes in area of nine
largest permanent islands showed that
the predominant trend is the decrease of
their area as a result of erosion process-
es — such changes referred to seven is-

lands. Although the total area of islands
decreased slightly from 6.6 to 6.4 km?,
in the case of individual islands the area
changes were much larger. During the
35-year period, the greatest area loss by
24-25% occurred on Kepa Antoninska
and Ke¢pa Ladowska. In contrast, the
largest increase was recorded in the case
of Kgpa Grzegorkdw — its area increased
by about 32%.

Based on the analysis of the gravity
center of selected islands, it was found
that their position in Vistula river chan-
nel changes. Shifting of the gravity
center during 35 years ranged from 19
to 170 m, and the direction was different
— both in line with the flow and directed
opposite (upstream), as well as directed
towards the bank of the main Vistula
river channel.
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morfologicznych, jakie wystapity w korycie rze-
ki Wisty na wybranym odcinku o dtugosci okoto
33 km, potozonym w srodkowym biegu Wisty mig-
dzy Czerwinskiem a Kgpa Polska (km 576-609).
Na podstawie analizy materialow archiwalnych
z lat 1972-2009 uzyskano charakterystyke zmian
koryta, biorac pod uwagg przede wszystkim uktad
poziomy (uksztattowanie w planie). Podjgto pro-
be oszacowania tendencji i predkosci przeksztat-
cen w korycie nastgpujacych parametréw: szero-
kos$¢ koryta, dtugos¢ i potozenie linii brzegowe;,
liczebno$¢ i powierzchnia k¢p i odsypisk, a takze
ich procentowy udziat w catkowitej powierzchni
koryta gtdéwnego i obszaru migdzywala.

Stowa kluczowe: morfologia koryta rzecznego,
rzeka roztokowa, rzeka Wisla
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