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Abstract

The present article aims to identify the areas with high
susceptibility in the acceleration of the surface flowing of the water
and thus, in the delivery of the flash-floods from the
hydrographical basin of the Basca Chiojdului river, which is
situated in one of the most vulnerable areas in Romania (bend
area) at the hydrological phenomena of risk. The analysis of the
susceptibility was possible by taking into consideration ten main
factors that we considered to play an essential role in the genesis
of the flash-floods. There resulted a map of the flank’s surfaces
with high susceptibility in the flash-floods’ delivery and their
triggering at the layer level of the hydrographical network in the
basin. The proposed index, FFSI (Flash Floods Susceptibility
Index), resulted from the summation of the analyzed factors,
presents mainly the highest values within the area of Drajna
Depression, where most of the settlements from the basin are
located. The high genesis susceptibility of the flash-floods in this
area is due to the association of the most numerous risk factors
that we analysed, namely lithology favourable to the pronounced
flowing, slopes with high values, high degree of deforestation etc.
The areas identified as being critical from the point of view of the
potential of flash-floods formation present a high risk for the
genesis and triggering other related phenomena such as floods
and landslides.

Keywords: flash-floods, susceptibility, Basca Chiojdului basin,
FFSI

Introduction

The analysis of the hydrological phenomena of
risk represents an actual concern of the scientists,
especially in the context in which these present an
increasingly frequency at the global level during the
last decades (Cao&Yue, 2006). Thus, nowadays, the
flash-floods represent one of the most dangerous
hydrological phenomena of risk, the worst
consequences being of a socio-economic nature
(Gaume et al., 2009). Climatic changes are one of
the main causes of the intensification of these
phenomena both in the last decades, and very
probable also in the future, is represented by the
(IPPC, 2007), but also by the inadequate anthropic
actions in the environment (eg. uncontrolled
deforestations).

The term of flash-floods means the quick rise of
a river’s level and flow, as an effect of an increased
quantity of fallout in a short period of time, this
being corroborated with an accelerated surface flow
due to some favourable factors, thus remains a very

Rezumat. Analiza susceptibilitatii genezei
viiturilor in aria bazinului hidrografic al raului

Basca Chiojdului

Prezentul articol 1isi propune identificarea arealelor cu
susceptibilitate mare in accelerarea scurgerii de suprafata a apei
si astfel in alimentarea viiturilor din bazinul hidrografic al raului
Béasca Chiojdului, bazin situat in una din cele mai vulnerabile zone
din Roméania (zona de curbura) la fenomenele hidrice de risc.
Analiza susceptibilitatii a fost posibila prin luarea in considerare a
zece factori principali cu un rol esential in geneza viiturilor pentru
ca in final sa rezulte o hartd a suprafetelor de versanti cu
susceptibilitate ridicata in alimentarea viiturilor si declansarea
acestora la nivelul albiei raurilor din bazin. Indicele propus, FFSI
(Flash Floods Susceptibility Index), rezultat in urma insumarii
factorilor analizati, prezinta cele mai ridicate valori in general in
cadrul arealului depresiunii Drajna, in aceasta zona fiind situate
principalele localitati din cadrul bazinului. Susceptibilitatea ridicata
a genezei viiturilor in aceasta zona se datoreaza asocierii a celor
mai multi factori de risc din cei analizati si anume litologie
favorabila scurgerii accentuate, pante cu valori ridicate, grad mare
de despadurire s.a. De asemenea, arealele identificate ca fiind
critice din punct de vedere al potentialului de formare a viiturilor
prezinta un risc ridicat si la geneza si declansarea altor fenomene
asociate precum inundatiile si alunecarile de teren.

Cuvinte-cheie: viituri, susceptibilitate, bazinul Basca
Chiojdului, FFSI

short period of time for warning (Norbiato et al.,

2008). At the same time, the concept of
susceptibility represents the probability that a
certain phenomenon to occur in an area

characterized by certain favourable environmental
conditions (Prefac, 2008).

The analysis of the susceptibility of the genesis’
premises and of the flash-floods’ manifestation
mode is of a vital importance because if this is
acknowledged, the socio-economic and ecologic
disasters can be prevented. Nowadays, in the
specialized literature there are numerous studies
regarding flash-floods as a factor of risk, these being
made especially at a regional scale (Gaume et al.,
2009; Marchi et al. 2010), but especially at a local
scale (Gaume et al.,, 2004; Sahoo et al, 2006;
Koutroulis & Tsanis, 2010; Zanon et al., 2010;
Zoccatelli et al., 2010 etc.). At European level, there
are three representative regions with a very high
potential of occurrence of the flash-floods, namely
the Mediterranean, alpine and continental areas
(Norbiato et al., 2008), Romania coming under the
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continental region with a high potential of
occurrence of these hydrological risk phenomena.

