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The Danube islands system is continuously undergoing real degradations caused by
natural and anthropogenic processes, thus causing a weakening of the biological potential
and generating ecological and socio-economic imbalances. The lack of frequent data on
the morphometric parameters of the islands in this region constitutes a major gap for
monitoring, understanding and diagnosing the state of their evolution. The aim of this
work is to show the importance of morphometric parameters extracted from SAR radar
amplitude images in the monitoring of the dynamics of the Danube island system, along
the Giurgiu-Cilarasi sector, at the frontier of Romania — Bulgaria. This study conducted
by extraction of islands allowed us to detect and monitor the evolution of each island and
sub-island, between 1995 and 2009, with great precision. The results obtained showed a
displacement of the island system in the South-East direction with an average annual
velocity of about 1 m/year and sediment accumulations with an average radius velocity
estimated at 1.34 m/year during this period of 14 years. The increase of sediment
accumulation during the studied period is due to river bank erosion and to the major
floods produced in 2005 on the tributary rivers and especially those of 2006 on the
Danube River.

1. INTRODUCTION

SAR imagery (Synthetic Aperture Radar) has the ability to
determine, locate, inventory and map islands. It also allows not
only to study a single island but the whole island system of the
Danube River along the Giurgiu-Calarasi sector, thus gaining
a good understanding of the evolution of the entire river
system. Radar amplitude images perfectly delimit the islands
due to their sensitivity to roughness. This work is considered
as an extension and continuity of a project on the same sector
of the Danube (Giurgiu-Calarasi), showing the contribution of
SAR radar imagery in the monitoring of the dynamics of an
island system. The results can be summarized by: (1) the
production of amplitude images, with a resolution of 12.5 m,
calibrated, filtered, georeferenced and orthorectified, showing
the morphology of the islands at different dates and also
constituting a database of several periods (i.e. 1995, 1996,
1997, 1999, 2000, 2002, 2004, 2005, 2007, 2008 and 2009) of
this sector of the Danube; (2) the inventory, cartography and
map production at different dates of this system of islands; (3)
the performing of the colored compositions, thereby showing
possible changes occurring at different intervals; (4) the
evaluation of the dynamics of the island system between 1995
and 2009, showing small surface areas thus sedimentary

13

accumulations in this period of 14 years.

The extraction of morphometric parameters from SAR radar
images gave excellent results in the study of a Barkhane field
in Mauritania. It made it possible to list more than 900
barchans, to calculate their displacement under the effect of
the wind and to classify them in three categories according to
their speed by contribution to their size: small surfaces 38
m/year, medium 27 m/year and large 23 m/year [1]. The SAR
imagery was also used to monitor river channel planform
changes [2].

The aim of this work is to show the interest of the
morphometric parameters extracted from the SAR radar
images in the monitoring of the dynamics of the island system
of the Giurgiu-Calarasi sector of the Danube in Romania. To
achieve this goal, we extract the morphometric parameters of
each island and sub-island at different dates, using the
amplitude images produced, compare, analyze, and interpret
the results obtained.

2. STUDY AREA AND ITS CHARACTERISTICS
2.1 Localization of the study area

The southwest sector of the Danube region is located south
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of Bucharest, between the cities Giurgiu and Calaragi. It is
delimited by latitudes: 43.61° to 44.36° North and longitudes:

25.57° t0 26.91° East, as shown in Figure 1.

ROUMANIE UKRAINE -
"‘."\atu &‘am e po-= ' Botgiﬂ’“ ‘ 1 ".‘
® Baia Mare BT ,O 9
aia Mare Suceava \ o [
HONGRIE L 2oy JSistrita lasig’ 7,
: 'Oradea Piatra N:(sn"\ ‘:(\
. S
| .CIul-Napoca Vaslui '\
o - \
o largu Mures i
Transylvanie Eac
® Arad =
.Allmluhu - S
Deva d )/
e limisoara . o Sibiu Blgsov Focsani :F
. ¢ -~
Ga!agl. ) e
ofesita Ramnicu Buziu Briilag < \'.
Targu Jiu Vaicea . Tulcea
. o I.—vc):w\h' .Ploie§ti
e Drobet: itegti
SI‘RBIF—["]- L lurn'u Slev:%rm ) * i
MONTENEGRO ~— /& alachie BUCAREST) <
® Slatina | _ Constanta
-~ ‘ ) . S e
A R Craiova =~ o
27 3. I y Giurgiu! AN
y — " By
\- A e \ = Q
L2 A | Q
el , BULGARIE
Divisiop Géographique de la Direction des Archives 0 100 km
duMinistére des Affaires Etrangéres  © 2004 '

