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Abstract

Point-bars are the most typical forms of floodplains; therefore, any change in the fluvial environment is
reflected in their formation. We aimed to analyse the morphological characteristics and influencing fac-
tors of their formation along the Lower Tisza River (Hungary). Before the 1930-60s the morphological
characteristics of point-bars were affected primarily by natural factors. However, after revetment con-
structions, the lateral migration of meanders ceased and channel became significantly narrower, there-
fore point-bar widths have decreased from 68 m to 19 m. Besides, vertical accumulation became domi-
nant, thus, the youngest active point-bars are narrow and high.
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Introduction

Point-bars are the most characteristic deposition-
al features of meandering rivers. These quasi-regular
ridges parallel to the river bank are formed along the
convex banks as a result of secondary flows in a me-
ander (Hooke, 1975): the decreased flow velocity along
the convex bank results in sediment deposition (Di-
etrich & Smith, 1983). As a result of lateral meander
migration, new point-bars are developed, forming
point-bar complexes (Nanson & Hickin, 1983).

The mechanism of point-bar formation has been the
subject of numerous researches (Hickin, 1969; Hick-
in & Nanson, 1975; Jackson, 1976; Hooke & Harvey;,
1983; Hooke 2007, Hagstrom et al., 2018, Hagstrom et
al., 2019, Moody, 2019, Wang et al., 2019); however, the
fact that how various human impacts affect their for-
mation is a rarely posed issue. The factors influencing
the morphological characteristics (e.g. height, width,
and spacing) of point-bars have been the subject of
some research, but the combined effects of these fac-
tors are rarely studied (Strick et al., 2018). However, re-
search on the influencing factors is essential, as the
formation and characteristics of point-bars are affect-

ed by several factors that are parts of the complex flu-
vial systems. The morphology of point-bars is influ-
enced by the radius of curvature of meanders, which
is closely related to meander migration rate (Hickin,
1974, Nanson & Hickin, 1983). Besides, the influence
of the type of meander migration (Strick et al. 2018),
the channel width (van de Lageweg et al., 2014), and
the resistance of channel material (Nanson & Hick-
in, 1983; Thorne, 1991; Motta et al., 2014) are also im-
portant. Human impacts also probably have signifi-
cant effect on point-bar formation, however it is rarely
studied. Exceptions are the studies of Biedenharn et al.
(2000) and Zinger et al. (2011), who evaluated the role
of cut-offs and revetment constructions on point-bar
formation, stating that these are the major influencing
factors in regulated rivers, and if the revetments were
built in different years, they influence point-bar devel-
opment differently.

River dynamics can be significantly altered by hu-
man impacts (Romanescu et al.,, 2011; Djekovic et
al., 2013; Tarolli et al., 2019), such as channelization
works and cut-offs (Kiss, 2014) alter the stream gradi-
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ent which leads to channel incision (Surian & Rinaldi,
2003), the construction of artificial levees accelerates
overbank sedimentation (Sindor & Kiss, 2006), the
construction of revetments and groynes cease lateral
erosion which causes channel narrowing (Kiss, 2014;
Bertalan et al., 2019), furthermore dam constructions
and sediment extraction from the channel modify
sediment supply (Surian & Rinaldi, 2003). The Low-
er Tisza River has been a subject to significant human
impacts (artificial levee constructions, cut-offs, and
revetment constructions) since the nineteenth cen-
tury. These impacts have led to a transformation in
channel pattern from meandering equilibrium to me-
andering-incising (Kiss et al., 2018, 2019a), and as a re-
sponse, the formation of point-bars has changed as
well. The number of active point-bars has decreased

Study area

by half (from 47 to 20), and their total length by 90%
(from 523 km to 4.7 km), besides, their surface is
eroded as a result of channel incision (Kiss et al., 2018,
2019a). The effects of natural influencing factors thus
can be overrun by human factors in many sections.
The fundamental aim of this study is to analyse the

natural and anthropogenic factors that affect the mor-
phological characteristics of the older inactive and the
youngest, active point-bars. Our aims are (1) to dis-
tinguish different meander-migration types along the
Lower Tisza River, (2) to analyse the spatial character-
istics of the height and width of point-bars, (3) to de-
termine the different types of point-bar development
based on their width and changes in height in the di-
rection of the channel, and finally, (4) to analyse the
primary factors that influence point-bar morphology.

