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ABsTRACT: River bank erosion, accretion and lateral channel migration are the most important geomorphological pro-
cesses, which attract a great deal of attention from river engineering scientist over the last century. In the presented
study, we assessed how the river’s shape and position have changed during 1958-2013 period using remote sensing
and GIS. We have identified that the total area of bank erosion during given period equalled 8.3430 km? of which
3.2593 km? were on the left bank and 5.0837 km? on the right bank. The total area of bank accretion from 1958 to 2013
equalled 10.7074 km?, of which 5.4115 km? was on the left bank and 5.2958 km? on the right bank. The Bosna riverbed
average movement in the period 1958-2013 was established in the amount of 132.4 m. During this period, the average
lateral channel migration was 2.5 m per year. The data presented here are significant for practical issues such as pre-

dicting channel migration rates for engineering and planning purposes, soil and water management.
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Introduction

Understanding the mechanisms and rates of
bank erosion, accretion and lateral channel mi-
gration has fundamental significance, as well
as results of these researches which are appli-
cable in the field of water and soil resources
management, hydro-technical works, and in
different aspects of the environmental protec-
tion (Thorne 1982, Lawler 1993). Scientific and
engineering interest for bank erosion, accretion
and lateral channel migration in the Bosnia and
Herzegovina has been increased for three main
reasons. Firstly, bank erosion plays an important
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role in control of channel stability. Secondly,
bank erosion have significant contribution to
the sediment load, and thirdly, destruction of
flood plain land, land loss and land use chang-
es is associated with serious bank erosion. Also,
lateral migration of the Bosna River has caused
a serious problem because of disappearance of
arable land and land use changes (Hooke 2003,
Dragicevic et al. 2013, Tosic et al. 2014).

In the region, the consequences of changes
in river course and bank erosion intensity have
been well-documented in the literature (Thorne
1982, Lawler et al. 1999, Richard et al. 2005, Tiegs,
Pohl 2005, Hooke 2007, Kiss et al. 2008, Nicoll,

© 2016 Author(s)
This is an open access article distributed under

the Creative Commons Attribution-NonCommercial-NoDerivs license

Brought to you by | Uniwersytet im. Adama Micﬁi@%&éﬁiééﬁmgwd&ﬁﬁmw%wic @@
BY. + NC ND

ISSN 0137-477X  p
Download Date | 4/10/17 11:34 AM



82 NOVICA LOVRIC, RADISLAV TOSIC

Hickin 2010, Radoane et al. 2010, Blanka, Kiss
2011, Yao et al. 2011, Zaharia et al. 2011, Floriou
2011, Roksandic et al. 2011, Henshaw et al. 2013,
Dragicevic et al. 2012, 2013, Tosic et al. 2014).

The Bosna River is a boundary watercourse
along the administrative border between the
Republic of Srpska and the Federation of Bosnia
and Herzegovina and this valley is very im-
portant because it traced the future Corridor 5¢
(Budapest-Osijek-Doboj-Sarajevo-Ploce)  and
Trans-Dinarides geostrategic directrix between
the Pannonian and the Adriatic Basin (Dragicevic
et al. 2013). The Bosna River provides a good op-
portunity to study bank erosion, accretion and
lateral channel migration, considering all the
problems that burdened the lower course of the
Bosna River we started analysing these process-
es using available data and GIS. The availabili-
ty of aerial photography, orthophoto images,
and GIS has opened up to possibility to research
bank erosion, accretion and lateral channel mi-
gration. Worldwide, several different techniques
have been used to quantify these processes and
different time span, 1 to 10 years for field meas-
urements and 10 to 200 years for maps and aerial
photographs (Hooke 1979, 1980, 2003, Hooke,
Redmond 1989, Duan 2005).

The objectives of this study were to assess the
rate of bank erosion and accretion, as well as rate
of lateral channel migration of Bosna River using
remote sensing and GIS. The data presented here
represent a base in understanding the dynamics
of bank erosion, accretion and lateral channel mi-
gration of Bosna River; they are also significant to
practical issues such as predicting channel migra-
tion rates for engineering and planning purposes.

