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Abstract. The present paper analyzes the spatial and temporal variability of the 
maximum flow in small river basins. The maximum flows were also analyzed taking 

into account the threshold values corresponding to the defense levels. The series of 

important events, were then statistically analyzed to determine trends (Mann-

Kendall test) and variations in the frequency of occurrence, analysis that was applied 

seasonally and annually. From the analysis performed, the trends regarding the 

maximum flows for the studied river basins were generally negative (decreasing), 

statistically significant only for the months of February, March, June, August, 

December and for the multiannual average, in the case the Casimcea river basin. The 

highest flow recorded during the operating period of the hydrometric stations 

analyzed until 2016, was at Râmnicu Vâlcea, in the hydrographic basin of the 

Olănești river (1969 and 2014), and in the hydrographic basin of the Feernic river 

(H.S. Simonești) in 2005. The hydrological phenomenon having a very destructive 
impact, causing significant social-economic damage. 

 

 
 

1. Introduction 

 
The topic regarding the variability of the water flow of the rivers has been 

approached, in specialized studies, at national level (Diaconu et al., 1994; Petru et 

al., 1989; Stănescu et al., 2002; Zaharia, 2010; Hristova, 2015;) and at the 

international level (Redmond et al., 1991; Dettinger et al., 2000; Milly et al., 2005, 
Marchi, L. et al., 2010).  

In-depth knowledge of the processes of river water drainage formation is of 

particular importance, as it provides data on the factors determine and condition the 
river flows, on the connection with the meteorological factors and the evolution of 
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the weather, on the quantitative and qualitative role of the physical - geographical 
factors that characterize river basins and hydrographic networks (Diaconu and 

Şerban, 1994). 

Apart from the climatic factors, a greater or lesser influence on the maximum 

flow formation are the surface and the shape of the hydrographic basin, the air 
humidity, the temperature and the permeability of the soil, the vegetation, the 

presence of lake units, some anthropic activities such as deforestation, 

hydrotechnical arrangements, etc.  (Diaconu, Pișota, Zaharia, 2005). 
The maximum flow is the consequence of the rich water supply from snow 

melting and torrential rainfall. Studying the spatial and temporal variability of the 

maximum runoff on rivers and also knowledge of the frequency and magnitude of 

the biggest floods is of particular interest because these phenomena can cause 
significant economic damage and even loss of life (Minea, 2012). For this reason, 

the knowledge of the characteristics of the maximum drainage have a major 

practical interest in water management and for the protection against the floods 
(Arghiuș, 2007; Bujor and Sălăjan, 2010; Lăzărescu and Panait, 1957). A series of 

studies are based on the analysis of dangerous hydro-meteorological events, such 

as floods, produced in a relatively small space, starting from identifying the area 
and elements exposed to risk to establishing measures to reduce the negative 

effects produced by them (Prăvălie R., Costache, R., 2013; Miftode, Ioana Delia, 

2015; Avram, Mihaela, Mihail, L., 2017; Manolache, Andreea-Violeta, 2018; 

Ţîncu, Roxana, et al., 2018, Tudorache, Andreea-Violeta, 2019). 
The main objectives of this article are to analyze the spatial and temporal 

variability of maximum runoff in small river basins in Romania, in order to 

highlight its evolution, historical flows recorded since the establishment of the 
hydrometric stations until 2016, the differences between the values of the 

maximum flow influenced by the different location of the hydrographic basins 

within the country, also trying to establish a trend in the evolution of the 
hydrological regime, using the nonparametric Mann-Kendall test. 

 
2. Study area  

 
The Lunca de Sus hydrometric station, located in the upper basin of the Trotuș 

river, at an altitude of 1140 m, was established in 1973. The length of the river for 
the station is 17 km and the surface of the basin is 89 km2. The Huța Certeze 

hydrometric station, located in the lower sector of the Valea Rea river, was 

established in 1967. The Simonești hydrometric station located on the Feernic 
river, controls upstream a basin with an area of 145 km² and an average altitude of 

683 m. The Râmnicu Vâlcea hydrometric station, on the Olănești river, controls a 

section of basin of approximately 234,7 km². The maximum altitude within the 
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basin is 1980 m, and the average slope of the basin is 41.42 ‰. It joins the Olt river 
in the municipality of Râmnicu Vâlcea. The Casimcea hydrometric station controls 

a basin area of approximately 78 km2, within the Casimcea river basin. The 

average altitude of the analyzed basin sector is 251 m, while the average slope is 

3,75‰. 
The next image (Figure 1) presents the location of the analyzed hydrographic 

basins within the country. 
 

