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Abstract: Knowing the value of the flash flood potential index (FFPI) is significant, 

because there are included in the GIS environment various physical and geographical and 
anthropic factors playing an essential role in the flash flood occurrence: lithology, slopes, 
profile curvature, soil texture and the land use. In the mountainous region situated upstream 
of the Poiana Uzului reservoir, an area with a potential very high risk of flash flood sums up 
a total surface of 49.36 km2; the area with a potential high risk of flash floods sums up a total 
surface of 99.31 km2. The highest percentage of the total studied area is exposed to an 
average risk of flash floods. The Uz hydrographic basin is situated in an area with a potential 
high risk of flash floods. The map thus obtained displays the spatialization divided into five 
risk classes (very high, high, average, low, and very low). The surfaces the most exposed to 
flood generation are concave surfaces, surfaces that include high slopes, hard rocks, a low 
degree of forestation, clay soils. The areas identified as being critical, concerning the 
potential of flash flood generation, presented an elevated risk for other related phenomena – 
in this case, the floods. 
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1. Introduction 
 
The current changes occurred in the climatic (thermal, and pluviometric) and 

hydrologic regime constituted the main argument of numerous researches from the 
hydrographic basins of the Carpathians Mountains (Birsan et al., 2014; Chirila et al. 2008; 
Cojoc et al. 2015, Costache et al. 2015, Mic et al., 2015, Mihu-Pintilie, Romanescu et al., 
2011, Serban et al. 2016; Sevianu et al., 2015, Stancalie et al. 2012, Tirnovan et al., 2014a,b). 
Most studies aimed at areas subjected to flooding (Romanian bibliography). The river 
engineering built during the communist era, and less often lately, did not stop the substantial 
effects of hydrological risks. The analysis of risky hydrological phenomena represent a real 
concern for scientists from all the world’s nations due to their ever increasing worldwide 
frequency in the last decades (Barbulescu, Maftei, 2015; Hapciuc et al., 2015; Romanescu, 
2005; Romanescu, 2006; Romanescu G, Lasserre F. 2006; Romanescu et al., 2011 a.; 
Romanescu G., Nistor I. 2011; Tîrnovan et. al, 2014; Romanescu, 2003). The floods represent 
one of the main hydrologically dangerous risky phenomena with grave consequences socially 
and economically (Čech, Čech, 2013; Corduneanu et al., 2016a,b; Gaume, Borga, 2008; 
Gaume et al., 2009; Komínková et al., 2015; Li et al., 2015; Lóczy et al., 2014; Mu, Mu, 
2013; Raška, 2015; Simić et al., 2014; Solín et al., 2011; Yang et al., 2014).  



 
“1 Decembrie 1918” University of  Alba Iulia                                                                          RevCAD 22/2017

 

- 172 - 
 

The Uz hydrographic basin has faced catastrophic floods in the first decade of the 
XXIst century at the same time of the floods occurring in the entire area of the Oriental 
Carpathians mountains: 2001, 2002, 2004, 2005, 2006, 2007, 2008, 2010, 2011. The highest 
flows have been recorded during the summer of 2005 when the river Siret has registered a 
record of the Romanian historical flow historical recorded (4650 m3/s) (Romanescu, 2006; 
Romanescu, 2009; Romanescu, Nistor, 2011).  

The geographical setting of the Uz hydrographic basin. The Uz hydrographic is 
situated in the eastern part of Romania as a part of the Oriental Carpathian mountains. The 
basin has a surface of 475 km2 and falls between 26°00’16” and 26°30’56” eastern longitude 
and between 46°08’44” and 46°23’27” northern latitude (Fig. 1). It has two reservoirs, one 
natural pond (Balatau, situated on the Izvorul Negru river), as well as an anthropic lake 
(Poiana Uzului, situated on the Uz river, downstream of the Cremenea locality and upstream 
of Darmanesti locality). 

 
Fig. 1. The geographical setting of the Uz hydrographic basin 

 
The studied area upstream of Poiana Uzului has a total surface of 338.6 km2, is 

represented by the hydrographic basin situated upstream of the Poiana Uzului lake.  
The river Uz and its most important tributaries had an important role in the 

fragmentation of the landscape. Uz is the right tributary of the river Trotus and springs from 
the Ciucului Mountain from an altitude of 1175.33 m. It traverses the hydrographic basin over 
a length of 46 km and meets the river Trotus at the Darmanesti locality, at an altitude of 
320.43 m (Miftode, Romanescu, 2016; Miftode et al., 2016). 

