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Abstract 

Bank erosion is one of the dominant geomorphological 
processes in the southern part of the Pannonian Basin. The 
consequences of bank erosion on the territory of Serbia and 
the Republic of Srpska were analysed including landscape 
degradation (lateral migration), socio-economic (land loss, 
land use changes, economical losses) and geopolitical 
consequences. The analysis covered the Danube River and 
the Drina River as the international river border, the Bosna 
River as a boundary watercourse along the administrative 
border and the Kolubara River with dominantly antropogenic 
impacts on the rate of bank erosion . The total amount of 
lateral migration of the Kolubara riverbed for the period 1925-
2010 is 155 m and the Bosna riverbed for the period 1958-
2012 is 352.2 m. Lateral migration has caused serious 

problems through loss of arable land (approximately 40 ha) 
and land use changes in both basins, but also economic loss 
due to the reduction of agricultural production. For the prote-
ction of the Bosna River banks it is necessary to invest 7.91 
million Euros, while in the case of the Kolubara River for their 
recovery 2.54 million Euros were needed. The geopolitical 
consequences due to the bank erosion acting and lateral 
migration of the river course were analysed on three 
paradigmatic examples: the Danube River (the border 
between Serbia and Croatia), Drina River (the border between 
Serbia and Bosnia and Herzegovina) and Bosna River (the 
border between the Republic of Srpska and the Federation of 
B&H). The results of this investigation are applicable in the 
field of water and soil resources management, hydro-
technical works, geopolitical studies, as well as in different 

aspects of the environmental protection. 

Keywords: bank erosion, lateral migration, land 
loss, land use changes, environmental aspect, 
geopolitical consequences 

Rezumat. Consecințele eroziunii malurilor în 
sudul Bazinului Panonic. Studiu de caz – 

Serbia și Republica Srpska 

Eroziunea malurilor este unul din procesele geomorfologice 
predominante în partea de sud a Bazinului Panonic. 
Consecințele eroziunii malurilor de pe teritoriul Serbiei și al 
Republicii Srpska au fost analizate din punct de vedere al 
degradării peisajului (migrare laterală), socio-economic 
(pierderi de teren, schimbări în utilizarea terenurilor, pierderi 
economice) și geopolitic. A fost analizat fluviul Dunărea și 
Drina, ca râuri ce formează granițe naturale, râul Bosna care 
formează iar o graniță administrativă și râul Kolubara unde 
predomină impactul antropic asupra eroziunii malurilor. În 
perioada 1925-2010, patul albiei râului Kolubara a migrat 
lateral cu 155 m, iar cel al râului Bosna cu 353,2 m în 

perioada 1958-2012. Migrarea laterală a generat probleme 
serioase din cauza pierderii de teren arabil (aprox. 40 ha) și 
a schimbărilor în utilizarea terenurilor din ambele bazine 
hidrografice, precum și pierderi financiare datorită reducerii 
producției agricole. Pentru protecția malurilor râului Bosna 
sunt necesare investiții de 7,91 mil. EUR, iar pentru râul 
Kolubara alte 2,54 milioane. Consecințele geopolitice ale 
eroziunii malurilor și migrării laterale a cursului râului au fost 
analizate prin intermediul a trei exemple paradigmatice: 
fluviul Dunărea (granița dintre Serbia și Croația), râul Drina 
(granița dintre Serbia și Bosnia și Herțegovina) și râul Bosna 
(granița dintre Republica Srpska și Bosnia-Herțegovina). 
Rezultatele acestui studiu sunt utile pentru managementul 
resurselor de apă și sol, lucrărilor hidro-tehnice, studiilor 
geopolitice, precum și pentru diverse aspecte ale protecției 

mediului. 

Cuvinte-cheie: eroziunea malurilor, migrare 
laterală, pierdere de teren, schimbări în utilizarea 
terenurilor, aspect de mediu, consecințe geopolitice 



Consequences of the River Bank Erosion in the Southern Part of the Pannonian Basin: Case Study – Serbia and the Republic 
of Srpska 

© 2013 Forum geografic. All rights reserved. 6 

Introduction 

Bank erosion and river lateral migration are the 
most important geomorphological processes in the 

alluvial plain in Serbia and the Republic of Srpska. 
The causes of river bank degradation are various 

and complex and usually result from the interaction 

between natural processes and human activities. 
The map of the first trend of relative relief of Serbia 

has shown that almost the whole terrain in the 
southern Pannonian Basin has been under tectonic 

movement of slow subsidence (Manojlovic et al., 

2004). Tectonic characteristics of this area, more 
precisely the Savski Fault, had influenced the 

orientation of the hydrological network in the 
southern part of the Pannonian Basin. During the 

Late Paleogene and the Early Neogene the 
Pannonian Sea and small bays had existed on the 

territory of Serbia and the Republic of Srpska. After 

regression, fluvial erosion started and formed 
today’s hydrological network of the Danube River. 

With tectonic movements (subsidence) in the 
southern part of the Pannonian Basin, significant 

decrease of stream velocity happened, and caused 

sediment accumulation in the riverbeds, bank 
erosion, forming of meanders and changes in the 

river course. Sometimes, human activities can cause 
changes in river morphology and bank erosion rates 

that are more significant than those induced by 
natural events (Surian & Rinaldi, 2003; Gregory, 

2006; Hooke, 2006; James & Marcus, 2006; 

Roksandic et al., 2011; Vandenberghe et al., 2012; 
Dragicevic et al., 2012a). 

In the region, the consequences of changes in 
river course and bank erosion intensity have been 

well-documented in the literature (Blanka & Kiss 

2011; Kiss et al., 2008; Rădoane et al., 2010; 
Zaharia et al., 2011; Loczy, 2011; Floriou, 2011; 

Dragicevic et al., 2012a). There were many changes 
in a fluvial landscape in the southern part of the 

Pannonian Basin which caused serious 

environmental, socio-economic and geopolitical 
consequences. In previous research in Serbia and 

the Republic of Srpska, the rate of bank erosion, 
land loss and land use changes caused by bank 

erosion, sediment accumulation and flooding were 
fully investigated only in the Kolubara River Basin 

(Dragicevic, 2002, 2007; Dragicevic et al., 2008, 

2012a, 2013) and in the Serbian part of the Tisa 
Valley (Popov et al., 2008). 

In this paper, the consequences of bank erosion 
on the territory of Serbia and the Republic of Srpska 

were analysed with regard to landscape degradation 

(lateral migration), socio-economic (land loss, land 
use changes, economical losses) and geopolitical 

consequences. The analyses included the Kolubara 
River, with dominantly antropogenic impacts on the 

bank erosion intensity, Drina River and Danube River 
as the international river border, and the Bosna River 

as a boundary watercourse along the administrative 

border (between the Republic of Srpska and the 
Federation of Bosnia and Herzegovina). 

Beside its fundamental significance, the results of 
this investigation are applicable in the field of water 

and soil resources management, hydro-technical 

works, geopolitical questions, as well as in different 
aspects of the environmental protection. Bank erosion 

and the riverbed movement can become a geopolitical 
and security issue if along the river the border is drawn 

between states or other political-territorial entities. The 
research is a first attempt in Serbia to explain complex 

effects of the river course diversion, which is obviously 

realised without long-term planning and respect for the 
principles of sustainable management. The results of 

our study should provide information for relevant 
institutions responsible for planning and protection 

against bank erosion. 

Study Area 

The research covered the southern edge of the 

Pannonian Basin in Serbia and the Republic of 
Srpska, or the watercourses with the direction which 

is predominantly determined by the Savski Fault. All 

streams in the analyzed sectors have meridional 
direction, with the phenomenon of laretal migration 

and bank erosion. The analyses included the Danube 
River and the Drina River as the international river 

border, the Bosna River as a boundary watercourse 
along the administrative border (between the 

Republic of Srpska and the Federation of Bosnia and 

Herzegovina) and the Kolubara River with 
dominantly antropogenic impacts on the bank 

erosion intensity. 

 

Fig. 1: The analyzed watercourse sectors in 
Serbia and the Republic of Srpska 
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The Danube is an international river that flows 
through 10 European countries. In Serbia, the 

length of its course is 588 km, of which a length of 

367 km is a river border with Croatia (137.6 km) and 
Romania (230 km). Therefore, this study has not 

only national but also regional significance. The 
analysis included the Danube sector from its 

entering the territory of Serbia to the confluence of 

the Drava River. 
The Drina River is the largest tributary of the 

Sava River, not only by flow length (346 km) and 
drainage basin area (19946 km2), but also by 

discharge (Qav - 395 m3s-1). Most of the border 
(river/lake) between Serbia and Bosnia-Herzegovina 

(Republic of Srpska) follows the Drina River. 

Compared to the total length of 382.8 km, the 
border drawn by the rivers and artificial lakes is 

228.5 km long (59.7%). Analysis covered the lower 
course of the Drina River. 

The Bosna River drains the central parts of the 

Dinaric Karst Massif and the central part of Bosnia 
and Herzegovina, and after the course of 70 km, by 

the southern border of the Pannonian Basin, empties 
into the Sava River. The drainage basin area is of 

10662 km2, course length of 275 km, mean annual 
discharge at the confluence with the Sava River is 

180.5 m3s-1, specific discharge 15.6 ls-1km-2, and the 

average fall is 1.48 m/km. Characteristic features of 
the lower part of the Bosna River come to the fore on 

the section from the Modrica bridge to the confluence 
with the recipient - the Sava River, with a total length 

of about 25 kilometers, which is the course length in 

the studied sector of the Bosna River. In this section, 
the water is formed in its own alluvium, with frequent 

sharp curves and meanders, so the watercourse 
riverbed is unstable in time and space. 

