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Abstract 

This study aims to quantitatively characterize shape parameters of 
fluvial islets using GIS techniques. There were eight metrics 
selected for the analysis. For the automation of the workflow, all 
processing functions were joined into a single graphical model. 
For this case study we selected the Danube sector situated 
between the cities Giurgiu and Oltenita. We chose to track the 
evolution of the fluvial islets' shapes from 1864 to 2010. 
Information was extracted from historical data sources such as 
maps and ortophotoplans. The graphical model created was run 
for each studied year. 
The results show major changes in the aspect of fluvial islets 
along the Danube reach. Between 1864 and 2010 the number of 
islets slightly increased with the total area ranging from 21.19 
kmp to 27.96 kmp. In the period studied, the shape turned from a 
rounded aspect to a more elongated one. Knowledge of the 
information on the shape of those landforms is relevant for river 
restoration strategies, nature conservations of islets and 
maintenance of the protected habitats. 
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Rezumat. Caracteristici de formă ale insulelor 
fluviale bazate pe tehnici SIG. Studiu de caz: 
insulele Dunării între Giurgiu şi Olteniţa 
Scopul acestui studiu este de a descrie cantitativ aspectul insulelor 
fluviale utilizând tehnicile GIS. În acest sens, au fost selectați pentru 
analiză opt parametrii morfometrici. Pentru automatizarea fluxului de 
lucru, toate funcțiile folosite pentru calcularea parametrilor au fost 
grupate într-un model conceptual. Ca studiu de caz a fost ales sectorul 
dunărean Giurgiu – Oltenița. Evoluția formei insulelor fluviale a fost 
urmărită pentru intervalul 1864 – 2010. Informațiile au fost extrase 
din surse de date istorice precum hărțile vechi și ortofoplanuri. 
Modelul conceptual creat a fost rulat pentru fiecare an analizat. 
Rezultatele ilustrează schimbări majore în aspectul insulelor fluviale 
dunărene prezente în sectorul studiat. Între 1864 și 2010 numărul 
insulelor a crescut ușor, iar suprafața totală a acestora a variat de la 
21.19 kmp la 27.96 kmp. În perioada studiată forma insulele fluviale a 
evoluat de la un aspect circular la unul alungit. Cunoașterea 
informațiilor privind forma acestor formațiuni geomorfologice este 
relevantă pentru strategiile de reconstrucție ecologică în lungul 
râurilor/fluviilor, conservarea și menținerea habitatelor protejate. 

Cuvinte-cheie: insule fluviale, Dunăre, formă, SIG, model 
conceptual  

 

Introduction 

Shape describes the geometric form of individual 

spatial objects (Maceachren, 1985). It holds an 
important role in many fields such as Spatial 

Science, Mathematics, Computer or Cognitive 
Science. Nevertheless, the definitions, goals and 

applications in each discipline are little different. In 

geography, shape has been primarily used as a 
descriptive tool (Boyce&Clark, 1964), but the need 

for a quantitative measure of shape that could 
address geographical phenomena first came up 

during the quantitative revolution in the 1960's 
(Sovik, 2014). The evaluation of shape is challenging 

simply due to the fact that there is no universally 

agreement upon definition on how to quantify it. 
Shape indices tend to fall into two classes: 1) single 

parameter – such as area or perimeter calculations 
and 2) multiple parameter – involving more complex 

mathematical functions (Sovik, 2014; Marin, 2016). 

A fluvial islet is a landform within a river channel, 
surrounded by stream-channel branches or 

waterways, which has some stability and remains 

exposed during bankfull flow (Picco et al., 2014; 

Wyrick, 2005). On the geologic time scale, a fluvial 
islet may not be permanent due to natural or human 

induced hydrological changes, but can remain in 
place over a long period. In the literature, the term 

of stability for fluvial islets is not usually defined 

precisely, but often the vegetation is a good 
indicator for this (Wyrick, 2005).  

Fluvial islets are present in the channels of the 
most rivers. They result from complex processes that 

take place in the river channel and have a 
morphological, an ecological and economic 

importance. Also, they are good indicators of the 

natural state of a river system and are largely 
influenced by changes in hydrological parameters and 

anthropogenic activities (Picco et al., 2014, Sadek, 
2012). For these reasons, river islets have sparked 

the interest of many researchers. Significant studies 

have been carried out to investigate the morphology 
and morphometry of fluvial islets (Wyrich, 2005; 

Ricaurte et al., 2012, Kiss&Andrási, 2014; 
Raslan&Salama, 2015). 