 
2. Database and methodology   
 
The hydrological data was taken from the Siret Water Basin Administration and from 

the Hydroelectrical power plant in Poiana Uzului (Siret Water Basin Administration, 2015). 
Some historical data were taken from the Romanian specialty literature (Birsan et al., 2014; 
Cojoc et al., 2015; Costache et al., 2015; Cojoc et al., 2014; Chendeș et al., 2015; Minea, 
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Romanescu, 2007). The cartographic is based on ortophotoplans 1:5000, topographical plans 
1:5000 etc. Based on these the CLC 2012 has been created – for the use of the terrain and the 
Terrain Numerical Model (DTM 1:5000). The licensed program which have been used were: 
ArcGIS, the AHP extension (ArcGIS) (processed), TNTmips and R2V (vectorized), Google 
Earth and CorelDRAW X3.  

 
3. Results and discussions 
 
The GIS techniques can determine how the physical and geographical factors 

influence the surface drain. In the Uz hydrographic basin  are also included the localities. The 
surface drains present an elevated potential in the case of terrains occupied by pastures, 
deforested zones, built-up areas. The spatial modelling led to the establishment flooding 
potential index. This index (FFPI) has been proposed by Smith in 2003 and for the river 
Colorado in the USA. Subsequently, it has been improved and computed for the majority of 
important rivers (Chendes et al., 2015). Five factors have been selected which influence the 
draining process namely: lithology, slope, soil texture, profile curvature and the land use. The 
ArcGIS program offered the possibility for  the conversion in the raster format (Fig. 2). 
 

 
Fig. 2. The conceptual diagram for generating the FFPI index values distribution map in the 

Uz hydrographic basin upstream of Poiana Uzului reservoir  
 
For the lithology the highest percentage (96%) is represented by the fourth class (the 

flysch class). The other classes are occupied by sands, clays, marls, shales (Fig. 3). The slope 
has an essential component, contributing greatly to the rapid response of the basin and with a 
greater influence over the potential of rapid flooding. The highest percentage is hold by slopes 
between 23.1° and 30.7° and occupies 39% of the area. These can be found in the high 
mountain region (Bărzăuța sub-basin, Bașca area, mountainous north of Poiana Uzului 
reservoir). Slopes between 0° and 16° can be found on the Bodoc Plateau (south of Uz 
hydrographic basin) in the Carpinenii area, and in a slightest measure, in the Ghiurche zone 
(Fig. 4). 
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Fig. 3. The lithological map in the Uz river basin, upstream of the Poiana Uzului reservoir 

 

 
Fig. 4. The map of the slopes in the Uz river basin, upstream of the Poiana Uzului reservoir 

 
The soil as a geographical factor that has a direct influence over the drainage process 

through: texture, degree of permeability and structure. In the case in which the soil texture is 
rough, the degree of permeability rises. Thus, the water infiltrates faster in soils with an 
average or rough granulometry, and slower in those with a fine granulometry. The soils with a 
low permeability favours a rapid drain.The highest percentage is represented by soils with a 
sand-clay...loamy texture, clay texture and varying texture (39%) found in the Valea Uzului 
zone, a part of  Eghersec and Carpineni. The percentage of 34% is found in class three (clay... 
clay-loam) and is mainly found along the river valleys situated upstream of Salatruc (on the 
Basca river valley, Balatau lake, etc.) (Fig. 5). 
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Fig. 5. The map of soil texture in the Uz river basin, upstream of the Poiana Uzului reservoir 

 
The map of profile curvature highlights the convexe and concave surfaces. The convex 

mountain slopes are represented by negative values, being described by accelerated drains. 
The concave slopes are represented by positive values and decelerated drains. The unit 
measure used for the profile curvature are radians and meters. The erosion processes are more 
intense on convex slopes, while on concave slopes the phenomenon of sedimentation 
apppears. The convex surfaces represent 10%, the quasi horizontal 41% and the concave 49% 
(Fig. 6).  

For the creation of the land usage map  of the land use map, which highlights the 
anthopic influence on the basin, a raster type layer have been used, taken from the website 
http://land.copernicus.eu/pan-european/corine-land-cover (Fig. 7). On the areas occupied by 
forests, with a dense vegetation and with deep rooted plants or with high strains, the drain is 
hampered (Petrisor, 2015; Petrisor et al., 2015; Zoran et al., 2014). 

 

 
Fig. 6. The profile curvature map in the Uz river basin, upstream of the Poiana Uzului 

reservoir 
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Fig. 7. The land use map in the Uz hydrographic basin, upstream of the Poiana Uzului 

reservoir 
 

The studied area is covered in hardwood forests, coniferous forests, mixed forests, 
streams and water accumulations in a 80% rate. The transitional woodland-shrub are only at a 
6% rate. The cultivated land has a 2% percentage. Pastures and natural meadows can be found 
in the Ghiurche, Eghersec, Carpinenii, Cremenea localities at a rate of 12% (Fig. 8). 