The Kolubara River Basin is situated in the 

western part of Serbia and covers 4.12% of Serbia. 
The Kolubara River is the last major tributary of the 

Sava River, and according to course length (86.4 km) 
and drainage basin area (3641 km2), is classified as a 

medium-size river within the territory of Serbia 
(Dragicevic et al., 2012b). The study area is 

characterised by intense lateral dynamics of the river 

channels, making it vulnerable to the risks induced by 
fluvial dynamics because of the economic importance 

of the area and the significant density of the 
agricultural population and settlements. The analysed 

part of the Donjokolubarski Basin, where the land 

parcels were changed due to lateral erosion, is 
occupied by the villages of Drazevac, Konatice and 

Poljane. The area is mostly agricultural, and the 
predominant land use is arable land. 

Method 

Analyses of topographical maps, aerial photo and 
orthophoto images were used in previous research 

aiming at determining the lateral migration of the 
Danube, Drina, Bosna and Kolubara riverbeds. The 

methods of monitoring bank erosion, lateral migration 

and its consequences in the study area were divided 
in two groups: remote sensing (Danube and Drina 

River) and on-site measurements (Kolubara and 
Bosna River). To estimate the rates of the Kolubara’s 

bank erosion, land loss and land use changes, several 

main sources of remote sensing data were used: 
topographical maps in the scale of 1:50000, cadastral 

maps in the scale of 1:2500 dating from 1967, aerial 
photo images from 1981 and orthophoto images from 

2004 and 2010. Based on the topographical maps 
from 1958, 1976 in the scale of 1:50000 and 

orthophoto images from 2001, 2006, 2008 and 2012, 

we estimated the area of diminished land parcels and 
their land loss caused by the Bosna River bank 

erosion. Comparing the data from different periods, 
we determined the evolution of the river course over 

different periods. The position of the river course was 

marked in each data source. River bank lines were 
digitized, and the bank erosion extent was calculated 

using GeoMedia Professional 5.0. On-site 
measurements were conducted in the Kolubara's river 

banks using Trimble 5800 GPS receiver system 
(accuracy ± 1.5 cm). 

The changes in the riverbed position evolved 

through the meandering process on the unstable 
river profiles. The determination of the rate of 

riverbed migration comprises the horizontal 
movement distance between the first and last year 

of the observed period. Therefore, the ratio of the 

old to new position was determined for each river 
bank on the river profiles where the changes 

occurred. The total amount of riverbed migration 
was calculated as the average deviation of the 

maximum distances at all of these profiles on the 

left and right sides of the riverbed. 
The river borders are result of the predominantly 

applied natural-geographic demarcation principle, and 
from the geographical environment in which they 

were drawn, they belong to the type of hydrographic 
boundaries. There are two basic methods for 

determining the borders on the river courses: a) by 

the centerline of the river, and b) by the centerline of 
the waterway or mainstream line (thalweg included). 

The first rule is older, and today only used for smaller 
streams. The second rule has been in use since the 

early nineteenth century and is used for large, 

navigable rivers (Ilic & Stankovic, 2005). When actual 
demarcation, this is just a starting point for 

negotiations and intergovernmental contract between 
the interested parties. It is usually difficult to adhere 

to the above mentioned regulations literally, becauses 
rivers have branches and deltas, riverbeds are 

meandering, by erosion of one river bank, and 

accumulation on the other, river courses during major 
floods can completely change, middle of a river and 
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thalweg move depending on the water level even 
within a year (Ilic & Stepic, 1994). 

Discussion 

Environmental Aspects of River Bank 
Erosion 

The environmental aspects of the riverbank 

movement was analysed in detail, and shown in the 
intensity analysis of the bank erosion, lateral 

migration and landscape degradation as a result of 
intensive bank erosion (Dragicevic et al., 2012a, 

2013). In comparison with the bank intensity of the 

Danube River and the Drina River, where, due to the 
lack of the field measurement, historic-geographic 

and mapping sources were used, there are very 
detailed measurements of the riverbank movement 

for the Bosna River and the Kolubara River. 

The amount of the horizontal shift of riverbed by 
the alluvial plain is a very important indicator of the 

process dynamics. It provides the basic argument 
for the adoption of measures to protect bank areas. 

The more so, because the area of the studied rivers 
meandering is populated, and, except the 

households, the land plots of very high quality are 

the most vulnerable. In determining the movement 
amount, the river sectors at the beginning and end 

of the given time period were compared. To present 
this work, only the average deviation value of the 

left and right meander peak points in relation to the 

initial state will be reported. This provides insight 
into the spatial-ecological component, important for 

the weak points of defence in the alluvial plain which 
were not threatened in the period of history. 

However, the situation is more complex because it 

involves a process within an undefended part of the 
alluvial plain, which is not covered by this 

presentation, but is also economically important and 
is the first targeted by erosion. 

In the research sector, the Kolubara River length 
was 7.5 km in 1925, 8.2 km in 1967, 9.6 km in 

1981, 10.06 km in 2004 and 10.14 km in 2010. The 

dynamics of the riverbank migration were observed 
by analysing the Kolubara riverbed movement 

during the periods of 1925-1967, 1967-1981, 1981-
2004 and 2004-2010 (Roksandic, 2012). 

In the lower course of the Kolubara River, 

comparing the 1:50000 topographic maps from 1925 
and 1951, it was calculated that the Kolubara 

riverbed moved by 36.8 m, of which 22.3 m to the 
left, and 14.5 m to the right. The average annual 

movement in this period was 1.41 m. During the 
period of 1951-1967, it was calculated that the 

Kolubara river course migration totaled 32.8 m, of 

which the course moved by 11.8 m to the left, and 
by 21 m the right. The average annual movement in 

this period was 2.05 m. During the period 1967-

1981, the total amount of the Kolubara River 
migration was 57 m, when the left bank moved by 

32.5 m and the right bank by 24.5 m. In this period, 

the average riverbed movement was 4.1 m per year. 
Further comparison of aerial photo images from 

1981 and orthophoto images from 2010 show that 
the Kolubara riverbed stabilized, because during 29 

years its course moved by 28.9 m, of which 13.1 m 

to the left, and 15.8 m to the right. This would mean 
that it moved annually by 1 m, which is 

approximately four times less than in the previous 
observation period (1967-1981), when the Kolubara 

river course on the average shifted by 4.1 m. 
The geodetic survey of the Kolubara river bank 

near the bridge in Drazevac, showed that its 

average movement due to flood wave in June 2010 
was 3.06 m, and in the most endangered area 6.16 

m. This resulted in the loss of the bank part in front 
of the bridge, which initiated the urgent bank 

fortification making to protect this important 

infrastructural object (Dragicevic et al., 2013). 
Geomorphological analysis of dominant erosion 

processes and their intensity quantification of the 
Kolubara River Basin, was done in previous research 

(Dragicevic, 2007). The results showed that the study 
area was characterized by intense lateral dynamics of 

the river channels. The bank erosion (Roksandic et al. 

2011; Dragicevic et al. 2012a), sediment yield and 
sediment accumulation (Dragicevic, 2002), floods and 

landslides (Dragicevic 2012a; 2012b), soil and water 
pollution are the major environmental problems in the 

Kolubara River Basin. 

Although the alluvial rivers meandering is a 
natural process, it must be noted that in the case of 

the Kolubara River, human impact is responsible for 
its intensification. The area of the Lower Kolubara, 

where the studied sector of the river is located, 

mostly belongs to a lignite mining basin, whose 
exploitation in the thermal power plants provides 

half the electricity in Serbia. This major economic 
giant was not uncommon with the fact of relocating 

whole settlements to allow space for new surface 
excavations, and the river courses moving was 

already common practice. The most drastic example, 

one that is relevant for the current situation of the 
Kolubara River and its raging at the valley bottom, is 

shifting of the Pestan riverbed, which is the right 
tributary of the Kolubara River and was formerly 

running in parallel in a length of 20 km. In fact, 

nothing was done to increase the capacity of the 
new riverbed and adjust to a much higher discharge. 

The bypass was performed in 1959, and the 
consequences of the Kolubara River "non- fitting" in 

the new riverbed are visible even today. 
In the studied sector (Fig. 3), the Bosna River 

length was 25.8 km in 1958, 24.9 km in 1976, 27.6 

km in 2001, 27.1 km in 2006, 24.6 in 2008 and 23.9 
km in 2012. In the Bosna River lower course, by the 
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analysis of the topographic bases and ortophoto 
images of the research area, the average shift of the 

Bosna riverbed in the period 1958-2012 amounted 

to 132.4 m. However, it is important to emphasize 
that the value of the maximum movement in the 

period 1958-2006 amounted to 1055.3 m. Apart 
from this period, the maximum values of the period 

1958-1976, 517.8 m, 1958-2001, 934.7 m, 1958-

2008, 467.0 m are also significant and, and the 
period from 1958 to 2012, 506.2 m. The analysis 

showed that the average movement in the period 
1958-2012 amounted to 90 m to the left, and the 

maximum value of this movement in the analysed 
period was 330.1 m. In terms of shift to the right, it 

was found that its average value in the period 1958-

2012 amounted to 156.1 m, and that in this period 
the value of the maximum movement in this 

direction was 506.2 m. 
Almost in the entire sector, the concave curve 

banks are damaged, vertically notched by 

mainstream high waters and subject to constant 
erosion. It is a general phenomenon that in the 

bands, the concave banks are being destroyed, 
while the silt is deposited on the convex banks. In 

each occurrence of high waters, due to the high 
saturation of water with silt deposit, on all 

watercourse curves, on the concave side of the 

bend, there is a minor displacement on the riverbed 
within the inundation, while on the convex side of 

the bend there is a deposit of silt. The global 
movement of minor riverbeds, during inundation, is 

routed to the mainstream course formed by the 

floods, with a tendency to form a common corridor 
of low and high waters. 

Socio-Economic Aspect of the 
Consequences of the River Bank Erosion 

Because lateral erosion is more intense, the 

concave river banks on the side of the river often 
collapse, and farmers who have arable land parcels 

on the river bank (in the area of the three villages 
that the Kolubara River flows through) lose the parts 

of the parcels that were carried away by the river. 

