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Abstract. Due to the climate changes occurred in the last decades the frequency and 
intensity of hydrological risk phenomena are also increasing. The flash-floods are 
considered the most devastating natural hazards around worldwide. The 
identification of areas with a high flash-flood potential and also of the valleys with a 
high potential for flash-flood propagation is mandatory to be included in the flash-
flood risk management activity. In this regard the present study proposes a GIS 
methodology to identify the flash-flood potential along river valleys from small 
catchments. The analysis carried out into a number of 5 small river basins across 
Romania revealed that a high percentage of river network is characterized by a high 
and very high flash-flood potential. The results of the present study can be 
successfully used in the flash-flood risk management activity and also in the activity 
of flash-flood forecast and warning. 

 
 
1. Introduction 

The Romanian territory has a great diversity of relief forms. The relief 
influences the elements of surface runoff by fragmentation degree and the size of 
the slopes on which the runoff is formed and indirectly, by the role it has in the 
vertical zone of the climatic elements that generate the leak. Delimitating surfaces 
with high runoff potential is very useful because the frequency of extreme 
meteorological events, such as torrential rainfall, has grown significantly much, 
causing important flash floods. Climate changes, occurred in the last decades 
(Bandoc and Prăvălie, 2015; Prăvălie et al., 2019; Costache and Bui, 2020; Prăvălie 
et al., 2017; Prăvălie and Bandoc, 2015; Costache et al., 2020b), have also a big 
influence on the increase of natural hazards severity. These types of studies can be 
very helpful in order to take the most effective measures to diminish the severity of 
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flash-flood phenomena. In Romania, the runoff characteristics and flash-flood 
susceptibility were been studied by many authors in different studies (Costache, 
2019a, 2014; Fontanine and Costache, 2013; Mătreață et al., 2017; Minea, 2013; 
Costache et al., 2014; Zaharia et al., 2012).   

Flood susceptibility assessment is an important component of flood risk 
management activity (Costache, 2019b; Costache et al., 2020b; Costache and Bui, 
2020). From a qualitative point of view, the susceptibility to flash floods can be 
assessed through Flash-Flood Potential Indices (Smith, 2003). The Flash-Flood 
Potential Index is a non-dimensional index obtained by overlapping, in the GIS 
environment, several flash-flood conditioning factors such as: slope, land use, 
lithology, soil hydrological group, slope aspect and convergence index of the river 
network. The FFPI provides an overview of the potential that specific areas have in 
development of surface runoff and further more in flash floods occurrence. The 
purpose of this work is to present a detailed analysis of the flash flood potential 
occurrence within five basins under 250 km². In this regard the following 
catchments were selected for the present study: Valea Rea, Feernic, Olănești, 
Tecucel and Casimcea. 

 
2. Case studies 

Valea Rea river basin is located in the north-west part of Romania (Fig. 1a), 
being a right tributary of Tur river. It has a total area of 61 km² and a river length 
of 14 km, the main locality crossed being Certeze common. The average altitude in 
the basin is 719 m, while the average slope is 13°. 

Feernic river basin springs from de western slope of the volcanic plateau in 
the Harghita Mountains, being located in the central part of the country, in 
Harghita county (Fig. 1b). It is a right tributary of Târnava Mare river, with a 
length of 29 km and a basin area of 145 km². Fernic river basin has an average 
altitudine of 683 m and an average slope of 8°. 

 Olănesti river basin is located in the central – southern part of Romania, in 
Vâlcea county (Fig. 1c). Olănești river is one of the important tributaries of the Olt 
river on the right side. The total basin area is 226 km² and the river length is 33 km. 
The study area is identified as one of the areas with potentially significant flash 
flood risk due to the physical and geographical features of the basin. The average 
altitude in the basin is 764 m, while the average slope is 16°. 