 
Figure 1. Location of the study basins in Romania 

 

3. Data and methods 

 

The data used in this study are the maximum annual flows recorded at the 

selected hydrometric stations (Table 1) for the entire duration of their operation. 
The analyzed hydrometric stations (H.S.) are located in small hydrographic basins 

from different geographical regions, with areas up to 250 km2. For the analysis of 

the maximum leakage, the ten highest floods recorded at the hydrometric station 
for the basin section have been chosen, since its establishment until 2016. 

The maximum flows were analyzed by reference to the threshold values 

corresponding to the DEFENSE LEVELS. The current limnimetric key (Table 1) 

was used to determine the corresponding flow rates. 
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The series of important events, selected on the basis of the threshold values 
mentioned above, were then statistically analyzed to determine trends (Mann-

Kendall test) and variations in the frequency of occurrence. 

In order to achieve the study, the following software packages were used for 

data processing EXCEL, GIS and CAVIS – used to calculate the parameters of the 
flood waves. 

In order to analyze the variability of the maximum liquid runoff in small 

hydrographic basins, a series of five river basins with areas of up to 250 km2, 
located in different geographic regions, were selected: Valea Rea (H.S. Huţa 

Certeze), Feernic (H.S. Simoneşti), Olăneşti (H.S. Râmnicu Vâlcea), Trotuș (Lunca 

de Sus) and Casimcea (H.S. Casimcea).  

Maximum flows were also analyzed taking into account the threshold values 
corresponding to the defense levels. The data series (maximum flows) were then 

statistically analyzed for trends identification (Mann-Kendall statistical test). 

The series of major flood events were then analyzed statistically to determine 
trends (30-year sliding periods) and variations in the frequency of occurrence, 

which was applied seasonally and annually. In order to analyze the maximum 

flows in the selected river basins, were selected 10 biggest floods recorded at the 
hydrometric station of the basin section, with data available from its establishment 

to the present. 
 

Table 1. Defense levels for the selected hydrometric stations and the corresponding flows 

 

River 
Hydrometric 

station 

A.L. 

(cm) 

A.F. 

(m3/s) 

F.L. 

(cm) 

F.F. 

(m3/s) 

D.L. 

(cm) 

D.F. 

(m3/s) 

Trotuș Lunca de Sus 100 8,8 120 15,2 200 41 

Valea 

Rea 
Huta Certeze 170 10,4 200 27,4 240 59,5 

Feernic Simonești 120 31,8 210 115 260 179 

Olănești Râmnicu Vâlcea 125 147 180 218 245 324 

Casimcea Casimcea 150 16,2 240 29,2 300 50 
A.L. – attention level, A.F. – attention flow, F.L. – flood level, F.F. – flood flow, D.L. – danger level, 
D.F. – danger flow                                                                                                Source: INHGA, 2019 

 
From the analysis of the primary data (levels, flows) for the analyzed 

hydrometric stations, some general conclusions could be drawn on the formation 

and propagation of flood waves. Thus, the highest recorded flow until 2016 was in 

Râmnicu Vâlcea, in the basin catchment area of the Olăneşti River, in 1969 when 
its value was 377 m³/s. Also here, in 2014, a new historic flow of 338 m³/s was 

recorded, the flood formed having a very destructive impact. A historic flow was 
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recorded at the Simoneşti hydrometric station, on the Feernic River in 2005, of 368 
m³/s, causing very high damages. 

 

4. Results and discussions 
 
An important characteristic of the rivers in Romania is the appearance,  

throughout the year, of high waters and floods resulting from heavy rainfall, 

snow melting or overlapping of the two phenomena, which mainly affects small 
river basins.  The intensity and duration of floods is influenced by the existing 

physical-geographic conditions, climate elements (atmospheric precipitation) as 

well as relief factors being among the most important. Flash floods represent peak 

moments in the evolution of the river water flow. In the last decades, these 
phenomena occur with increasing frequency and severity both worldwide and in 

our country. In the future, it is also planned to maintain the same trend, the main 

cause remaining the global climate change which manifested more pronounced 
after 1970 and altered the river flow regime in many regions of the Globe 

(Wijkman, Rockstrom, 2013). 

Thus, due to excessive rainfall, small basins are severely affected by torrential 
rainfall. In order to diminish the negative effects caused by floods, an important 

activity is represented by forecasting and warning in case of dangerous 

hydrological phenomena, hydrological warning messages being emitted with a 

certain anticipation time, in order to reduce the risk of floods and flash floods. 
Below are a series of representative graphs for the analyzed river basins that 

show variations of the maximum annual flows recorded in the analyzed period, as 

well as graphs illustrating the ten largest floods recorded. 
Figure 2 presents the graph of the variation of the maximum annual flows at 

the Lunca de Sus hydrometric station, Trotuş River, is represented, between 1967-

2016. From the graph it can be seen that the highest flows were recorded in 1984 
(Qmax = 23.2 m³ / s), 2005 (Qmax = 23 m³ / s) and 2016 (Qmax = 24.3 m³ / s), and 

the smallest in the 1990s (Qmax = 3.76 m³ / s), 2011 (Qmax = 3.99 m³ / s), 2015 

(Qmax = 4.05 m³ / s). 

