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3ÕÂÃÁÒÐÁÔÈÉÁÎ ÁÒÅÁ ÂÅÔ×ÅÅÎ "ÕÚáÕ ÁÎÄ 3ÌáÎÉÃ ÒÉÖÅÒÓȟ ÉÎ 2ÏÍÁÎÉÁȢ 
4ÈÅ 3ÕÂÃÁÒÐÁÔÈÉÁÎ ÁÒÅÁ ÂÅÔ×ÅÅÎ "ÕÚáÕ ÁÎÄ 3ÌáÎÉÃ ÒÉÖÅÒÓȟ ÌÏÃÁÔÅÄ ÉÎ ÔÈÅ 
south-eastern part of Romania, is one of the most affected areas by the 
torrential related phenomena. This occurs due to physical-geographical 
and economical-geographical factors, such as: slope, curvature profile, 
lithology, soil texture and land use. In order to calculate and spatially 
model the surface  runoff potential index, these factors were integrated 
and worked in GIS enviroment. Each characteristic of the factors was 
given a bonitation score,  according to the way that it influences surface 
runoff. By applying the methodology mainly taken after Smith (2003) 
[1] , the Flash-Flood Potential Index was obtained, with values between  
19.4 - 44.5. The highest values of the index correspond to deforestated 
ÓÌÏÐÅÓȟ ×ÈÉÃÈ ÅØÃÅÅÄ ρυΞȟ ÌÏÃÁÔÅÄ ÉÎ "áÌáÎÅÁÓÁ ÁÎÄ 3áÒáĪÅÌ ÒÉÖÅÒ ÂÁÓÉÎÓȢ  
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caracteristicilor factorilor fizico - Ħi economico-geografice precum: 
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ÃÕ ÖÁÌÏÒÉ ÿÎÔÒÅ ρωȢτ - ττȢυȢ  #ÅÌÅ ÍÁÉ ÒÉÄÉÃÁÔÅ ÖÁÌÏÒÉ ÓÅ ÿÎÒÅÇÉÓÔÒÅÁÚá ÐÅ 
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1. INTRODUCTION 

 The importance of delimitating surfaces with high runoff potential consists in the 

fact that the frequency of extreme meteorological events, such as torrential rainfall, has 

grown significantly much, causing violent and rapid high-floods. Due to these type of 

studies, measures can be taken more efficiently in order to diminish the severity of 

flowing phenomena.  

 In Romania, the subject of runoff has been studied, in several writings, by 

#ÈÅÎÄÅĦ ɉςππχɊ ɍςɎȟ :ÏÃÃÁÔÅÌÌÉ ÅÔ ÁÌȢ ɉςπρπɊ ɍσɎȟ -áÔÒÅÁ á ÁÎÄ -áÔÒÅÁá ɉςπρπɊ ɍτɎȟ 

Zaharia et al. (2012) [5]. The aim of the present study is to analyze, by using GIS 

techniques, the way that physical and economical-geographical factors influence the 

potential to surface runoff occurrence. The importance of this study also consists in the 

ÆÁÃÔ ÔÈÁÔȟ ÅØÃÅÐÔ ÉÍÐÏÒÔÁÎÔ ÌÏÃÁÌÉÔÉÅÓȟ ÓÕÃÈ ÁÓ 0áÔÝÒÌÁÇÅÌÅȟ #ÅÒÎáÔÅĦÔÉ ÁÎÄ "ÅÒÃÁȟ ÔÈÅ ÍÏÓÔ 

important touristic objectives are found in the study area: The Muddy Volcanoes, the 

.ÁÔÕÒÁÌ -ÏÎÕÍÅÎÔ ͼ,Á 'ÒÕÎÊͼ ÏÎ 3ÌáÎÉÃ ÒÉÖÅÒȟ 4ÈÅ !ÍÂÅÒ -ÕÓÅÕÍ ÆÒÏÍ #ÏÌĪÉȢ 4ÈÅÓÅ 

social-economical and cultural objectives could be harshly affected in case of runoff 

associated phenomena occurrence. 