The purpose of this paper is to quantitatively 
characterize shape parameters of fluvial islets, using 
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Open Source GIS techniques. There were eight 

metrics selected for the analysis, namely: Islets 

number (IN), Length (L), Width (W), Elongation 
Ratio (ELONG), Area (A), Perimeter (P), Perimeter-

Area Ratio (P/A), Shape Index (SI). For the work 
flow automation all processing functions were joined 

into a single graphical model. 

Study area 

The Danube River is the second longest river in 
Europe, with a length of 2.850 kilometers. It rises 

from the Black Forest (Germany) and flows to 
southeast to the Black Sea. The Danube course is 

divided into three main sectors: Upper Sector (from 
source to Bratislava city), Middle Sector (from 

Bratislava city to Bazias) and Lower Sector (from 

Bazias to the Black Sea) (Tockner et al., 2008).  

The Lower Course flows over a distance of 1075 

km (Gâștescu&Țuchiu, 2012), between Bazias and 

Sulina City and touches the borders of Serbia, 
Bulgaria, Moldova and Uckraine (Buzea, 2010). Two 

large dams (Iron Gate 1 and Iron Gate 2) were built 
in the Lower Danube. This System induced some 

modifications of natural river regime such as reduced 

sediment transport capacity, followed by sediment 
deposition (Mladenovic et al., 2013). Also the 

embankment and drainage activities have altered 
floodplain and fluvial islets geomorphic processes 

(Constantinescu et al., 2015). 
For the analysis presented in this paper, we 

chose as study case the fluvial islets from Danube 

sector situated between the Romanian localities 
Giurgiu and Oltenita (Fig. 1).  

 

Fig. 1: Location of the study area 

Database and methodology 

In this paper we employed a diachronic study to 
investigate the shape characteristics of islets along 

the selected Danube River reach. We used historical 
maps and air photographs from different dates, but 

with similar scales (Table 1): Map of Southern 

Romania, Romanian maps under Lambert-Cholesky 

projection system - called “Planurile Directoare de 
Tragere”, Romania Topographic maps and 

ortophotoplan from 2010. It should be noted that all 
maps used in this study are based on the 

topographic survey. So, we consider that their 

accuracy is reasonable. For example, the Austrian 
topographic survey between 1855 and 1859 served 

as a basis for the Map of Southern Romania (Bartos 
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et al., 2014), which was printed in 1864 to Viena 

(Popescu-Spinteni, 1978). Romanian maps under 

Lambert-Cholesky projection system are the results 
of a series of Romanian, Russian and Austrian 

measurements and Topographic Map of Romania 
was made on the topographic and aerial survey 

between 1872-1980 (Năstase&Osaci, 2005). 

 It's important to mention that an inconvenience 
of using old maps and aerial imagery are the intervals 

between timepoints which are not equals, so the data 

isn't uniform. For this reason, the interpretation of the 

changes in the number of fluvial islets and their 
morphometric parameters takes into account the 

possibility of intermediate positionings and aspects, 
which have not been captured by existing 

cartographic and imagery documents. 

 
Table 1: Description of the Historical Maps and Imagery Documents used in the analysis   

Type of Data Name (Source of download) Year Scale/Resolution 

Maps 

The Szathmary Map - „Charta Romaniei Meridionale” 
(http://charta1864.ro/) 

1864 1:57.600 

1: 20.000 Romanian maps under Lambert-Cholesky 
projection system - called Planurile Directoare de Tragere 

(http://earth.unibuc.ro/ download) 

1920 
1:20.000 

 

Topographic Map of Romania (http://opengis.unibuc.ro/) 1980 1:25.000 

Ortophoplans 
Ortophoplan of Romania 

(DTM) 
2010 1:5.000 

 

We chose a simple distinction between bars and 
islets based on the absence (bars) and presence 

(islets) of vegetation (Nicholas et al., 2013). So, the 
boundaries of all positive landforms of the river were 

digitized and islets were separeted from bars using 

the vegetation criteria. To explore the shape 

characteristics dynamics of fluvial islets we 
calculated a set of commonly used landscape 

metrics, based on the GIS shapefiles (Table 2). It 
should be noted that we used only Open Source GIS 

Software, such as WhiteBox GAT, Quantum GIS and 

SAGA GIS. 
 