For each of the analyzed  hydrometric stations,  the top 10 highest  floods 
were selected, during which the highest maximum flows were registered, during  

the analyzed period. These floods are those produced in (years in 

chronological order): 1977, 1984, 1991, 1992, 1996, 2001, 2005, 2010, 2014, 2016 
(Figure 3.). As a result, the maximum flow of the Trotuș river at the Lunca de Sus 

hydrometric station was 24,3 m3/s, which was registered in 2016 on June 02 at 

19:00. It was generated by a flood with a growth time of 14 hours, during which 

time about 0.4 million m3 of water flowed. The decrease time of the floods lasted 
70 hours, the volume of water drained totaling 2,7 million m3. The total time of the 
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flood was 84 hours. The flood wave had a shape coefficient estimated with the help 
of CAVIS software, at the value of 0.37. 

 

 
Figure 2. The variation of the maximum annual flows recorded in the river basin of the 

river Trotus, H.S. Lunca de Sus (1967 - 2016) 
 

 
Figure 3. Hydrograph of the 10 largest floods recorded in the river basin of  Trotuș, H.S. 

Lunca de Sus, from 1967 to 2016. 

  

 
Figure 4. The variation of the maximum annual flows recorded in the river basin of Valea 

Rea, H.S. Huta Certeze, from 1967 to 2016 

Figure 4 shows the graph of the variation of the maximum annual flows for 
the entire period of operation of the station Huța Certeze, Valea Rea river. From 
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the graph it can be observed that the highest flows were registered in 1970 (Qmax 
= 89,6 m³ / s) and 2013 (Qmax = 62 m³ / s), and the lowest in 2011 (Qmax = 7.52 

m³ / s) and 2012 (Qmax = 7.29 m³ / s). 

Next, for this station were selected the 10 highest floods recorded in the years: 

1970, 2013, 1993, 1979, 2001, 1978, 2001, 1978, 2005, 1998, 1980 and 1996. 
Maximum flows were used to achieved in Excel the hydrograph of the floods for 

all the years mentioned for a better comparison (Figure 5.).  

Thus, the maximum flow of the Valea Rea river at the Huța Certeze 
hydrometric station was 89,6 m3 /s, which was recorded in 1970 on May 13 at 

05:00. This was generated by a flood with a growth time of 17 hours, during which 

time about 2,39 million m3 of water flowed. The decrease time of the floods lasted 

122 hours, the volume of water drained totaling 9,97 million m3. The total time of 
the flood was 139 hours, it is the highest compared to the other events analyzed. 

The flood wave had a shape coefficient estimated in CAVIS software, at the value 

of 0.27. 

 
 

Figure 5. Hydrograph of the 10 largest floods recorded in the river basin of Valea Rea, 

H.S. Huta Certeze, from 1967 to 2016 

 

In order to analyze the maximum flow within the Feernic river basin, flow 

data corresponding to the period of establishment of the station, year 1967 to 2013, 
was used. Figure 6 shows the graph of the variation of the maximum annual flows 

for the mentioned period. It can be seen that the year with the highest value of the 

maximum flow is 2005 (368 m3/s), and the year with the lowest value is the year 
2013 (1,19m3/s). 
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Figure 6. Variation of the maximum annual flows recorded in the river basin of Feernic, 

H.S. Simonești, from 1967 to 2013 

 

During the floods of 2005 the highest flow was recorded during the period of 
operation of the Simonești hydrometric station (Figure 7). It had the value of 368 

m3/s, registering on August 23 at 19:30. The flood wave had a growth time of 3 

hours. The total volume of water drained during the flood was 8,15 million m3, 

while the value of the shape coefficient estimated using the CAVIS software was 
9,37. The flood extended for a total of 34 hours. 

 

 
 

Figure 7. Hydrograph of the 10 largest floods recorded in the river basin of Feernic, H.S. 

Simonești, from 1967 to 2013 

 

In order to analyze the maximum flow, Figure 8 is a graphic representation of 
the variation of the maximum annual flows in the hydrographic basin of the 
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Olănești river, at the hydrometric station Râmnicu Vâlcea for the period 1960 - 
2016. The year with the highest value of the maximum flow is 1969 (377 m3/s), 

and the year with the lowest value is the year 1964 (10,5 m3/s). In Figure 9, the 

pictures represent the Olănești river in the municipality of Rm. Vâlcea, during the 

flood produced on 29 July 2014. It can been seen the high level of water, that is 
close enough to the bridge. 

