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Abstract 

The scope of the research work is the temporal and spatial peculiarities of precipitation within 
the Danube river lower basin. The aim is to study spatial and temporal variability of seasonality of 
precipitation and degree of continental character of climate in the Danube river lower basin. It is 
pointed out the importance of information about precipitation and its temporal and spatial distribution 
and variability not only in sample point but also in all points of the territory. The seasonality index is 
calculated and the occurrence of month of the concentration of precipitation is studied. The vector 
expression of annual variation of precipitation and seasonality index give a tool to present the 
information about annual distribution of monthly precipitation from bar graph in numbers and this 
enabled us to create the maps for the spatial distribution of precipitation regime. 
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Introduction. The enhancement of knowledge about the climate system and its 

changes will contribute to the effectively tackling environmental problems. The 
information about the degree of continental character of the climate and seasonal 
distribution of precipitation can bring to better understanding the genesis of climate 
and its changes. The seasonality of precipitation has been investigated by many 
authors. Zveryaev [1] investigates seasonality in the long- and short-term 
precipitation variability over Europe. The author points out the seasonal differences 
over Eastern Europe, where summer precipitation exceeds winter characteristics by a 
factor of 2–3.5. Pryor and Schoof [2] study precipitation seasonality over the US on 
the base of standard seasonality index (SI) and the day of year on which certain 
percentiles of the annual total precipitation were achieved. The authors indicate that 
in the most of investigated stations there is no change in seasonality of precipitation 
in the period 1971-2000 in comparison to 30-year periods earlier in the century.  

In the scientific literature there are many indices calculated on the base of air 
temperature which show the degree of continentally. But the continental influence is 
reflected not only the temperature. Analysis of rainfall patterns in Bulgaria indicates 
that this climate element is very significant in regards to Mediterranean and 
continental influences on the climate, Vekilska [3]. The aim of the present research 
work is to study spatial and temporal variability of seasonality and degree of 
irregularity of precipitation in the Danube river lower basin. Annual cycle and 
seasonal characteristics of precipitation in the Danube river lower basin is 
investigated by Manea et al [4]. The authors have pointed out that there are some 
changes in the occurrence of maxima and minima in the annual cycle of precipitation 



during the periods 1961-1990 and 1978-2007. This is described on the base of data 
from meteorological stations. However it is important to have information about 
precipitation and its temporal and spatial distribution and variability not only in 
sample point but also in all points of the territory.  

The tacks of the present study are to show peculiarities in precipitation regime 
and to present this information in a map. One of the main questions is: Is there any 
changes in seasonality of precipitation and in the degree of continental character of 
the climate in the Danube river lower basin during various periods in the last 
century?  

The study territory is the Danube river lower basin, situated on both sides of 
the border between Bulgaria and Romania which is one of the main agricultural areas 
for both countries. The relief here is uniform and is compound mainly by lowlands 
and hills. The main cause for precipitation distribution in the territory is atmospheric 
circulation which is influenced considerably by orography. Because of the plain 
relief the air masses from temperate and arctic latitude flow easily into the territory. 
Some local geographical peculiarities as Black Sea on the east and Carpathian 
Mountains on the north-west modify the climate. 

 
Data and methods. The study is based 

on monthly precipitation data for 22 
meteorological stations situated on the both 
sides of Danube river on the territory of 
Bulgaria and Romania. The main investigated 
period is 1961-2007. In order to investigate 
variability of seasonality two 30-years periods 
are used: 1961-1990 and 1978-2007. With 
“seasonality of precipitation” we indicate the 
fact that a station have more rainfall in a given 
month or season than in others.  

Methods for analysis of irregularity of 
distribution of monthly precipitation total. 
The analysis of irregularity of annual 
distribution of monthly precipitation total gives 
a tool to determine the degree of continentally 
character of the climate. The degree of 
irregularity of the annual variation of 
precipitations is determined on the base of the 
vector expression of annual variation of 
precipitation [5, 6]. The seasonality index is 
calculated and the occurrence of the month of 
the concentration of precipitation is studied.  

 
Figure 1. Monthly precipitation at 
station Caracal (vector diagram) 



The monthly precipitation are presented as vectors with length which is the 
amount of precipitation and the direction of corresponding month is expressed by the 
angle ;  

S.
365

360
 , 

where S is the number of days from the beginning of the year to the middle of 
the corresponding month.  

Twelve vectors representing 
monthly precipitation start from 
common point. The vector resultant 
obtained by sum of twelve vectors 
shows the period of concentration of 
precipitation (Fig. 1). The vector 
resultant for station Caracal (Fig. 2) 
has a direction 182.2, which 
converted to time means July. 

The seasonality index (F) 
represents the ratio between the 
length of the vector resultant and the 
annual precipitation expressed as a 
percentage. F has values between 0 
and 100. If F has a small value or 
close to 0 the seasonality is low and 
the precipitation is distributed steady 
during the year. The maximum value 
100% for F shows that precipitation 
occurs in a single month. The 
precipitation is concentrated during 
summer or there is a monsoon 
regime if the seasonality index is 70 
– 80%. Mediterranean distribution of 
precipitation with maxima in winter 
have the territories with seasonality 
index F = 40-45%. The lower values 
indicate uniform distribution of 

precipitation during the year and this can be consider as increasing of ocean 
influence on precipitation regime. 