Figure 1. Geographic map of the region and the localization of the study area (red frame) on the Danube River (Giurgiu-Calarasi

sector, Romania). Source:

2.2  Geological, geomorphologic and  climatic

characteristics of the study area

The geological and geomorphological features of the
islands are similar to the Danube floodplain and the Romanian
plain. They are genetically related and tectonically influenced
[3]. The relative altitude of the islands does not exceed or
rarely exceed 4 or 5 m compared to the average level of the
Danube. Small islands, with short altitudes, are often flooded.
Alluvial deposits on their surfaces belong to the Upper
Quaternary (Upper and Present Holocene). They are formed of
pebbles, sand, loess deposits with varied grain size according
to their positions, near the major tributaries of the Danube or
the banks. The natural vegetation on the islands is partially
replaced. Chernozem soils are found on the terraces and in the
plain and alluvial soil are found in the major river bed [4].

This study area is characterized by a very contrasting
climate between summer and winter. Its relatively flat
topography promotes rapid movement of air masses, very high
wind speeds, snowstorms and excessive increases in summer
temperatures [5].

As major driver of island dynamics, the sediment load of the
Lower Danube River is dominated by coarse sediment in
suspension. The sediment load is decreasing along the Lower
Danube River especially since the construction of the dams of
Iron Gates | and 11 in 1972 and 1984 [6].

3. METHODOLOGY AND DATA PROCESSING

3.1 Methodology

The methodology chosen in this study is based on: (1) the
delineation and extraction of the parameters of each island and
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sub-island (perimeter (P), area (S) and UTM coordinates of the
center (X, Y)), using the amplitude images produced; (2) the
calculation of the variations, AP, AS, AX and AY, of the
parameters extracted for each island and sub-island at different
dates; (3) study and analysis of these results.

3.2 SAR radar data used

For this study, we used the data of PRI (Precision Image)
types of ERS-2 satellite (Table 1). The acquisition of these
images is ascending (night shift), from an azimuthal direction
upwards. The scene is illuminated to the right in a side view
with an angle of incidence of 23°, in the band "C" wavelength
(5.65 cm), and a vertical polarization (VV).

The choice of two dates in the same year, July and
December 1995, is justified by the fact of discriminating and
eliminating seasonal changes from those of morphological
origins. Regarding the dates 1995 and 2009, this selection is
based on the availability and on the largest possible interval of
the same platform, as here satellite ERS-2 to avoid any
instrumental errors.

Table 1. Data used from the ERS-2 satellite

. Centre  Incidence
Date Hour Orbit TrackFrame Lat®/Lon® Angle
06/07/1995 20:26:40 01099 243 873 43.98/26.26  23.247°
28/12/1995 20:26:39 03604 243 873 43.99/26.25 23.247°
28/05/2009 20:27:40 73744 243 873 43.98/26.24 22.921°

3.3 Data processing

We delimited each island and sub-island with great
precision from the three amplitude images of different dates,



as shown in Figures 2, 3 and 4. We then extracted their to UTM. Subsequently, we also calculated the average of the
morphometric parameters, such as the perimeter (P), the variations AP, AS, AX and AY, by subtraction of each
surface (S) and also their coordinates from the center (X; Y) parameter between 1995 and 2009.

July 6, 1995

Figure 2. Amplitude images of each island of the Danube River along the Giurgiu-Calirasi, dated on the 6! of July 1995

A

December 28, 1995
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Figure 3. Amplitude images of each island of the Danube River along the Giurgiu-Cilarasi sector, dated on the 28" of December
1995

Island n°9 Island n°10 N Island n°1 1

Figure 4. Amplitude images of each island of the Danube River along the Giurgiu-Cildrasi sector, dated on the 28" of May 2009
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Figure 5. Flowchart showing the different steps of the performed treatments

Figure 6. Different steps of treatments; (a) Original image; (b) Amplitude image of the study area; (c) Calibration (Sigma0); (d)
Georeferencing; (e) Orthorectification; (f) Filtering; (g) Converting to decibel image (db); (h) Island discrimination; (i) Extracted
islands with the river; (j) Extracted islands; (k) Detail of the extracted islands