Study area

The research covered the southern part of the
Pannonian Basin in the Bosnia and Herzegovina
(Fig. 1). The study area is located along the low-
er course of the Bosna River, with total channel
length of 27.645 km. The Bosna River drains the
central part of the Dinaric Karst Massif and the
central part of Bosnia and Herzegovina. The
drainage basin area is of 10,662 km? course
length of 275 km, mean annual discharge at the
confluence with the Sava River is 180.5 m?®s,
specific discharge 15.6 Is km, and the average
fall is 1.48 m km™ (Dragicevic et al. 2013).

The tectonic characteristics of this area, more
precisely, the Posavski Fault, have influenced the
orientation of the hydrological network in the
Bosna River basin. The decrease in the stream
velocity in the lower course of the Bosna River
is caused by the tectonic movements of sinking
in the northern part of the basin. This process
resulted sediment accumulation in the river-
beds, bank erosion, formation of meanders, and
changes in the river course. Thus, the study area
is characterised by intense lateral dynamics of
the river channels. Morphology of study area is
characterised by almost horizontal terrain with
dominant riverbed of Bosna River and its terrac-
es. Excessive type of deep and lateral erosion is
present in the riverbed. The river often meander
and cut into its own alluvium which causes sed-
imentary facies of the riverbed to be in constant
movement. Total thickness of Quaternary fluvial
sediments is estimated up to 150-200 m which in-
dicates huge effect of erosion and accumulation
processes.

Fig. 1. Location of the study area - lower reach of the Bosna River.
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According to Basic Geological Map data, lay-
ers for Doboj and Slavonski Brod, three levels of
river material accumulation have been detected
(Tosic et al. 2014). First level is third lake-river
terrace (t,) isolated as a relatively narrow zone
in western part of study area between plioqua-
ternery deposits on the west and sediments of
second terrace on the east. It is represented by
clay, sand and gravel material, which indicates
its proluvial origin. Second level, represented by
sediments of second river terrace (t,) is detected
on altitudes between 100 and 112 m. It is created
by shift of the channel of Bosnia River towards
east. Lithological composition contain clay, sand-
clay and large gravel and sand beneath. Third
level, first river terrace (t,), has accumulation
character with typical composition made from
gravel and medium and large grain boulder, un-
evenly sorted, with less participation of silt and
clay. These fractions alternate both laterally and
vertically which indicate changeable regime of
deposition and dynamics of Bosna River flow. It
is marked by occasional section built by sub-re-
cent meanders of Bosna River, approximately 25
km in length, from town of Modrica to Bosna and
Sava River confluence. Total thickness of first,
second and third river terrace is 100-150 m, de-
termined by drilling. Organogenic-marsh sedi-
ments are found on both banks of Bosna River.
They originated by slow descend of this area,
and partly by waterlogging due to periodical ris-
ing of groundwater level. Deposition of marshes
is composed by dark green and dark grey clay,
clay-alevrit sediments, small grained sand and
gravel, moss, etc. Flood sediments could be found
on both banks of study area. These Quaternary
formations originated during flood periods.
Lithologically, these formations are dominantly
made from sand, silt and clay-alevrit sediments,
often waterlogged. Alluvial deposition is formed
in vicinity of riverbed of Bosna River and wider
stream valleys. Bosna River changed its flow very
often, depositing in and nearby its riverbed huge
amounts of boulder and sand materials. Flowing
through its own deposition, the river often mean-
der and overflowing. Analysis of deposit in riv-
erbed and gravel pits showed that lowest part of
the column is made from large grained sand and
gravel almost unsorted with poorly visible strat-
ification. These deposits in the riverbed are fre-
quently transported and renewed again, forming

unstable and relatively stable terrain. Estimated
thickness of these deposits is 10 m (Tosic et al.
2014).

Methods

All analyses completed for this study are
based on the location and magnitude of recent
historic changes to the planform geometry of
the Bosna River. Landscape studies using aerial
photographs, satellite images and different scale
paper maps are useful to determine the river
course changes. There is a large amount of litera-
ture indicating the usefulness of identifying plan-
form changes in channel geometry using aerial
photography and orthophoto in a geographic
information system (GIS) environment (Petts
1989, Downward et al. 1994, Gurnell et al. 1994,
Downward 1995, Gurnell 1997, Winterbottom,
Gilvear 2000, Weng 2002, Wellmeyer et al. 2005,
Grove et al. 2013). One of the main characteristics
of remote sensing is its capability of generating
a large amount of information, frequently and
spatially and thus studying river morphology. A
review of techniques used to measure river bank
retreat rates is provided by Lawler (1993).