Table 2: The 8 landscape metrics, with their abbreviations, formulas and meaning    

Parameters  Abbreviation Formula Meaning 

Islets number IN IN=n Total number of fluvial islets from study area. 

Length L  Length (m) of each islet. 

Width W  Width (m) of each islet. 

Elongation Ratio ELONG L/W Is a measure of the length/width 

Islet Area Ai Ai = A/1000000 Area (m²) of each islet, divided by 1000000 to convert 
to km². 

Islet Perimeter Pi Pi=P/1000 Perimeter (m) of each islet, divided by 1000 to convert 
to km. 

Perimeter-Area Ratio P/A Pi/Ai Is the ratio of perimeter and area. 

Shape Index SI  100 * Pi/(2*√(π*Ai)) Shape Index is based on the ratio of perimeter to the 
square root of area. 

It was a challenge to find a way to automatically 

calculate the length and width of each islet. 
Geometrically, they have an irregular shape, which 

makes it difficult to establish the parameters 

mentioned above by a computer. Thus, each 
irregular polygon needs to be framed by a 

rectangular polygon, which rotates according to the 
orientation of the original polygon. In literature, this 

operation is known as Minimum Bounding Rectangle 

(MBR), a 2-dimensional case of the Minimum 
Bounding Box (MBB). The number of open source 

GIS software that have implemented such an 
instrument is limited. We have identified and 

selected Whitebox GAT software for the creation of 

minimum bounding rectangles and automatic 
calculation of the maximum length and width. It 

should be noted that we chose this approach 
because we believe that the determination on maps 

or aerial images manually by using a measuring 

instrument is time consuming and involves a high 
degree of subjectivity. 

For the automation of the work flow, most of the 

processing functions were joined into a single 
graphical model (Fig. 2), using the specific tool from 

Quantum GIS. The graphical model created has 
been run for each studied year. 

Results and discussions 

Count and area of fluvial islets 

In the Danubian watercourse between Giurgiu 
and Olteniţa, for the entire studied period, it can be 

noted a large number of islets, with a maximum 
recorded in the 1920. The smaller number of river 

islets found before 1920 and the lower total area 
obtained for 1864 and 1920, can be explained by 

the agressiveness of the floods registered in   1850, 

http://charta1864.ro/
http://earth.unibuc.ro/download
http://opengis.unibuc.ro/
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1862, 1897,1899 (Upper Danube ) and in 1862, 

1895 and 1897 (Lower Danube) (Melo et al., 2014). 

After 1920, the number of fluvial islets is preserved 
over 20, but overall it can be observed a slight 

downward trend of those. This can be associated 
with the anthropogenic activities from the upstream 

sector (the construction of the Iron Gates I and II), 

the embankment of the minor bed of the Danube 
River, lower sediment transport rates, wave actions 

and water streams led to physical degradation 
through reducing riverbed depth, sandbanks forming 

and islets. Analyzing the islets dynamics on different 

cartographical documents and images, it was 

possible to observe some changes in the active 
channel area during different periods. For example, 

the largest islets, remaining in the Danube 
watercourse over time, it can be observed a slightly 

downstream migration. Also, some fluvial islets were 

merged together into one islet, other merged into 
the river bank; some of them disappeared, while 

new ones were formed. 

Fig. 2: The graphical model used in this study (Marin, 2016) 

In the 1920-2010 period, the total area of river 
islets fluctuated, increasing and decreasing over 

time. The flood events occurred during the study 
period may have influenced the area and the 

morphology of river islets. For example, between 

1920 and 1980 there have been five significant 
floods 1930, 1940, 1942, 1955 and 1970 (Pătruț, 

2010) and between 1980 and 2010, four floods with 
major impact were identified: 1981, 2005, 2006, 

2010 (Teodor et al., 2010) (Fig. 4). 

Fig. 3: Number of fluvial islets and total area 

Elongation Ratio 
Elongation ratio know as aspect ratio (Wyrich, 

2005) is a measure of the length/width. It refers to 

the energy conditions of the river around the fluvial 
islets (Kiss&Andrasi, 2014). Using the classification 

proposed by Kiss T. and Andrasi G. (2014), we 

identified four classes: ELONG <= 2 for mostly 
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round shape; 2 < ELONG <= 4 for round shape; 4 < 

ELONG <= 6 for elongated shape and ELONG < 6 

for strongly elongated shape. 
In Fig. 5, we observe that in 1864, most of the 

islets have elongation ratio between 2 and 4, which 
shows that their shape is round. Later, in 1920, of 

the 26 fluvial islets, 10 of them have a round shape 

and therefore fit in the category of elongated islets. 
After '79-'80 years, the number of islets with 

elongated shape and strongly elongated shape 

increase to 24. It's seems that the fluvial islets tend 

to reshape by elongating because of the reduction 

of its width. The high values of elongation ratio 
achieved in 2010 show that the general trend of the 

shape of river islets is to turn from a rounded aspect 
to a more elongated one. That means after '80 years 

the energy conditions of rivers is higher in the 

neighborhood of islets, so these landforms can 
develop dynamically (Kiss&Andrasi, 2014). 