In the lower part of the Drina River Basin, the 
bank erosion caused many problems with thе 

demarcation between two countries. In this area, 
the Serbian farmers who had arable land parcels on 

the right river banks in Serbia (100 years ago), 
beacause of very intensive lateral erosion, lost the 

parts of the parcels or whole parcels. In recent time, 

their land parcels have been located in the Republic 
of Srpska. And vice versa! Identical problems occur 

along the Danube border line between Serbia and 
Croatia. Serbian farmers who had arable land 

parcels on the left river banks in Serbia (50 years 

ago), beacause of very intensive lateral erosion lost 
the parts of the parcels. In recent time, their land 

parcels have been located in Croatia. And vice versa! 

In the analysed part of the Donjokolubarski Basin, 
there were 247 endangered land parcels in the 

villages of Drazevac, Konatice and Poljane, and 136 

of them contained arable land with an area of 111.6 
ha in 1967 and 72 ha in 2010, meaning that in 43 

years, 35.5 % (39.58 ha) of the land allocated for 
agricultural production was lost. The area of 21 

endangered woodland parcels was 6.9 ha in 1967 and 

2.8 ha in 2010, which lost 4.1 ha (59.4 %) from its 
initial area. There are only three endangered 

pastures, and their area was 1.3 ha in 1967 and 0.6 
ha in 2010. The areas of 80 sandbanks were 

diminished from 25.3 ha to 4.4 ha. The total area of 
247 endangered land parcels was 148.3 ha in 1967 

and 81 ha in 2010. Therefore, due to bank erosion, 

over 43 years (1967-2010), 67.3 ha of land were lost 
in the Municipality of Obrenovac (Roksandic, 2012). 

The economic effects caused by the bank erosion 
were analysed, both land loss and the reduction in 

the agricultural production. In the period 1967-2010, 

the average corn yield of the study area was 4.27 
t/ha, and the average wheat yield was 3.27 t/ha. 

These yield values corresponded with the Serbian 
average yields. The permanent corn production that 

was lost up to 2010 was 3255 t and 1271 t of 
wheat. However, the level of production losses was 

steadily increasing over time. Consequently, the final 

effects of the potential losses are immeasurable. 
The total value of the permanent losses of arable 

land by 2010 was 80560 USD, and the total loss in 
agricultural production was 634240 USD. 

Based on the orthophoto images from 2001, 

2006, 2008 and 2012, we have estimated the area 
of diminished land parcels and their land loss caused 

by the bank erosion of the Bosna River. Compared 
to the base year of 2001, when the first orthophoto 

images distinguished several categories of land use: 

arable land, forests and low vegetation, meadows 
and pastures, populated areas (plot areas), and 

gravel excavations and depots, the significant losses 
of areas under the above categories of the land use 

manners were determined. In the period from 2001-
2012 42.30 ha of arable land were lost, 171.9 ha of 

forests and low vegetation, 0.1 ha of plot areas, 

31.8 ha of meadows and pastures, and 41.9 ha of 
sand and gravel pits and depots. 

In 2001, an initiative was launched in recognition 
of the Bosna riverbed condition, especially concave-

eroding river banks. Further analysis revealed that 

along the lower Bosna River the bank revetment had 
to be repaired at the length of 15999 m to secure the 

concave river banks and stabilize the primary 
riverbed. To protect the concave banks, a detailed 

cost analysis of making the bank fortifications per 
running meter was done and found that the bank 

revetments of gabions and reno mattresses 

represented the best solution in terms of finance, and 
had practical applications because they could be 
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carried out of local materials (sand and gravel). 
Therefore, the cost of securing a concave river bank 

running meter is 494.93 Euros, which means for the 

repair the above mentioned part of the Bosna 
riverbed, that is, to secure the concave river banks, 

7.91 million Euros are needed. 

Geopolitical Consequences of River Bank 
Erosion 

The borders on the river courses, where the river 
bank erosion is dominant, are often the subject of 

international disputes and conflicts. As a rule, these 
problems are particularly complicated, difficult to 

solve, last long and often re-establish in the post-

conflict areas, as every, even the smallest 
concession (and they are required) - is interpreted 

as "national treason". This is the case on the former 
Yugoslav territory and can be analysed on three 

paradigmatic examples - on the Danube River 
between Serbia and Croatia, on the Drina River 

lower course between Serbia and the Republic of 

Srpska (Bosnia and Herzegovina) and the Bosna 
River lower course between the Republic of Srpska 

and the Federation of Bosnia and Herzegovina. 
The origin of the problem - According to the 

historical-genetic criteria, the borders of Serbia and 

other countries emerging from the former Yugoslavia 
can be divided into "old" (according to the former 

Yugoslavian neighbours) and "new" (between the 
former federal units / republics of the former 

Yugoslavia ). The "old" borders are mostly 

unproblematic, while the "new" are questionable and 
subject to mutual disputes (Stankovic, 2010). The 

cause of this is found in the inherited administrative-
political abutment of the republics, which were traced 

according to the ideological needs and territorial 
organization of the Communist Party, and were not in 

accordance with the strict application of any principle 

( first of all, the ethnic principle) (Stepic, 1994). What 
is more, the internal borders have never, under any 

legal act, been precisely established, marked and 
verified neither in the parliament of Yugoslavia, nor in 

the parliaments of the federal units/ republics. The 

problem was not solved by the Arbitration 
Commission of the European Union (the Badinter 

Commission) in 1991 by its general agreement that 
the inter-republic borders were immutable and 

became inter-state borders. It turned out that this 
was not contributed by the mitigated solution that the 

borders could be subject to change by agreement, 

that was enacted in 1992 on the London Conference 
on Yugoslavia (Stankovic, 1992). On the contrary, 

there were diametrically opposite approaches and 
understandings of the border line determination, 

especially along the river courses. Although these are 

the territorially minimal disputes in question, their 
inter-political and geopolitical conflict potential is 

enormous. 

The problem of the border between Serbia and 
Croatia on the Danube River – The border between 

Serbia and Croatia on the Danube River is 137.6 km 

long, which amounts to 53.1% of the total length of 
the border between the two countries. On the 

Danube sector, the border is from 1945, when the 
inner borders of the Democratic Federal Republic of 

Yugoslavia were formed, and when Vojvodina was 

established as an autonomous province within the 
People’s Republic of Serbia. It was found that its 

border with the People’s Republic of Croatia in part 
"goes by the Danube River" (Article 1, Paragraph 3 of 

the Law on the Establishment and Organization of the 
Autonomous Province of Vojvodina, Official Gazette of 

the People’s Republic of Serbia no. 28/45). If we join 

the decisions of the so-called Badinter Commission in 
1991and the London Conference in 1992, nothing 

could be disputed. Also, the official government 
position of Serbia is that the border is along the 

centerline of the Danube River waterway, which is in 

accordance with the international standards for 
border waterways, the Danube Convention and the 

regulations of the Danube Commission. 
But Croatia is of the opinion that the inter-state 

border is not on the Danube, but along the 
boundaries of the border cadastral municipalities 

established in the late nineteenth century, reflecting 

the state of a property and legal status of that time 
and which at the time of Austro-Hungary belonged 

to the administration centers on the right side of the 
Danube River. As a result of e lateral migration, 

bank erosion, regulation and movement of the 

Danube riverbed to the west in the past more than 
100 years, those border cadastral municipalities are 

now mostly on the left side of the Danube River, in 
the regions of Backa in Serbia, and partially on the 

right side of the Danube River in Croatia. They are 

drawn along the former Danube river course, and 
now abandoned meanders and river branches, 

causing the disputable territorial "pockets". On the 
left side of the Danube River there are about twenty 

such "pockets", which are in Croatia by the cadaster, 
with a total area of around 9600 ha. On the right 

side of the Danube River, in Croatia, a few "pockets" 

are only located, with a much less total area of 
about 910 ha (Stankovic, 2005) (Figure 2a). 

The geopolitical issue of the disputed border on 
the Danube River between Serbia and Croatia is 

aggravated because of strained relationships, and 

they are the result of a violent, war destruction of 
the former Yugoslavia. Both countries accuse each 

other of great aspirations and in such conditions 
even the slightly controversial areas are magnified 

into a major problem. Moreover, these "pockets" are 
perceived as important geostrategic "bridgeheads" 

of the rival on the other side of the river and its 

potential "springboard" for further appearance of a 
new, hypothetical conflict. Croatia especially insists 
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that the border should not be along the current 
course of the Danube River, because on the left side 

of the river is 10 times larger area that is in Croatia 

by the cadaster than the one on the right side and is 
in Serbia by the cadaster. If the state border should 

be established by taking into account the cadastral 
boundaries, and not the international legal standards 

and following the practice of the borders of a 

navigable river, the Danube waterway, an important 
future Trans-European diagonal of river transport 

and projected Corridor 7, would be cut on a 
relatively short sector in several places. The problem 

gets wider, international dimensions, after Croatia 
joins the EU in 2013, when it will enter future 

negotiations with a strong support. 
The problem of the border between Serbia and 

Bosnia and Herzegovina (Republic of Srpska) on the 
Drina River – The border between Serbia and Bosnia 

and Herzegovina is in the whole length with one 
of its two political-territorial subdivisions - the 

Republic of Srpska. In comparison to the total length 

of 382.8 km, the border drawn by the rivers and 
artificial lakes is 228.5 km long (59.7%). 

Most of the river/lake border between Serbia and 
Bosnia and Herzegovina (Republic of Srpska) is 

located on the Drina River. In the recent history, the 

state border here appeared after the Berlin Congress 
in 1878, when Serbia gained independence, and 

Austria-Hungary was allowed to perform the 
occupation of Bosnia and Herzegovina, a province 

that formally remained a part of Turkey. After the 
Austro-Hungarian annexation of Bosnia and 

Herzegovina in 1908, and enhanced tensions 

between Austria-Hungary and Serbia, caused by the 
so-called Annexation Crisis, the two countries soon 

joined the process of demarcation. 