Tecucel river basin is located in the eastern part of Romania (Fig. 1d), being 
the last tributary on the right side of the Bârlad river, before its confluence with 
Siret river. It has a surface area of 110 km² and a total river length of 26 km.  
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Fig. 1. Case study catchments (a. Valea Rea, b. Feernic, c. Olănești, d. Tecucel,  
e. Casimcea) 
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Tecucel river crosses Tecuci town on a length of 8.2 km. Tecucel river basin has an 
average altitudine of 179 m and an average slope river is 3°. 

Casimcea river is the most important watercourse of Dobrogea region. It is 
located in the south-east part of the country, crossing Tulcea and Constanța 
counties. For this study, we chose to analise the basin area corresponding to 
Casimcea hydrometric station. It is located in the upper part of the basin (Fig. 1d),  
the surface of the station being 78 km² and the length of the Casimcea river up to 
the station with the same name, is 16 km. 
 

3. Methodology 

In order to determine flash-flood susceptibility across the selected catchments, 
several geographical factors were included into a GIS workflow which involve the 
use of Map Algebra and Flow Accumulation procedure. Thus, the computation of 
FFPI was possible by using the following flash-flood predictors: slope, land use, 
lithology, hydrographic convergence index and aspect.  

According to the literature (Bui et al., 2020; Costache, 2019c; Hong et al., 
2018; Khosravi et al., 2019), the slope of the relief was considered to be the most 
important factor for rapid surface runoff. Thus, the high slopes received highest 
score, while the lower slopes received lowest score. A similar weight to the slope, 
also received the land use. For land use, forests were considered the most 
restrictive areas for rapid surface runoff, while the built areas and grasslands 
received the highest score due to the low values of the Manning roughness 
coefficients (Costache et al., 2020a, 2019b, 2015; Costache and Bui, 2019; 
Costache and Zaharia, 2017; Wang et al., 2019). From soil perspective, hydrologic 
D group is the most favorable for rapid surface runoff because it has the lowest 
potential for water infiltration (Costache et al., 2020c, 2019a). The hard rocks have 
the lowest permeability, thus favoring the intense surface runoff and therefore 
formation of flash floods. The high values of the hydrographic convergence allow 
the generation of a torrential flow of water in a river basin. A high favorability for 
surface runoff occurs during the summer on the slopes exposed to solar radiation 
where the upward thermal convection often gives rise to Cumulonimbus clouds 
that generate torrential rains. During the spring the southern slopes are also more 
exposed to the formation of flash floods due to the melting, which is more intense. 

All the aforementioned flash-flood predictors were reclassified in GIS 
environment by assigning a specific score to each class/category according to its 
influence on surface runoff manifestation. Further, these factors were summed up 
in Map Algebra in order to derive the FFPI values. The FFPI values highlights the 
potential of the slopes to generate rapid surface runoff. Taken individually, this 
phenomenon is responsible for surface erosion. Damage associate with rapid 
surface runoff is caused by the flash floods that forms on the valleys of the rivers 
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where the initial runoff formed on the slopes is concentrated. For this reason, we 
proceed to compute the average values of FFPI corresponding to each point/pixel 
of the river network. It should be mentioned that the FFPI values on river network 
will be equal to the mean value of the upslope catchment. Thus, each point that 
forms the hydrographic network will retrieve the average FFPI value of all 
upstream cells that flow into it. The achievement of the average FFPI values was 
facilitated by Flow Accumulation procedure. 

For faster execution of the workflow in the GIS environment related to the 
operation described above, the Model Builder application was used (Fig. 6). 

 

 
 

Fig. 2.  Scheme of GIS workflow developed to calculate the FFPI values 
averaged on river network 

 
2. Results and discussions 

Thus, the FFPI index was applied to the 5 basins chosen for the analysis 
in order to determine the potential flash flood occurrence:  Valea Rea river 
basin (Fig 3), Fernic river basin (Fig. 4), Olănești river basin (Fig. 5), 
Tecucel river basin (Fig. 6), Casimcea river basin (Fig. 7). 
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Fig. 3 The FFPI values distribution in Valea Rea river basin 

 

  
Fig. 4 The FFPI values within Fernic 

river basin 
Fig. 5 The FFPI values within 

Olănești  river basin 
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Fig. 6. FFPI values within Fig. 7. FFPI values within 
Tecucel river basin Casimcea river basin 

 
In terms of Valea Rea river basin, the very high values of flash-flood potential 

characterize approximately 67% of the total river length, while the other three 
classes accounts 33% of the river network (Fig. 8). 

