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Abstract 

The volcanic eruptions are one of the most characteristic natural 
sources of CO2 in the atmosphere (IPCC, 1990, 2007). In order to 
study the effect of volcanic eruptions on the increased levels of 
CO2, we have used data from the Basic Environmental Observatory 
(BEO) "Moussala", Bulgaria, for the period comprised between 
July 2007 and March 2015. The Carbon dioxide is not a health 
hazard gas and there is no established limit concentration by the 
Bulgarian and international law. In this study, we have accepted 
as extremely high values the values that exceed the 95th 
percentile of the distribution of the daily average values for the 
studied period. The days with exceeding CO2 concentration were 
analysed in terms of volcanic activity (Etna), which could affect 
the investigated area with the spread of air pollutants and also 
CO2. The simulations developed by the Hybrid Single Particle 
Lagrangian Integrated Trajectory (HYSPLIT) Model are used in 
order to describe the trajectory and dispersion of pollutant and 
products from eruptions of Etna in the atmosphere. A synchrony 
between the occurrence of days with extreme high concentration 
of CO2 in the atmosphere in the region of BEO “Moussala” and 
eruptions of Etna volcano was established in most of the 
investigated cases.  
The analysis of the results from BEO “Moussala” confirms the 
impact of the volcanic eruptions and Etna volcano, in particular, 
for the increasing of CO2 concentration in the atmosphere. On the 
other side, it was established that the activity of Etna is not the 
only factor which has impact on the concentration of CO2. More 
detailed analyses concerning not only natural, but also 
anthropogenic factors have to be done in the future in order to 
clarify the reasons for the increasing concentration of CO2 in the 
atmosphere (IPCC, 2014).  

Keywords: carbon dioxide, Etna volcanic eruptions, Bulgaria, 
HYSPLIT Model 

 

Erupţiile vulcanice din Europa şi modificarea 
concentraţiei de dioxid de carbon din atmosferă. 
Studiu de caz: Observatoriul de Mediu Moussala  

Rezumat. Erupţiile vulcanice reprezintă una din sursele principale 
de CO2 din atmosferă (IPCC, 1990, 2007). Pentru a studia efectul 
erupţiilor vulcanice asupra nivelurilor crescute de CO2, s-au utilizat 
datele de la observatorul de Mediu Moussala (BEO) din Bulgaria 
pentru perioada cuprinsă între iulie 2007 şi martie 2015. Întrucât 
dioxidul de carbon nu este considerat un gaz cu risc pentru 
sănătate, nu este stipulată nicio limită pentru concentraţia acestui 
gaz în legistaţia bulgărească sau internaţională. Pentru acest 
studiu, am considerat ca volori foarte mari cele care depăşeau cu 
95% valorile medii zilnice pentru perioada studiată. Zilele în care 
s-au înregistrat depăşiri ale concentraţiei de CO2 au fost analizate 
din persectiva activităţii vulcanice (Etna), care ar fi putut afecta 
aria luată în analiză datorită răspândirii poluanţilor aerieni, inclusiv 
a CO2. Simulările elaborate cu ajutorul Modelului Hybrid Sincle 
Particle Gagrangian Integrated Trajectory (HYSPLIT)  sunt folosite 
pentru a descrie traiectoria şi dispersia poluanţilor şi particulelor 
expulzate de vulcanul Etna în atmosferă. În majoritatea cazurilor, 
s-a stabilit o sincronizare între zilele în care s-au înregistrat 
concentrări extrem de mari de CO2 în atmosfera din apropierea 
BEO Moussala şi erupţiile vulcanului Etna.   

Analiza rezultatelor de la BEO Moussala confirmă impactul 
erupţiilor vulcanice în general şi al vulcanului Etna în particular 
asupra concentraţiei de CO2 din atmosferă. Pe de altă partă, s-a 
stabilit că activitatea vulcanului Etna nu este singurul factor cu 
impact asupra concentraţiei de CO2. Pe viitor, trebuie întreprinse 
analize detaliate privind nu numai sursele naturale de CO2, dar şi 
cele antropice pentru a putea clarifica motivele pentru creşterea 
concentraţiei de CO2 din atmosferă (IPCC, 2014). 

Cuvinte-cheie: dioxid de carbon, erupţiile vulcanului Etna, 
Bulgaria, modelul HYSPLIT  

Introduction 

Natural sources of CO2 are mainly volcanic 
eruptions and large forest fires. Volcanic activity can 

inject large quantities of gases and aerosols into the 
atmosphere both during and between eruption 

breaks (Pareschi et al., 1999). Depending on the 

power of the eruption and the speed of the wind, 
the ejected CO2 in the atmosphere can be 

transported over long distances. That is why several 
gases, CO2 included, could be registered thousands 

of kilometers from the volcano itself. 

The gases exuded in volcanic eruptions from 
magma at a certain depth, as well as during the 

cooling of lava in the lava flow, form gaseous 
clouds. Their composition is predominantly of sulfur 

compounds, carbon dioxide, nitrogen, hydrogen, 

methane, chlorine and compounds of boron and 
argon, water vapor. The greatest amount of CO2 is 

contained in the gases which have a temperature 
below 100°C. These are the so called mofette. 

Volcanic ash that is released during eruptions 

contains lava particles, mica, volcanic glass, gases 
and water vapor (Kanev, 1983). Etna is one of the 

largest contributors of magmatic gases, CO2  

Forum geografic. Studii și cercetări de geografie și protecția 
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included (Allard et al., 1991; Francis et al., 1998; 

Williams et al., 1992). Etna is an active 

stratovolcano, as the cone of the volcano is formed 
by alternating eruptions in which lava masses 

alternate with tuffs (Kanev, 1983). Its height is 
variable, i.e. amended by volcanic eruptions. 

Currently, the altitude of Etna is 3330 m. a.s.l. which 

makes it the highest active volcano in Europe. It 
covers an area of 1,190 sq km in Eastern Sicily, 

between the African and Eurasian continental plates. 
The volcano is one of the most active in the world 

and it is almost constantly in a state of activity 
(Global Volcanism Program, 2013). 

The high mountain station BEO Moussala is 

located in Rila National Park at an altitude of 2,925 
m a.s.l. and it is far from major industrial pollutants 

and other human activities (Angelov et al., 2013). 
Therefore, human influence is limited to a minimum. 

Periodic increases in CO2 concentration are mainly 

due to natural sources such as volcanoes and 
summer forest fires. Depending on the wind speed 

and its direction, increased levels of CO2 in some 
cases may also be registered due to human activity, 

especially ventilated emissions from the activity of 
central heating. Because of the lack of data about 

more significant human activity, this aspect has not 

been examined in this study. 

Methodology 

Through comprehensive research approach and 

application of mathematical, statistical and analytical 
methods, monthly and seasonal concentrations of 

CO2 in the air and meteorological parameters are 

calculated and trends in chronological changes are 
analyzed. The causal relationships between the 

changes in the concentration of CO2 in the air and 
the natural factors (weather parameters and 

volcanic activity) have been established. 

Tracking the movement of volcanic ash and 
gases which are ejected into the atmosphere from 

Etna volcano was done through simulations of the 
course of volcanic ash made by NOAA HYSPLIT 

model (http://www.arl.noaa.gov/HYSPLIT_info.php, 
accessed 30 November, 2013). This model is a 

system for tracking the trajectories of different air 

pollutants, including CO2. In addition to determining 
the trajectory, the model is used in various 

simulations representing the deposition of pollutants 
on the ground. HYSPLIT model could be used also 

for tracking and forecasting of radioactive elements, 

gases from forest fires, dust and volcanic ash. For 
the purposes of this study, the transport of volcanic 

ash from Etna is used, because the greatest 
synchronicity was established between the 

occurrences of days with extremely high CO2 

concentrations in the air and moments of eruption of 

the volcano. 

HYSPLIT model is managed interactiveThe

online and enables tracking the emitted volcanic ash 

at a given period of time. The date of the volcanic 
eruption has to be used as input data for the 

simulation. iThe theaboutinformationnitial
eruptions of the volcano was obtained from the 

databaseDiscoveryVolcano  

(http://www.volcanodiscovery.com, 30accessed
November, 2013), where the daily state of active 

volcanoes on the planet is published. A period of 28 
days (December 17, 2013 - January 13, 2014) is 

used in the present study in order to analyze the 
impact of volcanic eruptions on the concentration of 

CO2 in the air. The choice of this period is 

determined by the greatest number of days (18 
days) with increased concentration of CO2 in the 

atmosphere, according to the data from BEO 
"Moussala". 