 4ÈÅ 3ÕÂÃÁÒÐÁÔÈÉÁÎ ÁÒÅÁ ÂÅÔ×ÅÅÎ "ÕÚáÕ ÁÎÄ 3ÌáÎÉÃ ÒÉÖÅÒÓ ÉÓ ÌÏÃÁÔÅÄ ÉÎ ÔÈÅ ÃÅÎÔÒÁÌ 

south-eastern part of Romania (Figure ρɊȟ ÉÎ ÔÈÅ #ÕÒÖÁÔÕÒÅ 3ÕÂÃÁÒÐÁÔÈÉÁÎÓȟ ÉÎ ÔÈÅ "ÕÚáÕ 

Subcarpathians section. In terms of lithology, the substrate contains heavy rocks, which 

increase the runoff phenomenon in the approach of the Paleogene flysch, located on the 

contact area between Bocului HÉÌÌÓ ÁÎÄ )ÖáÎÅĪÕ [6] respectively on the contact area to 

the Curvature Carpathians. The study area is characterized by altitudes between 116 

and 876 meters, recorded on Bucului Hills (Figure 1).  

 The slope has a very important influence on runoff manifestation. The highest 

ÖÁÌÕÅÓ ÏÆ ÔÈÅ ÓÌÏÐÅ ÉÎ ÔÈÅ ÓÔÕÄÙ ÁÒÅÁ ÅØÃÅÅÄ ρυЈ ÁÎÄ ÏÃÃÕÒ ÉÎ ÁÌÍÏÓÔ ρφϷ ÏÆ ÔÈÅ ÔÏÔÁÌ 

ÁÒÅÁȢ 4ÈÅ ÈÉÇÈÅÓÔ ÖÁÌÕÅÓ ÃÏÒÒÅÓÐÏÎÄ ÅÓÐÅÃÉÁÌÌÙ ÔÏ ÈÉÌÌÙ ÓÅÃÔÉÏÎÓȡ "ÏÃÕÌÕÉȟ $ÝÌÍÅÉȟ "ÌÉÄÉĦÅÌ 

and Cornetului hills, located on the contact area between the Curvature Subcarpathians 

ÁÎÄ ÔÈÅ #ÕÒÖÁÔÕÒÅ #ÁÒÐÁÔÈÉÁÎÓȢ 4ÈÅ ÓÕÒÆÁÃÅÓ ×ÉÔÈ ÈÉÇÈ ÓÌÏÐÅ ÖÁÌÕÅÓȟ ÅØÃÅÅÄÉÎÇ ρυЈȟ ÈÁÖÅ 

a high runoff potential. 

 The main climatic characteristics of the study area are the multiannual mean of 

ÔÅÍÐÅÒÁÔÕÒÅȟ ×ÈÉÃÈ ÉÓ ψȟωЈ# ÁÎÄ ÔÈe multiannual average sum of precipitation, which is  

604 mm/year [7].  

 4ÈÅ ÈÙÄÒÏÌÏÇÉÃÁÌ ÎÅÔ×ÏÒË ÉÓ ÍÁÉÎÌÙ ÒÅÐÒÅÓÅÎÔÅÄ ÂÙ "ÕÚáÕ ÁÎÄ 3ÌáÎÉÃ ÒÉÖÅÒÓȟ 

which form the eastern, southern and western limit of the study area.  

 The vegetation has a major importance on surface runoff in the study area. The 

forest vegetation is represented by a very large number of broadleaf forest species and 

occupies almost 23% of the total study area [8]. The low weight of the forest in the study 

area, which has an important role in diminishing the surface runoff potential [9],  
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ÃÅÒÔÉÆÉÅÓ ÔÈÅ ÆÁÃÔ ÔÈÁÔ ÔÈÅ ÁÒÅÁ ÂÅÔ×ÅÅÎ "ÕÚáÕ ÁÎÄ 3ÌáÎÉÃ ÒÉÖÅÒÓ ÉÓ ÈÉÇÈÌÙ ÅØÐÏÓÅÄ ÔÏ 

torrential associated phenomena.  