The different stages of the carried out treatments can be are not in one of the two dates. The abbreviations Bg and Ro
summarized according to the following flowchart (Figure 5). denote Bulgaria and Romania respectively.
Figure 6 shows the results of island extraction.
Table 2. Morphometric parameters of the islands and sub-
islands from the Giurgiu-Calarasi sector, of July 6, 1995
4. RESULTS AND DISCUSSIONS

N< Name N< Centre P S
4.1 Morphometric parameters of the islands from 1995 and Island X (m) Y (m) (km)(km?)
2009 Island
. Cama Dinu 1 nel-1 406734.004846022.40 6.07 1.33
Using amplitude radar images, we were able to extract the (Vedea) (Ro) r:s(;ar;i 0 0 0 o0
morphometric parameters such as perimeters (P), areas (S) and Cama Dinu 2 Island
UTM coordinates from the center (X, Y) of each island and 2 (Malu) (Ro) no 409148.004847928.015.07 0.76
sub-island at different dates, July and December 1995 and Liuliak (Prista)  Island
May 2009 (Tables 2, 3 and 4). The sub-islands marked with (*) 8 (Bg) N3y 411586.004849702.26 8.30 1.99
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Ins!;r_lf 422304.004862006.9313.91 6.68

Island -1 >3864.004861799.63 2.52 0.19
na4-2
Island
n<-3*

'rf'%”f 430307.004868673.9220.61 5.50

IsIand - 129707.004869763.80 3.59 0.35
n%-2

Island 436857.004871865.96 9.99
ne-1

Island 439152.004872232.91 3.08
ne-2

Island 4 1 3643.004873735.35 5.34
n<-1

Istand 4 12192.004873132.71 1.23
n<-2

Island - 450757.004875927.92 7.84
n<g-1

Island 1 18900.004876591.58 7.09
n<g-2

Island - 06414 ,004876515.26 2.18
n<gs-3
Island
n<B-4*
Island
n<B-5*
Island
nd
Island - 4 5997 .004877246.69 7.42
n<10
Island
n<1-1
Island
n<1-2
Island
n<11-3

4 Mocanu (Ro)

420406.004861818.2611.08 2.69

5 Aleko (Bg)

2.92
6 Lungu (Ro)
0.26

1.23
7 Miska (Bg)
0.04

1.44

0.88

Goliam (Bg);

(Ro); (Ro) 0.14

449103.004875921.64 2.20 0.14

0 0 0 0

9  Kalimok (Bg) 455538.004875797.81 7.93 1.34

10 Tutrakan (Bg) 1.18

475472.004879228.18 9.18 2.98
Kosui
11 (Pozharevo) (Bg);

(Bg); (Bg)

477359.004880219.50 5.93 0.85

477911.004879821.35 0.37 0.01

Table 3. Morphometric parameters of the islands and sub-
islands from the Giurgiu-Cilarasi sector, of December 28,
1995

Centre P S

N* X (m) Y (m) (km) (km?)

Name N<lsland

Cama Dinu 1 Island n<1-1 406967.84 4846000.04 9.04 1.75
(Vedea) (Ro) Island n<1-2 406129.56 4844964.89 6.74 1.26

p CamaDinu2,g. 119  409257.38 4848069.11 5.96 0.939
(Malu) (Ro)
3 Liuliak Island N3 411461.53 4849549.65 10.34 2.47

(Prista) (Bg)

Island n4-1 422342.25 4862016.67 13.93 6,65
Island n4-2 423918.31 4861871.20 3.51 0.32
Issland n<- 0 0 0 0
Island n5-1 430318.15 4868687.20 20.71 5.53
Island n5-2 429746.92 4869820.97 3.62 0.45
Island n6-1 436898.03 4871890.12 9.94 3.04
Island n6-2 438835.92 4872129.70 5.16 0.43
Island n<7-1 443628.41 4873718.29 5.86 1.34
Island n<7-2 441976.15 4873021.00 2.26 0.182
Island nB-1 449870.22 4875892.25 12.68 2.59
Island nB-2 448891.93 4876600.40 6.65 0.84
Goliam (Bg); sland n8-3 450454.97 4876537.88 2.55 0.17