Results 

Chronological changes and seasonal course 
in CO2 concentrations in the air 

The data for monthly values of CO2 from BEO 
"Moussala" were used for the analysis of annual and 

seasonal distribution of this indicator during the 

period comprised between July 2007 and March 
2015. The seasonal values are defined as the 

average of monthly concentrations, as follows: for 
winter - December, January and February; for spring 

- March, April and May; for summer - June, July and 
August; for autumn - September, October and 

November. 

 

 

Fig. 1: Average annual CO2 concentrations in the air 
(in ppm) 

The highest annual concentration of CO2 in the 
air is established in 2014 - 423.37 ppm (Fig. 1). The 

year 2014 is one of the years with the highest 
volcanic activity in the world and this led us to the 

hypothesis that the increased concentration of CO2 

in the air at the BEO “Moussala” is due to the 
volcanic activity.  

The analysis of the average seasonal 
concentrations of CO2 in the air for the period 2007-
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2015 shows a clear seasonality in the course - the 

highest concentrations of CO2 measured in BEO 

"Moussala" are registered during summer (360.81 
ppm) and the lowest are registered during autumn 

(315.77 ppm) and winter (332.1 ppm) (Fig. 2).  
 

 

Fig. 2: Seasonal distribution of CO2 concentration 
in the air (in ppm) at BEO Moussala (2007-
2015) 

As for the cold season in the region of Moussala 
peak, a relatively small amount of precipitation, few 

days with fog, reducing the air temperature and 

increasing of vertical stability of the atmosphere are 

characteristic and this could have caused the 
reduction of CO2 concentrations for this period. 

Seasonal distribution of CO2 concentrations 

measured at BEO "Moussala" refers mainly to the 
natural factors, such as the impact and regime of 

the main climatic elements - air temperature, 
humidity, atmospheric pressure, speed and direction 

of the wind, as well as volcanic eruptions in the 

Southern European region. 

CO2 concentration in the air in the region of 
BEO "Moussala" and its relation to the 
eruption of Etna volcano 

In order to show the relation between volcanic 

eruption and CO2 concentrations, the data during the 
period comprised between December 17, 2013 and 

January 13, 2014 is used for the purposes of this 

study. This period is characterized by intensification 
of Etna volcano activity. The analysis of the daily 

concentrations of CO2 shows that during 18 days of 
this period, the daily concentration of CO2 was 

above 95 percentiles of the empirical distribution for 

each month, for the investigated period (Table 1). 
These days were accepted as days with extremely 

high CO2 concentration. 
The correlation between the increased CO2 

concentrations in the air and the activity of Etna 

volcano was investigated in connection with data 
about direction and speed of the wind measured at 

BEO "Moussala" (Table 2). The extreme high values 
of CO2 concentration exceeded 500 ppm, but this is 

below the safety thresholds recommended for 

human health (Granieri et al, 2014; Aerias, 2005). 

The most typical examples are described below. 

Table 1: Days with extreme CO2 concentrations 

Year Months Days 

2013 December 17, 19, 20, 21, 22, 27, 29, 30, 31 

2014 January 1, 3, 4, 6, 8, 9, 10, 11, 13 

 

According to the Volcano Discovery database for 

December 2013, the first releases of volcanic ash in 
the atmosphere from the northeast part of the 

volcano were registered on December 17, 2013. The 
track of the volcanic cloud, followed by HYSPLIT 

model, shows that it is very likely to exist a relation 

between the activation of Etna volcano and the 

increasing values of CO2 concentration. The data 

from Volcano Discovery show an increasing volcanic 
ash in the atmosphere on December 22, 2013. The 

prevailing winds are west-northwest and their speed 
is over 2 m/s. The cloud of volcanic ash is observed 

in the Western part of the Bulgarian territory. The 
results obtained from the model showed a cloud of 

volcanic ash in West of Bulgaria. On December 23, 

2013, a release of volcanic ash and gases with 
considerable power is observed in the atmosphere. 

The prevailing wind direction is southwest (Table 2). 
The HYSPLIT model shows that on the same date, 

the cloud of volcanic ash completely covers the 

airspace of Bulgaria (Fig. 3).  
During the next few days, the state of Etna 

volcano varies from calm to quite active. The CO2 

concentrations in the air measured at BEO 

“Moussala” kept high levels and reached extreme or 
close to extreme values (Table 2). 

On December 29, 2013, a loud explosion in the 

southeast part of Etna volcano is reported and an 
ejection of large amounts of volcanic ash and gases 

in the atmosphere is observed. Daily average 
concentration of CO2 measured in the atmosphere at 

the region of "BEO Moussala" rose to 497.15 ppm 

which is above 95 percentiles of the data for 
December. Prevailing winds are southeast and an 

average speed of over 4 m/s (Table 2). The model 
results show cloud of volcanic ash in the airspace of 

Bulgaria was moving from southeast (Fig. 4). 

An ejection of lava, volcanic ash and gases from 
the southeastern part of Etna volcano continues on 

December 30, 2013 (Volcano Discovery). The 
resulting models clearly show covering of all 

airspace of Bulgaria by the cloud of volcanic ash 
emitted from Etna volcano on December 31, 2013. 
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Table 2: Daily concentration of CO2 in the air, wind 

direction and wind speed for the period 17 
December 2013 – 13 January 2014  

* In Italic, bold, are the days with the extreme high CO2 
concentration   

Date CO2 (ppm) 
Wind 

direction 
Wind speed 

(m/s) 

17.12.2013 498.39 E-NE 10.09 

18.12.2013 460.39 E-NE 9.93 

19.12.2013 499.93 E-SE 4.54 

20.12.2013 500.47 S-SE 2.50 

21.12.2013 514.91 W-NW 3.07 

22.12.2013 539.15 W-NW 2.72 

23.12.2013 490.04 SW 3.32 

24.12.2013 477.99 SW 8.94 

25.12.2013 481.97 S-SW 4.14 

26.12.2013 490.71 S 5.73 

27.12.2013 499.45 S-SE 5.50 

28.12.2013 461.59 E 3.37 

29.12.2013 497.15 SE 4.98 

30.12.2013 500.00 SW 2.24 

31.12.2013 505.11 E-SE 1.40 

1.1.2014 504.65 S-SE 3.05 

2.1.2014 477.33 E-NE 2.23 

3.1.2014 521.94 W-SW 4.10 

4.1.2014 512.89 S-SE 4.66 

5.1.2014 495.74 SW 6.75 

6.1.2014 517.56 E-SE 3.52 

7.1.2014 467.63 E-NE 5.37 

8.1.2014 522.66 E-SE 3.52 

9.1.2014 527.18 S-SW 4.18 

10.1.2014 529.38 S-SW 5.55 

11.1.2014 521.71 S-SW 5.98 

12.1.2014 481.47 SE 5.13 

13.1.2014 506.07 E-SE 4.88 

 
The CO2 concentrations in the atmosphere at the 

region of "BEO Moussala" continued to rise and its 

daily average value reached 500.00 ppm. The 
prevailing wind is southwest and had a relatively low 

average speed of over 2 m/s (Table 2). 
 

 

Fig. 3: Spread of volcanic ash from Etna volcano 
after eruption of December 22, 2013 

a) at a height between the earth surface and 
20,000 feet (6,096 m) 

b) at a height between the earth surface and 
55,000 feet (16,764 m) 

 
 

 

Fig. 4. Spread of volcanic ash from Etna volcano 
after eruption of December 28, 2013 

a) at a height between the earth surface and 
20,000 feet (6,096 m) 

b) at a height between the earth surface and 
55,000 feet (16,764 m) 

 
In most cases, the days with extremely high 

concentrations of CO2 in the atmosphere are not 

observed during the days of volcano activation, but 
some days later. The Volcano Discovery database 
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shows that during the period comprised between 3 

and 7 January, 2014 the activity of Etna volcano 

decreased, but on January 4, 2014, the wind 
direction had a southern component and high levels 

of CO2 concentration in the air were established. 
This is probably a consequence of active ejection of 

volcanic ash and gases from the volcano in the 

previous days. The trace of the cloud of volcanic ash 
is described by the results of the model HYSPLIT 

(Fig. 5). The analysis of the model results allows us 
to assume that increased CO2 concentration is 

associated with the spread of volcanic ash from 

eruptions of Etna volcano at the end of 2013 and at 
the beginning of 2014. 