  

Fig. 2: The border on the Danube River between Serbia and Croatia (left) and between Serbia 
and Bosnia and Herzegovina (Republic of Srpska) as compared to the present-day course of 
the Drina River (right) 
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They carried out the precise geodetic land survey 
of the area along the river, then did the mapping 

display of the Drina river course, marked the 

disputed land and evidenced the requirements of 
both sides, and all printed in the Elaborate of the 
land survey on the Drina River (Elaborat der Drina-
Aufnahme) in 1910. This was followed by the Balkan 

Wars and the First World War, after which in 1918, 

the Yugoslav state was created, and the border on 
the Drina River became irrelevant. Analogous to 

other federal units/republics, in 1945, Bosnia and 
Herzegovina was constituted, but, as in the case of 

others, its borders were not clearly defined and 
legally verified as well. With the disintegration of 

Yugoslavia in 1991/1992, i.e., with the creation of 

"The Dayton-Paris Bosnia and Herzegovina" in 1995, 
this border also was actualized as the "new" border 

between Serbia and Bosnia and Herzegovina. 
Among other disputed issues (enclave Medjurečje 

as part of the Municipality of Rudo in the Republic of 

Srpska, and surrounded by the territory of Serbia; 
demarcation on the Drina River’s artificial lakes and 

hydropower plants; part of the Belgrade-Bar railway, 
which passes through the Republic of Srpska in the 

length of 11 km), there was a problem of 
demarcation in the lower course of the Drina River. 

The river meanders through the valley and 

significantly alters its course each year. Variable 
riverbed was cut through the large alluvial fan, so on 

its left side, in the Republic of Srpska, the area of 
Semberija is located, and on the right, in Serbia, the 

area of Mačva. The entire lower Drina River Valley, 

from Zvornik to its confluence in the Sava River, there 
are the abandoned riverbeds in the alluvial plain that 

are activated during floods. Compared to the 
condition of 100 years ago, that is, compared with 

the mapping showing the active course and 

abandoned meanders from 1910, and set thalweg of 
1883-1884, the situation has changed considerably 

(Map: III Übersicht, in: Elaborat der Drina-Aufnahme, 
1910.). But the boundaries of the cadastral 

municipalities remained almost the same, and they 
are now (as opposed to 1910) almost off the river, 

but mostly on the left side of the valley. Thus, the 

total area in Serbia by the cadaster, located on the 
left side of the Drina River, is 3332.3 ha, and the total 

area in the Republic of Srpska, on the right side of 
the Drina River is 965.8 ha (Figure 2b ). 

Geopolitical issue of the unresolved border 

between Serbia and Bosnia and Herzegovina 
(Republic of Srpska) along the lower Drina River has 

no great conflict potential for the time being. The 
Drina River is not navigable (though it was so in the 

nineteenth century), so it would be logical for the 
border to be drawn along the centerline. However, 

the constant riverbed movement can cause 

problems. Also, the border line demarcated by 
surveying in time can run at a distance from the 

riverbed and cause numerous practical difficulties (in 
flood management, transport, land treatment ...). 

Identified inter-republic border (cadaster border) is 

mainly located several hundred meters west of the 
present Drina riverbed. "Pavlovića most" near 

Badovinci and the border crossing next to it were 
built entirety on the area belonging to Serbia by the 

cadaster, and the border is even several kilometers 

to the west. Everyday life, transport and people’s 
work on both sides of the river is facilitated by a 

small degree of the border barriers. Pursuant to the 
good relations between Serbia and the Republic of 

Srpska, and their agreement on the so-called Special 
and Parallel Relations, proceeded from the Dayton-

Paris Agreement in 1995, the demarcation could be 

resolved without major problems. However, possible 
complications may arise as a reflection of the 

strained relations within Bosnia and Herzegovina - 
between the Federation of Bosnia and Herzegovina 

and the Republic of Srpska. 
The problem of the border between the Republic 

of Srpska and the Federation of Bosnia and 
Herzegovina on the Bosna River - After completion of 
the Civil War, based on the General Framework 
Agreement for Peace in Bosnia and Herzegovina, 
reached at the U.S. "Wright-Patterson Air Force Base" 

in Dayton, Ohio, USA, 1-21 November 1995, and 

definitely accepted and signed in Paris on the 14 
December 1995, Bosnia and Herzegovina was created 

as a state of two "entities" – the Federation of Bosnia 
and Herzegovina and the Republic of Srpska. One of 

the key principles of the constitution was the division 

based on the ratio of 51% of the territory to the 
Federation of Bosnia and Herzegovina "entity", and 

49% to the Republic of Srpska "entity" (at the 
expense of the Republic of Srpska, this principle from 

the very beginning was not fully respected). "Entity 

Border Line" was set at 1:50000 scale maps, which 
included possible deviation of about 50 m. Special 

Article was related to the sectors of the inter-entity 
border lines drawn by the rivers. Accordingly, it is 

concluded that the "line will follow natural changes" 
and "artificial changes in the river course will not 

affect the position of the border line between the 

entities", but leaves room for correction by the 
mutual agreement of the entities, particularly "in the 

case of sudden natural changes in the river course 
(land separation and cutting of the new riverbed)" 

(Lukic & Popovic, 1996). 

The characteristic part of the inter-entity border 
lies between the Republic of Srpska and west (Odžak) 

fragment of a two-part Posavski Canton of the 
Federation of Bosnia and Herzegovina. In 

"Approximate description of the Republic of Srpska 
border line" is stated that from the confluence of the 

Bosna River into the Sava River near Šamac the 

"border line runs along the Bosna River to the 
trigonometer 93 (which is located on the right bank 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XII, Issue 1 (June 2013), pp. 5-15 
http://dx.doi.org/10.5775/fg.2067-4635.2013.008.i 

13 forumgeografic.ro 

of the Bosna River), then bypasses the village of Ada 
to the east and south side, and the village of Cvek on 

the north side", and in that way moving away from its 

course. The Bosna River at the lower part of the 
valley runs through an alluvial plain, meanders, 

conducts extensive river bank erosion and moves the 
riverbed. This, also, means changing the length and 

route of the inter-entity border line after its 
approximate establishment in 1995 (Fig. 3). From the 

village of Ada to the confluence into the Sava River, 

the length of its course changed over the period 
1995-2012 for 3146 m (18.4%), the course length 

was shortened by that amount, along with the length 
of the border between the two entities. 

 

 

 

Fig. 3: Movement of the Bosna river course, as the result of changes in the length of the 
border line between the Republic of Srpska and the Federation of Bosnia and Herzegovina 

 
The geopolitical problem of the part of the inter-

entity border along the changeable lower course of 
the Bosna River can become very delicate under the 

certain circumstances. Political-territorial structure of 

this part of Northern Bosnia and Herzegovina is very 
complex, because the different interests are 

projected here: on one hand, the interests of the 
Republic of Srpska for a greater degree of 

autonomy, patenting the inter-entity borders and 

preserving the territorial constriction (so-called 
Corridor) between its eastern and western parts, 

and on the other hand, the Croatian entity of the 
Federation of Bosnia and Herzegovina in a two piece 

part of the Posavina Canton to maintain it in its 
present borders as a "springboard" for a possible 

cutting the narrowing of the Republic of Srpska, and 

on the third side, the Muslim-Bosniak factor of the 
Federation of Bosnia and Herzegovina to make the 

inter-entity borders totally pointless and unite the 
state. The Bosna River Valley is very important 

because it traced the future Corridor 5c (Budapest-

Osijek-Doboj-Sarajevo-Ploce) and Trans-Dinarides 

geostrategic directrix between the Pannonian and 
the Adriatic Basin. Therefore, any change in the 

lower course means not only moving the border 

between the Republic of Srpska and the Federation 
of Bosnia and Herzegovina, but also cause of 

misunderstandings that can develop into a new 
large scale conflict. 

Conclusion 

The obtained results show that the consequences 
of the river bank erosion are complex, and that this 

process, besides the gemorphological and 

environmental, has a wider social significance. The 
total amount of lateral migration of the Kolubara 

riverbad for the period 1925-2010 is 155 m, of 
which the movement to the left side is of 79.7 m, 

and 75.8 m to the right. For the Bosna River, this 
movement is even more pronounced. The total 

amount of lateral migration of the Bosnia riverbed 
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for the period 1958-2012 is 352.2 m, of which the 
movement to the left side is of 286.1 m, and 409.6 

m to the right. In addition to landscape degradation, 

lateral migration has caused serious problems for 
the disappearance of arable land (approximately 40 

ha) in both basins, but also economic loss due to the 
reduction of agricultural production. Further analysis 

has revealed that in the lower course of the Bosna 

River, the riverbed needs to be put in order at the 
length of 15999 m. If we know that the value of a 

running meter of the concave river bank is 494.93 
Euros, then, for the recovery of the aforementioned 

Bosna riverbed, that is, for the concave river bank 
insurance, it is necessary to extract 7.91 million 

Euros. In the case of the Kolubara River, the 

affected length of the river banks of the Category I 
per condition in 2008 was 5150 m, and for their 

recovery 2.54 million Euros were needed. 
Apart from the above analyses that are of the 

local (relating to the municipalities located on the 

watercourse banks) character, bank erosion may 
result in serious consequences that come out of the 

national framework. The geopolitical consequences 
due to bank erosion acting and lateral migration of 

the river course may occur in international 
waterways, and good examples are the following 

rivers: Danube, Drina and Bosna. For the Danube 

and Drina, given the length of the riverbed 
meandering, the land loss and intensity of lateral 

migration have not been analysed, as this would 
require detailed topographic maps and orthophoto 

images of larger areas, and the depth of analysis 

due to the significance of these watercourses would 
come out of the scope of this research. Under 

international importance of these watercourses, 
more detailed studies could be an issue of bilateral 

projects between Serbia and Croatia, and Serbia and 

the Republic of Srpska as well. The results of such 
studies would greatly assist to the relevant 

institutions which must deal with decisions regarding 
planning and protection against bank erosion. 
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Abstract 

Drought is one of the consequences of a reduction of 
rainfall over a long period of time. Often a number of 

meteorological elements as high temperatures, strong 
winds and low relative humidity occurs in conjunction with 
the drought. These facts make drought very strongly 
expressed. The present paper aims to analyze the intensity 
and the seasonal differences of meteorological drought in 
Northeastern Bulgaria and to characterize the drought 
impact on the main crops cultivated in the study area.  
The tendencies of the seasonal and the annual air 
temperatures and precipitation are investigated. Drought 
periods are revealed on the base of precipitation anomalies 
and the drought indices as Standartized Precipitation Index 
(SPI) and De Martonne Index. The driest years for the 
period 1961 – 2011 have been established. The production 
of the main crops in the study area is analyzed on the 
background of climate change. The information from 
climate models is used in order to describe future climate 
and to make the recommendations for crop cultivation in 
relation to climate impact.  

