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ABSTRACT. - The assessment of floods within Coşuştea river basin, 

Romania (2000 - 2012). A statistical and conditional approach. The research 

aims to analyze the floods that occurred between 2000 and 2012 in the Coșuștea 

river basin, Romania. The study area has 449 km
2
 and it is extended over the 

north-western part of Getic Piedmont (lower sector), as well as on Mehedinti 

Plateau and Mountains, in its upper sector. To achieve the objectives, hydrological 

data from two hydrometric stations, Corcova (downstream, located in the 

piedmont area) and Șișești (upstream to the outlet of karstic upper section) were 

used, in order to identify trends, employing statistical methods and graphical 

representations. We also verified the existence of extraordinary levels, 

respectively conditions responsible for the differences in the maximum flows, 

their frequency and duration in the two measured sections of the river basin. Thus, 

the results include: the statistical treatment of hydrologic data on floods between 

2000 and 2012 and contributing factors that may result in different values of flood 

elements at the two hydrometric stations.  
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1. INTRODUCTION 

Floods are an "extraordinary" amount of water (in the etymological 

meaning of the term) which is carried (with or without overflow) by a hydraulic 

system (lake or water course). The notion of extraordinary is defined by several 

characteristics (Haberlandt, & Radtke, 2014). They are recognized and determined 

whenever the flow (or the water depth) on the right bank of one or more specific 

sectors of a river surpasses a certain threshold which usually represents an amount 

that is far superior compared to the average value (75%, 89%, 90%, etc). Usually, 

these are described as representing cases of relatively significant streamflow which 

surpasses and overflows the natural and artificial banks in any segment of a stream 

(Pișota et al., 2005). According to Musy (1998), several origins are possible for the 
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formation of floods from the hydro-meteorological point of view, resulting from 

different situations, such as extraordinary precipitations (liquid or solid).  

There are many causes behind the formation of floods. Among them, we 

can mention long-lasting rainfall covering a wide area, intense thunderstorm-

generated rainfall over a localized area, or the rapid melting of a large snow pack 

which may or may not be accompanied by rainfall (Haberlandt, & Radtke, 2014). 

As a consequence, this multitude of causes determines a wide array of differences 

in duration, magnitude or effect between various floods.    

Taking into account the elements presented above, the main objective of 

our research is to attempt a statistical treatment of the maximum flow data 

available for our study area between 2000 and 2012. The implementation of the 

statistical analysis over a period of 13 years (2000 – 2012) has been delivered for 

Coșuștea river basin (449 km
2
), situated in the south-western part of Romania, in 

Mehedinți County. The territory of Coșuștea river basin (Fig. 1) is served by two 

hydrometric stations, which were taken into consideration in our study.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Map of Coșuștea river basin and the location of its hydrometric station 

 

The first of them, the Corcova hydrometric station is located less than one 

kilometer upstream from the confluence between the Motru and Coșuștea rivers, 

with long data series, covering more than 50 years (1950-present). Upstream, there 

is another hydrometric station, Șișești, with shorter data series (1988-present). This 
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station is very important because of its location in the Mehedinți Plateau, thus 

controlling the flows registered upstream of the basin's lower sector. 

One of the leading reasons why we have chosen such an approach is that in 

our study area, floods are an irregular phenomenon, likewise other hydrological 

extremes. Additionally, the estimation depends on other criteria, such as the 

frequency of occurrence or the return time (Chow et al., 1981; Pișota et al., 2005).  
 

2. METHODS AND DISCUSSIONS 

 

2.1.  General outlook 

The data that we have used for this research consists in the series of floods 

between 2000 and 2012, for the two hydrometric stations of Coșuștea river basin, 

Corcova, respectively Șișești. They represent standard measurements of water 

depth and flow during the floods, obtained from Jiu River Basin Administration of 

Craiova City.  

Before proceeding to the statistical analysis itself, we have asked ourselves 

what type of statistical methods would be suitable for our data series and if our 

possible results will be adequate to a serious research.  

When major elements, such as flows in times of flood, are studied from a 

statistical perspective, one usually tries to determine the probability for a flow, Q, 

to remain unsurpassed (e.g to be inferior or equal to an xQ value)  

In order to answer such questions, we searched some probability laws 

decided upon the most adequate ones for our data series. Next, we shall offer a 

number of reminders on these methods. 

 

2.2. Empirical distributions 

 
The best method we found suitable for our data series, in order to calculate 

the empirical probability of a value X, with a rank of r - F(x[r]) was the empirical 

assurance method. We implemented it by means of two formulas (adaptated after 

Drobot, 1997 & Musy, 1998): 

- Cegodaev formula, with F(x[r])=  (1), where ”n” is number of years 

on record and ”r”  is the number of recorded occurrences of the event being 

considered. For floods, the event may be measured in terms of m³/s or height; 

- Weibull formula, with F(x[r])=  (2), with the same notations. 