 

 

Fig. 5: Spread of volcanic ash from Etna volcano 
after eruption of January 4, 2014 

a) at a height between the earth surface and 
20,000 feet (6,096 m) 

b) at a height between the earth surface and 
55,000 feet (16,764 m) 

 
The disposal of volcanic ash in the atmosphere 

from the northeast side of Etna continues on 
January 11, 2014 (Volcano Discovery). Volcanic ash 

is transported by the movement of air masses in the 

southeast and covers areas south of the territory of 
Bulgaria. The average daily CO2 concentrations 

reported in the air were above 500 ppm. The wind 
speed was 5.98 m/s with the prevailing southwest 

direction (Table 2). 

The analysis of large-scale circulation processes 
in the European region shows that during the days 

of Etna volcano activity and increased CO2 
concentration, the centers of low pressure are 

established in the region of northeastern Europe and 

Iceland, while Southern Europe is in an area of high 

pressure. According to the air pressure field, the 

main air transport is from southern Europe, 
including the area of Etna volcano to the Central or 

Eastern Europe through the territory of Bulgaria 
(Fig. 6). 

 

 

Fig. 6: Situation of air pressure centers in the 
European region on 11.01.2014. (Source: 
Bulletin Meteorologia a Klimatologia, 2014) 

The location of air pressure centers in the 

atmosphere of the European region and determined 
by this factor transport of air masses confirm the 

role of activity of Etna volcano for the increased CO2 

concentrations in the atmosphere measured at the 
region of BEO Moussala, which reached extremely 

high levels. 
In 15 cases of the above shown 18 days with 

extremely high concentrations of CO2 the wind had a 

southern component and in 7 cases – a western 
component (Table 2). (The amount is more than the 

total number of days with extremely high 
concentrations, because in some of the days the 

wind had both southern and western components). 
It should be noted that the data about wind 

direction and speed given from the monitoring of 

BEO "Moussala" indicate the specific conditions in 
the region and considerably reflect local 

characteristics of the wind in relation to the nature 
of the relief. That is why there are other factors 

which contribute to the increasing CO2 concentration 

in the studied period. 

Conclusion 

The data provided by BEO "Moussala", INRNE 

BAS, which are the basis of this study, show a rising 
trend in average monthly CO2 concentrations in the 

air for the period comprised between 2007 and 
2015, which is driven mainly by significant increases 

in 2013-2015. 

The analysis of the results obtained from the 
database of BEO "Moussala" and NOAA HYSPLIT 

model clearly shows the influence of the natural 
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factor (the eruption of Etna volcano) as a cause for 

the increasing CO2 concentration in the atmosphere. 

For the period December 17, 2013 - January 13, 
2014, 18 days with extreme high concentration of 

CO2 are registered. In this period, Etna volcano 
emits volcanic gases and ash, a part of which are 

transported by the movement of air masses to the 

airspace of Bulgaria and an increasing in the 
concentration of CO2 in the air at the BEO 

"Moussala" is registered. 
The analysis shows that the activity of Etna 

volcano is not the only factor for the increased CO2 
concentration in the air. Regarding to this, more 

detailed analyses in this area would be made in 

subsequent studies. 
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Abstract 

The study examines the connection between the Mediterranean 
Oscillation (MOI) and the forest fires (the annual number of fires, 
the annual burned area and the average burned area per fire) in 
Romania in the period 1986–2014. Pearson’s correlation 
coefficient (R) was used for determination of the correlation 
connection. Two MOI datasets were used: MOI-1 (Algiers and 
Cairo) and MOI-2 (Israel and Gibraltar). Monthly, seasonal and 
annual values of MOI were used in the calculations. Results for 
the number of fires and MOI-1: the highest values of R 
(statistically significant at the level of p≤0.05) were obtained for 
April (–0.446) and June (0.423), and for summer (0.432). The 
annual burned area and MOI-1: the highest values of R 
(statistically significant at the level of p≤0.05) were obtained for 
April (–0.459), and for winter (0.406). The number of fires and 
MOI-2: the highest values of R (statistically significant at the level 
of p≤0.01) were obtained for June (0.556) and February (0.475), 
and for summer (0.507). The annual burned area and MOI-2: the 
highest values of R (statistically significant at the level of p≤0.05) 
were obtained for June (0.449) and February (0.439), and for 
summer (0.439). Results of the research could be used for the 
long-term forecast of forest fires in Romania. However, further 
investigations of the connection between forest fires and other 
climate indices are necessary. 

Keywords: Mediterranean Oscillation, forest fires, burned area, 
Romania 

 

Rezumat. Indicele oscilaţiei mediteraneene (IOM) 
şi incendiile de pădure din România în perioada 
1986-2014 

Articolul examinează conexiunile dintre Indicele Oscilației 
Mediteraneene (IOM) și incendiile de pădure (numărul anual de 
incendii, suprafața arsă anual și suprafața medie afectată de un 
incendiu) din România în perioada 1986-2014. În acest scop, a 
fost utilizat coeficientul de corelație Pearson (R) pentru a 
determina corelațiile. Au fost folosite două seturi de date privind 
IOM : IOM-1 (Algiers și Cairo) și IOM-2 (Israel și Gibraltar), pentur 
calcule bazându-ne pe valorile lunare, sezoniere și anuale ale IOM. 
Rezultatele pentru numărul de incendii și IOM-1: cele mai mari 
valori ale lui R (semnificative statistic la nivel de p≤0,05) au fost 
obținute pentru luna aprilie (-0,446) și iunie (0,423), și pentru 
vară (0,432). Suprafața arsă anuală și IOM-1: cele mai mari valori 
ale lui R (semnificative statistic la nivel de p≤0,05) au fost 
obținute pentru luna aprilie (-0,459) și pentru iarnă (0,406). 
Numărul de incendii și IOM-2: cele mai mari valori ale lui R 
(semnificative statistic la nivel de p≤0,01) au fost obținute pentru 
luna iunie (0,449) și februarie (0,475), precum și pentru sezonul 
de vară (0,507). Suprafață arsă annual și IOM-2: cele mai mari 
valori ale lui R (semnificative statistic la nivel de p≤0,05) au fost 
obținute pentru luna iunie (0,449) și februarie (0,439), precum și 
pentru vară (0,439). Rezultatele cercetării ar putea fi folosite și 
pentru previziunile pe termen lung asupra incendiilor de pădure 
din România. Totuși, sunt necesare și alte investigații în ceea ce 
privește legătura dintre incendiile de pădure și alți indici climatici.  

Cuvinte-cheie: Indicele Oscilaţiei Mediteraneene, incendiile de 
pădure, suprafaţă arsă, România 

Introduction 

Forest fires are among the greatest ecological 

threats in European countries. One of the countries 
seriously affected by forest fires is Romania. During 

last three decades the most extreme forest fire 

season in Romania was 2012 (911 fires, total burned 
area 6624 ha). Extreme fire seasons were also in 

2000, 2002 and 2007 
(http://forest.jrc.ec.europa.eu/effis/reports/annual-

fire-reports/). 

The connection between climate and forest fires 
is a subject of numerous researches. The influences 

of teleconnections on forest fires are especially 
interesting. Teleconnections are impacts of distant 

climate phenomena to the climate of some region. 

These impacts have been mostly investigated for 

North America (Norman & Taylor, 2003; 
Schoennagel et al, 2005; Sibold & Veblen, 2006; 

Schoennagel et al., 2007; Morgan et al., 2008; 

Milenković et al., 2016a). The authors mostly 
emphasize the importance of Atlantic Multidecedal 

Oscillation (AMO), Pacific Decadal Oscillation (PDO) 
and El Niño-Southern Oscillation (ENSO). There is 

also the impact of AMO on forest fires in Europe. 

Milenković et al. (2016b) established the connection 
between AMO and the forest fires in France (number 

of fires, total burned area and average burned area 
per fire). However, due to distance, the impact of 

AMO is weaker in East and Southeast Europe. Thus, 

the aim of this paper was to examine the connection 
between MOI and the forest fires in Romania. 

http://forest.jrc.ec.europa.eu/effis/reports/annual-fire-reports/
http://forest.jrc.ec.europa.eu/effis/reports/annual-fire-reports/
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There are two versions of MOI. The first one 

(MOI-1) is defined as the normalized pressure 

difference between Algiers and Cairo (Conte et al., 
1989; Palutikof et.al., 1996) and the second one 

(MOI-2) is calculated from Gibraltar's Northern 
Frontier and Lod Airport in Israel (Palutikof, 2003). 

The influence of MOI on climate, primarily air 

temperature and precipitation, has been confirmed 
in the researches (Maheras & Kutiel, 1999; Supić et 

al., 2004; Burić et al., 2014, Schmuck et.al. 2015). 