Comparing the data from different periods,
we defined the evolution of the river channel
position over different time series. In this study,
we developed a time series of georeferenced data
using a combination of aerial photography from
1958, 1976 and orthophoto images from 2001,
2006, 2008 and 2013. Aerial photogrammetry
surveying of the lower part of the Bosna River
was implemented by Z/I DMC camera with 120
mm focus and image dimension of 1,324x7,680
pixels. Scale of this survey was 1:33,333 and as
a result the spatial image resolution was 40 m.
Reconnaissance of known trigonometric marks
and GPS detection of new orientation marks
along the whole recorded area of the lower part
of the Bosna River made aero-triangulation and
block alignment plausible. When aero-triangu-
lation was finished the photogrammetric image
processing, digital terrain model development,
orthorectification and cartographic processing
took place. Orthorectification of aerial images
and conversion from central to orthogonal pro-
jection (Gauss-Kriiger projection (VI zone) -
World Geodetic System 1984) was implemented
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based on previously developed digital terrain
model and stereopairs of aerial photographs. The
sheets of digital orthophoto plan in scale 1:5,000
and resolution 50 cm were developed using or-
thorectification process. Orthophoto plans were
created in TIFF+tfw format for simplified use in
ArcGIS software, while aerial photographs were
processed in PHOTOMOD software package.

In the ArcGIS software, we created a contin-
uous polygon to represent the river channel in
each year using the image data. We determined
the changes in the locations of both riverbanks
during five periods: 1958 to 1976; 1976 to 2001;
2001 to 2006; 2006 to 2008; 2008 to 2013. The
results revealed the places where erosion and
accretion occurred during each period. We cal-
culated erosion and accretion separately for
each side of the river. We digitized the shore-
lines at the start of each period, copied the left
shorelines of 1958 and 2013 into a single layer,
and processed them using the GIS software to
create polygons that represented the difference
between the two positions of river shoreline. If
a polygon was positioned to the left of the 1958
shoreline, it represented an erosion polygon; if a
polygon was positioned to the right of the 1958
shoreline, it represented an accretion polygon.
We used the same process to assess erosion and
accretion of the right bank, but with the follow-
ing change: polygons to the left and right of the
1958 shoreline represented accretion and ero-
sion, respectively. Summing the areas of these
polygons provided the total eroded and accreted
areas from 1958 to 2013. After determining these
areas, we added the 1976, 2001, 2006, 2008 and
2013 shorelines sequentially to subdivide each
of the polygons into smaller polygons that rep-
resented the shorelines on each of these dates.
We used the Esri® ArcMap™ 10.1 (ArcGIS 10.1
for Desktop) software to calculate the areas of

overlap between the shoreline in each year and
the boundaries of the polygon that contained
that portion of the shoreline. We then used the
same approach that we used for the period from
1958 to 2013 to calculate the erosion and accre-
tion between consecutive years (Downward et
al. 1994, Yao et al. 2011).

Comparing the data from different periods, we
determined the rate of lateral channel migration
over different periods. The position of the channel
centreline was marked in each data source (1958,
1976, 2001, 2006, 2008 and 2013). River shorelines
were digitized using the water boundary because
it is clearly defined in the aerial photography and
orthophto images. Furthermore, the two digi-
tized shorelines are used in ArcGIS to generate a
centreline of active channel, and then the channel
migration rate was calculated (Hooke 1979, 1980,
Hudson, Kesel 2000, Winterbottom, Gilevar 2000,
Mount, Louis 2005, Hughes et al. 2006).

Results

In our analysis, we identified that the total
area of bank erosion from 1958 to 2013 equalled
8.3430 km?, of which 3.2593 km? were on the left
bank and 5.0837 km? on the right bank. The total
area of bank accretion from 1958 to 2013 equalled
10.7074 km?, of which 5.4115 km?were on the left
bank and 5.2958 km? on the right bank (Table 1).

