
 

 

  

 

 

 

THE IDENTIFICATION OF SUITABLE AREAS FOR 
AFFORESTATION IN ORDER TO REDUCE THE 

POTENTIAL FOR SURFACE RUNOFF IN THE 
UPPER AND MIDDLE SECTORS OF  

BUZĂU CATCHMENT 

 

Romulus COSTACHE 
 

 

 

 

 

Contents: 
 
1. INTRODUCTION ..................................................................................................................................................... 95 
2. STUDY AREA ............................................................................................................................................................ 95 
3. DATA AND METHODOLOGY ............................................................................................................................. 97 
4. RESULTS .................................................................................................................................................................... 98 
5. CONCLUSIONS ..................................................................................................................................................... 101 
6.     AKNOWLEDGEMENTS………………………………………………….…………………………….………………..102 

7.     REFERENCES……..………………………………………………………………………...………………….…………..102 

 

 

 

Cite this document: 
Costache, R., 2015. The identification of suitable areas for afforestation in order to reduce the 
potential for surface runoff in the upper and middle sectors of Buzău catchment. Cinq Continents 
5 (11): 93-103  

Volume 5 / Numéro 11 

Eté 2015 

ISSN: 2247 - 2290 

p. 93-103 

Faculty of Geography, University of Bucharest 
National Institute of Hydrology and Water Management, Flash-Flood Forecasting and  

Warning Department, Bucharest, Romania 
costache.romulus@hidro.ro, romuluscostache2000@yahoo.com 

 



Cinq Continents Volume 5, Numéro 11, 2015, p. 93-103 

 

[94] 
 

The identification of suitable areas for afforestation in order to reduce 
the potential for surface runoff in the upper and middle sectors of 
Buzău catchment 

Romulus Costache 
 

 
Identificarea arealelor pretabile pentru împădurire pentru a reduce 
potențialul scurgerii de suprafață în sectorul superior și mijlociu din 
bazinul hidrografic Buzău. Defrisările, alături de schimbările climatice 
globale, reprezintă cea mai importantă cauză a intensificării efectelor 
inundațiilor și a viiturilor din ultima perioadă. În condițiile în care 
scurgerea accelerată a apei pe versanți este fenomenul principal 
premergător producerii unei viituri sau a unei inundații, sunt necesare 
măsuri de împădurire, învelișul forestier fiind la nivelul unui bazin 
elementul care reține cea mai mare parte din apa căzută din precipitații. 
Zona de studiu reprezentată de sectorul superior și mijlociu al bazinului 
hidrografic al râului Buzău este una din cele mai afectate regiuni ale 
României de fenomenele asociate torențialității. De asemenea, aceasta a 
fost aleasă ca zonă de studiu din cauza defrișărilor masive care au avut loc 
aici. Lucrarea de față propune o metodologie realizată exclusiv prin 
intermediul tehnicilor GIS, pentru a identifica arealele cu pretabilitate la 
acțiunile de împădurire. Astfel au fost considerați ca factori în mediul GIS 
modul de acoperire a terenurilor și panta reliefului. Prelucrarea bazei de 
date și obținerea rezultatelor finale au fost posibile prin implementarea 
unui flux de lucru în Model Builder din ArcGIS 10.3, acesta putând fi 
ulterior utilizat ca un instrument și pentru alte zone de studiu. Rezultatele 
studiului evidențiează bazinele hidrografice ale râurilor Bălăneasa, Bâsca 
Chiojdului și Sărățel cu ponderile cele mai ridicate ale zonelor pretabile 
pentru împădurire comparativ cu suprafața bazinelor hidrografice. 
 
Cuvinte cheie: împădurire, GIS, Model Builder, Buzău, scurgere de 
suprafață. 

 
The identification of suitable areas for afforestation in order to 
reduce the potential for surface runoff in the upper and middle 
sectors of Buzău catchment. Deforestations, besides the global climate 
change, are the main cause of the intensification of floods and flash-floods 
in the latest years. Since surface runoff is the main phenomenon leading to 
floods or flash-floods, afforestation is necessary, forest coverage being the 
element that retains most of the water from precipitation. The study area, 
represented by the upper and middle sectors of Buzau River basin, is one of 
the most affected regions of Romania by torrential phenomena. Also, the 
study area was chosen due to its considerable deforestation. This paper 
proposes a methodology created exclusively by GIS techniques in order to 
identify the areas suitable for afforestation. Thus, land cover and slope 
relief were taken into account when running the GIS model. Database 
processing and obtaining the final results were possible by implementing a 
workflow in Model Builder from ArcGIS 10.3, which can be later used as a 
tool for other study areas. The results of the study highlight Balaneasa, 
Bâsca Chiojdului and Sărăţel river basins, which record the highest shares 
of areas suitable for afforestation. 
 