Material and methods 

The study used monthly, seasonal and annual 

values of Mediterranean Oscillation Index (MOI). 
Both MOI-1 (Algiers and Cairo) and MOI-2 (Israel 

and Gibraltar) datasets were used. The data were 

taken from Climatic Research Unit, University of East 
Anglia, Norwich, UK: 

• https://crudata.uea.ac.uk/cru/data/moi/moi1.o

utput.dat 

• https://crudata.uea.ac.uk/cru/data/moi/moi2.o
utput.dat 

The data on the forest fires in Romania in the 

period 1986–2014 covered: 

• Total annual number of forest fires (N) 

• Total annual burned area (P) 

• The average burned area per fire (P/N) 
The data were taken from the European 

Commission Report – Forest Fires in Europe, Middle 
East and North Africa 2014, Joint Report of JRC and 

Directorate-General Environment (2015): 

• http://forest.jrc.ec.europa.eu/effis/reports/annu
al-fire-reports/ 

Pearson correlation coefficient (R) on the basis of 

linear trend was used for the calculation of 
correlation, and statistical significance was tested on 

p≤0.05 and p≤0.01. Monthly, seasonal and annual 
MOI-1 and MOI-2 values were used in the 

calculations, and one year phase shift was also 

performed (values from previous year were used). 
Calculation for the same year didn’t use data for the 

period September to December, since the main fire 
season in Romania ends in September. 

Statistical significance of linear trend was 
determined for n–2 and on the basis of the 

coefficient of determination (R2, attached to the 

charts). For the testing of the significance of linear 
trend t test was used: 

2

2

1

n
t R

R





 

wherein R2 - the coefficient of determination; n – 
the length of the series. 

Results and discussions 

In Romania in the period 1986–2014 an 

increasing trend of the annual number of forest fires 
was recorded (Fig. 1). On the basis of table values it 

was determined that the trend is not statistically 
significant at p≤0.05. 
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Fig. 1: The annual number of forest fires in Romania (1986–2014) with the trend line 
Source of data: http://forest.jrc.ec.europa.eu/effis/reports/annual-fire-reports/ 

 

In the same period an increasing trend of the 
total annual burned area was also noted (Fig. 2). On 

the basis of table values it was determined that the 
trend is statistically significant at p≤0.05. 
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Fig. 2: The annual burned area in Romania (1986–2014) with the trend line 
Source of data: http://forest.jrc.ec.europa.eu/effis/reports/annual-fire-reports/ 

 

The average burned area per fire has also 

increasing trend in the period 1986–2014 (Fig. 3). 

On the basis of table values it was determined that 

the trend is statistically significant at p≤0.05.
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Fig. 3: The average burned area per fire in Romania (1986–2014) with the trend line 
Source of data: http://forest.jrc.ec.europa.eu/effis/reports/annual-fire-reports/ 

  
Table 1 shows the results of the research of the 

correlation between MOI-1 and the forest fires in 
Romania (1986–2014). 

In the calculation with the forest fire data and 

MOI-1 there weren’t any values of R statistically 
significant at p≤0.01. With the number of fires the 

highest values of R (statistically significant at 
p≤0.05) were obtained for April (–0.446) and June 

(0.423) at monthly level, and at seasonal level for 

summer (0.432). In the calculation with the annual 

burned area the highest values of R were obtained 
for April (–0.459), and for winter (0.406). In the 

calculation with the average annual burned area per 

fire in only one case the value of R was statistically 
significant at p≤0.05. It was for June MOI-1 (0.375). 

With the 1 year phase shift the values of R were 
lower.
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Table 1: Pearson correlation coefficient (R): MOI-1 – forest fires in Romania in the period 1986–2014 (N – 

the number of fires, P – the annual burned area, P/N – the average annual burned area per fire) 

* signifficant p≤0.05; ** singifficant p≤0.01 

 

Table 2 shows the results of the research of the correlation between MOI-2 and the forest fires in 
Romania (1986–2014). 

Table 2: Pearson correlation coefficient (R): MOI-2 – forest fires in Romania in the period 1986–2014 (N – 
the number of fires, P – the annual burned area, P/N – the average annual burned area per fire) 

* signifficant p≤0.05; ** singifficant p≤0.01 

In the calculation with the number of fires and 
MOI-2 the highest values of R (statistically 

significant at p≤0.01) at the monthly level were 
obtained for June (0.556) (Fig. 4) and February 

(0.475), and at seasonal level for summer (0.507). 

With the annual burned area and MOI-2 the highest 

values of R (statistically significant at p≤0.05) were 
obtained for June (0.449) (Fig. 5) and February 

(0.439), and for summer (0.439). In the calculation 
with the average annual burned area per fire there 

weren’t any statistically significant values of R.

 
MOI-1 – monthly values 

Jan Feb Mar Apr May Jun Jul Avg Sep Oct Nov Dec 

N 0.317 0.393* 0.060 
-

0.446* 
0.381* 0.423* 0.210 0.203 - - - - 

P 0.323 0.364 0.070 
-

0.459* 
0.347 0.365 0.221 0.180 - - - - 

P/N 0.235 0.139 -0.286 0.020 0.337 0.375* 0.126 0.194 - - - - 

 
MOI-1 – seasonal and annual values 

Winter Spring Summer Autumn Annual 
N 0.417* 0.051 0.432* - 0.376* 
P 0.406* 0.037 0.391* - 0.361 
P/N 0.226 –0.073 0.364 - 0.333 

 
MOI-1 – monthly values (phase shift – 1 year) 

Jan Feb Mar Apr May Jun Jul Avg Sep Oct Nov Dec 

N -0.061 0.108 
-

0.369* 
0.238 0.080 0.254 

-
0.292 

-
0.025 

-0.044 0.225 -0.123 0.185 

P -0.101 0.078 -0.347 0.320 0.139 0.241 
-

0.286 
0.003 0.055 0.239 -0.168 0.182 

P/N 0.239 0.131 -0.156 0.334 0.211 0.153 
-

0.035 
0.364 0.079 0.068 -0.263 0.101 

 
MOI-1 – seasonal and annual values (phase shift – 1 year ) 

Winter Spring Summer Autumn Annual 
N –0.029 –0.180 0.027 0.015 0.042 
P –0.100 –0.095 0.035 0.033 0.051 
P/N 0.034 0.117 0.260 –0.134 0.249 

 
MOI-2 – monthly values 

Jan Feb Mar Apr May Jun Jul Avg Sep Oct Nov Dec 
N 0.239 0.475** 0.015 -0.234 0.364 0.556** 0.168 0.259 - - - - 
P 0.239 0.439* 0.025 -0.274 0.295 0.449* 0.169 0.238 - - - - 

P/N 0.159 0.143 -0.299 0.020 0.161 0.200 
-

0.013 
0.121 - - - - 

 
MOI-2 – seasonal and annual values 

Winter Spring Summer Autumn Annual 
N 0.446* 0.077 0.507** - 0.393* 
P 0.418* 0.044 0.439* - 0.357 
P/N 0.162 –0.186 0.155 - 0.199 

 
MOI-2 – monthly values (phase shift – 1 year) 

Jan Feb Mar Apr May Jun Jul Avg Sep Oct Nov Dec 

N -0.144 0.151 
-

0.415* 
0.008 0.019 0.217 

-
0.306 

-
0.080 

-0.033 0.098 -0.113 0.198 

P -0.165 0.146 
-

0.427* 
0.026 0.060 0.173 

-
0.280 

-
0.066 

0.052 0.085 -0.159 0.177 

P/N 0.174 0.075 -0.306 0.048 0.146 0.031 
-

0.152 
0.105 0.022 -0.111 -0.267 0.032 

 
MOI-2 – seasonal and annual values (phase shift – 1 year ) 

Winter Spring Summer Autumn Annual 
N –0.098 –0.342 –0.074 –0.057 –0.059 
P –0.153 –0.329 –0.078 –0.076 –0.080 
P/N –0.074 –0.184 –0.008 –0.260 –0.043 
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Fig. 4: The number of fires in Romania (1986–2014) and MOI-2 values for June: R=0.556 (significant 
p≤0.01) 

 

 

Fig. 5: The annual burned area in Romania (1986–2014) and MOI-2 values for June: R=0.449 (significant 
p≤0.05) 

 

Therefore, the connection between MOI-2 and 

the forest fire data for Romania in the period 1986–
2014 is stronger than the same connection for MOI-

1. The results of the research could possibly be used 
as a basis for the long-term forest fire forecast. The 

short-term forecast should be based on the 

connection between the solar wind parameters and 
forest fires (Radovanović et al., 2013; Radovanović 

et al., 2015a; Radovanović et al., 2015b; 
Radovanović et al., 2015c). In the future more 

researches on different climate indices and solar 

wind parameters are necessary for the improvement 

of the forest fire forecast.  
Important step in the future research should be 

the analysis of the connection between MOI and 
forest fires on the regional level. Forest fires are 

unevenly distributed in Romania. The greatest 

number of forest fires and the greatest burned area 
during the period 1968–2000 were recorded in the 

counties Caraş-Severin, Hunedoara, Gorj, Alba, Cluj 
and Maramureş. The months with the greatest fire 

activity by seasons were March-April, August and 
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November (Ene, Ciobanu & Borz, 2011). During the 

period 1990–2003, Caras-Severin, Gorj and 

Mehedinţi counties were the most severely affected 
by forest fires (Adam & Ureche, 2007). These three 

counties are located in the Southwestern part of 
Romania close to the border with Serbia. On the 

other side of the border, in Serbia, there is also a 

highly endangered area by fires – Deliblatska 
peščara (Milenković, Radovanović & Ducić, 2011). 