Keywords: drought, precipitation anomaly, SPI, 
crops production, adaptation 

Rezumat. Impactul secetei asupra principalelor 
plante cultivate în nord-estul Bulgariei  

Seceta este o consecință a reducerii cantității de precipitații 
într-o perioadă lungă de timp. Deseori, anumite elemente 
meteorologice, cum ar fi temperaturi ridicate, vânturi 
puternice și umiditate relativă redusă se înregistrează o dată 
cu seceta, ceea ce duc la accentuarea acesteia. Lucrarea de 
față analizează intensitatea și diferențele sezoniere ale 
secetei meteorologice în nord-estul Bulgariei, prezentânt 
totodată și impactul secetei asupra principalelor culturi din 
aria de studiu. 
Sunt analizate tendințele temperaturilor și cantităților de 
precipitații anuale și anotimpuale. Perioadele de secetă sunt 
identificate pe baza anomaliilor de precipitații și a indicilor de 
secetă precum Indicele Standardizat al Precipitațiilor (SPI) și 
Indicele DeMartonne, stabilindu-se cei mai secetoși ani pentru 
perioada 1961-2011. Pe fondul schimbărilor climatice, au fost 
analizate și producțiile obținute la principalele culturi. 
Informațiile din modelele climatice sunt folosite pentru a 
caracteriza climatul viitor și pentru a face recomandări cu 
privire la culturi în funcție de impactul climatic.    

Cuvinte-cheie: secetă, anomalia precipitațiilor, SPI, 
producții agricole, adaptare 

 

Introduction 

Drought is a normal feature of climate, but it can 
occurs as an extreme phenomenon and become a 

natural hazard. The difference between drought and 
other disasters is that drought occurs slowly. Its 

effects accumulate and occur over a long period of 

time and may be observed years after the dry period 
ends affecting a wider geographical area than the 

area which is directly affected by the disaster 
(European Communities, 2007). 

There are many definitions of drought and 

authors distinguish various types of drought – 
meteorological, agricultural, hydrological, social or 

economic (Motha, 2000). Common to all types of 
drought is a lack of precipitation (WMO, 1993). One 

of the basic definition of drought is that, “…drought 

originates from a deficiency of precipitation over an 
extended period of time--usually a season or more--

resulting in a water shortage for some activity, 
group, or environmental sector.”, National Drought 

Mitigation Center. 

http://drought.unl.edu/DroughtBasics/WhatisDrough
t.aspx 

Drought can damage the harvest if it coincides 

with the growth season of crops. Often a number of 
meteorological elements as high temperatures, 

strong winds and low relative humidity occur in 
conjunction with drought. The plants are in the most 

unfavorable conditions when precipitation reduction 

produces a decrease on soil moisture. When the 
atmosphere and soil moisture is not enough to 

satisfy the water demand of the plants various 
physiological processes are affected.  

During the recent years severe droughts occurred 

and persisted in the southern Europe including 
Bulgaria and more frequent heat waves during the 

summers illustrate how the climate extremes 
become more frequent and more intense. Several 

studies on drought provide details about its 
characteristics and occurrence in Bulgaria during the 

last decades or century (Alexandrov, 2011, 

Alexandrov, 2006, Knight et al, 2004, Nikolova et al. 
2012). Despite numerous publications on the topic 

of climate change, the previous studies of the 
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impacts of drought on agriculture in Bulgaria are 
relatively small (Alexandrov, 2008, Kazandjiev, 

2008; Nikolova and Mochurova, 2012, Mochurova, 

2010, CLAVIER project). Because of this in-depth 
statistical and geographical analysis need to be done 

in order to throw light in some yet unanswered 
questions about recent climate change and its 

impact on regional and local levels.  

The aim of this study is to determine the severity 
of drought and its impact on the main crops 

cultivated in Northeastern part of Bulgaria. The 
study area is part of one of the main agricultural 

regions in Bulgaria. That is way the investigation of 
climate change and extreme events, such as 

drought, is very important for this area. In order to 

achieve the aim of the present research work the 
analysis is done in two main directions: 1) statistical 

analysis of precipitation and air temperature in the 
study area, calculation of drought indices and 

determination of dry periods and 2) analysis of 

productivity of the main crops in the study area on 
the background of drought occurrence and intensity. 

The paper shows also application of different indices 
(percent of normal, SPI and De Martonne aridity 

index) for drought. 

Data and Methods 

Monthly data for air temperature and 

precipitation from four meteorological stations 
situated in Northeastern Bulgaria are used in the 

present research work (Table 1). The analysis of 

drought occurrence and intensity is made on the 
base of seasonal and annual values. The seasons 

are determined as follows: winter – December, 
January, February; spring – March, April, May; 

summer – July, June, August; autumn – September, 

October, November. 

Table 1 Meteorological stations used in the 

present research 

Meteorological 

stations 

Latitude 

(N) 

Longitude 

(E) 

Altitude 

(m) 

Russe 43°51‘  25°58‘  44 
Razgrad 43°31‘  26°31’ 206 

Shumen 43°16‘  26°55‘  216 
Varna 43°13‘  27°55‘  4 

The main investigated period is 1961-2011 and 
the reference period is 1981-2010. The current 

World Meteorological Organization (WMO) standard 

reference period is 1961-1990. However several 
Member States use more recent periods (e.g., 1971- 

2000, 1981-2010).  
The data about production of the main crops 

(wheat, maize, barley and sunflower) in the study 

area for the period 2000-2011 is analyzed on the 
background of climate condition and drought 

occurrence.  

The information from climate models is used in 
order to describe future climate and to make the 

recommendations for crop cultivation in relation to 

climate impact.  
In the scientific literature various specific indices 

as De Martonne’s aridity index (Vladut, 2010, 
Majstorovic et al., 2008, Paltineanu et al. 2007), SD 

(spatial-dryness) index (Tran, et al. 2002) are 

applied for the investigation of drought events. In 
the present study we investigate the drought on the 

base of calculation of Standardized Precipitation 
Index (SPI), precipitation anomaly (Percent of 

Normal) and De Martonne’s aridity index. In order to 
characterize drought and its impact seasonal and 

annual air temperatures are taken into consideration 

also. 
Standardized Precipitation Index (SPI) is an 

index based on the probability distribution of the 
long-term precipitation record for a desired period of 

time. In 2010 WMO selected the SPI as a key 

meteorological drought indicator to be produced 
operationally by meteorological services (JRC, EC, 

2011). SPI is calculated on a monthly basis for a 
moving window of n months, where n indicates the 

rainfall accumulation period. In the present paper 
SPI is calculated for 3-months and 12-months 

scales. The SPI-3 is the best related with soil 

moisture, which respond to precipitation anomalies 
on a relatively short scale 

SPI-12 indicates a long term rain deficit and is 
included to have into account the relation between 

the long term rain shortages with the water 

reservoirs and the water table. The software 
provided by the National Drought Mitigation Center, 

University of Nebraska 
(http://drought.unl.edu/MonitoringTools/ClimateDivi

sionSPI.aspx, accessed by 7 September, 2012), is 

used for calculation of SPI. 
The value of the SPI gives a measure of the 

severity of dry event as follow: moderate drought 
with SPI between -1 and -1.49; severe drought – 

SPI vary from -1.5 to -1.99 and extreme drought 
with SPI -2 and bellow (McKee et al., 1993, Ceglar 

et al., 2008). 

The exact relationship between accumulation 
period and impact depends on the natural 

environment (e.g., geology, soils) and the human 
interference (e.g., existence of irrigation schemes). 

Therefore a comparison with other drought 

indicators is needed to evaluate actual impacts on 
the vegetation cover and different economic sectors 

(JRC, EC, 2011). In order to explain more effectively 
the drought events we use also precipitation 

anomaly and De Martonne’s aridity index.  
Precipitation anomaly (percent of normal) 

is a simple calculation effective for comparing 

between single regions or seasons. The deviations of 
the seasonal and annual precipitation from normal 
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(precipitation for the period 1981-2010) are used to 
determine dry periods in the investigated stations. 

We have calculated this indicator by dividing actual 

seasonal or annual precipitation by normal seasonal 
or annual precipitation which is considered to be 

100%. In the present research we determine dry 
years according to Slavov et al., 2000 as following: 

weak drought – the years with precipitation anomaly 

between 76 and 99% of climate norm, average 
drought - the years with precipitation anomaly 

between 50 and 75% of climate norm and strong 
drought – the years with precipitation anomaly less 

than 50% of climate norm.  
In the scientific literature De Martonne aridity 

index is used as a numerical indicator of drought. 

This index is frequently used for assessment of 
hydrothermal conditions for plant growing. De 

Martonne aridity index Im is defined as the ratio of 
the annual precipitation sum P in mm and the 

annual mean temperature T in °C +10. The 

following formula is used in order to calculate the 
annual values of the De Martonne aridity index: 

10

T

P
Im  

In the present paper we accept as thresholds the 

annual values 10 and 20 of De Martonne index. The 
regions with annual De Marton index less than 10 

are characterized by an arid climate. If De Martonne 
index is between 10 and 20 the climate is semi-arid. 