At the hydrometric station Râmnicu Vâlcea, the most important flood, 

occurred in 1969, when the maximum flow value reached 377 m3/s. This value is 
the highest considering all hydrometric stations selected for analysis. The growth 

time of the flood was 4 hours, starting from a base flow of 5,19 m³/s, while the 

decrease of the flow occurred over a period of 39 hours, the total time of the floods 

being 43 hours. The flood from 1969 also registered the maximum in terms of the 
total volume of running water, 15,14 m3 of water. The value of the shape 

coefficient  of  the  flood  wave  estimated  using  CAVIS software was 0,25.  The 

second flood was recorded in 2014, with a flow rate of 338 m³/s, a growth time of 3 
hours, a total volume of drained water of 14.6 mil.m3 and a very destructive impact 

(Figure 10). 

 

 
 

Figure 8. The variation of the maximum annual flows recorded in the river basin of 

Olănești, H.S. Rm. Vâlcea, between 1960 and 2016 

 

In order to analyze the maximum leakage at Casimcea hydrometric station, 
Casimcea river, the flows were analyzed for a period of 57 years (Figure 11), from 

the establishment of the station (1959) to 2016, being the longest analyzed period. 

The highest value of the flow was recorded in 2007 (262 m³/s). 
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Figure 9. Olănești river in the municipality of Rm. Vâlcea, 29/07/2014 
                                                                                                                          Source: Personal archive 

 

In the case of the Casimcea hydrometric station, only 8 floods were analyzed, 
because the flows recorded in the case of the others, have much lower values. 

Thus, only the floods of the years were analyzed: 2007, 1989, 2005, 2001, 2002, 

2012, 1993, 2014 (Figure 12). For the 8 analyzed floods, the maximum flow varies 
between 27 m3/s and 261 m3/s. The most important flood in terms of maximum 

flow occurred in 2007 when the flow of 262 m3/s was reached on June 17 at 19:45. 

The increase of the flow rate of the Casimcea river lasted about 1 hour, during 

which time, in the Casimcea hydrometric station section, about 0,48 mil. m3 of 
water discharged. The volume of running water on the decrease branch of the flood 

was 0,94 mil.m3, for a period of 2 hours. The total time of the flood was 3 hours, 

while its shape coefficient was 0,50, the destructive impact being very high. 

 

 
 

Figure 10. Hydrograph of the 10 largest floods recorded in the river basin of Olănești, H.S. 

Rm. Vâlcea, between 1960 and 2016. 
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Figure 11. The variation of the maximum annual flows recorded in the river basin of 

Casimcea river, H.S. Casimcea, between 1959 and 2016 
 

 
 

Figure 12. Hydrograph of the 8 largest floods recorded in the river basin of Casimcea,     

H.S. Casimcea, between 1959 and 2016 
 

 

Conclusions 

 
From the analysis of the primary data (levels, flows) from the analyzed 

hydrometric stations (Lunca de Sus, Huța Certeze, Simonești, Rm. Vâlcea, and 

Casimcea) some general conclusions could be drawn on the way of formation and 
propagation of the flood waves. 
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Following the analysis, it resulted that the highest flow recorded during the 
operating period of the analyzed stations till 2016 was at Râmnicu Vâlcea, in the 

river basin of the Olănești river, in 1969 with a value of 377 m³/s. Also here, in 

2014, there was a new historical flow of 338 m³/s, which had a very destructive 

impact. Another historical flow was also recorded at the Simonești station, on the 
Feernic river in 2005 (368 m³/s), producing very high damages. Following the 

application of the Mann-Kendall statistical test for the Trotuș, Feernic, Olănesti 

and Casimcea basins, it turned out that the trends regarding the maximum flows 
were generally negative (decreasing) statistically significant only for H.S. 

Simonești (February, March, July – December) and for H.S. Casimcea (February, 

March, June, August, December, multiannual average). 

Regarding the times of increase/decrease of the flood waves, we notice that 
the station Casimcea, on the Casimcea river, has the lowest values. In this case, the 

flood wave grew extremely fast. At the opposite pole, the river Valea Rea, which at 

the hydrometric station Huța Certeze, records the highest total time of formation of 
the flood wave, being followed by H.S. Lunca de Sus. 

The highest value of the average shape coefficient (gamma) was recorded in 

the river basin of the Feernic river, at the Simonești hydrometric station, where it 
reached the value of 9,37. For the rest of the hydrometric stations, gamma was 

under 0,5. 

The largest total volume of running water during the floods was recorded in 

the Olănești river basin, followed by the Feernic river, these being the basins where 
the highest annual maximum flow were also recorded. The smallest total volume of 

water transported during the floods was recorded at the Casimcea and Lunca de 

Sus hydrometric stations. 
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