 

 

Fig. 4: Graphical representation of the annual average of water discharges at Giurgiu Station  

(Sourse of data: Hydrological Station, Giurgiu) 

  

  

Fig. 5: Graphical representation of frequency distribution for elongation ratio (1864-2010)

Perimeter-Area Ratio 

This parameter is, especially, used for the 
evaluation of habitats/distribution of species. It's 

important to know the values of this ratio for fluvial 

islets in the conditions that those landforms are a 
stopover and nesting place for many birds. 

Unfortunately, the measurement of this ratio doesn't 

give standardized values, so, in specialized 

literature, the calculation of a shape index is also 
recommended, in which case, reporting is done to a 

perfect circle (Lang&Klung, 2006). In Fig. 6 it is 

represented the frequency distribution for perimeter-
area ratio between 1864 and 2010. 
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Fig. 6: Graphical representation of frequency distribution for perimeter-area ratio (1864-2010)

Shape Index 

    It is based on the ratio of perimeter to the 
square root of area. This index was proposed by 

Patton, in 1975, for quantifying habitat edge for 
species. If the polygon is a perfect circle its SI is 1 

and as the aspect becomes more complex the SI 

increases (Comber, Birnie, Hodgons, 2013).  For the 
years studied in this paper, values of the shape 

index for the river islets are greater than 1 (Fig. 7).  

  

  

Fig. 7: Graphical representation of frequency distribution for shape index (1864-2010) 
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    Furthermore, since 1980, the index shows 

values over 2.5 units.  Taking into account the high 
values recorded for the rate of elongation and 

perimeter-area ratio, we can conclude that fluvial 
islets studied have an irregular and complex aspect. 

Conclusion 

During the period 1864-2010 (146 years), in the 
studied Danubian sector, the number of islets 

increased slightly between 1864-1920, after which 

their number remained constant. The total area of 
fluvial islets fluctuated, increasing and decreasing 

over time, but on the whole it grew from 21.19 sq.km 
to 27.96 sg.km. For a quantitative characterization of 

the morphology of fluvial islets we calculated some 

shape parameters. The values obtained for the 
elongation ratio, perimeter-area ratio and shape index 

highlights the general trend of those landforms to get 
a more complex and elongated aspect. 

References 

Bartos-Elekes, Zs., Timár, G., Imecs, Z., Magyari-Sáska, 
Z., 2014. Fligely’s Topographic Mapping of Walachia 
(1855–1859), Szathmári’s Map of Southern Romania 
(1864), its Geo-referencing and Publishing on Web 
(2011–2014) in digital form, retrieved from URL: 
http://charta1864.ro/essay.html.  

Boyce, R.R., Clark, W.A.V. (1964). The concept of shape 
in geography, The Geographical Review, 54, 561-572. 
doi:  10.2307/212982. 

Buzea, E. (2011). Flooded areas and their importance in 
maintaining biodiversity. Meadow Lower Danube. 
Journal of Wetlands Biodiversity, 1, 23-46. 

Constantinescu, Şt., Achim, D., Rus, I., Giosan, L. (2015).  
„Embanking the Lower Danube: From Naturale to 
Engineered Floodplains and Back”, Geomorphic 
Approaches to Integrated Floodplain Management of 
Lowland  Fluvial Systems in North America and 
Europe, Hudson, P.F., Middelkoop H.(eds), Springer New 
York, 265-288, doi 10.1007/978-1-4939-2380-9_11. 

Gâștescu, P., Țuchiu, E. (2012). The Danube River in the 
pontic sector – hydrological regime, in Conference 
Proceedings Water resouces and wetlands, Gâștescu, 
P, Lewis, W., Bretcan, P. (eds), Tulcea, România. 