The Tisza River is the second-longest river in Hunga-
ry (length: 962 km, catchment area: 157,000 km?). Our
measurements were carried out along the go-km-long
Lower Tisza River, between Csongrad and the Hun-
garian-Serbian border (Figure 1).

During the nineteenth century, the Tisza River
was heavily regulated. As the result of meander cut-
offs the length of the entire river decreased by 32% (by
467 km), and the width of the original 5-10 km wide
floodplain was narrowed down to 1-4 km by the ar-
tificial levees. Along the Lower Tisza River, 10 mean-
ders were cut off between 1855 and 1889 (Palfai, 2001),
which decreased the length of the reach by 19 km (Th-
rig, 1973). In the 1930s revetment construction start-
ed on the concave banks (but a few had been already
built at the end of the 1800s), which aimed to stop me-
ander migration (Kiss et al., 2008). Intensive lateral
channel migration caused significant problems, pri-
marily on the western part of the floodplain, as on
this side, the artificial levees were constructed closer
to the channel than on the eastern part of the flood-
plain (at some sections the distance between the arti-
ficial levee and the channel was merely 50 m), thus ar-
tificial levees were more endangered by lateral erosion.
Therefore, revetments were constructed primarily on
the western side of the river channel, and today 51% of
the Lower Tisza River is stabilised by revetments.

The Tisza River is usually characterised by two
floods every year, as a result of early-spring snow melt
and early-summer rainfalls (Lasz16fty, 1982; Kiss et al.,
2019¢). After the river regulation works flood stages
increased by 200-350 cm (Rakonczai & Kozak, 2009),
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in the last few decades, however, record-high floods
have become more frequent. The record flood stage
(982 cm) of 1970 was exceeded twice in the Lower
Tisza River in the twenty-first century, as at Mindsze-
nt the flood stage was 1000 cm in 2000, and 1062 cm in
2006. The duration of floods is 54 days/year on aver-
age (Kiss et al., 2019¢), but if the flood of the Tisza co-
incides with the flood of the Danube, several months
long floods could occur due to the impoundment ef-
fect of the Danube (e.g., in 2006). The mean discharge
of the Tisza River at Szeged is 810 m?/s, and here, the
greatest measured discharge was 4346 m*/s (Laszlofty,
1982). The average flow velocity is 0.10-0.15 m/s, while
during floods, it is 1 m/s (Kiss et al., 2019¢).

The average channel width is 160 m, and the av-
erage depth is 14 m, but during floods, the channel
can reach a depth of 19-22 m (Kiss et al., 2019a). The
stream gradient is small (1.5-2 cm/km), while down-
stream of the confluence of the Maros River it increas-
es to 5 cm/km (Laszl6fty, 1982). The Tisza River trans-
ports fine suspended sediment of 12.2 million m*/year
(Bogardi, 1971).In the studied river reach the Kords
River increases the sediment yield of the Tisza Riv-
er by a smaller extent (by 0.4 million m*/year), while
the Maros River transports a considerable amount of
coarse sediment (4.3 million m*/year) into the Tisza
River (Bogardi, 1971).