The formulae mentioned above, even though the Réméniéras y allow the 

calculation of the flood flow, do not determine its frequency; it is therefore obvious 

that, from a statistical point of view, the maximum flood that shall be observed 

during a two-year period will be significantly inferior to the one recorded over a 

certain period of time (10, 50, 100 years, or more). 
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However, the implementation of these two formulas allowed us to 

emphasize the return periods and the allure of the trendline in a logarithmic scale, 

according to the indications of Helsel & Hirch (2002). 

In Fig. 2, the empirical assurance curve for Corcova station is almost 

identically placed on the axis for the two methods in the case of high probabilities 

maximum discharge values (90 – 100%), whereas the discharge values with low 

probability (<10%) deviate from one another for the measured maximum flows 

with a long return period. 
 

 
 

Fig. 2. Empirical assurance curve diagram (Coșuștea River, Corcova h.s.) 

This first representation will prove valuable in the future calculations and 

comparisons out of the theoretical laws. Both methods deliver similar results, but 

Weibull’s formula is more secure for low probability peak flows. 
 

2.3. Theoretical distributions 

In the process of designing hydrotechnical works, it is necessary to know 

the values of hydrological variables with rare frequencies (0,1%, 0,5%, 1%), which 

are not found among the measured variables and which, in case of using empirical 

distributions, are less precise (Réméniéras, 1960).  

In such cases, the procedure involves extrapolating the empirical 

distributions through theoretical distributions, which allow for the determination of 

frequencies beyond the range of measured data, for example in cases of return 

periods of 5, 10, 20 or 50 years (Fig. 3). Over time, the accumulated hydrological 

experience has led to the promotion of certain theoretical distributions for certain 

regions. Thus, in Romania, the most frequently used distributions is the binomial 

(Pearson III) one (Réméniéras, 1960 & Drobot, 1997). 

Usually, theoretical distributions are expressed by means of analytic 

expressions, which are, in turn, defined by 2 or 3 parameters that are estimated 

using various methods, on the basis of values from the observation series (Chow et 

al., 1981; Helsel and Hirsch, 2002). In our case, Pearson III distribution required 

the calculation of the average (42.81 m
3
/s), variance, standard deviation (54.43),. 
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Fig. 3. Pearson III distribution, raported to the measured data series 

the variation coefficient (1.27) and symmetry coefficient (1.88) out of the 40 

integrated floods occurred at Corcova hydrometric station between 2000 and 

2012The above illustration highlights the degree of irregularity with which floods 

have taken place over the past 13 years on Coșuștea River. The magnitude of the 

10-year flood was established by means of statistical analysis and it was calculated 

to be around 107 m
3
/s.  

Additionally, it is visible from the graphical illustration that the actual 

maximum discharge value with a return period of less than 100 years cannot 

exceed 261 m
3
/s. Nevertheless, we can see that the average of these intervals is 

indeed about 10 years, but also that there are two outliers or, in another words, 

some extreme ranged probabilities that exceed the ones for the 100 years return 

period. The latter correspond to two maximum flow values surpassing 300 m
3
/s.  

Due to the fact that the theoretical distribution is not known with enough 

precision, it has to be inferred by various means, with the possibility of verifying 

the adjustment through corrections. Thus, the application of our statistical methods 

will mainly focus on determining the non-exceedence and exceedence probability, 

the frequency of exceedence or the frequency of occurrence.  

In order to achieve this, we used Șișești hydrometric station data series, 

specifically for the reason that the number of floods in the 13 years of analysis was 

not enough, so as to guarantee a great statistical significance. The figure 4 

represents the statistical result obtained from this method which uses as input the 

values of symmetry coefficient (Cs) and variation coefficient (Cs). 

The theoretical newly made maximum values for designed probabilities, 

according to Pearson laws demonstrate their simple analytical structures with a rather 

flexible form in order to easily adjust to a wide variety of experimental curves. 

However, because of its exponential behavior towards infinity, it may drive us to 

attribute very weak probabilities in the case of very strong floods. Indeed, if we were 
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Fig. 4. Pearson III for calculated Cs vs. Maximum flow correction for Șișești h.s. 

to remember the allure of the distribution curve for Corcova hydrometric station, its 

high flow values received probabilities below 1%. In here, the highest maximum 

flow value (116.8 m
3
/s) has a lowest return period than the second largest one, which 

is odd. The explanation stands in the observation that in the case of fewer values, 

having a smaller standard deviation, so being close to one another, the distribution 

may undergo statistical peculiarities, like in the case of Șișești data series.  