4 Mocanu (Ro)

5 Aleko (Bg)
6 Lungu (Ro)

7 Miska (Bg)

8 .
(Ro); (Ro) ~ [Snd n%- o 0 0
!Iss;!and n<g- 0 0 0 0o

Kalimok

9 By Island n®  455625.71 4875827.79 8.34 1.42
10 (ng)aka” Island n<10 466035.57 4877282.62 8.06 1.35
_ Island n1- 475968 53 4879188.40 9.98 355
Kosui 1
g (Pozharevo) Jsland MLy 77375 06 488021068 5.98 0.94
(Bg); (Bg);
(Bo) 'Bs'a”d 11" 47769019 4879803.03 1.28 0.05

Table 4. Morphometric parameters of the islands and sub-
islands from the Giurgiu-Calarasi sector, of May 28, 2009

< o Centre P S
N Name N<lsland X (m) Y(m)  (km)(km?)
1 Cama Dinu 1 Island n<1-1 406858.71 4846015.76 6.29 1.28

(Vedea) (Ro) Island n<1-2 406217.54 4845157.82 2.98 0.37
p Camabinu2 . ho 40933596 484817524 4.01 0.72
(Malu) (Ro)
Liuliak
(Prista) (Bg) Island N3  411554.40 4849597.36 9.32 2.35

Island n4-1 422363.41 4862070.77 13.89 6.83

4 Mocanu (Ro) Island n4-2 424269.54 4862203.27 4.58 0.44

Island n%4-
2 0 0 0 0
5 Aleko (Bg) 'Slandn'S-1 43019487 4868622.61 20,58 5.69
9 |sland nB-2 429765.95 4869857.28 3.76 0.47
6 Lungu (Ro) 'S1andn-1436936.04 487191529 9.94 302
9 Island n6-2 438326.45 4871928.85 6.41 0.72
7 Miska(Bg) 'Sandn-1443653.16 487375758 5.44 125
9 |sland n7-2 441919.20 4873078.21 2.13 0.17
Island nB-1 450609.57 4875973.96 8.15 1.64
Island nB-2 448925.10 4876623.37 6.42 0.78
Goli _Island nB-3 450485.91 4876556.67 2.50 0.19
8 oliam (Bg); Island n<8-
(Ro); (Ro) 4% 0 0 0 0
Island n8-
b« 44935404 4876488.60 1.42 0.04
9 K?g’gf" Island N®  455659.60 4875817.76 8.09 1.41
10 T“(té‘;';a” Island <10 466017.13 4877304.71 7.90 1.41
- Island nL1- ooa08 90 487921071 9.39 3.40
Kosui 1
(Pozharevo) Island n<11-
11 477397.62 4880218.25 5.83 0.96
(Bg); (Ba); 2
(Ba)  1lend AL 47773035 4879817.35 148 0.06

4.2 Comparison of the islands system between 1995 and
2009

To observe the evolution of the island system between 1995
and 2009, we made a comparison of the previously extracted
parameters by dates. The results obtained are summarized in
Table 5. For each island and sub-island, the procedure consists
in calculating the average of the subtraction between the same
parameter measured at different dates using the following
formulas:

(1)

)
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AP =

48 =

3)

“4)

where, X and ¥: UTM coordinates of the center of the island;
P: Perimeter of the island; S: Area of the island; n: number of
dates used; f: final date; #: initial date.

Table 5. Shows the names and averages of the parameters
variations, AP, AS, AX and AY of each island and sub-island

o o AX AY AP AS
N Name N<lsland (km) (km)  (km) (km?)
1 CamaDinul Islandn<-1 0.08 -0.004 0.15 -0.03
2 (Vedea) (Ro) Island n<1-2* 270.81 3230.11 1.99 0.25
3 c(:ﬂn:u?&)z Islandn2 013 016 -0.71 -0.03
4 (Pr'i-;f;)'i'ég) Island 3 -002 -0.07 068 0.24
5 Islandn4-1  0.04 0.04 -0.01 0.10
6 Mocanu (Ro) Islandn<-2  0.27 0.27 137 017
7 Island n%4-3* -280.3 -3241.2 -7.39 -1.79
8 Aleko (Bg) Islandn%-1  -0.07  -0.03 -0.02 0.13
9 Island n%-2  0.04 0.06 011 0.08
10 Lungu (Ro) Island -1 0.05 0.03 -0.03 0.07
11 Island n6-2  -0.55 -0.20 222 031
12 . Island n7-1  0.01 0.01 0.07 001
13 Miska(®9) gangng.2 014 004 060 009
14 Island n8-1  -0.10 0.03 021 013
15 Goliam (Bg): Island n8-2  0.02 0.02 -045 -0.07
16 (Ro): (Ro) " Island n8-3 0.05 0.03 0.21 0.03
17 ’ Island nB-4* -299.40 -3250.6 -1.47 -0.09
18 Island nB-5* 299.57 3250.99 0.95 0.03
19 Kalimok (Bg) Islandn<® 0.08 0.01 0.11 0.05
20 Tutrakan (Bg) Islandn<10  0.01 0.04 032 0.15
21 Kosui Island n<11-1  -0.10 -0.01 014 0.28
22 (Pozharevo) Island n11-2 0.03  -0.001 -0.07 0.07
23 (Bg()éé';’g)’ Island 413 -0.12 -0.003 0.74 0.03