The development of point-bars was studied along
the whole Lower Tisza River. In this reach of the river,
there are 39 bends (Fig. 1), which have a wide variety of
morphological characteristics, and due to river regu-
lation works they develop for a different time.
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Point-bars were studied based on a high-resolution (+10
cm) DEM which was derived from a 2014 LiDAR sur-
vey (provided by the ATIVIZIG Lower Tisza District
Water Directorate). Though 39 bends are in the Low-
er Tisza River, point-bars could have been studied only
along 33 bends, since there are some bends where no
LiDAR survey is available (No. 31 and 32);0r point-bars
could not have been identified due to the excessive dis-
turbance of the surface (No. 36 and 37); and there are
two bends (No. 12 and 39) which started to develop af-
ter the river regulation works, and their development is
so slow that no point-bar could have formed yet.

The number of point-bars forming each point-bar
complex was determined based on cross-sections of
the floodplain (Figure 2). The cross-sections were
made perpendicular to the highest point of the young-
est point-bar (the youngest point-bar is the one that is
formed nearest the river channel). The height of each
point-bar relative to the flood protected areas was de-
termined, besides, their width and spacing were meas-
ured too. During the analyses ArcGIS 10.1 software
was used.

The influence of meander migration types, the radi-
us of curvature of bends, channel width, and the pres-
ence or lack of revetments on the height and width of
point-bars were studied. The meander migration types
(Figure 3) were determined following Daniel (1971),
which suited the most in the study area. The effect of
meander migration types was analysed on all point-
bars of each point-bar complexes, as each meander mi-
gration type have developed over a long period, and
their effect could be reflected on the older point-bars as
well. The youngest forms were omitted from the analy-
ses, because in their cases, the effect of human impacts
may be more significant. As the last point-bars were
formed after the construction of revetments (from the
1930s), these structures may have a greater influence on
point-bar formation than natural factors. Similarly, the
effect of channel width was also studied on the older
point-bars. In this case, we calculated the number of
point-bars formed in each period between two channel
surveys, and the height and width of these point-bars
were compared to the channel width measured at the
end of each period. For each period, the mean channel
width was determined as the ration of the area of chan-
nel surface and the length of its centreline. For exam-
ple, the width of point-bars formed between 1976 and
2014 was compared with the channel width of 2014, as
these forms had not been affected by the channel width
of 1976 because they formed only afterwards. For this
analysis the surveys made in 1783, 1861, 1890, 1929, 1976
and 2014 were applied.

Figure 1. Point-bars were studied in 39 bends in the
Lower Tisza River. The radius of curvature and age of the
meanders and bends are very diverse
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Figure 2. Point-bars were identified based on cross-
sections of the floodplain (a), and their morphological
characteristics were determined (b). w: point-bar width,
d: distance between two point-bars, h: point-bar height
based on the elevation difference between the active
floodplain and the flood protected areas

Figure 3. Meander migration types (after Daniel, 1971)

The effects of the radius of curvature of meanders
(Ro and revetments on point-bar characteristics were
studied on the youngest point-bars, as only the pre-
sent radius of curvature of the meanders can be deter-
mined. The radius of curvature was determined as the
radius of the largest circle which can be best fitted into
the bend (Kiss et al., 2009). The majority of the revet-

Results

ments were built in the second half of the 1900s; thus
revetments have an explicit impact only on the forma-
tion of the last point-bars in each point-bar complexes.

During the research, after the determination of the
bend-migration types, we analyse the point-bar com-
plexes, and then the morphology of individual point-
bars.

Meander migration types

In the Lower Tisza River, three meander migration
types were identified (Figure 4). Expanding meanders
are the most common, as among the 33 meanders 23
were classified as expanding. They are usually large
(R 750 m), and mostly they are located in those river
sections that were straightened during the river regu-
lation works (except No.19 and 20).

4 | Geographica Pannonica * Volume 24, Issue 1, 1-12 (March 2020)

Nine rotating meanders were identified, and each
has small radius (R.< 750 m). Rotating meanders are
mostly located in those sections that remained in-
tact during the channel regulation works, but cut-offs
were made upstream or downstream of these mean-
ders.