The analysis of production of the main crops 

(wheat, maize, barley and sunflower) in the study 
area for the period 2000-2011 is made on the 

background of local climate change and drought 
occurrence.  

Study area 

The investigated meteorological stations are 
situated in the Northeastern part of Bulgaria 

which is one of the main agricultural regions in 
the country. This is the eastern part of the 

Danube Valley. The relief is represented by valleys 
of hilly areas north and south. Station Varna is on 

the Black Sea coast and station Russe is on the 

Danube River. The climate is moderate continental 
with the influence of the Black Sea on the east. 

The average monthly temperature in January is 
about -2 to -3 ºC, while in July average monthly 

temperature is 23 - 24ºC. Annual temperature 

amplitudes reach 25-26ºC. The average annual 
temperature in the area is around 11ºC. Due to 

the effect of the Black Sea in the eastern part of 
the Danube valley winter is relatively mild and 

summer temperatures are lower than in other 

parts of the study area. The annual precipitation 
amount is less than the annual average for the 

country. Rainfall amounts in Dobrudja plateau 
reached not more than 450-500 mm per year. 

Results and Disscusions 

In the first part of this section the occurrence 
and intensity of drought is analyzed and in the 

second the agricultural aspects are considered. The 
drought events are characterized at the seasonal 

and annual scale by the means of precipitation 

anomaly and SPI. The annual De Martonne’s aridity 
index is also taken into consideration. 

Drought – intensity and seasonal 
differences 

The analysis of average winter temperature for 

the period 1961-2011 shows that the values vary 
from 0.4 °C (Razgrad) to 3 °C (Varna). The 

maximum winter temperatures are registered in 
2007 and the values are between 4.2°C (Razgrad) и 

6.2°C (Varna). The winter in 2007 is the warmest 

during the investigated period. The minimum winter 
temperatures are observed in 1985 with negative 

values (-2.5 to -3.6 °C) for all of investigated 
stations. The only exception is Varna station on the 

Black Sea coast with positive average winter 
temperature but close to 0 (0.1 °C).  

Despite of the lack of plant growing outside in 

the winter, the analysis of winter precipitation and 
drought is important because the water accumulates 

in the soil during the winter and it can be used 
during the first phenological phases of plants. In 

addition, moisture and rainfall in winter also 

influence the feeding of plants with fertilizers - in 
dry weather during winter fertilizers cannot 

penetrate into the soil and this has a negative effect 
on plant growth during the warm half-year. 

According to the precipitation anomaly the driest 

winters has been observed in 1974, 1976, 1989 
(Table 2.a) and in the beginnings of 90’s when the 

seasonal precipitation has been less than 50% of 
the climate norm (average for the period 1981-

2010). These results are confirmed by calculation of 
SPI (Table  2b). In 2001 and 2007 winter 

precipitation were between 50 and 75% of climate 

norm but occurrence of drought events is not 
established by SPI. Precipitation anomalies show 

that during the period 1961-2011 strong winter 
drought is observed in most of cases in stations 

Russe (7) and Razgrad (6). According to SPI severe 

drought is most often established in stations 
Razgrad and Shumen (Table 2b). 

The average temperatures for spring 1961-2011 
are around 10.5°C only in station Russe (on the 

Danube river) the value reach 12.7°C. The 
maximum seasonal temperature in spring for various 

stations is observed in 1968 or 2008. The values are 

between 12.3°C (Razgrad) and 15.1°C (Russe). The 
minimal seasonal temperature is established for 

1987 in all of the investigated stations with average 
values from 7.3 to 9.7°C.  
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Table 2. Drought occurrence in winter according various indices 

a) percent of normal 

Stations  average drought 

(precipitation anomaly between 50 and 75% of 
climate norm) 

strong drought 

(precipitation anomaly less than 50% of 
climate norm) 

Winter 

Russe 1964, 1972, 1985, 1988, 1992, 2001, 2006, 2007 1974, 1976, 1983, 1989, 1993, 1999, 2000 

Razgrad 1972, 1975, 1983, 1989, 1992, 2001, 2007 1974, 1976, 1977, 1993, 1994, 1999 

Shumen 1964, 1972, 1973, 1982, 1983, 1990, 1999, 

2001, 2007 

1974, 1976, 1989, 1992, 1994 

Varna 1972, 1974, 1980, 1982, 1983, 1985, 1987, 1999, 
2001, 2007, 2008, 2011 

1976, 1989, 1992, 1993 

b) SPI 

Stations  moderate drought  
(SPI from -1 to -1.49) 

severe drought 
(SPI from -1.5 to -1.99) 

extreme drought 
(SPI -2 and bellow) 

Winter 

Russe 1974, 1993, 1989 1976  2000 

Razgrad 1989, 1992, 1973, 1972 1974, 1976, 1994, 1977, 1999, 1993   

Shumen 1982, 1999, 1983 1992, 1976, 1994, 1989, 1993, 1974  

Varna  1992, 1989, 1976 1983 

*- in bold are the years with drought events according to 2 methods 

 
Strong drought occurred in the winters of 1974 and 

1976 is not characteristic for spring. In spring strong 

drought is observed in 1968, Table 3a. The year 1983 
also makes impression with strong spring drought 

observed in all of the investigated stations as in winter 
the drought in 1983 is average. The occurrence of 

drought in spring during 1968, 1983, 1996, 1999, 2000 
and 2007 is confirmed by the calculation of 

precipitation anomaly and SPI (Table 3b). Average 

summer temperatures for the period 1961-2001 
reach values between 20.5 and 23.1 °C.   

 The highest values are established in Russe. 

Maximum summer temperatures are between 23.8 

and 26.0 °C. As in winter the hottest summer are 
observed in 2007. The minimum summer 

temperatures are in 1976 (exception station Varna 
1984) with values between 17.8 and 20.5 °C. The 

average summer temperatures as those for spring 
are an important feature for the development of 

crops because those periods of the year are with the 

highest biological activity of plants. 

Table 3. Drought occurrence in spring according various indices 

a) percent of normal 

Stations  average drought 

(precipitation anomaly between 50 and 75% of climate 
norm) 

strong drought 

(precipitation anomaly less than 
50% of climate norm) 

Spring 

Russe 1963, 1972, 1985, 1996, 2003, 2004, 2007, 2009 1968, 1983, 1986, 1999, 2000 

Razgrad 1963, 1967, 1972, 1976, 1986, 1990, 2003, 2007, 2009 1968, 1983, 1996, 1998 

Shumen 1967, 1972, 1974, 1990, 1996, 2003, 2008, 2009 1968, 1983, 1985, 1986, 2007 

Varna 1976, 1994, 2000, 2003, 2008, 2009 1968, 1983, 1985, 1986, 2007 

 
b) SPI 

Stations  moderate drought (SPI 

from -1 to -1.49) 

severe drought 

(SPI from -1.5 to -1.99) 

extreme drought 

(SPI -2 and bellow) 

Spring 

Russe 1983, 2007 1999, 1968, 1986 2000 

Razgrad 1986, 2007, 1972 1996, 1983 1968, 1998 

Shumen 1996 1983, 2007, 1985 1968, 1986 

Varna 2011, 2003, 1976, 1994 2007 1968, 1983, 1985, 1986 

*- in bold are the years with drought events according 2 methods 
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The calculation of precipitation anomaly shows 
that summer precipitation has been less than 50% 

of the climate normal most often in the end of the 

90’s and in the beginning of the 21st century, 
(Table 4a). Strong summer drought was also 

observed in1965 in all of the investigated stations.  

Summer drought in the 80’s is classified as 
average. According to SPI strong summer 

drought, revealed by precipitation anomalies, is 

manifested as severe or extreme drought (Table 
4b). 

Table 4. Drought occurrence in summer according various indices 

a) percent of normal 

Stations  average drought 
(precipitation anomaly between 50 and 75% of 

climate norm) 

strong drought 
(precipitation anomaly less than 50% of 

climate norm) 

Summer 

Russe 1963, 1978, 1981, 1987, 1988, 1990, 1992, 1999, 

2007 

1965, 1984, 1996, 1998, 2000, 2003, 

2008 

Razgrad 1962, 1978, 1987, 1988, 2007, 2008 1965, 1996, 1998, 2000, 2003 

Shumen 1962, 1969, 1981, 1986, 2008 1965, 1988, 1990, 1996, 1998, 2000, 

2003, 2007 

Varna 1962, 1964, 1966, 1981, 1983, 1984, 1986, 1989, 
2000, 2003 

1965, 1974, 1996, 2007 
 

 

b) SPI 

Stations  moderate drought (SPI 

from -1 to -1.49) 

severe drought 

(SPI from -1.5 to -1.99) 

extreme drought 

(SPI -2 and bellow) 

Summer 

Russe 1998 1996, 1965, 2008 2000 

Razgrad 1988 2003, 1965, 2000 1998, 1996 

Shumen 1990, 1998, 1986, 2008 2007, 1988, 1996, 2003 1965, 2000 

Varna 2007, 1974, 1965  2011, 1996 

*- in bold are the years with drought events according 2 methods 

 
Seasonal autumn temperatures for the period 

1961-2001 are between 11.2 and 13.6 °C. The 

highest autumn temperatures for the investigated 
period are established in 1963 for stations Russe 

(14.8 °C) and Razgrad (14.0 °C), in 2010 for station 
Shumen and in 1966 for station Varna (15.4 °C). 

The coldest autumn for the period 1961-2011 is in 
1988 when the seasonal temperatures were 

between 8.5 and 11.1 °C.  

Precipitation anomalies show low autumn 
precipitation in some years in the beginning of the 

21st century but the occurrence of drought is not 
confirmed by the calculation of SPI. The occurrence 

of drought in autumn 1969, 1983 and 1992 is 

confirmed by two methods used in the present 
research. The difference is that according to 

precipitation anomalies the intensity of drought is 
strong as according to SPI in most of cases the 

drought is moderate (Table 5). As in summer, in 

autumn seasonal precipitation is between 50 and 
75% of the climate norm in several years during the 

70’s and the 80’s, but the values of SPI do not 
confirm manifestation of drought during these 

periods.  

