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A

bstract: The study area is a part of the Lower Danube sector and belongs to the Gura VaiiCalarasi sub-sector. This area is characterized by a course without important secondary branches
and an asymmetric floodplain, very well developed on the left bank. Climate changes and
anthropogenic impact from the last centuries have changed the hydro-morphological characteristics of the
Danube River significantly. Using GIS methods and techniques in the field of hydrology/river
geomorphology facilitates the morphometric analysis of the fluvial islets present in the Danube riverbed
through determining their morphometric parameters. All of the parameters that define a fluvial island will
be calculated by the detailed analysis of cartographic documents, aerial photograph, and satellite
imagery. Based on the historical and recent cartographic sources, satellite imagery and in-situ
measurements, the Danube in this sector undergoing a modeling process under the influence of natural
and anthropogenic factors. Thus, during the analyzed period there were changes in the width and shape
of the riverbed, especially on the left bank, the right bank being higher and more stable. There have been
significant changes to the islets in this sector. These consisted in changes in the geometry of the islands,
either by increasing their surface or by diminishing them, migrating, sticking to one of the banks and even
disappearing some of them over the period under review.
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INTRODUCTION
The Danube River Basin covers over 800,000 km², about 10% of Europe and extends into 19 countries.
Over 80 million people live in its basin with many depending on the Danube River for drinking water,
agriculture, transport and others (ICPDR, 2015). It connects people with different economic, social,
cultural and environmental heritage, as well as various political backgrounds (Sommerwerk et al 2010).
The activities of peoples that live in 19 countries have an impact on the natural environment of the
Danube River Basin and are also leading to significant problems with water quality and quantity, and
substantial reductions in biodiversity in certain parts of the river basin (ICPDR, 2015).
During the last centuries, in particular, in recent decades, many of the World's rivers have strongly been
affected by human intervention through dams and reservoirs (Surian, 1999). Related dams and
structures, people have been changing the natural course of the rivers in the Danube River Basin, mainly
for flood defense, hydropower generation, and navigation. Changes in the depth or width of a river
typically reduce flow rates, interrupting natural sediment transportation as well as the migration routes of
animals. Also, the formation of the fluvial islands along the Danube course has directly reflected all these
hydrological changes over time. Fluvial islands are defined as discrete areas of woodland vegetation
either surrounded by water-filled channels or exposed gravel (Ward et al. 1999) which exhibit some
stability (Osterkamp, 1998) and are not submerged during bank-full flows. Fluvial vegetated islands are
key components of fluvial systems as they influence the platform and the biodiversity of these hydrosystems (Wintenberger, 2015). Fluvial islands formation is a natural process affected by the hydrology
and sediment transport capacity of the system (Raslan and Salama 2015).
MATERIALS AND METHODS
The area studied in this paper is a part of the Lower Danube sector and is extended between km 626
(downstream of Corabia harbor) up to km 679 in Bechet harbor area (Fig. 1). The analyzed sector has a
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length of 53 km, and it is characterized by the lack of secondary branches and a very developed
floodplain on the left bank, which has widths of up to 14 km and nonexistent in many portions of the right
bank, which has higher elevations.