Only one freely translating meander was identified
(No. 22) along the entire studied Lower Tisza.
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Figure 4. Examples of meander migration types from the Lower Tisza River. a: expansion, b: rotation, c: translation

Height and width conditions
of point-bar complexes

Types of point-bar complexes based

on their height characteristics

Based on the height characteristics of point-bar se-
ries, four main development types were distinguished
(Figure 5). It is important to emphasise that the four
types were defined without the youngest point-bars,
as they are mostly affected by human impact.

In case of the descending point-bar complex, the
height of point-bars gradually decreases towards the
channel (Figure sa). This type was identified at 36%
of the studied meanders. The average height drop be-
tween point-bars is 0.9 m (0.2-1.4 m). The second point-
bar complex type is ascending, as the height of point-
bars gradually increases towards the channel (Figure
sb). This development type occurs in 39% of the mean-
ders. The average height increase between the point-
bars is 1.2 m (0.2-3.4 m). The height of point-bars does
not change significantly in 15% of the meanders: here
the height difference was under o.1-0.2 m, and the
height of bars showed no continuous decrease or in-
crease (Figure 5c). In the remaining 10% of the bends,
only one point-bar has formed; thus the direction of
development cannot be determined. This type is lo-
cated in artificially straightened river sections, where

the bend development could begin just after the river
regulation works; therefore the development of multi-
member point-bar complex had not been allowed due
to the short time and as the thalweg is located at the
centreline of the channel.

Majority (8) of the 12 descending point-bar com-
plexes are located in the western part of the floodplain,
therefore along meanders which migrate eastwards.
In contrast, two-third (8) of the 13 ascending point-bar
complexes is located in the eastern part of the flood-
plain, i.e., point-bar heights increase along meanders
migrating westwards.

Types of point-bar complexes based

on their width characteristics

Two main types of point-bar complexes can be dis-
tinguished based on their width conditions (Figure
5). In case of 21% of the meanders, point-bar com-
plexes consist of wide (>25 m) point-bars (Figure 5d),
while 39% of the point-bar complexes has narrow (< 25
m) members (Figure se). In the rest of the meanders
(40%), however, a mixture of wide and narrow point-
bars can be observed. In some cases, at the beginning
of the development of a point-bar complex the point-
bars were broad, then they became narrower by time,
or wide and narrow point-bars alternate in a point-
bar complex.
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Figure 5. Examples of different types of point-bar development in the Lower Tisza River. a: descending, b: ascending, c:
constant point-bar heights, d: wide point-bars, e: narrow point-bars within a complex

Height and width characteristics
of individual point-bars
Along the Lower Tisza River, the height and width of
point bars within a point-bar complex is not a function
of downward direction. In the northern and southern
parts of the study area where the river is less sinuous,
the average height (north: 1.5-2.1 m; south: 2.3-2.6 m)
and width of point-bars in a point-bar complex is sim-
ilar (12-20 m and 38-42 m, respectively). However, in
the middle section of the river point-bar heights (0.8-
4.1 m) and widths (8-58 m) vary in a large scale.
Within point-bar complexes a sudden rise in the
height of the last (youngest) point-bar was observed.
This is typical for 70% of the studied point-bar complex-
es, but in the case of descending point-bar complexes,
this increase (0.6 and 2.3 m) is more significant since
the increase of the last point-bar is more striking and
different from the normal development of the point-bar
complex. The increase of the last point bar in ascending
point-bar complexes is between 0.4 and 2.2 m.
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Factors influencing the height and width of
individual point-bars

The effect of meander migration type on the height
and width of older point-bars

As only one translating meander (No. 22) was identi-
fied on the Lower Tisza, the analysis was carried out
for the expanding and rotating meander migration
types (Figure 6). Along rotating meanders the mean
height of point-bars is 2.3 m (1.1-3.3 m), while along
expanding meanders their average height is only 2
m (0.5-3.5 m). This 0.3 m difference between the two
types is not too definite, in some cases there are very
high (=3 m) point-bars in expanding meanders as well
(e.g. meanders No. 19 and 20).