The average annual temperatures for the period 

1961-2011 are between 10.7 and 12.5°C. The year 

with the highest average annual temperature is 
2007 and with the lowest is 1997.  

Drought in annual aspect is studied by the 
application of three indices: percent of normal, SPI 

and De Martonne aridity index. The driest years in 
the Northwestern part of Bulgaria are during the 

80’s and the 90’s. This fact is pointed out in many 

publications about different part of the country. The 
drought is observed also during 2000, 2008 and 

2011 (Table 6). The difference between seasonal 
and annual drought is that in annual aspect the 

drought is manifested as average as in seasonal it is 

most often strong. 
In average values De Martonne’s aridity index 

does not show arid or semi-arid climate in the 
stations from the Northeastern part of Bulgaria. The 

annual De Martonne’s aridity index is calculated for 

three periods (Table 7) and the values are between 
27 and 29. The exception is station Varna, situated 

at the eastern part of the study area on the Black 
Sea coast with De Martonne’s aridity index 21-22. In 

fact there are not differences in the values of De 
Martonne’s index for various investigated periods. 
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Table 5. Drought occurrence in autumn according various indices 
a) percent of normal 

Stations  average drought 

(precipitation anomaly between 50 and 75% of 
climate norm) 

strong drought 

(precipitation anomaly less than 50% of 
climate norm) 

Autumn 

Russe 1965, 1970, 1973, 1974, 1977, 1984, 1991, 1994, 
2001, 2006, 2010 

1963, 1969, 1982, 1983, 1986, 1990, 
1992, 2000, 2004, 2011 

Razgrad 1963, 1965, 1970, 1980, 1984, 1986, 1987, 

1990, 1996, 2006, 2010, 2011 

1961, 1969, 1982, 1983, 1986, 1990, 

1992, 2000, 2004, 2011 

Shumen 1963, 1965, 1967, 1973, 1974, 1977, 1980, 
1990, 1991, 2001, 2011 

1961, 1969, 1983, 1984, 1986, 1992 
 

Varna 1965, 1967, 1970, 1976, 1986, 1987, 1989, 1990, 
1997, 2001 

1961, 1963, 1969, 1973, 1978, 1980, 1983, 
2000, 2004, 2010 

b) SPI 

Stations  moderate drought (SPI from -1 

to -1.49) 

severe drought 

(SPI from -1.5 to -1.99) 

extreme drought 

(SPI -2 and bellow) 

Autumn 

Russe 1969, 1992, 2011  1999 

Razgrad 1983, 1992, 1977, 1973 1972, 1965 1969 

Shumen 1983, 1989, 1984, 1992, 1980 1961, 1969, 1986  

Varna 2010, 1969, 1983  2011, 1984 

*- in bold are the years with drought events according 2 methods 

Table 6. Annual drought occurrence according various indices 
a) percent of normal 

Stations average drought 
(precipitation anomaly between 50 and 75% 

of climate norm) 

strong drought 
(precipitation anomaly less 

than 50% of climate norm) 

Annual 

Russe 1965, 1985, 1986, 1992, 1996 1999, 2000 

Razgrad 1976, 1990, 1992, 1996, 2000, 2008 1998 

Shumen 1974, 1983, 1986, 1990, 2008 - 

Varna 1974, 1976, 1983, 1984, 1990, 2000, 2008 2011 

b) SPI 

Stations  moderate drought (SPI 
from -1 to -1.49) 

severe drought 
(SPI from -1.5 to -1.99) 

extreme drought 
(SPI -2 and bellow) 

Annual 

Russe 1992  2000, 1999 

Razgrad 2000, 1992, 1990, 2008 1976 1998, 1996 

Shumen 2008, 1985, 1974, 1992 1986, 1983 1990 

Varna 1984 1983, 2000 2011 

c) De Martonne aridity index 

 Russe Razgrad Shumen Varna 

Semi-arid 

De Martonne aridity index is 
between 20 and 10 

1992 1976 1983 1972 

 1990 1986 1974 

 1992 1990 1976 

 1996 2008 1983-1986 

 1998  1989 

 2000  1990 

 2008  2000 

   2008 

Arid De Martonne 
aridity index is less than 10 

1999   2011 

2000    

*- in bold are the years with drought events according 3 methods 
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Table 7. Average annual De Martonne’s aridity 
index 

  Russe Razgrad Shumen Varna 

1961-2011 28 29 29 22 

1971-2000 27 28 27 21 

1981-2010 27 28 28 22 

 
The similar results are published by Moteva et 

al., 2010, who investigated hydro-thermal and 

evapotranspiration conditions of the planning 
districts of Bulgaria. The authors point out that for 

Northeast region average value of De Martonne’s 
aridity index during potential vegetation period is 23, 

but climate during July – August is classified as sub-

arid with De Martonne’s index 16.5. 

Analysis of production of main crops in 
the study area on the background of 
climate change 

The meteorological conditions are one of the 

most important reasons for the changes in the yields 
of agricultural crops in different years, even in high 

yield and technological level. According to Nikolova, 
1999, weather and soil conditions are a major risk 

factor agricultural production. On the Bulgarian 

territory, droughts cause significant losses of 
agriculture. The impact of drought is related to 

fluctuations of some weather conditions that lead to 

growth impairment of the crops and their yields fall 
below 50% of average annual (Knight et al, 2004). 

The influence also has long periods without rainfall 

in late summer and early autumn, and consecutive 
months with precipitation under the climate normal 

(Koleva, 1991). 
In order to investigate the impact of drought on 

crop growing the data for the production of wheat, 

maize, barley and sunflower in the Northeastern region 
for the period 2001-2011 are used. Analysis of the 

data shows a decrease in the yield of corn and 
sunflower in 2001 and of wheat and barley in 2005 

and 2009 (Fig. 1). Decreasing of the yield of the four 
considered crops (wheat, maize, barley and sunflower) 

is observed in 2003 and 2007. On the other hand, the 

analysis of rainfall anomalies and SPI indicates that the 
summer of 2003 is one of the driest periods with the 

seasonal anomalies of precipitation below 50% of 
climate normal in all investigated stations. Low yields 

were obtained in 2007, when in a significant number of 

investigated stations spring precipitation is below 
climate normal. Drought at moderate intensity is 

observed in the summer of 2007 also. Calculated SPI 
and comparison with data about yields allow us to 

conclude that the decrease in crop yields coincide with 
the periods of severe drought in the spring of 2007 

(station Shumen) and summer drought in 2003, 2007 

and 2008, established in the four studied stations 
(Razgrad, Shumen, Rousse and Varna). 

 

 

Fig. 1: Production of wheat, maize, barley and sunflower in Northeast region for the period 
2001-2011 (kg/dka) 

 

Identified by De Martonne’s aridity index drought 
years (2000, 2007, 2008) coincided with the years 

of reduced yields from the crops. 

Future climate change and agriculture 

Scenarios developed by research works in recent 

years show the increasing of air temperature and 
decreasing of rainfall in Bulgaria during the warm 

half of the year. The results of CLAVIER project 
(http://clavier-eu.org/) indicate that for the period 

2011-2050 annual air temperature in Bulgaria will 
increase by 1.78  annual precipitation total 

will decrease by 32 mm. According to a number of 
climate models the number of consecutive dry days 

in the country will increase (Jacob D. 2009).  
The publication from the COST Action 734 

(Alexandrov et al, 2011) points out that the ECHAM4 

climate change scenarios for the 2050-s shows a 
lower warming in the east Bulgaria as well as in 

southeast Romania and northeast Turkey. The 
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annual precipitation in 2050-s and 2100s will 
decrease as follow: 6-9% (HadCM2) and 4-5 % 

(ECHAM4) for the middle of the current century and 

12-18% (HadCM2) and 8-10 % (ECHAM4) for the 
end of 21-st century. According to HadCM2 

precipitation total for June – August will decreases in 
2100 with more than 30%.  

Alexandrov (2008) assessed the risk of drought 

in Bulgarian municipalities. The results from survey 
show that most of the municipalities located in the 

Danube valley have average or substantial risk of 
drought. The greatest risk of drought is established 

in the eastern parts of the study area. 
Due to the expected increase in summer and 

autumn temperatures maturation of a number of 

agricultural crops will occur earlier, indicating shorter 
growing season. Based on climate models, Alexandrov 

et al. (2011) found shorter growing season in the 21st 
century for maize and winter wheat. The temperature 

and rainfall conditions show that agriculture in the 

Northeastern part of Bulgaria should focus on growing 
thermophilic crops. In order to reduce the yield loss 

caused by the increase in temperature the earlier 
sowing date for various crops has to be chosen. 

Another option to adapt to the climate change and 
drought is to look for plants (and seeds respectively) 

which could endure the drought and to correspond to 

the local climate condition also. 

Conclusion 

The analysis of climate data allows us to 

conclude that the drought in the northeastern part 
of Bulgaria is normal and a relatively common 

phenomenon observed, especially from the 80's of 
the 20th century. Because of this it is important to 

know about spatial and temporal variability of 

drought occurrence and its impact on agriculture. 
This may help for developing long-term agricultural 

policies and various strategies for mitigation and 
adaptation to climate change. Often the periods of 

droughts have been observed with periods of high 

seasonal and annual temperatures, which increase 
the negative effect of drought on crops. 