Figure 1. Study area localization
Geographical information systems represent a modern technique of achieving an objective and complex
analysis of the shape of a geographic element. Using GIS technology to achieve a morphometric analysis
requires a set of geospatial data in a format that is compatible with the software. Cartographic materials
represent an essential source to obtain historical data, allowing us to highlight the evolution of the fluvial
islands (Marin, 2016).
To observe the morphological changes of the fluvial islands, we analyzed the hydrological regime of the
Danube (levels variation, water discharge and suspended load discharge) in 2 gauges stations (Corabia
and Bechet). The changes of the fluvial islands in horizontal plane have been observed based on the
cartographic documents and satellite imagery. All the available maps that we used in our study were
georeferenced using the Global Mapper v. 17.2 software; after that, we have been obtained the fluvial
islands (in polygon format - .shp), through digitization process. Satellite imagery analysis was carried out
using the specialized software ENVI version 5.1. Representation of fluvial islands and the final maps were
made using ArcGIS 10.
The cartographic materials used in our study were: Topographical Maps produced by the Austrian Empire
from 1910 (1:200000); Navigation Map of the Danube from 1936, created by Romanian Hydrographic
Service; Navigation Map of the Danube 1963 (1:25000); Topographical Maps produced by the Military
Topographic Directorate (1:25000) – 1980; Topographic Maps from 1996-1997, produced by Military
Topographic Directorate (1:100000). Satellite image from 2017 is provided by LANDSAT 8 OLI/TIRS –
pixel resolution: 30 meters, taken from the USGS website: (https://earthexplorer.usgs.gov/).
RESULTS AND DISCUSSION
This study describes the hydrological and morphological conditions of Danube River in the analyzed
sector and focuses on the geometrical characteristics of islands from this area.
In the study of the fluvial island's evolution, the analysis of the hydrological regime is fundamental. We
analyzed the multiannual variation of the water levels, water discharge and suspended sediment
discharge of the Danube at the Corabia and Bechet gauge stations, during 1921-2017 (Fig. 2-4).
From the analysis of the water levels and water discharge, we can observe a general trend of decreasing
over time. The same pattern is also seen in the case of suspended sediment discharge, mainly due to the
construction of the Iron Gates I and II dams. The reduction in suspended sediment has its implications on
the river morphology. Levels, water discharge and suspended sediment discharge show a
synchronization of variation in time (see Figure 2-4). In the Romanian sector of the Danube, the sediment
transport consists mainly of suspended sediment load, coarse sediments, and dragged sediments on the
river bottom.
The balance of the suspended sediment discharge between Corabia and Bechet gauge sections allows
the knowledge of the morphological processes that occur on the riverbed, in the respective sector. From
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the analysis of the multiannual average discharge of the suspended sediment, results the mean values of
suspended sediment discharge are equal to 973 kg/s at Bechet (during 1953-2009) and 639 kg/s in
Corabia (1953-2009). The difference that results from the input and output of suspended sediment
discharge in the analyzed sector gives the values of the suspended sediment discharge that participates
in the morphological processes of the riverbed. Parts from these sediments are cantoned in Danube
riverbed, and another part contributes to changes in dimensions, geometry and the formation of new
fluvial islands.

Figure 2. The variation of the multiannual average of
water levels at Corabia and Bechet between 19102017

Figure 3. The variation of the multiannual of water
discharge at Corabia and Bechet between 19102013

Figure 4. The variation of the annual average of suspended sediment discharge at Corabia and Bechet
between (1953-2009)
After analyzing and processing the available cartographic materials and satellite imagery, were measured
the properties of the fluvial islands, that are shown in Table 1. To study the morphological changes of the
fluvial islands, we have used a set of morphometric parameters, which have been measured for each of
the six years used as reference 1910, 1936, 1963, 1980, 1997 and 2017. All the values obtained from the
analysis of the available data are presented schematically in Table 1.
Table 1. Synthetic data of the morphometric parameters of the fluvial islands
Morphometric parameters of the fluvial islands

Years
1910
11
12.78

1936
13
11.04

1963
10
13.15

1980
13
13.00

1997
12
12.89

2017
10
11.13

74.21

66.49

63.58

63.50

60.51

53.38

Total length of fluvial islands (km)

35.22

31.90

29.73

29.91

28.39

25.11

Average length of fluvial islands (km)

3.20

2.45

2.97

2.30

2.37

2.51

Number of fluvial islands on the left side of the riverbed

8

7

7

7

7

6

Number of fluvial islands on the center of the riverbed

2

5

0

3

3

1

Number of fluvial islands on the right side of the riverbed

1

1

3

3

2

3

Total number of fluvial islands
Total surface covered by fluvial islands (km²)
Total perimeter of fluvial islands (km)
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Table 1 shows that the number of river islands fluctuated throughout the analyzed period, with a
maximum of 13 islands in 1936 and 1980 and a minimum of 10 islands in 1963 and 2017. Regarding the
surface covered by islands, it ranged between 11.04 and 13.15 sq. Km. Since 1963, the area covered by
the islands has continuously and almost steadily decreased until 1997, after that it is observed a further
decrease until 2017. The values of the island's perimeter showed a reduction in the entire analyzed
range, from 74.21 km in 1910 to 53.38 km in 2017. The average lengths of the islands ranged between
2.3 to 3.2 km. The most islands are located on the left side of the Danube riverbed, the fewest situated in
the center of the riverbed.
Also, to characterize the geometrical properties of islands, two parameters were computed: aspect ratio
and degree of elongation.
The aspect ratio (RA) is a measure of the length/width and is calculated and compared to the power law
trendline fit of the width versus length plots (Wyrick, 2005; Raslan & Salama, 2015). The values of this
parameter calculated for the studied islands for each reference year are shown in Table 2.
Table 2. Aspect ratio parameter values of the islands
Year