The relationship between point-bar width and me-
ander migration type suggests that the mean width of
point-bars in a point-bar complex is very similar in
both migration types. The mean width is 33 m (6-93
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Figure 6. The impact of different meander migration types on the height (a) and width (b) of point-bars

m) in expanding meanders, while it is slightly narrow-
er, only 27 m (4-114 m) in rotating bends.

The effect of radius of curvature on the height and
width of point-bars in rotating meanders
Relationship between the morphological character-
istics of the last point-bars and the radius of curva-
ture of meanders is found only in rotating meanders
(Figure 7a). Results suggest that the height of the last
point-bars changes logarithmically with the radius of
curvature (R>=0.74), i.e., in meanders with small ra-
dius higher point-bars are formed. Similar relation-
ship was observed between the Rc and the width of
the point-bars (R*=0.72), i.e., the last point-bar is wid-
er where R_ is greater (Figure 7b).

The effect of channel width

on the height and width of older point-bars

Since the end of the nineteenth century, the channel
width of the Lower Tisza River has been continuous-
ly narrowing which is also reflected by the width of
the point-bars (Figure 8). At the time of the 1783 sur-
vey the channel was broad (197 m on average), and the
mean width of the point-bars at that time was 68 m.
By 1861, the channel narrowed by 20 m (to 175), and
simultaneously, the point-bars became significant-
ly narrower (mean width: 34 m). Then, the channel
broadened, as in 1890 its mean width was 192 m. Thus,
the width of point-bars increased to 48 m on average.
In the twentieth century, the channel was narrowing
steadily. In 1929 its mean width was 178 m, in 1976 and

Figure 7. The impact of the radius of curvature of meanders on the height (a) and width
(b) of the youngest point-bars of point-bar complex

Figure 8. Mean width changes of point-bars as a function of channel width since the end of the eighteenth century
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2014 it was only 159 m; therefore, the point-bars be-
came narrower too (1929: 33 m; 1976: 25 m; 2014: 19 m).
Thus, during the last centuries the point-bars became
significantly narrower.

The effect of revetments on the height and width of
point-bars

According to the results, the revetments built on the
concave banks slightly influence the height and width
of point-bars forming on the opposite bank (Figure
9). In meanders where there are revetments, the mean
height of the active point-bars is 3.1 m, and their mean
width is 19 m. In contrast, in meanders where there
is no bank protection, the youngest point-bars are
slightly lower (2.5 m) and wider (22 m).

Figure 9. The impact of revetments on the height (a) and width (a) of the youngest point-bars

Discussion

Meander migration types in the Lower Tisza River
The type of meander migration has a significant im-
pact on the formation and morphological character-
istics of point-bars; thus identification of the differ-
ent types is essential (Hickin & Nanson, 1975; Nanson
& Hickin, 1983; Russell et al., 2018; Strick et al., 2018).
Along the Lower Tisza the abundance (70%) of ex-
panding meanders could be explained by human im-
pact: most of them began to develop on river sections
that were straightened during the river regulation
works in the second half of the nineteenth century.
These meanders are therefore at the beginning of their
development.

In some of the bends (e.g., No. 19 and 20) that had
already existed before the regulation works, the more
consistent bed material (Hernesz, 2015) is the cause
of the rotating movement of the meanders. In the
Lower Tisza River, however, the consistency of bed
material varies, thus expanding meanders are like-
ly to become rotating as they develop (Daniel, 1971).
Cut-offs upstream of the rotating meanders can con-
tribute to the development of rotation. Since rotating
bends originally had a great radius of curvature, the
accelerated water flow in the upstream straightened
sections struck against the outer bank in the low-
er third of the meander; thus the outer bank erod-
ed more rapidly.