Despite the well-established dependence, 
drought is not the only factor that affects crop 

yields. Air pollution, acid rain, a number of economic 
and social conditions also play important role and 

have significant pressure on production. Based on 

this, some adaptation measures (changes in the 
dates of sowing, growing a xerophilous crop 

varieties, etc.) have to be implemented. 
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Abstract  

�5�H�G���/�D�N�H���L�Q���W�K�H���+���ú�P�D�ú�����&�X�U�P���W�X�U�L�L�����0�R�X�Q�W�D�L�Q�V���Z�D�V���I�R�U�P�H�G��
by the natural barrage of the Bicaz brook in 1837. The 
north-�Z�H�V�W�H�U�Q�� �V�O�R�S�H�� �R�I�� �W�K�H�� �*�K�L�O�F�R�ú�� �0�R�X�Q�W�D�L�Q���� �F�R�Y�H�U�H�G�� �Z�L�W�K��
gravel, slide as a result of the alteration layer water 
saturation following the abundant rains in that period. The 
�O�D�N�H�� �K�D�V�� �D�Q�� �Ä�/�´�� �V�K�D�S�H���� �R�U�� �W�K�H�� �V�K�D�S�H�� �R�I�� �D�� �O�H�J�� �Z�L�W�K�� �W�K�H�� �I�R�R�W��
oriented towards north. Red Lake is supplied by several 
�E�U�R�R�N�V�� �Z�L�W�K�� �S�H�U�P�D�Q�H�Q�W�� �F�K�D�U�D�F�W�H�U���� �2�L�L���� �*�K�L�O�F�R�ú���� �9�H�U�H�ú�F�K�H�X����
Suhard. As a result of the measurements we made in the 
summer of 2009, using Leica Total Station and sonar, the 
following data were obtained: area 12.01 hectares; 
perimeter 2905.79 m; maximum length 1361.72 m; 
maximum width 160.24 m; maximum altitude upstream in 
the south 965.199 m; maximum altitude upstream in the 
north 966.041 m; maximum depth 10.50 m etc. The 
greatest depths, of 10.5 m, are recorded in the central 
sector, close to the outlet of the two arteries. In a 
transversal profile, the western bank is steeper and hard 
(lithologically), and the eastern bank is mild and crumbly 
(landslide diluvium). In the same way the submerse slopes 
are maintained as well. New techniques of analysing the 
hydro-morphological parameters for a lacustrine basin have 
been used. Methods specific to land geomorphology (slope 
inclination, slope orientation etc) have also been used. The 
cartographic representation, as a new thing in the field, is 
suggestive, and helps in elaborating an interdisciplinary 
interpretation, of a limno-ecological nature. 

Keywords:  natural barrage lake, geomorphology, 
bathymetry, cartography, Red (Rosu) Lake 
(Romania) 

Rezumat . Noi tehnici pentru analiza 
parametrlor limno -morfo - �E�D�W�L�P�H�W�U�L�F�L���v�Q��
�E�D�]�L�Q�H�O�H���O�D�F�X�V�W�U�H�����6�W�X�G�L�X���G�H���F�D�]�����/�D�F�X�O���5�R�,�X��
�G�L�Q���0�X�Q�.�L�L���+���,�P�D�,�����5�R�P�k�Q�L�D�� 
�/�D�F�X�O�� �5�R�,�X�� �G�L�Q�� �0�X�Q�.�L�L�� �+���,�P�D�,�� ���&�X�U�P���W�X�U�Li) s-a format ca 
�X�U�P�D�U�H�� �D�� �E�D�U���U�L�L�� �Q�D�W�X�U�D�O�H�� �D�� �S�k�U�k�X�O�X�L�� �%�L�F�D�]�� �v�Q�� �D�Q�X�O�� ������������
Versantul nord-�Y�H�V�W�L�F���D�O���0�X�Q�W�H�O�X�L���*�K�L�O�F�R�,�����D�F�R�S�H�U�L�W���F�X���S�L�H�W�U�L�,����
�D���D�O�X�Q�H�F�D�W���G�D�W�R�U�L�W�����V�D�W�X�U���U�L�L���F�X���D�S�����D���V�W�U�D�W�X�O�X�L���G�H���D�O�W�H�U�D�U�H�����v�Q��
�X�U�P�D�� �S�U�H�F�L�S�L�W�D�.�L�L�O�R�U�� �D�E�X�Q�G�H�Q�W�H�� �G�L�Q�� �D�F�H�D�� �S�H�U�L�R�D�G������ �/�D�Ful are 
�I�R�U�P�D�� �O�L�W�H�U�H�L�� �/���� �V�D�X�� �D�� �X�Q�X�L�� �S�L�F�L�R�U�� �F�X�� �W�D�O�S�D�� �R�U�L�H�Q�W�D�W���� �V�S�U�H��
�Q�R�U�G���� �/�D�F�X�O�� �5�R�,�X�� �H�V�W�H�� �D�O�L�P�H�Q�W�D�W�� �G�H�� �F�k�.�L�Y�D�� �D�I�O�X�H�Q�.�L��
�S�H�U�P�D�Q�H�Q�.�L�����S�k�U�k�X�O���2�L�L�����*�K�L�O�F�R�,�����9�H�U�H�,�F�K�H�X�����6�X�K�D�U�G�����Ì�Q���X�U�P�D��
�P���V�X�U���W�R�U�L�O�R�U�� �H�I�H�F�W�X�D�W�H�� �v�Q���Y�D�U�D���D�Q�X�O�X�L�� ������������ �X�W�L�O�L�]�k�Q�G���6�W�D�.�L�D��
�W�R�W�D�O���� �/�H�L�F�D�� �,�L�� �V�R�Q�D�U�X�O���� �D�X�� �I�R�V�W�� �R�E�.�L�Q�X�W�H�� �X�U�P���W�R�D�U�H�O�H�� �G�D�W�H����
�V�X�S�U�D�I�D�.�D�� ������������ �K�D���� �� �S�H�U�L�P�H�W�U�X�O�� ���������������� �P���� �O�X�Q�J�L�P�H�D��
�P�D�[�L�P���� ���������������� �P���� �O���.�L�P�H�D�� �P�D�[�L�P���� �������������� �P���� �D�O�W�L�W�X�G�H�D��
�P�D�[�L�P�����v�Q���V�X�G�������������������P�����D�O�W�L�W�X�G�L�Q�H�D���P�D�[�L�P�����v�Q���D�P�R�Q�W�H���v�Q��
�Q�R�U�G�� ���������������� �P���� �D�G�k�Q�F�L�P�H�D�� �P�D�[�L�P���� ������������ �P���� �&�H�O�H�� �P�D�L��
�P�D�U�L�� �D�G�k�Q�F�L�P�L���� �G�H�� ������������ �P���� �V�X�Q�W�� �v�Q�U�H�J�L�V�W�U�D�W�H�� �v�Q�� �V�H�F�W�R�U�X�O��
�F�H�Q�W�U�D�O���� �D�S�U�R�D�S�H�� �G�H�� �J�X�U�D�� �G�H�� �Y���U�V�D�U�H�� �D�� �F�H�O�R�U�� �G�R�L�� �H�P�L�V�D�U�L���� �Ì�Q��
�S�U�R�I�L�O�� �W�U�D�Q�V�Y�H�U�V�D�O���� �P�D�O�X�O�� �Y�H�V�W�L�F�� �H�V�W�H�� �P�D�L�� �D�E�U�X�S�W�� �,�L�� �P�D�L�� �G�X�U��
���G�L�Q���S�X�Q�F�W���G�H���Y�H�G�H�U�H���O�L�W�R�O�R�J�L�F�������L�D�U���P�D�O�X�O���H�V�W�L�F���H�V�W�H���P�D�L���O�L�Q���,�L��
friabil (deluv�L�X�� �G�H�� �D�O�X�Q�H�F�D�U�H������ �Ì�Q�� �D�F�H�O�D�,�L�� �P�R�G�� �V�H�� �P�H�Q�.�L�Q�� �,�L��
pantele submerse. Pentru realizarea acestui studiu au fost 
�I�R�O�R�V�L�W�H�� �Q�R�L�� �W�H�K�Q�L�F�L�� �G�H�� �D�Q�D�O�L�]���� �D�� �S�D�U�D�P�H�W�U�L�O�R�U�� �K�L�G�U�R-
�P�R�U�I�R�O�R�J�L�F�L�� �V�S�H�F�L�I�L�F�L�� �X�Q�X�L�� �E�D�]�L�Q�� �O�D�F�X�V�W�U�X���� �5�H�S�U�H�]�H�Q�W���U�L�O�H��
�F�D�U�W�R�J�U�D�I�L�F�H���� �F�D�U�H�� �V�X�Q�W�� �R�� �Q�R�X�W�D�W�H�� �v�Q�� �G�R�Peniu, sunt 
�V�X�J�H�V�W�L�Y�H���� �I�L�L�Q�G�� �X�W�L�O�H�� �S�H�Q�W�U�X�� �H�O�D�E�R�U�D�U�H�D�� �X�Q�H�L�� �L�Q�W�H�U�S�U�H�W���U�L��
�L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�H�����G�H���Q�D�W�X�U�����O�L�P�Q�R-�H�F�R�O�R�J�L�F���� 

Cuvinte -cheie:  lac de baraj natural, geomorfologie, 
�E�D�W�L�P�H�W�U�L�H�����F�D�U�W�R�J�U�D�I�L�H�����/�D�F�X�O���5�R�,�X�����5�R�P�k�Q�L�D�� 

 

Introduction  
Red Lake is the best known Romanian 

acquatorium created as a result of a landslide which 
caused a barrage in the course of Bicaz brook. Still, 

a complete geographical and limno-ecological study 
has not been done yet. From a morphological and 

morpho-graphical point of view, there were several 

attempts, but most of the times they were 
incomplete. The best known research paper was 

elaborated by Pandi G. in 2004, but it is published in 
Hungarian and it does not include a modern, 

interdisciplinary, geo-ecological study of the Red 

Lake lacustrine basin system. 
Thanks to very accurate last generation 

instruments, and to the qualified personnel in taking 

very fine measurements, a series of measurements 
on the morphometry and morphology of Red Lake 

were taken. We hope that these measurements will 
represent a basis for complex geographical, 

geological, biological, economic studies, and they 

will lead to new interdisciplinary research directions 
�± limno-ecological ones. 

The geomorphologic methodology for land areas 
is applied to the morpho-bathymetry of the 