These totals translate into annual bank ero-
sion rates of 0.1360, 0.1210, 0.2366, 0.2977 and
0.2182 km? shows increase from 1958 to 2008.
The annual rates that accreted along the study
reaches were from 0.2565, 0.1363, 0.0623, 0.8659
and 0.1281 km? (Fig. 2). Our analysis identified
227 erosion plots on the left bank and 202 erosion
plots on the right bank (Table 2).

Table 1. Area of riverbank erosion and accretion of the Bosna River from 1958 to 2013.

Time span Area of erosion (km?) Area of accretion (km?)
Left bank | Right bank Total Left bank | Right bank Total

1958-1976 1.2186 1.2293 2.4479 1.7747 2.8417 4.6165

1976-2001 0.8229 2.2027 3.0256 2.3503 1.0565 3.4068

2001-2006 0.4838 0.6991 1.1829 0.2233 0.0884 0.3117

2006-2008 0.3765 0.2188 0.5954 0.5451 1.1866 1.7317

2008-2013 0.3575 0.7337 1.0912 0.5180 0.1227 0.6407
Total (1958-2013) 3.2593 5.0837 8.3430 5.4115 5.2958 10.7074
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On the left bank, only 1 erosion plot was larg-
er than 0.5 km? with total area of 0.6825 km?
(20.94% of total area), while 2 erosion plots on
right bank are larger than 0.5 km? with total area
of 1.0625 km? (20.90% of total area). In contrast,
226 plots on left bank were smaller than 0.5 km?,
and these totalled 2.5768 km* On right bank, 200
plots were smaller than 0.5 km?, and these to-
talled 4.0212 km?.

Our analysis identified 227 accretion plots on
the left bank and 207 accretion plots on the right
bank (Table 3). On the left bank, no accretion plot
larger than 0.5 km? while 3 accretion plots on
right bank are larger than 0.5 km?, with total area
of 2.5778 km? (48.67% of total area). In contrast,
227 accretion plots on left bank were smaller than
0.5 km?, and these totalled 5.4115 km?. On right

bank, 204 accretion plots were smaller than 0.5
km?, and these totalled 2.7180 km?.

The maximum of eroded areas (0.6825 km?)
during the observed periods was on the left bank,
from 1958 to 1976, while average area of erosion
of both banks was 0.0499 km? (Fig. 3). In this peri-
od, the average area of the accretion along the left
and right bank was 0.0942 km? The average area
of the erosion along the left and right bank from
1976 to 2001 was 0.0796 km?® Along both banks,
in the same period, the average area of the accre-
tion was 0.0920 km?. Along the left and right bank
from 2001 to 2006, the average area of the erosion
was 0.0079 km?. In the same period, along the left
and right bank the average area of the accretion
was 0.0020 km?. If we look at erosion of the left
and right bank, the lowest average value in the

Legend
Erosion — left bank
[ 20082013 —— Shoreline 2013

[J2006-2008 Shoreline 2008
[ 2001-2006 —— Shoreline 2006
[ 11976-2001 Shoreline 2001
[ 1958-1976 —— Shoreline 1976
0 1 2 3 4km ——— Shoreline 1958

N

A

Legend
Erosion — right bank
[ 2008-2013 —— Shoreline 2013

[ 2006-2008 Shoreline 2008
[ 2001-2006 —— Shoreline 2006
[_11976-2001 Shoreline 2001
[l 1958-1976 —— Shoreline 1976
0 1 2 3 4km ~——— Shoreline 1958

Legend
Accretion — left bank
[ 2008-2013 —— Shoreline 2013

[12006-2008 Shoreline 2008
[ 20012006 —— Shoreline 2006
119762001 Shoreline 2001
[ 19581976 —— Shoreline 1976
0 1 2 3 4km —— Shoreline 1958

Legend
Accretion — right bank

[ 2008-2013 —— Shoreline 2013
[ 2006-2008 Shoreline 2008
[ 2001-2006 —— Shoreline 2006
[ 19762001 Shoreline 2001
[ 1958-1976 —— Shoreline 1976
4 km —— Shoreline 1958

Fig. 2. Bank erosion and accretion during five periods from 1958 to 2013.
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Table 2. Distribution of the bank erosion area along the study reaches from 1958 to 2013.

Area of erosion (km?)