 

 
Fig. 8 Weights of FFPI classes within Valea Rea catchment 

 
Feernic river basin is notable for the the presence of valleys with high and 

very high potential for development of flash floods. The two hazard classes share 
approximately equal percentages from the valleys delimited in the GIS 
environment (Fig. 9). The values of the potential development of flash floods that 
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characterize the valleys in the Feernic basin area, make it an area exposed to the 
flash floods and fully justify the choice of this basin for case study in the present 
paper. 

 

 
 

Fig. 9 Weights of FFPI classes within Feernic catchment 
 

The third basin taken into account for a detailed analysis is Olanesti river 
basin, in Valcea county. Râmnicu Valcea is the closing point of the considered 
basin section. Almost 100% of the defined hydrographic network is characterized 
by the presence of valleys with a high and very flash-flood potential (Fig. 10). 

 

 
 

Fig. 10 Weights of FFPI classes within Olănești catchment 
 

The fourth basin considered is Tecucel River. The results of the workflow 
developed in GIS environment showed that the valleys in the Tecucel river basin 
have a medium (68%) and low (30.1%) torrential potential (fig. 16).The 
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consideration of this basin for detailed analysis is justified by the fact that although 
in general the valleys do not present a high torrential potential here severe events 
have been recorded in the past, significant being on 06/09/2007. 

 

 
 

Fig. 11 Weights of FFPI classes within Tecucel catchment 
 

Dobrogea is the fifth region of the country represented by a river basin 
considered in the present study. For analysis, it was taken into account the basin 
section which corresponds to Casimcea hydrometric station, from Casimcea river 
basin. As in the case of Tecucel river basin, the majority of the valleys from 
Casimcea catchment are characterized by a medium potential for flash floods 
occurence (81.2%), while 14.5% of them have a high potential and only 3.9% a 
very high potential (fig. 17). 

 

  
 

Fig. 12 Weights of FFPI classes within Casimcea catchment 
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Conclusions 
 

The present research aims to assess the torrentiality degree of river network 
within a number of five small catchments inside Romanian territory. The entire 
analysis was supported by GIS techniques. The catchment selected for case studies 
were: Valea Rea, Feernic, Olănești, Tecucel and Casimcea. All these river basins 
have a surface smaller than 250 km2. By using the GIS techniques, the valleys of 
the rivers most exposed to the phenomena associated with the torrentiality were 
identified. According to the results achieved in the present paper, the river valleys 
from Olănești and Valea Rea catchments are the most susceptible to flash-floods. It 
should be mentioned that the high and very high FFPI values are present on the 
valleys that have an upper basin characterized by high slope angles, a low 
afforestation degree, a high percentage of soil from hydrological group D and also 
a high degree of hydrographic convergence. Also, it can be observed that the FFPI 
values are higher in the areas with a high altitude. These variables could, therefore, 
explain the differences between the flash-flood susceptibility of the valleys from 
the 5 river basins. Thus, it is normal that some catchments like Olănești and Valea 
Rea, which span on mountain and hilly areas with high slopes, to have a higher 
percentage of high and very high flash-flood potential, than catchments like 
Tecucel and Casimcea which are located in areas with a lower slope angle and 
altitude. Establishing the average values of the FFPI on each cell that forms the 
cadastral and non-cadastral hydrographic network is a real help in issuing forecasts 
and warnings for flash floods. When analysing precipitation data and evaluating the 
potential of flash floods existing at the level of a river, the decision to issue or not 
an immediate phenomena warning can be taken very quickly.  
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