Keywords: afforestation, GIS, Model Builder, Buzău, runoff. 
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1. INTRODUCTION 

 Nowadays, flood and flash flood are considered the most destructive natural 

phenomena, which cause the largest economical loss at a global scale and also most of 

the human life loss [1]. The main cause of the increase of the intensity and frequency of 

these phenomena is the global climatic changes. The ground vegetation is another factor 

with influence on flash-flood and flood occurrence. The deforestations on large areas 

across the globe caused the increase of surface runoff. The surface runoff process is 

approached in many hydrological scientific researches (Smith [2]; Bilașco[3]; Drobot & 

Chendeş[4]; Fontanine & Costache [5]; Costache & Prăvălie[6]; Prăvălie & Costache [7]; 

Minea [8]; Costache et. al. [9]; Costache [10]). 

Romania has recorded one of the most damaging flash-floods and floods from the 

European countries in the last decades [11]. The upper and middle sectors of Buzău 

catchment are located in one of the most exposed regions of Romania to torrential 

phenomena. The lack of forests over large surfaces across the sub-basin of the study 

area is one of the main causes of the severe floods and flash-floods. In the last years, 

many events associated with active surface runoff occurred, which led to destructive 

floods and produced many economic damage and loss of human life. Slănic, Sărățel and 

Bâsca Chiojdului catchments were the most affected areas within the entire study area. 

Under these conditions, measures like hills afforestation are required in order to 

reduce the potential for surface runoff [12, 13]. In this study, a methodology based on 

GIS techniques was used for delineating the slope with a suitability for afforestation 

works. Thereby, the susceptible surfaces to runoff occurrence are those which have a 

slope higher than 7°, while according to the type of land cover, the surfaces covered with 

pastures were considered to have a high suitability for afforestation works, taking into 

account the lower economic importance and the lower roughness coefficient.   

 

 

2. STUDY AREA 

 The upper and middle sectors of Buzău catchment are located in the central – 

south-eastern part of Romania, included in the Subcarpathian hills and Carpathian 

Mountains (Fig. 1). The surface extension of the study area covers approximately 3760 

km², which represent 66% of the entire Buzău river catchment. The altitudes range 

between 114 m at the exit of Buzău river from the Curvature Subcarpathians area and 

1915 at the highest peaks from the Carpathian Mountains. Taking into account the 

surface, the most important sub-basins from the study area are: Bâsca, Bâsca Chiojdului, 

Bălăneasa, Câlnău, Nișcov, Sărățel, Slănic and Siriul Mare (Table 1). The mean slope 

value within the Upper and middle sectors of Buzău catchment is 11.7°, with the highest 
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values in Bâsca and Siriul Mare catchments. The high slope values favour the surface 

runoff occurrence.  

Forest cover has a very important role in terms of regulating the hydrological 

regime both on the slopes and the river valleys [14].   

Within the study area, the most forested basin is Bâsca (661 km2), with an 

afforestation rate of 84%. The lowest coefficient of afforestation is recorded in Câlnăul, 

23%, followed by Sărăţel with 28%. These sub-basins, located in the Subcarpathian area, 

are highly covered by meadows, which have a high exposure to hydrological risk 

phenomena. 

 
Figure 1. The upper and middle sectors of Buzău catchment, Romania 

 

Furthermore, in terms of statistics, Sărăţel and Slănic basins are the most exposed 

to hydrological risk phenomena, compared to other sub-basins located in the upper and 

middle sectors of Buzău river basin.  
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Table 1. The afforestation surfaces and coefficients across the sub-basins components of study area 

 

Bazin River basin 

surface (km2) 

Forest 

 surface (km2) 

Afforestation 

coefficient 

Bălăneasa 190 70 0.37 

Bâsca Chiojdului 342 173 0.51 

Bâsca Mare 785 661 0.84 

Câlnău 174 39 0.23 

Nișcov 212 157 0.74 

Sărățel 189 53 0.28 

Siriul Mare 84 68 0.81 

Slănic 428 170 0.40 

 

 

3. DATA AND METHODOLOGY 

 In order to identify the suitable areas for afforestation, digital data on land cover 

in the study area (Corine Land Cover, 2006) and a digital elevation model with 30 m cell 

size obtained from the model Global SRTM were used. 