Time span Left river bank Right river bank

0001- | 001- | 005- | 0.1- | 05- | . |0001-| 001- | 0.05- | 01- | 05- |
001 | 005 | 0.1 05 1 001 | 005 | 01 0.5 1

1958-1976

ﬁupﬁgr 21 3 2 2 1 29 13 1 2 3 1 20

(Tl("r;il)area 0.0297 | 0.0668 | 0.1347 | 0.3049 | 0.6825 |1.2186| 0.0128 | 0.0173 | 0.1549 | 0.5023 | 0.5420 |1.2293

E;?E;ﬁt;‘;r; 24382 | 54841 |11.0532 | 25.0181 | 56.0065 | 100 | 1.0400 | 1.4067 | 12.5965 | 40.8637 |44.0931 | 100
1976-2001

I;“prfg;‘;r 10 5 5 2 0 22 4 3 2 6 1 16

(Tk"ri‘;"})area 0.0229 | 0.1244 | 0.3442 | 0.3313 | 0.0000 |0.8229 | 0.0032 | 0.1187 | 0.1485 | 1.4118 | 0.5205 | 2.2027

gfr‘t’g’t‘;rltz‘;r; 2.7836 | 15.1179 | 41.8341 | 40.2644 | 0.0000 | 100 | 0.1449 | 53894 | 6.7430 | 64.0944 | 23.6283 | 100
2001-2006

Number 66 9 1 1 0 77 58 9 3 2 0 72

of plots

E("éf)area 0.0269 | 0.2406 | 0.0738 | 0.1425 | 0.0000 | 0.4838 | 0.0208 | 0.2835 | 0.1694 | 0.2254 | 0.0000 | 0.6991

E;‘t’(f)’;rlt;‘;‘; 5.5655 | 49.7282 | 15.2461 | 29.4601| 0.0000 | 100 | 2.9742 |40.5535 | 24.2296 | 32.2428 | 0.0000 | 100
2006-2008

Number 36 4 0 1 0 41 43 5 1 0 0 49

of plots

(Tlfrzl)area 0.0241 | 0.0660 | 0.0000 | 0.2863 | 0.0000 |0.3765 | 0.0286 | 0.0951 | 0.0951 | 0.0000 | 0.0000 | 0.2188

gf“t’gt(;rltz‘;r; 6.4125 | 17.5406 | 0.0000 | 76.0469 | 0.0000 | 100 |13.0811 |43.4690  43.4499  0.0000 | 0.0000 | 100
2008-2013

Number 49 8 1 0 0 58 35 6 1 3 0 45

of plots

&Olzl)area 0.0623 | 0.2300 | 0.0652 | 0.0000 | 0.0000 |0.3575| 0.0418 | 0.1084 | 0.0629 | 0.5206 | 0.0000 | 0.7337

Eﬁ‘t’&‘:ltz‘jr; 17.4276 | 64.3426 | 18.2298 | 0.0000 | 0.0000 | 100 | 5.6950 |14.7801| 8.5777 |70.9472  0.0000 | 100
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Table 3. Distribution of the bank accretion area along the study reaches from 1958 to 2013.

Area of accretion (km?)
Time span Left river bank Right river bank
0001- | 0.01- | 0.05- | 01- | 05- | . | 0.001- | 0.01- | 005- | 01- | 05- |,
001 | 0.05 0.1 05 1 001 | 0.05 0.1 05 1
19581976
Number 18 2 1 7 0 28 13 3 1 2 2 21
of plots
(Tkor;il)area 0.0183 | 0.0593 | 0.0509 | 1.6463 |0.0000|1.7747 | 0.0121 | 0.0891 | 0.0755 | 0.7001 | 1.9649 |2.8417
E;?E;rlt;‘;r; 1.0289 | 3.3419 | 2.8680 | 92.7612 [0.0000| 100 | 0.4260 | 3.1365 | 2.6572 | 24.6371 | 69.1432| 100

1976-2001

Number 7 2 4 8 o | n 4 5 2 5 0 16
of plots

(Tk"ri‘;"})area 0.0118 | 0.0312 | 0.3046 | 2.0027 |0.0000|2.3503 | 0.0027 | 0.1369 | 0.1414 | 0.7755 | 0.0000 |1.0565
Proportion

0.5020 | 1.3289 |12.9586 | 85.2105 | 0.0000 | 100 | 0.2563 |12.9560 | 13.3834 | 73.4043 | 0.0000 | 100

of total (%)