Aspect ratio (RA)

1910

12.51

9.62

4.41

5.13

2.80

6.89

9.67

5.53

10.55

2.66

7.61

-

-

1936

4.52

5.86

6.92

5.40

3.48

6.28

4.80

9.30

7.82

9.65

4.10

7.34

4.17

1963

5.43

3.89

3.29

4.12

7.96

3.96

6.13

4.37

7.85

7.59

-

-

-

1980

4.59

3.47

7.06

3.64

5.06

3.83

6.03

3.49

3.32

4.06

3.19

7.23

6.84

1997

4.40

3.26

3.69

5.19

3.89

5.61

3.62

3.11

3.91

2.84

6.59

6.92

-

2017

4.42

2.66

6.62

5.65

4.22

5.40

3.79

3.34

7.64

5.29

-

-

-

Table 2 shows that the length/width ratio (aspect ratio) of the islands ranged between 2.66 and 12.51.
With a mean value of 5.44.
The degree of elongation (k) is a measure for the shape of the islands, indicates islands shape with
respect to its area (Raslan & Salama, 2015) and represent the friction of the object (Wyrick, 2005).
The degree of elongation can be calculated as follows:
L is the maximum length of the island
A is planform area of the island

Thus, the degree of elongation of each island was calculated for each of the six analyzed periods, at the
same time a column type chart for the six years of reference was elaborated. These graphs are shown in
Figures 5-10.

Figure 5. The degree of elongation of fluvial
islands in 1910

Figure 6. The degree of elongation of fluvial islands
in 1936
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Figure 7. The degree of elongation of fluvial
islands in 1963