The assessment of fire risk on the basis of the 
vegetation cover is very important for the efficient 

forest fire protection. In Romania many fires spread 
into the forest from the surrounding agricultural 

areas on which some cleaning actions with the help 

of fire are implemented (Adam, 2007). 

Conclusion 

In Romania, during the 1986–2014 period, 

increasing trends in the annual number of forest 
fires, total annual burned area and the average 

burned area per fire were recorded. 

With MOI-1 and the number of fires the highest 
values of R (statistically significant at p≤0.05) were 

recorded for April (–0.446), June (0.423) and 
summer (0.432). In the calculation with MOI-1 and 

the annual burned area the highest values of R were 
obtained for April (–0.459) and winter (0.406), and 

with the average annual burned area per fire for 

June MOI-1 (0.375). With the 1 year phase shift 
recorded R values were lower. 

With the number of fires and MOI-2 the highest 
values of R (statistically significant at the level of 

p≤0.01) were obtained for June (0.556), February 

(0.475) and summer (0.507). In the case of the 
annual burned area the highest values of R 

(statistically significant at p≤0.05) were recorded for 
June (0.449), February (0.439) and summer 

(0.439). At the average annual burned area per fire 

there weren’t any statistically significant values of R. 
The results of the research could be used in the 

long-term forest fire forecast. 
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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. 

Keywords:  fluvial islets, Danube, shape, GIS, graphical model  

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. 
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Abstract  

The Satchinez Swamps, a remnant of the swamps once specific 
for Banat Plain, is an ornithological reserve since 1942 and the 
habitat of many protected bird species. Draining works conducted 
in the seventies affected the reserve by decreasing the water 
surface area. Thirty-five years later, hydro-technical works aiming 
to restore the former aquatic surfaces within the buffer zone were 
conducted. Thus, in 2005 a water delivery canal from the 
discharge canal of Satchinez reservoir towards Balta Mare was 
built. The objective of this study is to assess the efficiency of the 
hydrological works carried out in 2005 by using temporal analysis 
of some normalized difference indexes derived from satellite 
images, in relation to precipitation data (recorded at Timisoara 
meteorological station) as an indicator for wetland restoration. We 
used geospatial data from different time periods: historical maps 
(1953, 1962 and 1984), orthophotos (1963, 1970, 2005 and 
2012), oblique airphotos (2004) and 38 Landsat satellite scenes 
(1984-2015), two images per year, for the dry season respectively 
for the  rainy season. We noticed a slight increase of the 
Normalized Difference Vegetation Index (NDVI) in Balta Mare and 
�R�Q�� �W�K�H�� �U�H�O�L�F�W�� �Z�D�W�H�U�F�R�X�U�V�H�� �R�I�� �6�L�F�V���X�� �V�W�U�H�D�P���� �Z�K�L�F�K�� �V�K�R�Z�V�� �W�K�H��
expansion of reed and suggests an increase in soil moisture. 
During the dry season, for the period before the restoration works 
(1984 - 2004) there is a strong, very significant correlation 
between Normalized Difference Water Index (NDWI) and 
precipitations (r =0.7008, p = 0.0011). After 2005, this correlation 
no longer occurs (r = -0.1083, p <0.05), which demonstrates that 
precipitations are not the main water supply for Balta Mare 
anymore. For the 1984 �± 2015 period, during rainy months the 
Modified Normalized Difference Water Index (MNDWI) indicate 
the presence of water in Balta Mare, but during the dry months, it 
demonstrates the lack of water which underlines the temporary 
character of this pond and confirms the field observations. We 
conclude that the restoration did not succeed in the rebuilding of 
the former water surfaces of Balt a Mare, but has an effect in 
increasing the underground water level in this area followed by 
reed extension. 

Keywords:  wetland restoration, air photo interpretation, NDVI, 
NDWI, MNDWI, Satchinez Swamps 
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�&�k�P�S�L�H�L�� �%�D�Q�D�W�X�O�X�L���� �D�X�� �I�R�V�W�� �G�H�F�O�D�U�D�W�H�� �U�H�]�H�U�Y�D�.�L�H�� �R�U�Q�L�W�R�O�R�J�L�F���� �v�Q�F����
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�V�H�F�H�W�R�D�V�H�� �G�H�P�R�Q�V�W�U�H�D�]���� �O�L�S�V�D�� �D�F�H�V�W�H�L�D���� �F�H�H�D�� �F�H�� �H�Y�L�G�H�Q�.�L�D�]����
�F�D�U�D�F�W�H�U�X�O�� �W�H�P�S�R�U�D�U�� �D�O�� �D�F�H�V�W�H�L�� �E���O�.�L�� �,�L�� �F�R�Q�I�L�U�P�� �D�V�W�I�H�O�� �R�E�V�H�U�Y�D�.�L�L�O�H��
�G�L�Q�� �W�H�U�H�Q���� �Ì�Q�� �F�R�Q�F�O�X�]�L�H���� �O�X�F�U���U�L�O�H�� �G�H�� �U�H�V�W�D�X�U�D�U�H�� �Q�X�� �D�X�� �G�X�V�� �O�D��
�U�H�I�D�F�H�U�H�D�� �I�R�V�W�H�O�R�U�� �V�X�S�U�D�I�H�.�H�� �G�H�� �D�S���� �G�L�Q�� �%�D�O�W�D�� �0�D�U�H���� �G�D�U�� �D�X�� �D�Y�X�W��
�W�R�W�X�,�L�� �X�Q�� �H�I�H�F�W�� �v�Q�� �F�U�H�,�W�H�U�H�D�� �Q�L�Y�H�O�X�O�X�L�� �D�S�H�L�� �I�U�H�D�W�L�F�H�� �v�Q�� �D�F�H�V�W�� �D�U�H�D�O����
ceea ce a dus la  extinderea stufului. 

Cuvinte -cheie:  �U�H�V�W�D�X�U�D�U�H�D���P�O�D�,�W�L�Q�L�O�R�U�����D�H�U�R�I�R�W�R�L�Q�W�H�U�S�U�H�W�D�U�H����
�1�'�9�,�����1�'�:�,�����0�1�'�:�,�����P�O�D�,�W�L�Q�L�O�H���G�H���O�D���6�D�W�F�K�L�Q�H�] 
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Introduction  

The Satchinez Swamps ornithological reserve is 
located in Timis county, Romania, between 
�6�D�W�F�K�L�Q�H�]���D�Q�G���%���U���W�H�D�]���Y�L�O�O�D�J�H�V�����L�Q���W�K�H���I�O�Rodplains of 
Ier river. The protected area currently includes, in 
addition to the actual reserve, located within 
�0���U���,�H�,�W�L��- �5�k�W�X�� �/�L�,�X�O�X�L�� �D�U�H�D���� �D�� �E�X�I�I�H�U�� �]�R�Q�H�� �O�R�F�D�W�H�G��
�D�O�R�Q�J�V�L�G�H���,�H�U���U�L�Y�H�U�����I�U�R�P���H�D�V�W���R�I���%���U���W�H�D�]���X�S���W�R���5�k�W�X��
Mare, south-west of Satchinez (Fig. 1). 