 Regarding the edafic cover, soil texture has a major influence on runoff 

occurrence, because it influences water infiltration. In this case, the loamy-clay...clay 

texture of the soil determines a high and very high potential to surface runoff and occurs 

on 37% of the study area. 

 In 2006, according to the types of land use, forests represented almost 23% of the 

total study area, while pastures represented 20% of the total study area. In terms of 

surface runoff on the slopes, the following types of land use increase the phenomenon: 

pastures, bare rocks and built areas. 

 

2. METHODOLOGY 

 In order to realize this study, the flash-flood potential index was created and 

ÓÐÁÔÉÁÌÌÙ ÍÏÄÅÌÅÄ ÆÏÒ ÔÈÅ ÁÒÅÁ ÂÅÔ×ÅÅÎ "ÕÚáÕ ÁÎÄ 3ÌÁÎÉÃ ÒÉÖÅÒÓ. This index was 

proposed by Smith in 2003 [1], and was calculated for Colorado river. After, the index 

was adapted, used and improved by other researchers. In the present study, the index 
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was calculated by integrating five factors that influence the runoff process, by using GIS 

environment. Morphometric indexes such as slope (Figure 2) and profile curvature 

(Figure 3) were derived, in raster format, from the digital terrain elevation model, 

obtained from a 10 m cell size, by contours interpolation [10]. The other three factors, 

soil texture, lithology, and land use were firstly obtained as polygon features.  

  

 

The lithology (Figure 4) was obtained by vectorizing data from the Romanian 

Geological Map, at 1:200000 scale [11], the soil texture (Figure 5) was obtained from the 

Romanian Soils Map at 1:200000 scale, in digital format [12]. 

The land use (Figure 6) was obtained from the European Corine Land Cover data 

for year 2006 [8]. After, the factors in polygon format were converted to raster format, 

with a 10 m cell size, by using ArcGis 10.1. 
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 The factors were finally reclassified by establishing their bonitation scores 

according to their influence on surface runoff (Table 1). Finally, by using the Weight 

module of Idrisi Selva soft the weight of each factor was established in order to obtain 

the FFPI values for the study area, by integrating the factors. 

 

Parameters  Types/Values 
Litology ɀ 
16.87% 

Gravels, 
sands, loess 
deposits 

Marls, 
clays, 
lymeston
es 

Sandstones, 
calcareous 
shale, 
conglomerates 

Flysch with 
shale 
intercalation
s 

Sandstone 
of 
2áÃÈÉÔÁĦÕ 

3ÌÏÐÅɉΣɊ ɀ 
24.09% 

0-3 3-7 7-15 15-25 >25 

Profile 
curvature ɀ 
18.93% 

  -5.3 - 0 0 ɀ 0.9 0.9 ɀ 5.5 

Soil texture ɀ 
18.68% 

Loamy-
sandy...loa
my 

Loamy Varying 
textures, 
loamy...loamy-
clay 

Loamy-clay, 
loamy-
clay..clay 

Clay 

Land use ɀ 
21.42% 

Forests Transitio
nal 
woodland
-shrub 

Agricultural 
zones, 
vineyards 

Pastures Build 
areas, 
bare rocks 

Bonitation 
score 

1 2 3 4 5 

FFPI class 
(1990, 2006)  

19.4 ɀ 24.4 24.4 ɀ 
29.4 

29.4 ɀ 34.5 34.5 ɀ 39.5 39.5 - 44.5 

 

 