Figure 8. The degree of elongation of fluvial islands
in 1980

Figure 9. The degree of elongation of fluvial
islands in 1997

Figure 10. The degree of elongation of fluvial
islands in 2017

From the analysis of the cartographic materials and satellite imagery available, some hydromorphological modifications of the Danube riverbed have been identified in the proposed sector. As a
general finding, we can state that the sector between Corabia and Bechet shows significant changes
during the time. In the following, we briefly describe the hydro-morphological changes occurring in the
minor riverbed.
Starting from upstream to downstream, we conducted an analysis that presents the morphological
evolution of the islands in this Danube sector. So starting at the Bechet port from km 679 and up to the
Bulgarian town Leskovet (km 673), at the level of 2017, there were no river islands. From the analysis of
the old Austrian Maps, we observed that in 1910 there was an island in this sector which was located
near the Romanian bank of the Danube, between km 676.5-673, with a length of about 3.5 km and a
maximum width of about 455 meters. Subsequently, the Navigation Maps, developed in 1936, gives us
information about this island, then called Prundul Gol, namely that it has dropped in length, having 2.9 km
and increased in width (about 700 m its maximum width).
The island also migrated to the Romanian bank, being separated from it only by a narrow channel
(Progress Report, GeoEcoMar, 2013).
After 1936, our analysis no longer shows that this sector continued to exist on this island, but on small
water, we can see on the satellite images an accumulation of sand of about 1.7 km long. Over time, in
this sector, the left bank of the Danube undergoes significant changes being affected by the erosion
phenomenon and, implicitly, shore withdrawals (Progress Report, GeoEcoMar, 2013).
Currently, the first island we encounter is located between km 673.3 - 669, called Leskovet, and close to it
is another island that is situated between km 672.3 - 667.5, namely the Iezik (Ezic) island. In 1910, Iezik
Island appeared well developed, then located between km 671.5 - 666.5, also observing that it was
undergoing developing but at the early phase and the Leskovet island, which is situated between km 669668. From the information provided by the Navigation Map of 1936, we can say that there is a migration
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upstream of both islands. Thus, the Iezik island was located approximately between km 672.5 - 667.5,
remarkable to its latitude, compared to 1910. Regarding the Leskovet island (Ada Island), the
morphological changes are more important; namely its migration locate between km 670.5 - 669), its
length increase, but also the appearance of a new upstream sedimentary body, situated between km
671.7 - 670.3. In 1963, we noticed the two islands are already well consolidated and stable, so the Iezik
Island stretches from km 672 to 667.5, and the Leskovet island from km 673 to 668.7. Subsequently, the
analyzed islands did not significantly alter their shape and dimensions, observing the migrations of their
bodies to the Bulgarian bank.
After the two islands described above, going downstream we meet the Papadia island. Currently, the
island is located near the left bank of the Danube between km 668.5 - 662.5. In 1910, the island of
Papadia was well-shaped with dimensions similar to the present. Also, another narrow island about of 3
km long can be observed near the top of the island, which on the 1936 map does not appear anymore,
which means it attached to the left bank (Progress Report, GeoEcoMar, 2013). In 1936, Papadia Island
appeared more extensive than in 1910, especially at the downstream extremity, but there is also a
narrowing of it. Between him and the left bank arises another small island located between km 665 663.5 which probably resulted from the fragmentation of the Papadia island between 1910 and 1936. In
1963, an island almost attached to Papadia Island, very close to the left bank of the Danube between
667,5 and 665,3 km, is recorded and there is a significant increase in the width of the island. Later, in
1980, the island above is already attached to the island of Papadia, having a shape similar to the present
days. The element of novelty is the appearance of a sedimentary body at the upstream extremity of the
island between km 668.5 and 667.5, as well as in 1997, with some minor changes. Between 1997 and
2017, the sedimentary body from km 668.5 to 667.5 is attached to the left bank. Currently, there are some
morphological changes on the Papadia island compared to the situation in 1997, which is a slight
retraction of the entire upstream part of the island and the presence of a small, consolidated and already
covered vegetation, located between km 668.5 - 667, 7.
Continuing downstream, up to the Bulgarian town of Dolni Vadin, at km 648.5, there is no island on the
Danube. This situation differs in the past, which is why we briefly present the morphological changes in
this sector. In 1910, the Austrian topographical map showed the presence of an island located between
km 653.5-651 close to the center of the river, called Vadin Island, with a length of about 2.6 km. In 1936,
the island was a little further south than in 1910, which is a migration of it to the center of the riverbed and
slightly upstream, changing its dimensions and geometry. After this year, Vadin Island no longer appears
in the cartographic materials consulted for this paper.
Between km 648.5 - 645.5, the Gradistea Island (Prundul Gol) is located near the left bank, on the other
side of the riverbed there is a small island, situated between km 645.8 - 645.2, separated by the
Bulgarian bank, by a narrow channel. The existence of Gradistea Island is first established on the map in
1936 when it occupies a central position within the minor bed between km 647 - 645. From the
information provided by the navigation map of 1963, we find that the island Gradistea migrated to the left
bank and towards upstream and then located between km 647.8 - 645.7, also changing its geometry
(there was a consistent latency of it).
Also, near the right bank, there is a new island, located between km 645.8 - 645.2, with a length of about
875 m, observing the map and accumulation of sediments upstream from the island's extremity. Between
1963 and 1980 there were changes in the morphology of Gradistea Island, so it divided into two islands
separated by a channel of about 80 m wide. Concerning the island near the right bank, it has changed its