 

 

Fig. 1:  Location of the study area  

Satchinez Swamps was declared a natural 
reserve in 1942, covering approx. 200 hectares 
(Kiss, 1999). Nowadays, Satchinez Swamps Reserve 
is part of the Natura 2000 sites, representing RO 
SPA 0078 (268 hectares). The reserve and the 
buffer zone (1072 ha) are also included in the RO 
�6�&�,�� ���������� �S�U�R�W�H�F�W�H�G�� �D�U�H�D�� ������������ �K�H�F�W�D�U�H�V���� ���%�U�v�Q�]�D�Q����
2013) (Fig. 1). The importance of these swamps 
comes from the fact that this is the habitat of 
several protected species of aquatic birds: Egretta 
alba, Egretta garzetta, Ardea cinerea, Ardea 
purpurea, Nycticorax nycticorax, Plegadis falcinellus, 
Phalacrocorax pygmeus etc. (Nadra, 1962, Kiss, 
�������������6�W���Q�H�V�F�X�������������������7�K�H���G�L�Y�H�U�V�L�W�\���R�I���R�U�Q�L�W�K�R�I�D�X�Q�D��
is demonstrated by the large number of bird spec ies 
(167 bird species) identified between 2003 - 2005, 
which means more than half of the Romanian avian 
�I�D�X�Q�D�� ���6�W���Q�H�V�F�X���� �������������� �$�P�R�Q�J�� �W�K�H�P����Crex crex, 
Aythya nyroca and Falco vespertinus are globally 
�S�U�R�W�H�F�W�H�G���V�S�H�F�L�H�V�����%�U�v�Q�]�D�Q���������������� 

Nevertheless, between 1960 and 1970 several 
draining works were conducted, in order to convert 
some land areas into agricultural use. Consequently, 
the protected area decreased and the water surface 
area was also reduced as a result of the draining 
works, bearing an impact on avian fauna and natural 
habitats (Kiss, 1999, S�W���Q�H�V�F�X���� �������������� �'�X�U�L�Q�J�� �W�K�H��

1963-2004 interval, the water surface area 
decreased by approximately 3 hectares, while the 
reed (Phragmites australis) covered surface grew 
from 220 hectares to 284.5 hectares, revealing the 
�F�O�R�J�J�L�Q�J�� �W�H�Q�G�H�Q�F�\�� �R�I�� �W�K�H�� �V�Z�D�P�S�� ���7�|�U�|�N-Oance and 
�7�|�U�|�N-Oance, 2005, 2008). Hydro-technical works 
were also carried out, in order to supplement the 
water intake of the central part of the Reserve, 
works which were abandoned after 1989. The 
consequence was the significant decrease of water 
level in the Reserve during the immediately 
�I�R�O�O�R�Z�L�Q�J�� �S�H�U�L�R�G�� ���6�W���Q�H�V�F�X���� �������������� �%�H�W�Z�H�H�Q�� ����������
and 2002, under LIFE 99/NAT/RO/006394 project, 
the current hydrotechnical system was rehabilitated 
following unclogging works to the reserve's water 
supply canal and repair works of the dams of the 
hydrotechnical system, aiming to restore and 
�S�U�H�V�H�U�Y�H���W�K�H���U�H�V�H�U�Y�H���K�D�E�L�W�D�W�V�����6�W���Q�H�V�F�X�������������������7�K�H��
following project, LIFE 02/NAT/RO/8573 (2002-
2005), included also hydro-technical works in the 
Balta Mare area. Thus, a water supply canal was 
digged from Sicsau canal towards Balta Mare in 
order to restore this former aquatic surface located 
in buffer zone. The buffer zone is important because 
it represents, due to its water surfaces, a feeding 
place for birds, and also for lowering  the anthropic 
impact over the reserve itself. The anthropic impact 
over the reserve is high and diverse: agricultural 
activities, hydrotechnical work, cutting and setting 
fire to reed, felling trees, fishing, hunting, 
t�U�D�Q�V�S�R�U�W�D�W�L�R�Q�� ���7�|�U�|�N-Oance and �7�|�U�|�N-Oance, 
2005).  

Knowing the current status of the swamp, as well 
as the changes that have occurred is essential for its 
preservation and for choosing the proper decisions 
necessary for a sustainable management. 
Considering it is a remnant of the swamps once 
�V�S�H�F�L�I�L�F�� �I�R�U�� �%�D�Q�D�W�� �3�O�D�L�Q�V�� ���6�W���Q�H�V�F�X���� �������������� �D�Q�G�� �W�K�D�W��
it was significantly and repeatedly transformed by 
hydrotechnical works, we ask ourselves the 
legitimate question if and how much this area has 
been rehabilitated after the reconstruction works 
carried out in 2005.  

Generally, the main purpose of the restoration 
works of the swamps is to restore the hydrologic 
drainage system and the vegetation to its initial 
state (Melesse et al., 2007), which would enable the 
restoration of the ecosystems. Monitoring t he 
achieved outcomes is necessary to determine the 
efficiency of the intervention (Klemas, 2013). 
Unfortunately, the monitoring has not been 
accomplished anymore for the Satchinez Swamps. 

The objective of this study is to assess if the 
hydrological works carried out in 2005 in the buffer 
zone for the purpose of rebuilding the former 
surfaces occupied by water (Balta Mare area) - 
eliminated by the draining works carried out in the 
seventies - had the expected effect. Since this is not 
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apparent in the field, as Balta Mare is, just like in the 
previous years, temporary, we used the remote 
sensing data to reach an objective conclusion. The 
methodology we propose uses temporal analysis of 
normalized difference indexes for vegetation, 
moisture and water, derived f rom satellite images, in 
relation to precipitation data as an indicator for 
wetland restoration. So, we started from the 
premises that within Balta Mare area the values of 
the moisture indexes should be more dependent on 
the amount of precipitation in the years preceding 
the restoration than after the building of the water 
delivery canal from the discharge canal of Satchinez 
reservoir towards Balta Mare. Due to the random 
additional water intake, other than from 
precipitations, this correlation should be weaker 
after 2005. 

Materials and methods  

Data 
In order to perform the temporal analysis of the 

studied area, historical maps from different time 
periods were used. The maps are drawn at detailed 
scale to enable such analysis. Thus, there were used 
topographi�F�� �P�D�S�V���� �D�W�� �V�F�D�O�H�� ������������������ ���0���Q���ú�W�X�U��
sheet) from 1953 and at 1:25.000 (Satchinez sheet) 
from 1962, 1984 respectively. 

In order to perform a more objective analysis, 
orthophotos were used (Table 1). There is no 
detailed information regarding the image acquis ition 
date, only the year in which the aerial photography 
was conducted. 

Since there are no more recent orthophotos, for 
2016 we used for visual analysis a very high spatial 
resolution satellite image (VHR), acquired on the 
21st April (source: Google Earth). The image is 
comparable, in terms of spatial resolution, with 
aerial photographs. 

Table 1: The orthophotos used in this paper  

Date Scale/Spatial 
resolution 

Film type/  
Bands 

Format Source Observations 

1963 1:5000 Panchromatic 
film 

Hard copy IGFCOT* The orthophoto captures the reserve 
area before the anthropic intervention.  

1973 1:10000 Panchromatic 
film 

Hard copy IGFCOT* The orthophoto captures the moment 
immediately following the 
hydrotechnical works performed for 
draining and for building the Satchin ez 
reservoir. 

2005 1:5000/0.5m  Red, Green, 
Blue 

GeoTiff ANCPI** The orthophoto captures the 
hydrotechnical works for restoring 
Balta Mare area, under LIFE 
02/NAT/RO/8573 project. 

2012 1:5000/0.5m  Red, Green, 
Blue 

GeoTiff ANCPI** The most recent colour orthophoto 
available for the study area. 

2012 1:5000/0.5m  NIR, Red, Green GeoTiff DTM***  The most recent colour infrared 
orthophoto available for the area on 
study 

* Institute of Geodesy, Photogrammetry, Cartography, and Territorial Planning  
** National Ag ency for Cadastre and Land Registration 
*** Military Topographic Directorate  

The Landsat program, started in 1972, is the 
longest-running enterprise for monitoring the earth 
surface with satellite imagery. Landsat 5 started 
image acquisition in 1984. These are compatible, in 
terms of spectral and spatial resolution, with the 
images collected by more recent satellites, Landsat 7 
and Landsat 8 (http://landsat.gsfc.nasa.gov/). So, in 
order to assess the efficiency of the hydrotechnical 
works carried out to r estore Balta Mare area, we 
used 38 Landsat satellite scenes (path 185 and row 
028) acquired between 1984-2015 by different 
sensors: Thematic Mapper (TM), Enchanced 

Thematic Mapper Plus (ETM+) and Operational Land 
Imager (OLI) (images courtesy of U.S. Geological 
Survey). All the scenes used are georeferenced and 
terrain corrected (Level 1T) and the cloud coverage 
level for the study area was 0%. Only for four years, 
there were no cloud-free images in rainy months 
(May or June) (Fig. 2).  