Kiss, T., Andrási, G. (2014). Morphological classification 
and changes of islands on the Dráva River, Hungary-

Croatia, Carpathian Journal of Earth and Environmental 
Sciences, 3(3), 33-46. 

Lang, S., Klung, H. (2006). Interactive metrics tool (IMT)-
a didactical suite for teaching and applying 
 landscape metrics, Ekologia, Vol. 25, 131-140. 

Maceachren, A.M. (1985). Compactness of Geographic 
Shape: Comparison and Evaluation of  Measures. 
Geografiska Annaler, Series B, Human Geography, 
67(1), 53-67, doi: 10.2307/490799.  

Marin, A.F., Armas, I. (2015). Shape characteristics of 
fluvial islets based on GIS techniques. Case study: 
Danube's islets between Giurgiu (km 493) and Olteniţa 

(km 430), Paper presented at International Conference 
–  Environment at a CrossRoads: SMART 
approaches for a sustainable future, 12-15 noiembrie 
2015, București, România. 

Marin, A.F. (2016). A methodological framework for the 
morphometric analysis of the fluvial islets along the 
Danube River in the Giurgiu-Olteniţa sector, 
GeoPatterns, Vol 1 (2), 18-22. 

Melo, M., Pekárova, Miklánek, P., Melová, K., Dujsikova, C. 
(2014). Use of historical sources in a study of the 1865 
floods on the Danube River and its tributaries, 
Geographica Pannonica, Vol. 18 (4), 108-116. 

Năstase, A., Osaci, G. (2005). Topografie. Cartografie, 
Ediția a II-a revăzută, Edit. Fundației România  de 
Mâine, București. 

Nicholas, A.P., Ashworth, P.J., Sambrook Smith, G.H., 
Sandbach, S.D. (2013), Numerical simulation of bar 

and  island morphodynamics in anabranchiang 
megarivers, Journal of Geophysical Research: Earth 
Surface, 118, 2019-2044, doi:10.1002/jgrf.20132. 

Picco, L., Ravazzolo, Rainato, R., Lenzi, M.A. (2014), 
Characteristics of fluvial islands along three gravel-bed 
rivers of north-eastern Italy, Cuadernos de Investigación 
Geográfica, 40(1), 53-66, doi: 10.18172/cig.2505. 

Picco, L., Tonon, A., Ravazzolo, Rainato, R., Lenzi, M.A. 
(2014). Monitoring river island dynamics using aerial 
photographs and lidar data: the tagliamento river 
study case, Applied Geomatics, 7(3), 163-170, doi 
10.1007/s12518-014-0139-7. 

Popescu-Spineni, M. (1978). România în izvoare 
geografice și cartografice, Edit. Științifică și 
Enciclopedică, București. 

Raslan, Y., Salama, R. (2015). Development of Nile River 
islands between Old Aswan Dam and new Esna 
barrages, Water Science, 29, 77-92, 
doi:10.1016/j.wsj.2015.03.003. 

Ricaurte, L.F., Boesch, S., Jokela J., Tockner, K. (2012), The 
distribution and environmental state of vegetated island 
within human-impacted European rivers, Freshwater 
Biology, 57, 2539-2549. doi:10.1111/fwb.12026. 

Sadek, N. (2012). Island development impacts on the Nile 
River morphology, Ain Shams Engineering Journal, 
4(1), 25-41, doi: 10.1016/j.asej.2012.06.006. 

Sovik, B.R. (2014). A GIS Method for Spatial Network 
Analysis using Density, Angles and Shape, American 
Journal of Geographic Information System, 3(1), 23-
37. doi:10.5923/j.ajgis.20140301.03.  

Teodor, S., Rădulescu, C., Ciucă, R. (2010). Tranzit 
aluvionar comparativ pe sectorul românesc al Dunării, 

rezultat pe perioada celor mai mari viituri din ultimele 
trei decenii, Conferința Științifică Jubiliară, Institutul 
Național de Hidrologie și Gospodărire a Apelor, 
București, România. 

Tockner, K., Uehlinger, U., Robinson, C.T. (2008). Rivers 
of Europe, Elsevier, Academic Press, San Diego, USA. 

Wyrick, J.R. (2005). On the Formation of Fluvial Islands. 
PhD Thesis, Oregon State University, USA. 

Wyrick, J.R., Klingeman, P.C. (2011). Proposed fluvial island 
classification scheme and its use for river restoration, 
River Research and Applications, 27, 814-825, doi: 
10.1002/rra.1395.

 