 

 
Fig. 8. The percentage of surfaces related to each reliability class of the physical and 

geographical factors and the FFPI index 
 
The fiver rasters have been combined using the ArcGIS program. Each factor has been 

divided into five classes of valor depending on the degree of reliability. Using simple 
comparison concerning previous studies, there have been established criteria converted into 
numerical values. After the reclassification the reliability has been achieved depending on 
their influence over the surface drain (Table 1). 

Following the automatic application of the formula, using the AHP extension 
(ArcGIS), previously indicated, the map has resulted which highlights the spatial 
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representation of the potential value index of the surface drain (Fig. 9). The values of the 
index have been in grouped in classes at equal intervals. The first class corresponds to the 
index that represents the very low values of the surface drain (1.47-2.34) and that occupy 6% 
of the surface (aprox. 18.99 km2) and can be found in the areas with small slopes and near the 
confluences (Table 2). 

 
Table 1. The classification of physical and geographical factors, natural and anthropic, for 

obtention of the FFPI index in the basin, upstream of Poiana Uzului reservoir 
Factor\Scor 

bonitare 1 2 3 4 5 

Litologie* 
Gravels, sands; 
Gravels, sands, 
loess deposits 

Clays, red 
marls; 

Marls and 
limestone-marls 

radiolarite 

Red and green 
shales with 

tuffite (Audia); 
Sandstones and 
marls (flysch 

series of Bodoc)

Shale limestone flysch 
(Horgazu); 

Sandstone flysch (Tarcău), 
sandstone flysch with shale 

interleaves, shale flysch with 
stripes; 

Shale flysch with shale 
interleaves, conglomerates 
with green shales elements; 
Shale flysch with masive 
sandstone interleaves and 

conglomerates (F. 
curbicortical); 

Sandstone shale flysch, shale 
flysch; 

Black shale flysch (Audia) 

- 

Panta (°)* 0-3 3-7 7-15 15-25 >25 
Curbura în 

profil - - -25.9 – 0 0 – 0.09 0.9 – 15.4 

Textura solului* Water; Clay-
sandy 

Clay; Sandy-
clay...loamy; 

Varying texture

Clay...clay-
loamy - - 

Utilizarea 
terenului* 

Broad-leaved 
forest; Coniferous 

forest; Mixed 
forest 

Transitional 
woodland-shrub

Complex 
cultivation 

patterns; Land 
principally 

occupied by 
agriculture, with 
sgnificant areas 

of natural 
vegetation 

Pastures; Natural grasslands - 

 
The second class highlights the areas with a potential low index for the 17% of the 

basin’s surface (59.24 km2). The highest percentage is represented by the index with average 
values found between 2.88 and 3.25 corresponding to a surface of 274.5 km2 (33%). The areas 
with a high percentage of the surface drains occupy aproximatively 99.31 km2 (29%) and are 
situated in the mountainous contact areas, zones wih high slopes (>15°). The very high 
potential has a 15% percentage of the total surface and corresponds to class five. 

The potential of surface drain is average, and is asssociated to flood risk. This fact is 
proven by the average values of the index. The highest exposure is owned by the Valea 
Uzului, Ghiurche, Carpinenii and Cremenea localities. The current study identifies the zones 
most exposed to flood risk. 
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Fig. 9 – The distribution of the FFPI values in the Uz river basin, upstream of the Poiana 

Uzului reservoir 
 

Table 2. The reliability and the degree of the flash flood potential index 
Reliability record 1 2 3 4 5 

FFPI value class 1.47 – 2.34 2.35 – 2.87 2.88 – 3.25 3.26 – 3.63 3.64 – 4.57 
FFPI degree Very low Low Average High Very high 

 
The distribution of the surfaces related to each reliability class proves that the highest 

surface in the studied area corresponds to an average index value (111.68 km2) and the 
smallest surface (18.99 km2) corresponds to a very low index. The FFPI index correspond to 
one surface of 99.31 km2, while the highest correspond to a surface of 49.36 km2. A low drain 
potential index can be found on a 59.24 km2 (Fig. 10).  
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Fig. 10. The distribution of the surfaces related to each reliability class 

 
4. Conclusions 
 
The area of the Uz hydrographic basin is situated upstream of Poiana Uzului lake and 

occupies a zone with an elevated flood risk. It is highlighted by the fact that the average and 
high values of the FFPI index hold a 33% and 39% percentage of the total surface. The 
highest value of the FFPI index holds 15% of the surface. The localities most exposed to flash 
flood are Cremenea, Eghersec and Cărpinenii. The localities with low exposure are Ghiurche 
and Valea Uzului. The study proves that the use of GIS techniques brings an important 
contribution in identifying the values with different degrees of flash flood risk and in the 
efficient management of crisis situations. Maintaining the wooded areas is paramount and the 
control of the flows via the small micro-hydro-power plants on the Uz river is recommended. 
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