Two scenes were used for almost every year, one 
from May or June, when the maximum amount of 
precipitations is recorded, and the second from 
August or September, period characterized by a 
significant decrease in the amount of precipitations, 
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which leads to the drying up of te mporary ponds. 
The spectral bands used in this study to calculate 
the normalized difference indexes are: blue (BLUE), 
green (GREEN), red (RED), near infrared (NIR) and 

shortwave infrared 1 (SWIR 1). All bands have the 
same spatial resolution (30 m) and wer e used to 
calculate some normalized difference indexes for 
vegetation, moisture and water.

* = no cloud -free images 

Fig. 2: Landsat scenes used in this analysis and their acquisition date

Photographs taken during 2004, 2005 and 2016 
field campaigns, as well as aerial photographs from 
2014 have also been used. The aerial photographs 
�Z�H�U�H�� �W�D�N�H�Q�� �E�\�� �'�D�Q�� �6�W���Q�H�V�F�X�� �D�Q�G�� �0�D�U�F�H�O�� �7�|�U�|�N���± 
Oance, who took two flights with a motor -glider, at 
approximately 300 m altitude above the reserve on 
4th �0�D�\�� ���������� ���7�|�U�|�N��- Oan�F�H�� �D�Q�G�� �7�|�U�|�N��- Oance, 
2004). At that moment, the most recent aerial 
photogram was dated back to 1973, so these aerial 
photos represent the only objective geo-spatial 
information regarding the status of the protected 
area just one year before the beginning of the 
restoration work in buffer zone. Out of these 
photographs, only those capturing Balta Mare area 
were selected for comparison.  

The monthly average precipitation values for the 
analysed period (1984 - 2015) recorded at Timisoara 
meteorological station was used. Given the short 
distance to the protected area, of only 26 km in 
straight line, and the existence of a plain landform, 
characterized by morphometric and morphological 
homogeneity, we considered that the data recorded 
at this meteorological stat ion were relevant for the 
study area. We considered that soil and vegetation 
moisture, as reflected by the normalized difference 
indexes values, are determined mostly by the 
amount of precipitations on longer period of time, 
including the water resulting f rom snow melting, 
than monthly amount of precipitations. For example, 
the time lag between the response of plants to 
increasing of moisture could be until two months 
(Richard and Poccard, 1998). Thus, we considered 
more suitable for this analysis to use th e amount of 
precipitations in that year until the acquisition date 
of the satellite image instead of monthly 
precipitation values. 

Methods 
The printed orthophotos dating back to 1963 and 

1972 were scanned and georeferenced in the Stereo 
1970 projection sys�W�H�P�����7�|�U�|�N��- �2�D�Q�F�H���D�Q�G�� �7�|�U�|�N��- 

Oance, 2004). The spatial resolution obtained is 1 
m, with a Root Mean Square Error of 0.79. 

Since the normalized difference indexes derived 
from the satellite images acquired in different years 
were to be compared against one another, in order 
to observe the occurred changes, it was necessary 
to perform radiometric corrections of the images (Ko 
et al., 2015). Consequently, the atmospheric 
correction of the images was performed, and each 
band was calibrated in terms of radiance to the 
superior level of the atmosphere (top of atmosphere 
radiance) using QUAC tool (Envi software).  

Since the analysed area is much smaller than a 
Landsat scene, we extracted only the area under 
study from each scene, according to the boundaries 
of the protected area. 

The following differentiating normalized indexes 
were used in this study: Normalized Difference 
Vegetation Index (NDVI), Normalized Difference 
Water Index (NDWI), and Modified Normalized 
Difference Water Index (MNDWI).  

NDVI (Rouse et al., 1974) is used to estimate the 
distribution and density of green vegetation per 
image pixel. Its values are ranging from -1 to 1, the 
positive values represent green vegetation, while the 
negatives values represent water bodies. 

 
NDVI = (NIR �± RED)/(NIR + RED) 
 
NDWI illustrates the water content of the 

vegetation and soil (Gao, 1996, Wilson and Sader, 
2002) and assess the hydrous potential of 
vegetation and soils. NDWI is an efficient and 
accurate index for wetland detection (Ashraf and 
Nawaz, 2015). The value of NDWI for the dry 
vegetation spectrum is negative and for the green 
vegetation spectrum is positive. Water has also 
positive value. It is calculated using the infrared 
spectral band (NIR) and the shortwave infrared 
(SWIR 1), according to the formula:  
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NDWI = (NIR �± SWIR 1)/(NIR + SWIR 1)  
 
MNDWI (Xu, 2006), was built for aquatic surfaces 

detection, and reduce the similarity with built areas, 
vegetation or soil. It uses the green spectral band 
(GREEN) and the shortwave infrared (SWIR 1), 
according to the formula:  

 
�0�1�'�:�,�� � �� ���*�5�(�(�1�� �í�� �6�:�,�5�� ���������*�5�(�(�1�� ���� �6�:�,�5��

1) 
 
The MNDWI is an effective index for detecting 

open water and wetland environments (Jones, 2015, 
Sun et al., 2012, Thomas et al., 2015).  

The visual exploration of cartographic materials 
and aerial photographs integrated in GIS (ESRI 
ArGIS 10.1 software), from different periods of time, 
enabled the analysis of the evolution of the study 
area and the evaluation of changes in wetland 
�H�F�R�V�\�V�W�H�P�� ���7�|�U�|�N-�2�D�Q�F�H�� �D�Q�G�� �7�|�U�|�N���± Oance, 2004, 
Cserhalmi et al., 2011). The ponds, rivers and 
canals, the alterations of which were tracked over 
time in order to observe the impact of reconstruction 
works, were extracted by digitization.  

For each and every year, the values of the 
normalized difference indexes were extracted as 
ASCII files from Balta Mare, which were later on 
statistically analysed in InStat software. The 
statistical analysis of the data focused on extracting 
the descriptive statistical variables, variation analysis 
and the analysis of the relationship between 
variables. The interpretation of the correlation 
coefficients was as follows: r > 0.7 = strong 
�F�R�U�U�H�O�D�W�L�R�Q���� �U�� � �� �������í�������� �P�R�G�H�U�D�W�H�� �F�R�U�U�H�O�D�W�L�R�Q���� �U�� ����
0.4 = weak correlation (Holmes et al., 2014). For 
statistical tests, the following interpretation of two -
tail P values was used: P < 0.05 = significant, P < 
0.01 = very significant, P < 0.001 = extremely 
significant, P > 0.05 = not significant (Marzilier, 
1990). 

Since NDWI and NDVI are often related with the 
amount of precipitations (Richard and Poccard, 
1998, Roerink et al., 2003, Quinn and Ephstein, 
2015), a change detection analysis was conducted 
between the normalized indexes for two periods 
during which the same amount of precipitation was 
recorded: 2003 (339.5 mm) and 2009 (348.8 mm). 
The first moment was selected before digging the 
canal (14th August 2003 Landsat scene), and the 
second moment was chosen after 2005, when the 
canal was already built (15th August 2009 Landsat 
scene). These moments are to be called T1 and T2 
hereinafter. 

Field mappings of the interest areas were 
conducted and photographs were taken for the 
sectors in which the swamp reconstitution was 
attempted. In order to reveal the occurred changes, 

the photographs were compared to photographs 
dating back 10-������ �\�H�D�U�V�� �D�J�R�� ���7�|�U�|�N��- Oance and 
�7�|�U�|�N��- Oance, 2004). 

Results and discussions  

Wetland restoration is a new field of research 
which is developing rapidly. The restoration can be 
expensive and time consuming. Given the poor 
understanding of the complex processes that 
determine the character of a wetland, the 
restoration of the original condit ions is often 
unsuccessful (Klemas, 2013). 

Considering that hydrology is the most important 
element in the creation and maintenance of 
wetlands, water management is the key in restoring 
wetlands (Acreman et al., 2007). Wetland systems 
are vulnerable to changes in water intake, both in 
terms of quantity and quality (Mitsch and Gosselink, 
1993). 

The main purpose of the analysis of historic 
mapping and old orthophotos was to determine a 
geo-spatial reference point representing the state of 
the reserve prior to  its transformation through 
extensive hydrotechnical works. This is important 
because the current study attempts to determine 
the efficacy of the ecological restoration works of 
the protected area and this cannot be achieved 
without such a spatial-temporal benchmark.  

All historic maps indicate the presence, of a 
wetland area north of Satchinez, covered with reed 
and ponds (Fig. 3 and Fig. 4). The largest surface in 
this area is occupied by Balta Mare (approximately 6 
hectares). This is one of the areas transformed by 
the draining works carried out in the seventies and 
which was to be restored by hydrotechnical works in 
2005. The 1953 and 1984 maps record this area as 
lake or pond, while the 1962 topographic map 
records Balta Mare as a hardly accessible swamp. 