dimensions by lengthening and stretching. No significant changes occurred between 1980-1997, only
migration to the center of the Gradistea Island is reached, and an ever closer to the right bank of the
second island. At 2017, the two islands reunite, and Gradistea once again becomes one island, located
between km 648.5 - 645.5. Changes also occur in the case of the island near the right bank, decreases
its size being separated from the shore by a stable channel of about 40 m wide.
Downstream of these islands about 3 km away, starting at km 642, some islands make up the complex of
Baikal islands. The names of this island complex varied over time: Beslichioi-Dragoveiu in 1936, Dragavei
in 1980 and 1997 (Progress Report, GeoEcoMar, 2013).
In 1910, Austrian Topographic Maps show in this sector two islands, a smaller one located between km
642 - 640,8 and another massive developed between km 641 - 637.3, both situated to the center of the
bed. In 1936 there were changes in this island complex, so on the map three islands of different sizes. In
1963, the morphology of the riverbed in this area showed significant differences. The island of Baikal is
increasing its surface and is approaching the left bank, and this applies to the island of Dragovei, located
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upstream of the island of Baikal, the latter growing its surface roughly four times as much as 1936. The
third island that appeared in 1936 disappeared, but it still shows on the map of 1963 a small accumulation
attached to the shore. At the downstream tip of Baikal Island was formed a new small island located
between km 637.5 - 636.5. In 1980, changes in riverbed morphology were noted such as: reducing the
size of Baikal Island and fragmenting it downstream and towards the left bank so that the main island
appears surrounded by three islands. For 1997 no significant changes were observed in the morphology
of the islands. The small island that was separated from the downstream extremity joined the big island.
Otherwise, the geometry of the other islands is almost identical to that of 1980. At present, Dragavei,
Baikal and the island at the upstream extremity of the main island have been attached to the left bank.
There is also a small and narrow island located between km 642.5 - 641.7.
Downstream of Celei, on the map of 1910 we identified an island near the left bank located between km
634 - 631.5, which in 1936 was linked to the left bank.
In the last part of the analyzed sector, in 2017 we encounter two islands, one emerged more recently, the
other existing before the interval analyzed in this paper. Baloiu Island is the one that has appeared since
the beginning of the investigated time, when in 1910 it looks like a long and narrow island, located
between km 631 - 624, near the left bank. In 1936, Baloiu Island was extended between km 629 - 626.5,
which extended submerging downstream to km 625, except for a portion of it that appeared to date as an
island, located between km 626 - 625.3. In 1963, the Baloiu island with much larger dimensions was
located between km 630-626.2, its width is about 650-700 m. The map from 1980 provides us with
information on the diminishing of the island compared to 1963 and its location between km 629.4 - 625.9.
The 1980-1997 interval seems to have been quite stable from a morphological point of view, as Baloiu
Island presented both its size and its almost identical shape. In the last part of the analyzed interval,
significant changes occurred in a short time, materialized by the appearance of a new island located near
the left bank approximately between km 632 - 629,5, deployed at the port and the town of Corabia, as
well as modifications of the Baloiu island. Thus, the Baloiu island narrows its dimensions and as a novelty
is the appearance of a small island near the upstream extremity, which is currently about 500 m long and
about 150 m wide, being separated from the Baloiu island through a broad channel of approximately 100
m. About the new island in front of Corabia port, satellite data provides us with information that this has
begun to materialize through an accumulation of initial sediment that can be observed in the years 19981999, begins to emerge in 2000-2001. In 2003, the island already had a length of 2.4 km and a width of
about 400 m, but without being covered with vegetation. Permanent vegetation seems to be in place
since 2006. Currently, the island called Corabia Island (Progress Report, GeoEcoMar, 2013) appears to
be a consolidated island covered by vegetation for the most part.
Morphological changes occur in recent years in the Corabia area have led to the emergence of a critical
navigation point, which endanger the optimal operation of the Corabia port, as well as the downstream
navigation, the route of the fairway changing rapidly.
In conclusion, the sector analyzed in this paper presents different hydro-morphological characteristics,
both regarding the amplitude and time of their manifestation.
As an example of the morphological changes of the fluvial islands, Figure 11 shows the morphological
changes of Baloiu Island, during the analyzed period.
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Figure 11. Evolution of Baloiu island during 1910-2017
CONCLUSIONS
Hydrologic data and cartographic documents play an essential role to highlight the variability of the
riverbed. In the studied sector, natural and anthropogenic factors influence the hydro-morphology of the
river. Substantial changes have been occurred both about the hydrological regime of daily water levels
and sediment discharge. Cartographic documents and satellite imagery reveals spatial changes of the
Danube riverbed in the study area.
Over the years, the number of fluvial islands that are present in the Danube riverbed it was somewhat
constant, fluctuating between 10 and 13. We observe a decrease in the number of the fluvial islands that
are located on the right bank and an increase of them on the left bank.
It is observed a continuous decrease tendency about the perimeter of the fluvial islands from 74.21 km in
1910 up to 53.38 km at the end of the analyzed period in 2017. The studied sector is characterized by
significant changes in some fluvial islands (accretions, erosions), rising new islands, migrating islands,
changes in thalweg elevations.
The analyzed sector in this paper presents different hydro-morphological characteristics, both regarding
the amplitude and time of their manifestation.
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