 
Unlike the comparison of distribution of monthly rainfall using tables or 

charts, which gives information about the distribution at a single station, the direction 
of the resultant vector and index of seasonality allow quantitative generalization 

 
Figure 2. Monthly precipitation at station Caracal 

(added vectorially) 



when analyzing the spatial distribution of precipitation. The vector expression of the 
annual variation of precipitation and seasonality index give a tool to present 
information about annual distribution of monthly precipitation from bar graph in 
numbers and this make possible to create the maps for spatial distribution of 
precipitation regime.  

Mapping precipitation regime. Mean monthly precipitation from 22 
meteorological stations in study area was added vectorially and on the base of 
obtained number the map representing precipitation regime has been created. For 
creating the map it is important to choose the best method for interpolation and some 
peculiarities of climate data have to be taken into consideration. Usually the 
interpolation of climate data is made on the base of limited number of points. The 
functions of interpolation are used for predicting values of climate elements on the 
large territory between the points of measurement. There are some factors which 
often are not taken into consideration at the interpolation. The climate is determined 
by many factors as relief, water basins, type of vegetation, etc. Because of this the 
interpolated data are burden with some errors. To avoid these errors it is necessary to 
include additional data but this is not always possible. The precise selection of side-
factors for interpolation of climate data should be done. Utilization of interpolation 
methods for climate analysis is shown by Vasilev and Nikolova [7] trough mapping 
of precipitation variability during the years 2000 (dry year) and 2002 (wet year).  

In the present study the method for interpolation is chosen on the base of 
existing research works [8, 9, 10] and availability of investigated data. The map is 

 

 
Figure 3. Spatial distribution of maxima in annual cycle of precipitation for the period 

1978-2000 



created by Minimum curvature interpolation. Minimum Curvature generates smooth 
surfaces and it is fast for most data sets. The minimum curvature method is widely 
used in the earth sciences. The interpolated surface generated by Minimum 
Curvature is analogous to a thin, linearly-elastic plate passing through each of the 
data values with a minimum amount of bending. Minimum Curvature generates the 
smoothest possible surface while attempting to honor your data as closely as 
possible. 

 
Results and discussion. The analysis of spatial feature of annual cycle of 

precipitation shows the following distribution of maxima for the period 1978-2007: 
in the western part of the study area, the maxima of precipitation is in May-June; in 
central part – in the second part of June; at the east the maxima is shifted to the first 
decade of July and in the eastern parts the maxima is during July – August (Fig. 3). 
Similar results are obtained by Manea et al. [4]. 

 
The analysis of the spatial distribution of maxima in the annual cycle of 

precipitation shows that the majority of the study area is characterized by a maxima 
of precipitation in June or July. The main determinants of precipitation regime in the 
lower Danube River basin are the geographical location and characteristics of the 
relief which considerably affect the invasion and transformation of air masses mainly 
from temperate and arctic latitudes and less from tropical latitudes. The investigation 
results emphasize that most of the studied area presents an annual precipitation cycle 
characteristic to temperate continental climate.  

Some territories from the eastern part of the study area are marked at the figure 
3 with the maxima of precipitation during September. We have to accept this result 
with some doubts because of the lack of data for this part. However, on the other 
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Figure 4. Seasonality index for the periods 1961-1990 and 1978-2007 



hand, due to influence of the Black Sea the maxima in the annual cycle of 
precipitation occur in the end of summer or in the beginning of autumn.  

The seasonality indices (Fig. 4) indicate relatively uniform distribution of 
monthly precipitation during the year. The data from the observations and the results 
from the calculation of seasonality indices show that the average monthly rainfall in 
the above-mentioned months do not exceed with a very large amount monthly values 
for other months of the year.  
 

For the period 1978 - 2007, there is a slight increase of seasonality index in 
comparison to 1961-1990 in some station from western and eastern part of the study 
area. This means that the maxima of precipitation in one month are most clearly 
established. Exception is central part of the study area where the seasonality index 
(F) for the period 1978-2007 is lower than one for the period 1961-1990. In a study 
of continental character of the climate in Bulgaria by rainfall criteria, Vekilska [11] 
found a slight increase of continental influence, more marked after 50 years of the 
20th century. This is explained by decreasing in winter and annual precipitation, due 
to the reduced number of Mediterranean cyclones and frequent "blocking" weather 
conditions. On the base of seasonality indices we can conclude that there are not 
considerable changes in the distribution of monthly precipitation for the two analysed 
periods (1978-2007 and 1961-1990). Therefore we can not say that in the Danube 
Plain and the Lower Danube river basin continentality of the climate increases. 
Lowering the index of seasonality in the central part of the study area can be 
regarded as a weak increase of oceanic influence. This is somewhat consistent with 
the results obtained from Topliyski [12] who established for non-mountainous part of 
Bulgaria trend towards lower continentality of the climate, marked by the index of 
Gorchinski and annual temperature range. 

 
Conclusion. The peculiarities of precipitation regime in the Danube river 

lower basin are studied on the base of the degree of irregularity of the annual 
variation of precipitations and seasonality index. The present paper shows the 
utilisation of the method for mapping the information about the occurrence of 
maxima in the annual cycle in precipitation. According the results from the 
investigation the following conclusion can be made: 1) the occurrence of maxima in 
annual cycle of precipitation shifts from May in western part of study area to August 
and even September in the eastern part; 2) the majority of the study area is 
characterized by a maxima of precipitation in June or July; 3) relatively uniform 
distribution of monthly precipitation during the year has been established by 
calculating of seasonality index.  
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