 

 

Fig. 3: Balta Mare (1) drawn on 1953 topographic 
�P�D�S�V�����V�F�D�O�H�����������������������0���Q���ú�W�X�U���V�K�H�H�W�� 
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Fig. 4: Balta Mare (1) plotted on 1962 topographical map (A) as hardly accessible swamp and plotted on 
1984 topographical map (B) as pond (scale 1:25000)  

We can also notice a lack of consistency from 
one map to another when representing the other 
ponds bordering Satchinez village, both in terms of 
size and shape. The hydrographic network is not 
plotted on the 1953 map, but it is recorded on the 
other two maps.  On the 1962 map, it is clearly 
�Y�L�V�L�E�O�H���W�K�D�W���%�D�O�W�D���0�D�U�H���L�V���V�X�S�S�O�L�H�G���E�\���6�L�F�V���X���V�W�U�H�D�P����
The 1984 map, drawn after the draining works, 
reveals the changes in the hydrographic network 
occurred through the construction of draining 
canals, but, in our opinion, this map contains a few 
errors. Thus, according to this map, the Ier canal 
feeds Balta Mare but, in reality, the canal passes 
south of it, as it was built precisely for draining this 
pond. Satchinez reservoir and the sewerage works 
downstream of it are not recorded either.  

The 1963 and 1973 orthophotos capture

 objectively the situation prior to the draining works, 
and the one immediately following their completion, 
respectively (Fig. 5). The 1963 orthophoto captures 
a moment which can be considered without any 
doubt the ref erence point for this analysis. No 
anthropic intervention over the hydrological network 
in the protected area is visible on the orthophoto. 
�7�K�H���Y�D�O�O�H�\�� �R�I�� �6�L�F�V���X�� �U�L�Y�H�U�� �P�H�D�Q�G�H�U�V���H�[�W�H�Q�V�L�Y�H�O�\�� �D�Q�G��
is bordered by reeds and swamps that make the 
view of the waterc ourse difficult or even impossible 
in some places. However, Balta Mare has a clear 
outline, is surrounded by pastures and is fed with 
�Z�D�W�H�U�� �L�Q�� �W�K�H�� �Q�R�U�W�K�� �I�U�R�P�� �6�L�F�V���X�� �V�W�U�H�D�P���� �,�W�� �L�V�� �P�D�L�Q�O�\��
covered by reed, with small water pools. One can 
also notice the canal which ensures the discharge of 
water from Balta Mare back into the main 
�Z�D�W�H�U�F�R�X�U�V�H���R�I���6�L�F�V���X�� 

Fig. 5: The Satchinez Swamps Reserve and Balta Mare area (1) prior to the draining works (1963 
orthophoto) and after their completion (1973 orthophoto). a a nd b, watercourses linking Balta Mare 
�D�Q�G���6�L�F�V���X���V�W�U�H�D�P�����F�����6�L�F�V���X���G�U�D�L�Q�L�Q�J���F�D�Q�D�O�����G�����,�H�U���G�U�D�L�Q�L�Q�J���F�D�Q�D�O
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The orthophoto taken in 1973 illustrates the main 
changes of the hydrographic network from the 
protected area, due to the hydrotechnical works 
conducted in the area: the construction of the dam 
�D�Q�G�� �W�K�H�� �U�H�V�H�U�Y�R�L�U�� �R�Q�� �6�L�F�V���X�� �Y�D�O�O�H�\���� �Q�R�U�W�K�� �R�I�� �%�D�O�W�D��
Mare, and the transformation of the natural 
�Z�D�W�H�U�F�R�X�U�V�H�V�� �R�I�� �,�H�U�� �D�Q�G�� �6�L�F�V���X�� �E�\�� �P�D�N�L�Q�J�� �G�U�D�L�Q�L�Q�J��
canals with depths of 3 m, 2 m, respectively. One 
can also notice, south of Balta Mare, the presence of 
ponds which would disappear in the following years 
due to the descent of ground water level dictated by 
building the draining canals. Balta Mare is listed as 
pasture, but it is easily recognisable due to the 
shape of the lake basin, shape which is maintained. 
The image texture suggests that it was artificially 
submitted under this type of land usage, since its 
wet meadow character is obvious (Fig. 5).  

Since there are no aerial photograms for the

 period 1973 - 2005, in order to capture the state of 
the reserve before the start of ecological 
reconstruction we used aerial, oblique photographs, 
shot in May 2004. Thus, the aerial photograph (Fig. 
6) illustrates Balta Mare area one year before the 
start of the reconstruction wo rks within this area. 
The lake basin is easily recognisable, as its shape is 
identical to the one recorded on the old othophotos 
Both May and April of that year had a higher volume 
of precipitations than the multi -year average of 
those months. This explains the water pools in the 
centre of the area, which confers this area its 
temporary, very shallow pond character. It can also 
be noticed the low coverage with reed of the land 
�V�X�U�U�R�X�Q�G�L�Q�J�� �W�K�H�� �S�R�Q�G�� �D�Q�G�� �R�I�� �W�K�H�� �I�R�U�P�H�U�� �6�L�F�V���X��
watercourse and its reduced development when 
compared to the protected area.  

 

Fig. 6: The oblique aerial photograph of the Balta Mare area shot in 4 th  May 2004 from a motor -glider, at 
approximately 300 m altitude above the reserve  

The 2005 orthophoto captures the state of the 
reserve 30 years after the draining works. Balta 
Mare retains its shape and character of wetland 
pasture. According to the findings on site, it 
operates as a temporary pond, with shallow water, 
only during the rainy spring months (Fig. 7). The 
construction of the w ater delivery canal (Fig. 8) from 
the discharge canal of Satchinez reservoir towards 
�%�D�O�W�D���0�D�U�H�����R�Q���W�K�H���6�L�F�V���X���U�H�O�L�F�W���Z�D�W�H�U�F�R�X�U�V�H���D�Q�G���W�K�H��

dam downstream (Fig. 6) which is designed to 
control the water flow directed towards the former 
pond can be seen on orthophoto. Some areas are 
impacted by the deposits of excavated materials as 
a result of digging the canal and by the construction 
of the road for accessing the work site, a road which 
�L�V�� �S�D�U�D�O�O�H�O�� �Z�L�W�K�� �6�L�F�V���X�� �G�L�V�F�K�D�U�J�H�� �F�D�Q�D�O���� �R�Q�� �L�W�V�� �U�L�J�K�W��
bank. 
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Fig. 7:  Balta Mare during the rainy season (March 2004) and the dry season (October 2016). The reed 
expansion in the central part of the lake basin is obvious in the picture from 2016  

The 2012 orthophotos, in natural and near -
infrared colours (Fig. 9), reveal th e regrowth of 
vegetation in the sectors impacted by the works 
conducted in 2005. Balta Mare supply canal has a 
slightly irregular outline, due to the appearance of 
paludous vegetation and the bank erosion caused in 
some sectors by the cattle coming to drin k water in 
that place. Balta Mare is covered with water in its 
central part, which can be easily visible on the NIR 
image. We believe this fact is not due in particular to 
the water drained towards Balta Mare through the 
canal built in 2005, but to the rai ny period during 
which the image was acquired. Although we do not 
have the exact date of image acquisition, we can 
estimate it with enough certainty because the 
agricultural lots south of Ier canal are flooded, which 
happens only during the periods with he avy rainfalls. 
There can also be noticed a slight expansion of the 
area covered by reed adjacent to the dam and along 
�W�K�H���U�H�O�L�F�W���Z�D�W�H�U�F�R�X�U�V�H���R�I���6�L�F�V���X���U�L�Y�H�U�� 

 

 

Fig. 8: The hydrotechnical works and construction 
of the water delivery canal in 12 th  April 200 5 

 

�)�L�J�����������7�K�H�������������D�Q�G�������������R�U�W�K�R�S�K�R�W�R�V�����������%�D�O�W�D���0�D�U�H�����D�����W�K�H���Z�D�W�H�U���V�X�S�S�O�\���F�D�Q�D�O���E�X�L�O�W���L�Q���������������E�����6�L�F�V���X��
canal; c, Ier canal  

The very high resolution satellite image, available 
on GoogleEarth, is the most recent image and 
captures the current state of the protected area. It 
illustrates a moment at the end of September, 
usually a month with low precipitations. There is no 
more water in Balta Mare, which clearly 

demonstrates its temporary character, despite the 
restoration works. It can also be noticed  the 
advanced clogging stage of the water supply canal 
in 2016 (Fig. 10), a fact which we also noticed on 
site (Fig. 11).  
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