Also, the methodologies utilized are diverse in
the specialized literature in the flash-floods’ analysis
as hydrological risk phenomena, but nowadays there
are several accepted methods which are very
efficient regarding the forecast and the prevention
of the catastrophic effects of the flash-floods
(Norbiato et al., 2008; Braud et al., 2010). These
are based especially on the climatic factor analysis
(in general, the precipitations as a main factor that
generates the flash-floods) in relation with the
hydrological factor, in this case being the behaviour
of the precipitations at the contact with the
terrestrial surface, thus the intensity and the volume
of the surface flowing being influenced directly by
the features of the relief (lithology, slope, the extent
of the terrains etc.).

From the exclusive point of view of the analysis
of the flash-floods formation potential, in the
specialized literature one of the first evaluation
attempts of the flash-floods genesis susceptibility at
the level of a hydrographical basin belongs to Greg
Smith (2003), taking into consideration certain
favourable factors of the active surface flow in order
to bound the areas with a high potential of flash-
flood formation in the area of the Colorado river
basin in USA.In Romania, important studies
regarding the evaluation of the high potential of the
surface flow and therefore of the flash-flood have
been made by Chendes (2007), Zoccatelli et al.
(2010), Matreata & Matreata (2010), Teodor &
Matreata (2011), Minea (2011), Zaharia et al.
(2012), these studies mainly taking over and
adapting the initial methodology proposed by Greg
Smith. At a particular case, at the level of the
analyzed basin, studies regarding the occurrence of
the flash-floods and of other related phenomena,
such as the floods have been made by Zarea (2011),
Zarea & Ionus (2012).

Study area

The hydrographical basin of the Basca Chiojdului
river, sub basin of the Buzadu river, is situated in
Romania’s central south-eastern part (figure 1), at
the boundary between the Curvature Carpathians
and Subcarpathians, spreading approximately
equally on the two relief units. The mountain part of
the basin overlaps the Buzdu Mountains, more
exactly, the southern part of the Siriu Mountains,
while the Subcarpathian unit is represented by
Cornet , Pripor and Salcia Hills and Patarlagele
Depression. Also, between the hill and mountain
units here is also the submountaineous Drajna
Depression.

From the point of view of the surface, this
occupies an area of approximately 340 km2, coming
under the category of small basins, the most
vulnerable at the hydrological risk phenomena, such
as the quick flash-floods (Braud et al., 2010).

The relief of the basin presents heights between
239 m in Patarlagele Depression and 1496 m in
Curmatura Peak (Zarea, 2011) from Tatarului Crest,
with an average of 668 m. Over 79% of the basin
surface presents slopes that exceed 7°, these
reaching the value of 37° on the most sloped
surfaces. The average slope of the basin is of 11,6°,
this being one of the most important factors in
generating the flash-floods by accelerating the
surface flow (Constantinescu, 2006). Likewise, over
42% of the surfaces included in the Basca Chiojdului
Basin have a general southern distribution, above
these, during the summer there are forming
convective torrential rains (Rosu, 1980), potential
flash-floods generator.

The lithology is characterized mainly by the
presence of the sedimentary formations of the
Paleogene flysch, and in a small degree by the
Cretaceous flysch (Velcea & Savu, 1982). The
correspondents of the Cretaceous formations from
the Basca Chiojdului basin territory are hard rocks
such as limeous sandstones, green sloughing shales,
green shales, granodiorites with arkose etc. (The
Geological Map of Romania 1:200000 scale, 1970),
these being favourable for the occurrence of flash-
floods.

The climate is characterized by average annual
temperatures of 7° C (Clima Romaniei, 2008) in the
entire basin, while the quantity of precipitations rises
from 600 mm in Patarlagele Depression to 1200 mm
in Tatarului Crest (The Climatic Atlas of R.S.R.,
1966), thus determining a high potential of flash-
floods formation in the mountain area.

The hydrography is represented by the main
collector river, the Basca Chiojdului, with a total
length of 42 km and a multiannual average flow of
1,2 mc/s at the exit from the mountain space,
respectively 2,65 mc/s at the inflow in the Buzdu
river, which receives the main affluents Basca fara
Cale, Stamnic, Zeletin etc. One of the most
important factors of the hydrography in flash-floods
formations is the convergence, this being favourable
for the quick flow by the increase of the water
concentration degree along a hydrographical
network.