3. RESULTS 

          By applying the methodology described above, the Flash Flood Potential Index 

ɉ&&0)Ɋ ×ÁÓ ÏÂÔÁÉÎÅÄ ÆÏÒ ÔÈÅ 3ÕÂÃÁÒÐÁÔÈÉÁÎ ÁÒÅÁ ÂÅÔ×ÅÅÎ "ÕÚáÕ ÁÎÄ 3ÌáÎÉÃ ÒÉÖÅÒÓȢ 4ÈÅ 

FFPI values are between 19.4 and 44.5 (Figure 7). The values were grouped in five 

classes, by equal intervals. As a result, the first class of values, between 19.4 ɀ 24.4, 

corresponds to a very low potetial to surface runoff.  
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 These values occur on almost 3% of the study area, generally on the areas with 

ÌÏ× ÓÌÏÐÅÓ ÏÎ "ÕÚáÕ ÒÉÇÈÔ ÒÉÖÅÒÓÉÄÅȟ ÎÅÁÒ ÔÈÅ ÊÕÎÃÔÉÏÎ ÁÒÅÁ ÂÅÔ×ÅÅÎ ÔÈÅ ÍÁÉÎ ÒÉÖÅÒ ÁÎÄ 

ÉÔÓ ÔÒÉÂÕÔÁÒÉÅÓ  !ÌÕÎÉĦȟ "áÌáÎÅÁÓÁ ĦÉ 3ÌáÎÉÃ ɉ&ÉÇÕÒÅ χɊȢ 4ÈÅ ÓÅÃÏÎÄ ÃÌÁÓÓ ÏÆ &&0) ÖÁÌÕÅÓȟ 

between 24.4 ɀ 29.4, occurr on almost half pound of the study area. This class of values 

ÃÏÒÒÅÓÐÏÎÄÓ ÔÏ ×ÏÏÄÙ ÁÒÅÁÓ ÆÒÏÍ "ÌÉÄÉĦÅÌÕÌÕÉ ĦÉ "ÏÃÕÌÕÉ ÈÉÌÌÙ ÓÅÃÔÏÒÓȟ ÃÈÁÒÁÔÅÒÉÚÅÄ ÂÙ 

relative low slopes. The average values of  FFPI, between 29.4 ɀ 34.5, occurr on 52% of 

the study area, on extended surfaces on almost all relief subunits, typical to agricultural 

ÌÁÎÄÓ ×ÉÔÈ ÓÌÏÐÅÓ ÂÅÎÅÁÔÈ ρυΞȢ4ÈÅ ÈÉÇÈ ÁÎÄ ÖÅÒÙ ÈÉÇÈ ÖÁÌÕÅÓ ÏÆ &&0)ȟ ÂÅÔ×ÅÅÎ στȢυ ɀ 

44.5 represent almost 21% of the study area. These occurr mainly in the western part of 

the study area (Figure 7), especially on the contact area with the Curvature Carpathians. 

Regarding the sub-basin allocation, the most affected areas are highlighted: the upper 

ÁÒÅÁ ÏÆ 3áÒáĪÅÌ ÂÁÓÉÎ ɉ&ÉÇÕÒÅ χɊ ÁÎÄ ÔÈÅ ÃÅÎÔÒÁÌ ÐÁÒÔ ÏÆ  "áÌáÎeasa basin. These values 

ÃÏÒÒÅÓÐÏÎÄ ÔÏ ÄÅÆÏÒÅÓÔÁÔÅÄ ÓÌÏÐÅÓ ×ÈÉÃÈ ÅØÃÅÅÄ ρυΞȢ $ÕÅ ÔÏ ÔÈÅ ÔÈÅ ÈÉÇÈ ÓÕÒÆÁÃÅ ÒÕÎÏÆÆ 

potential of these areas, The National Administration of Romanian Waters, through the 

"ÁÓÉÎ !ÄÍÉÎÉÓÔÒÁÔÉÏÎ ÏÆ "ÕÚáÕ-)ÁÌÏÍÉĪÁȟ ÒÅÁÌÉÚÅÄ ÉÎ ςπρρ Ôhe  Projection Task  