2001-2006

Number 75 4 1 0 0 80 70 3 0 0 0 73
of plots

Eg;il)area 0.0534 | 0.1101 | 0.0599 | 0.0000 |0.0000|0.2233 | 0.0392 | 0.0492 | 0.0000 | 0.0000 | 0.0000 | 0.0884
Proportion

of total (%) 23.8898 | 49.2987 | 26.8115 | 0.0000 | 0.0000 | 100 |44.3282 |55.6718 | 0.0000 | 0.0000 | 0.0000 | 100

2006-2008

Number 40 5 2 2 0 49 50 6 0 1 1 58
of plots

(Tlfrzl)area 0.0326 | 0.1547 | 0.1341 | 0.2237 |0.0000|0.5451 | 0.0574 | 0.1454 | 0.0000 | 0.3708 | 0.6130 |1.1866
Proportion

of total (%) 5.9733 | 28.3858 | 24.5950 | 41.0459 | 0.0000 | 100 | 4.8352 |12.2556 | 0.0000 |31.2524 | 51.6568 | 100

2008-2013

Number 46 2 0 1 0 49 38 0 1 0 0 39
of plots

Efj)area 0.0456 | 0.0252 | 0.0000 | 0.4472 |0.0000|0.5180 | 0.0436 | 0.0000 | 0.0791 | 0.0000 | 0.0000 |0.1227
Proportion

of total (%) 8.7965 | 4.8701 | 0.0000 | 86.3334 | 0.0000 | 100 |35.5435| 0.0000 | 64.4565 | 0.0000 | 0.0000 | 100
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Fig. 3. Spatial distribution of erosion and accretion along the study reaches from 1958 to 2013.
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analysed periods was 0.0066 km? (2006-2008).
The maximum value (0.2863 km?) was on the left
bank. During this period, along the left and right
bank the average area of the accretion was 0.0161
km?. From 2008 to 2013, on both banks, the aver-
age area of erosion was 0.0105 km?* The average
area of accretion on both banks was 0.0072 km?

In the research sector (Fig. 4), the Bosna River
length was 25.774 km in 1958 (sinuosity was
1.500), 24.869 km in 1976 (sinuosity was 1.448),
27.584 km in 2001 (sinuosity was 1.606), 27.073
km in 2006 (sinuosity was 1.576), 24.642 in 2008
(sinuosity was 1.435) and 23.949 km in 2013 (sin-
uosity was 1.394).

Analysis of the aerial photography and ortho-
photo images of the research area showed that
the Bosna average channel shifting in the period
1958-2013 was established in the amount of 132.4
m. Apart from this period, the maximum val-
ues of the period 1958-1976, 517.8 m, 1958-2001,
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Fig. 4. Successive channel planform changes from
1958 to 2013 along the reaches of Bosna River.

Table 4. Lateral shift of the centreline of Bosna River - total in meter (m).

Shift in regard to 1958 year 1976 2001 2006 2008 2013
Max shift [m] 517.8 934.7 1055.3 467.0 506.2
Average shift [m] 106.2 178.8 185.0 140.1 1324
Standard deviation [m] 102.8 182.1 197.4 113.7 112.5
Coefficient of variation [%] 96.8 101.8 106.7 81.2 85.0
Shift in regard to 1976 year 2001. 2006. 2008. 2013.
Max shift [m] 654.0 765.4 600.5 635.5
Average shift [m] 145.4 150.1 121.8 120.2
Standard deviation [m] 143.4 156.5 111.8 110.4
Coefficient of variation [%] 98.6 104.3 91.7 91.8
Shift in regard to 2001 year 2006. 2008. 2013.
Max shift [m] 282.0 266.2 275.9
Average shift [m] 39.9 429 60.7
Standard deviation [m] 46.2 50.2 59.4
Coefficient of variation [%] 115.7 117.2 98.0
Shift in regard to 2006 year 2008. 2013.
Max shift [m] 252.0 2475
Average shift [m] 22.8 422
Standard deviation [m] 31.8 46.0
Coefficient of variation [%] 139.7 109.1
Shift in regard to 2008 year 2013.
Max shift [m] 204.4
Average shift [m] 37.9
Standard deviation [m] 43.6
Coefficient of variation [%] 115.0
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934.7 m, 1958-2006, 1055.3 m, 1958-2008, 467.0 m
are also significant and the period from 1958 to
2013, 506.2 m (Table 4).