The natural vegetation of the basin includes
broadleaf forests such as the beech, the oak (Fagus
sylvatica, Quercus petraea) etc., and mixed forests
in the sector of the basin which overlap the
Curvature Carpathians with species of deciduous
trees mixed with coniferous such as the fir (Abies
alba), the pine (Pinus silvestris) and the spruce
(Picea abies) (Donita et al., 2005). The forestation
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index of the basin presents values of approximately
50% (CLC, 2006), which testifies for a high potential
of flash-floods formation as an effect of the lack of
the sylvan layer on approximately half of the basin’s
surface. From the point of view of the hydrological
role, the forest plays an important role in the
reduction of the negative effects of the surface flow
(Arghiriade, 1977), weighing against the
accentuated flow on the flank and thus, the flash-
floods formation.

The pedological layer of Basca Chiojdului basin is
formed in proportion of 53% of cambisols, followed
by evolved truncated soils and by loamy soils (ICPA,
Bucuresti). Cambisols and loamy soils with a clayish
texture favour the production of floods, generally,
there are soils with clayish texture, where water
from precipitation hardly infiltrates, thus accelerating
the surface flow (Matreata & Matreatd, 2011).

26"18°30°E
1

45°2TON
1

45"1630N
1

Legend

(7% catchment limit
A Altimetrical points
Rivers
® Human establishments
= Roads

45270N

8 Km
1 { TN N PR R |

T
2°90'E

T
26"1830°E

Figure 1: Localization of the hydrographical basin of the Basca Chiojdului

data processing geo-spatial.com

Data and methods

In order to highlight the areas with a certain
potential in the flash-floods formation, the FFSI
index (Flash Floods Susceptibility Index) was
proposed, this representing an adapted and
improved variant of the so-called FFPI (Flash Flood
Potential Index), which was proposed by Smith
(2003) and undertaken and adapted at the level of
Romania, as it was previously mentioned by

Matreatda & Matreata (2010), Teodor & Matreatd
(2011), Minea (2011) si Zaharia et al. (2012).

Thus, in order to increase the scientific exactness
in the bounding of the areas with high susceptibility
in the delivery and formation of the flash-floods, the
FFSI index was obtained by the integration of ten
physical, geographical and anthropic factors (figures
2, 3, 4) namely: lithology, the relief slope, the profile
curvature of the surfaces from the basin, the
proportion between the flanks’ length and their
slope (L-S factor), the aspect (a very important
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factor in the formation of the torrential convective
rains), the average annual sums of precipitations,
the convergence index, the shape factor of the type

I sub basins within Basca Chiojdului basin, the
texture of the soils and the extent of the terrains
within the territory of the basin.
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Figure 2: The spatial representation of the lithology (a), the values of the slopes (b), the profile curvature
(c) and the L-S factor index in the Basca Chiojdului basin

Factors such as the lithological composition, the
precipitations, the extent of the terrains, the texture
of the soils and the shape factor of the sub basins
have been initially obtained in a polygon vector

shape file, after which they have been transformed
in ArcGIS 9.3, in a raster format with the dimension
of the cell of 20m*20m (400 m2).
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Figure 3: The spatial representation of the aspect values (a), the annual average sums of precipitations
(b), the values of the convergence index (c) and catchment shape index (d) of Basca Chiojdului

At the same time, in the case of the lithological
spatialization, the Geological Map of Romania
1:50000 has been utilized in the projection system
Stereo 70, while in the case of the precipitations,
Romanian Climate, 2008 served as cartographic
support. Likewise, the extent of the terrains has

basin

been obtained with the help of Corine Land Cover
2006 database (European Environmental Agency),
while the texture of the soils has been obtained with
the pedological map 1:20000 in the projection
Stereo 70.
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Figure 4: The spatial representation of the pedological texture (a) and of the land cover (b) in Basca
Chiojdului basin

Georeferencing and projecting the cartographical
support has been realized with the help of Global
Mapper 12. The other 5 factors have been obtained
by their deduction from the Digital Elevation Model
corresponding to the hydrographical basin of the
Basca Chiojdului, obtained from the isoline and the
digitized altitude points from the topographical maps
1:25000, projection Stereo 70. The slope, the aspect
and the profile curvature have been derived with the
help of the corresponding tools within ArcGIS 9.3
software. The convergence index and the L-S factor
have been obtained by derivation from the Digital
Elevation Model in SAGA GIS 2.0.8. software via the
Basic Terrain Analysis module.