 In a first stage, data regarding land cover and the Digital Terrain Model was 

processed through GIS techniques. Slope values were obtained through the Digital 

Terrain Model, in raster format, with 30 m cell size. 

 Furthermore, areas with slope values higher than 7º were delimited through the 

Con tool in Spatial Analyst extension of ArcGIS 10.3 software, which are the most prone 

to surface runoff (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Workflow developed in Model Builder for assessing the afforestation suitable areas 
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The relation applied has the form: "Value> 7", being possible to assign a unique 

cell value to the remaining cells after the application of the mentioned condition. The 

necessity to create a raster with the same cell values is given by the subsequent overlap 

with the raster representing the areas covered with pastures. 

 The land cover polygon data was converted from vector format to raster format, 

regarding only those areas occupied by pastures (Figure 3.b). These were chosen taken 

into account their influence on surface water runoff and also that these are less 

economically important areas than other types of land cover, such as agricultural areas 

or built areas. In order to perform the overlap with the slope raster, areas representing 

the pastures were converted to raster format with a unique value, respectively 1. 

All the operations were integrated in an ArcGIS Model Builder workflow, which 

can be used for any other area in order to achieve a similar analysis. 

Once the suitable areas for afforestation and measures against surface runoff 

effects identified, due to Zonal Statisicts tools in ArcGIS 10.3, their extent within each 

important sub-basin was also obtained. 

 

4. RESULTS 

 

 By following the described methodology in the previous chapter, the suitable areas 

for afforestation works in order to reduce the torrential character of the surface runoff 

were delimited across the upper and middle sectors of Buzau River basin. Most such 

areas are located in the Subcarpathian region of the study area, where there are 

extended areas covered with pastures and slopes with a gradient exceeding 7º (Figure 

4). Areas suitable for afforestation were also identified in the north-western part of the 

study area, near Buzau River springs. On the whole, the areas requiring afforestation 

works, according to the developed model, occur on 8% of the total study area, 

respectively 300 km2. 
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Figure 3. Slope values across the study area (a) the spatial extent of pastures within the study area (b) 
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 Regarding the sub-basins of the study area basins, the surfaces identified through 

the applied model in ArcGIS 10.3 range from 4 km2 in Nișcov river basin to 44.1 km2 in 

Bâsca Chiojdului and Slănic river basins (Table 2). According to Prăvălie and Costache 

[15], Bâsca Chiojdului, Bătrâneanca and Stâmnic sub-basins have a high susceptibilty to 

surface runoff. Also, extended areas within these sub-basins were identified through the 

developed model, as being suitable for afforestation activities in order to reduce surface 

runoff. Regarding the share of the total surface suitable areas for afforestation, Sărățel is 

on the first position with almost 15% of the total, followed by Bâsca Chiojdului with  

13% and Bălăneasa  with 12% of its total area. 

 Figure 4. The surfaces suitable for afforestation within the sub-basins of the study area 

 

The lowest share of areas identified as suitable for afforestation is recorded in 

Nişcov basin, where these surfaces occupy only 2% (Fig. 5) of the total basin area. 

Reduced values are also recorded in Bâsca Mare, Siriul Mare and Câlnău catchments. 
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Table 2. The afforestation suitable surfaces across the sub-basins of the study area 

Sub-basin Surface (km2) Afforestation 
suitable surface 

(km2) 

Weight from sub-
basin total surface 

(%) 
Bălăneasa 190 22,7 11,9 

Bâsca Mare 785 29,7 3,8 
Bâsca Chiojdului 342 44,1 12,9 

Câlnău 174 10,1 5,8 
Nișcov 212 4,0 1,9 

Siriul Mare 84 4,6 5,4 
Slănic 428 44,1 10,3 

Sărățel 189 27,9 14,8 
 

 
 

Figure 5. The weights of afforestation suitable surfaces within the sub-basins of the study area 

 

5. CONCLUSIONS 

 The methodology used in this study to identify the suitable areas for 

afforestation, in order to diminish surface runoff processes, is very useful because it can 

be applied to any area, and the results can be practical and quickly obtained. 

 Thus, by developing the workflow in ArcGIS 10.3 software, due to Model Builder, 

it was possible to achieve a specific instrument. The practical utility of the results is that 

by identifying the areas suitable for afforestation works, their implementation could 

diminish many of the negative effects of floods, especially of flash-floods. The accuracy 

and relevance of the obtained results depends on the input data accuracy. 

 In the study area, the river basins which were statistically the most affected by 

floods and flash-floods over time have the highest shares regarding the suitable areas for 

afforestation. 
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