4.3 Evolution of the islands system between 1995 and 2009

Analysis of the parameters extracted from the SAR radar
images made it possible to detect and follow the evolution of
the Danube island system, sector Giurgiu-Calarasi, with great
precision. The positive values of the calculated averages, the
UTM coordinates of the center (AX, AY), show the very
important role of the wind factor or other major phenomena in
the displacements of the sediments of the islands and sub-
islands, as shown in Figure 7. We estimated an average island
system speed of about 1 m/year in the Southeast direction. This
displacement is accompanied by the elongation of the islands
[7].

The evaluation of the sedimentary accumulations was
determined from Figures 8 and 9, showing the morphometric
parameter variations according to their measurement dates,
and the results of the perimeters and area means (AP and AS),
obtained using formulas (3) and (4).

The speed of the accumulations of the surfaces is given by
the mean growth speeds of the islands and sub-islands
perimeters and areas. For perimeters, we estimated an average
speed of about 18 m/year and for areas of about 5621 m?/year.

18

These results must be distributed over the number of islands

and sub-islands listed, which gives average speeds
respectively of 0.78 m/year and 244.39 m?/year.
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Figure 7. Map of displacement of the centre of the islands

between 1995 and 2009
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Figure 9. Evolution of the area of the islands and sub-islands
between 1995 and 2009

Positive values show an increase in sediment during the 14-
year period (1995 and 2009) with an estimated average
accumulation of approximately 2972.5 m?/year, a radius of
30.77 m each year. This gives an estimate of an accumulation
of 129.24 m?/year and radius 1.34 m/year for each island and
sub-island.

On the other hand, the few minimal negative values can be
explained by errors due to the treatments carried out and the
phenomena of compensations.

Figures 8 and 9 show the evolution of the perimeters and the
surfaces of the islands and sub-islands between 1995 and 2009.
The higher values in December 1995 when compared to July
1995 are probably due to low water levels of the river in winter.

During floods, rivers in the region carry large quantities of
solid materials, causing changes in the transverse and vertical
profiles of the canals [8]. As example, if the average annual



suspended sediment load of the Vedea River — a tributary of
the Danube upstream of the study area — at Alexandria is only
12.6 kg/s, during major floods (1972, 1975, 1995 and 2005) it
exceeded 5000 kg/s. Its maximum value was reached during
the flood of July 2005, with 5838 kg/s [9]. The flooding of the
Danube River on 24 April 2006 resulted in volumes of
sediments corresponding to a maximum liquid flow ranging
from 16100 to 16500 m®/s between Giurgiu and Cilirasi [10-
12].

This evolution corresponds to the general dynamics of the
Danube River islands along the studied sector: slight area
increase since 1980 [13]. Along the Lower Danube, lateral
(side) erosion is still common as many of the banks and islands
are unprotected, which determines the formation of sand bars
[14]. The process is probably more intense post- flood events.

5. CONCLUSIONS

This study of extraction of morphometric parameters from
SAR radar images allowed us to detect, monitor and analyze
changes in the islands and sub-islands of the Danube, sector
Giurgiu-Calarasi, with great precision. The results reveal a
slight displacement of the island system in the Southeast
direction and a small increase in sediment accumulation. This
increase during this 14-year period is due to the major floods
produced in 2005 on the tributary rivers and especially those
0f 2006 on the Danube River.

This study allowed to better understand the recent dynamics
of the Lower Danube River islands and could further help
decision makers to conduct a proper river management with a
special regard on islands that are hydraulically and
ecologically important [14, 15].
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