It must be mentioned the fact that the
convergence index and the L-S factor don't have a
specific unity of measure. In the case of the
convergence index, the maximum divergence is
marked by positive values (maximum 100) (chart 1),
and the maximum convergence by negative values
(maximum -100) (Constantinescu, 2006).

The calculation of the L-S factor index is based
on the formula: LS (m+1) (As/22,13)m (sin
B/0,0896)n, where m=0,4 and n=1,3
(Constantinescu, 2006). The values which are close
to zero indicate a reduced slope corroborated with a
large length of the flank, while the high values
indicate a high slope corroborated with a small
length of the flank, which amplifies the water flow
speed. The shape factor has also been calculated

using the formula Ff=F/L2, where F — the surface of
the basin and L — the length of the basin. Therefore,
as the basins tend to have a circular shape, the
values of the shape factor increase, indicating a high
potential of flash-floods formation, due to the
quicker concentration of the flow in the collector
river (Pisota et al., 2010). Contrary, in the case of
an elongated shape of the basins, the flow is less
intense and with a lower erosive force, thus the
potential of flash-floods formation being more
reduced.

The adding of the ten previously mentioned
factors has been realized in GIS medium, by
summing up the rasters corresponding to their
spatialization within the territory of the basin. The
operation was effectuated in the ArcGIS 9.3
software with the help of the Raster Calculator tool
from the Spatial Analyst extension. The cells’ side of
the ten grids has the dimension of 20 m. Each factor
was divided into 5 classes of values (chart 1)
depending on the degree of favourability at the
occurrence of the flash-floods which is presented by
their features. The utilization of the ortophotomaps
1:5000 from 2005, overlapped final map of
susceptibility, have confirmed the delimitation of
areas with high susceptibility in the genesis of flash-
floods, therefore numerous hydrographical torrential
generators of quick flash-floods and of high intensity
being observed.
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Table 1: The classification and the labelling of the physical, geographical and anthropic factors for
obtaining the susceptibility index FFSI in Basca Chiojdului basin

Parameters Type/values
Clays, sands, Gray marls, sandstones,  Shists, clay Sandstones,
Lithology marls, sandstones, siliceous sandstones, shales, gypsum  granodiorite, shists
calcareous marls, limestones, sandstones
sandstones silicates, dacite tuffs
Slope gradient (°) 0-3 3-7 7-15 15-25 > 25
Profil curvature
(radiani/m,) 099-174 0-0,99 (-2)-0
L-S Factor 0-2 2-4 4-6 6-8 >8
Aspect N, NE NV, E Flat zones SE, V S, SV
Precipitations 600 - 700 700 - 800 800 - 1000 1000 - 1200
(mm/an)
Convergence index >0 0-(1) -1)-(-2) 2)-(-3) (-3)- (-100)
Catchment shape 4,09 0,18-0,19 021-03 031-0,38 042-067
Soil texture Sandy- Loamy- Loamy... Loamy- Loamy
loamy...loamy- sandly...loamy, Loamy-clayey, varying clayey...clayey,
sandy Loamy-sandy textures, loamy Loamy-clayey
Land use Broad-leaved Fruit-trees, Arable land, agricultural  Natural Artificial surfaces,
forests, coniferous transitional lands with natural grasslands, bare rocks
forests, mixed woodland-shrub vegetations, moors and  pastures
forests heathland
Score given 1 2 3 4 5

Very low 16 - 21.2 Low 21.2 - 26.4

Medium 26.4 - 31.6

High 31.6 - 36.8 Very high 36.8 - 42

FFSI (class)

Results

After the application of the presented
methodology, the FFSI spatialization within the
territory of Basca Chiojdului basin was obtained (Fig.
5), having values between 16 and 42, these being
divided into 5 equal classes, each class representing
a certain degree of susceptibility of flash-floods
formation.

In this way, it is observed that the surfaces with
high inclination, corroborated with the surfaces that
lack sylvan vegetation and which overlap the hard
rocks, as well as those which present a high
convergence of the hydrographical network, and the
shape of the basins is circular greatly favour the
emergence and occurrence of the flash-floods.

The high and very high values of the index, of
over 31,6, appear in a proportion of 28%, especially
on the deforested flanks, with a reduced length,
with high slopes, characterized generally by an
increased convergence of the torrential and river
organisms. The most surfaces are concentrated
around Drajna Depression, an area with a low
degree of forestation, generally on the flanks which
descend from the neighbouring mountain units.