The formation of the only one translating meander
(No. 22) is due to local causes, as in this section, the
channel is enclosed in the homogenous bed material
of a paleo-channel (Hernesz, 2015).
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Development and spatial characteristics of
different types of point-bar complexes

In general, the height changes of point-bars towards
the channel (descending or ascending) are related to
changes in the channel, the rate of bend migration,
and/or bedload and suspended sediment yield. Based
on our results, we assume that the decrease in the
height of point-bars in a given point-bar complex may
indicate (1) channel incision, as the point-bars have to
decrease if the conditions and the time available for
development do not change; (2) accelerating mean-
der migration, as in this case there is less time availa-
ble for the formation of the point-bars, thus each form
became lower and lower; and (3), it may indicate a
decrease in sediment yield, as it would take a longer
time for the point-bars to form, while no more time
is available with the same rate of erosion on the con-
cave bank.

In contrast, we assume that the increase in the
height of point-bars may indicate (1) decrease in the
rate of meander migration, as more time is available
for the formation of the point-bars; thus they became
increasingly higher. Slower migration of the river bank
may be due to the achievement of more consistent bed
materials (silt and clay), and as a result, the channel is
more resistant to lateral erosion and incision (Thorne,
1991). Besides, our study proved that revetments built
on the outer bank of meanders cause the deceleration
and/or cease of meander migration. Higher point-
bars could also indicate (2) an increase in bedload and
suspended sediment yield, as, if the time available for



point-bar formation is constant, more sediment accu-
mulates on the surface of the point-bars, significantly
increasing their height.

The constancy of the height of point-bars in some
meanders, however, may indicate the role of local in-
fluencing factors; thus the change in sediment yield in
the Tisza River cannot be an explanation, as it would
result in a change in the height of all point-bars.

In the eastern part of the floodplain, there are main-
ly ascending point-bar complexes, while in the west-
ern part primarily descending ones are found. One of
the reasons may be the fact that the consistency of the
sediment varies on the two sides of the floodplain. The
majority of the paleo-channels remained on the east-
ern side of the Tisza River, which indicates that the
river constantly migrates westwards. On the western
side, however, the channel runs very close to the edge
of the alluvial fan of the Danube, which is composed
of older and more solid sediments, which are harder
for the Tisza River to erode (Hernesz, 2015). As a result,
slowly developing and ascending point-bar complexes
are found in meanders migrating westwards. Anoth-
er reason for the development of ascending point-bars
on the western side may be the fact that on this side
of the channel runs very close the artificial levee; thus
meander migration has been ceased by revetments on
the concave bank. As a result, on the opposite, convex
bank the lateral development of point-bars is deceler-
ated, then ceased (Kiss et al., 2018), thus point-bars be-
come increasingly high.

Factors affecting the morphology of point-bars

The effect of meander migration type

on the height and width of older point-bars
According to our results, older point-bars in each
point-bar complex are slightly higher (by 0.3 m) along
rotating meanders. It corresponds with the findings
of Strick et al. (2018), as rotating meander rotate back
on themselves (in the downstream part), which in-
creases the height of the forms. At some places, it can
be exceeded by the effect of bed-material consistency.
We identified very high point-bars in some expand-
ing meanders, where the bed materials are more con-
sistent. The migration of the bank line is slower where
bed material is silt or clay (even at the end of the 1800s,
in this meanders the rate of channel migration was
less than 1 m/year), which cause the increase of point-
bar heights.

No evidence was found that the type of meander
migration would influence the width of point-bars,
as point-bars of very similar mean widths (27 m and
33 m) have formed in both meander migration types.
This result, however, does not correspond with the
findings in the literature (Strick et al., 2018) that under
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natural conditions, wider point-bars are formed in ro-
tating meanders. In our opinion, the effect of channel
narrowing in the past 250 years, primarily due to hu-
man activity, exceeds the influence of the type of me-
ander migration; therefore point-bars of very similar,
but increasingly narrowing width are formed in both
expanding and rotating meanders.