Discussion

Events such as flooding can trigger dramatic
and sudden changes in rivers and streams. The
Bosna River is a good example, which repre-
sents the existence of all natural conditions for
frequent and large scale floods. As direct conse-
quence of the climatic-hydrological characteris-
tics of the Bosna River basin (which are mani-
fested in discharge regime changes), once a year
the Bosna River overflows, and the area of lower
course of the Bosna River basin is endangered
by floods. Changes in water and sediment dis-
charge are the major factors that contribute to
hydraulic changes in Bosna River geometry. The
riverbed of Bosnia River is formed in its own al-
luvium and it shifts often. There are accumula-
tion formations in the riverbed, such as islands,
while adversely mechanical characteristics of
banks combined with varying shifts of high and
low water on both Bosna and Sava River (the
Sava River retardation and coincidence of high
and low water) are causing bank erosion, ma-
terial loss, that is, erosion processes and accre-
tion. All works on the riverbed regulation so far
have been local and dealing with urban settle-
ment protection on this section of Bosna River.
Intensive urbanisation and various construction
work needs natural material such as sand and
boulder. Exploitation of these materials have
been done in chaotic manner, with absence of
planning, partly from riverbed and partly from
inundation area which influence bank stability
and causes processes of erosion and accretion to
occur. In the absence of appropriate measures
and riverbed regulation, most human activi-
ties will lead to accelerated rates of erosion and
accretion.

Regarding to natural conditions, the Kolubara
River basin (Serbia) is similar to the Bosna River
basin. Unlike the other rivers with similar hydro-
logical characteristics, the river network in the
lower course of the Kolubara River basin were
changed rapidly during the XX century because
of direct human impact. The rate of the Kolubara
river channel shifting along the lower course

of the Kolubara River basin is 47 m in average
for the period of 37 years, which means 1.27 m
per year. The most intensive rate of the channel
shifting was 224 m in 37 years, with the average
of 6.05 m per a year (Dragicevic et al. 2012).

Channel shifting of the Bosna River has
caused serious problems, such as disappearance
of arable land, forests, pastures and meadows,
economic loss due to the reduction of agricultur-
al production. Bank erosion, accretion and chan-
nel shifting, soil loss, sediment load deposition,
floods, soil and water pollution are represent-
ing major environmental problems in the Bosna
River basin.

Beside its geomorphological significance, the
results of this investigation are applicable in the
field of geopolitical questions, as well as in differ-
ent aspects of the environmental protection. Bank
erosion and the channel shifting could become a
geopolitical and security question if the border
between states or other political-territorial enti-
ties is drawn along the river. In the lower course
of the Bosna River, the bank erosion caused
many problems with the demarcation between
two entities. In this area, the farmers who had
arable land parcels on the right bank (50 years
ago), lost parts of the parcels or whole parcels
due to intensive channel shifting. In recent time,
their land parcels have been located on the left
bank. Therefore, any change in the lower course
means not only moving the border between the
Republic of Srpska and the Federation of Bosnia
and Herzegovina, but also cause for misunder-
standings that can evolve into a new large scale
conflict.

Conclusion

The analysis showed that the average move-
ment in the period 1958-2013 amounted to 90.4 m
to the left, and the maximum value of this move-
ment in the analysed period was 330.7 m. In terms
of channel shifting to the East, it was found that its
average value in the period 1958-2013 amounted
to 156.1 m, and that in this period the value of the
maximum movement in this direction was 506.2
m. The Bosna riverbed average movement in the
period 1958-2013 was established in the amount
of 132.4 m. During this period, the average lateral
channel migration was 2.5 m per year.
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Apart from the above analyses that are of the
local (relating to the municipalities located on
the watercourse banks) character, the bank ero-
sion may result in serious consequences (conflict)
that come out of the national framework. For fur-
ther research, it is necessary to link fluvial pro-
cesses with socio-economic factors in the order
to predict the future development of the fluvial
landscape. In addition to landscape degradation,
lateral migration of the Bosna River has caused
serious problems for the disappearance of arable
land, but also economic loss due to the reduction
of agricultural production and the administrative
border changes.
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