The average values of FFSI occupy the greatest
weight, i.e. 48% of the basin’s surface. The areas
with values between 26,4 and 31,6 of FFSI are
spread equally on the territory of the basin.
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Figure 5: The spatial representation of FFSI index
values within Basca Chiojdului basin

The small and very small values, under 26,4 of
FFSI, occupy approximately 24% of the basin’s
surface and generally characterizes the valley of the
Basca Chiojdului downstream of Chiojdu until it
flows into the Buzau river as well as the affluents
subbasins from the lower sector of the main basin:
Frasinet, Olari, the lower part of Zeletin Basin, Seaca
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Bascii and Huma. These low values of FFSI appear
as a consequence of the slope’s low values which
are present along the valley of the main river, as
well as the presence of the sylvan vegetation in the
secondary basins, on a sub layer generally formed
by gravel and sand formations. In this case, the
generating potential of some quick flash-floods is
reduced.The southern contact of Tatarului Crest with
Drajna Depression in the northern proximity of
Starchiojd and Batrani villages (fig. 6) is an area
with a great concentration, of over 52%, of the
values which exceed 31,6 of FFSI.

Several torrential organisms with a high potential
of flash-floods formation (fig. 7) approach towards
these villages, determining an increased vulnerability
at these hydrological risk phenomena. Another
vulnerability element which is present in this area is
the County Road 102L, which connects the
neighbouring villages from Prahova and Buzdu
counties.
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Another predisposed area to the flash-floods
formation appears in the perimeter of Pacura and
Smacinis basins, affluents on the left side of Basca
Chiojdului river. Here, the weight of the high and
very high values of FFSI reaches 55%. This area
predisposes Chiojdu village, situated in the south-
west, at a major risk in the case of the occurrence of
some quick flash-floods. In this region, an element
of vulnerability is represented also by the County
Road 102P placed in the major bed of the Basca
Chiojdului river. The hydrographical basin of Basca
fara Cale is also characterized in the lower sector by
a great potential of delivering the flash-floods,
especially on the steep slopes from the left side of
the river. This area increases the risk for Basca
Chiojdului village, situated at the junction of Basca
fara Cale and Béasca Chiojdului rivers in the case of
some torrential precipitations, potential generators
of quick flash-floods.
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Figure 6: The spatialization of the areas with a very high susceptibility in the flash-floods genesis in the

north of Starchiojd village
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Figure 7: The delimitation of the hydrographical torrential organisms with a very high potential of flash-
floods formation in the north of Starchiojd village

The high values of FFSI in these perimeters are
the result of the lack of the sylvan vegetation on the
flanks with slopes of over 15°, with a high
convergence of the hydrographical network, in the
context of the existence of a hard lithological
substratum, formed of kliwa sandstones, schist and
conglomerates.

It should be noted that the very high values of
the Flash Floods Potential Index (which represents
slope surfaces with high potential of runoff surface)
can provide indirectly information about the
formation potential of downstream floods, in the
meadow area of rivers. Following the
accomplishment of some studies on the formation
potential of floods (Costache & Pravdlie, 2012),
another hydrological phenomenon of risk, it was
found that the middle sectors of Bdtraneanca and
Stamnic rivulets, and the major part of the meadow
of the Basca Chiojdului river, are highly susceptible
to the occurrence of this phenomenon. This is due,
on the one hand, to the morphometric peculiarities
of the river bed in these sectors (large width, small
depth), and on the other hand, to the potential of
accelerated drainage from the upstream slopes,
potential analyzed in the present work.

Conclusion

The proposal of FFSI index, as an evaluation
methodology of the potential of flash-floods
formation, could have a special importance, because
these hydrological risk phenomena represent actual
issues in the contemporary society, current research
indicating the tendency of increased frequency in
the future. At the same time, the pragmatic results
of the proposed index may consist of the spatial
representation of the areas with a major risk in
triggering the flash-floods, therefore, existing the
possibility of preventing the negative effects by the
anthropic intervention and arrangement in the
critical areas.

Regarding the reliability of this proposed index,
following the spatial analysis via GIS systems, but
also following the direct observations on the field,
we consider that this succeeds the approximative
delimitation of the areas with high susceptibility in
the formation of the flash-floods. Its general
application at the level of the small basins, with a
high potential in the formation of the flash-floods
may represent an important methodology in the
prevention of the hydrological risk phenomena, but,
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however, it must be taken into consideration the
fact that the flash-floods are very quick hydrological
phenomena, with an occurrence which depends on a
great number of variables, thus their exact
prevention proving to be a very difficult one.
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