The effect of radius of curvature

on the height and width of youngest point-bars

The radius of curvature influences the morpholo-
gy of the last (youngest) point-bars in each point-bar
complex. The effect of curvature primarily influences
point-bar formation in bends that are characterised by
rotational movement, as these bends have the small-
est curvature (Rc<750 m). In meanders with small ra-
dius, higher and broader point-bars have developed. It
could be explained by the fact that the small radius of
curvature usually results in narrower channel width;
thus the thalweg is relatively closer to the convex bank,
therefore, greater amount of sediment could be depos-
ited along the inner side of the bends. It is further en-
hanced by the type of meander migration, because
of the rotational movement meanders rotate back on
themselves, which increases the height and width of
the forms (Strick et al., 2018).

Effects of channel width and revetments

on point-bar formation

Channel narrowing and revetment constructions are
closely linked. Revetments were built (the first was
built in 1886) after the river regulation works, and has
since been built along almost all bends. Revetments
stopped the lateral erosion of the concave bank, but
meander migration may have continued due to chan-
nel narrowing, as the convex bank continued to de-
velop. Due to the lack of migration in the outer bank,
the formation of point-bars has significantly changed.
Channel narrowing is well indicated by the decrease
in point-bar widths (van de Lageweg et al., 2014; Strick
etal., 2018). In case of the Lower Tisza the mean width
of the channel has decreased from 197 m to 160 m over
the last 250 years, and as a result the mean width of
point-bars has decreased too from 68 m to 19 m. In-
itially, channel narrowing was caused by cut-offs, as
the slope and stream power of the river suddenly in-
creased, which temporarily resulted in channel inci-
sion and narrowing (Karolyi, 1960; Ihrig, 1973). Lat-
er, however, revetments caused the rapid narrowing
of the channel.

Not only the width of the point-bars changed, but
their height conditions also altered. In 70% of the me-
anders, the last point-bar in each point-bar complex is
higher than the preceding one. It is undoubtedly the
result of revetment construction, as the lateral devel-
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opment of point-bars has become limited or stopped
in the narrowing channel. As a result, the lateral de-
velopment of the forms has been replaced by the verti-
cal accumulation of sediment, thus point-bars become
increasingly higher. Riparian vegetation, which is be-

Conclusions

coming denser (Kiss et al., 2019b), may also contrib-
ute to the development of higher point-bars, as vege-
tation prevents sediment from reaching distal parts of
the floodplain; thus sediment is deposited in a narrow
zone adjacent to the channel.

Point-bars are the most striking features of flood-
plains and they are mainly the sites of lateral sediment
accumulation; therefore any change in the factors in-
fluencing point-bar development is also reflected in
their formation. As the Lower Tisza River has been a
subject to various types of intensive human impacts
over the past centuries, these human activities have
affected point-bar morphology and development too.
Under natural conditions, point-bar morphology
was primarily affected by the type of meander migra-
tion, the radius of curvature of meanders, and the dis-
tance of thalweg from the bank line. However, the pro-
cesses in the channel and point-bar formation have
fundamentally changed as a result of human interven-
tions. On the one hand, in the second half of the nine-
teenth century, artificial cut-offs caused an increase
in water slope; thus the channel incised (Kiss et al.,
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2008). Channel incision is indicated by the decrease in
the height of the point-bars in a given point-bar com-
plex. On the other hand, downstream of cut-offs me-
anders with a small radius of curvature developed. As
a result, more intensive accumulation occurred in the
convex banks; thus higher and wider point-bars have
developed.

However, the most intensive intervention in point-
bar formation was revetment construction, which
aimed to prevent the concave bank from erosion. As a
result, the channel incised and narrowed more inten-
sively (Kiss et al., 2019a) as point-bar formation con-
tinued, but it was limited horizontally. As a result, the
vertical sediment accumulation has become more in-
tensive, resulting in an increase in point-bar heights,
which affects primarily the last (youngest) members
of the point-bar complexes.
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