Nevertheless, we solved the problem by applying to the theoretical values 

the correction, according to the following relationship (Drobot, 1997): 

ΔQ = Qmax p (3) 

where  = a coefficient that takes into account the degree in which the area has been 

studied from a hydrological standpoint (1 – for well studied areas and 2 – for weekly 

studied areas);  n = number of the series elements; E = a parameter determined according 

to Cv and p% values; Qmax p% = maximum flow for a certain p% assurance, determined with 

the help of the theoretical curve. 
What can be easily noticed is that the theoretical values for the established 

exceedance probabilities were mostly overestimated. The difference increases as 

the probability for a certain flood maximum discharge decreases.  

 

2.4.  Monthly floods analysis 

On a “probability paper” on which report a number of experimental points 

corresponding to each annual flood, the theoretical and empirical laws and 

formulas do not illustrate exact statistics concerning their monthly frequency and 

distribution, or correlations between flood discharges, flood levels and flood 

duration. Therefore, towards a reliable flood frequency assessment, the classical 

statistical approach is required for the monthly distribution analysis. 

Starting from each flood duration counting and attributing to every flood a 

complexity mark, from 1 to 3, given the numbers of waves (1 – a flood 
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characterized by a single maximum flow, that coincides with the relative, single 

one; 2 – a bi-wave flood, with two relative maximum peaks and 3 – for a flood 

with more than 2 waves), a matrix table resulted (Table 1).  

In it, the type of flood, which designates the wave complexity, has been 

marked with different color, from light to dark blue hues.  

The table shows that spring months (March and April) include the greatest 

and most frequent floods, and in some years, these floods last more than 30 days. 

 
Table 1. Flow duration (h/month) – flood type matrix, for Corcova h.s. 

 
Year 

I II III IV V VI VII 
VII

I 
IX X XI XII 

2000 127 696 137 450 
        

2001 
   

282 498 
       

2002 
       

582 174 
  

648 

2003 
  

744 474 342 
       

2004 
 

79 367 
         

2005 
      

516 60 
  

31 607 

2006 
  

221 168 
        

2007 
  

223 204 
      

367 223 

2008 
   

342 150 
      

439 

2009 247 391 
        

479 
 

2010 
 

415 281 
       

108 497 

2011 
  

641 462 
        

2012 
    

444 498 222 294 
    

 

The year 2000 was the year with the most floods (5) and one of the longest 

hydrographs. In addition to spring floods, it is possible to notice that the period of 

occurrence for floods during the cold season lasts more than 2 months, usually 

from November until January. In total, we have identified no less than 40 floods, 

with an average of 1.9 floods per year.  

Also, though there is not a correspondance between the complexity of the 

flood wave number and their duration, it is evident that the more pluri-wave floods 

are more frequent in the first months of the year and dominate the flood events 

from the last 4 years. 

The absolute frequency of floods every year was also correlated with the 

maximum discharge (Fig. 5), starting from the hypothesis that a month in which 

floods occur frequently, it is more probably that the maximum discharge attains 

higher peak values. 

From the absolute frequency of floods distribution (2000 – 2012), one can 

estimated that the flow regime for the study area is of the C type, as shown by the 

"southwestern Carpathian" form of the hydrograph (Savin, 2003), with a higher 

frequency (3-5 floods/month) in March and April. 

 



386 

 

 
 

Fig. 5. Maximum discharge vs. absolute frequency during floods, for Corcova h.s.  

 

 

After the spring discharge, the winter and the summer discharges are the 

most important ones. The surface discharge is mostly generated by rains, with the 

exception of isolated winter floods, when the surface discharge is due both to the 

influence of rain or snowfall and melting snow. As for the maximum discharge, it 

is generally higher in spring months, as well as in November – January, and falls 

below 100 m
3
/s during summer and autumn. The best correlation between 

maximum discharge and flood frequency is obtained for April, when the long and 

intense rainfalls impact on the flood duration. 

 

3. CONCLUSIONS 

The employed empirical (Cegodaev and Weibull equation) and theoretical 

(Pearson III and Fuller) laws are perfectly rational in Coșuștea basin, with a 

predominantly rainy regime, with the exception of weak flows that obey a different 

probability law compared to medium and high peak flows. We can see that the 

adjustment is not perfect, particularly in the zone of low probabilities, which is 

exactly the one that interests us most. 

However, optimistic results were gathered from the monthly analysis of 

floods, from which we could see the differences between Șișești and Corcova types 

of floods, especially in their duration and maximum discharge and level values.  

We may conclude this research admitting that the adjustment offered by 

Pearson’s law becomes less satisfactory when the flow depends more on regular 

and predominant phenomena, such as rains in two or three predominant months, 

March, April and November playing a significant role in the statistics.  
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