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Abstract 
The placement of constructions in the areas subjected to hydrogeomorphological hazards is a global issue. Problems 

of hydrogeomorphological risk are registered between the communes of Broșteni and Poiana Teiului. For the analysis 

of the construction’s favorability, we analyzed the following elements: the elevation model of the terrain, the declivity, 

the usage of the land, the depth of the terrain’s fragmentation, and the terrain’s vulnerability to floods. The map of the 

slopes, together with the guide for the application of the construction’s placement regulations, highlight the 

morphological favorability for the placement of constructions. The map of land usage was realized based on the 

orthophoto map realized in 2012, and on the topographic and cadastral plans (1981) on a 1:5000 scale. The distribution 

of the categories of usage in the territory represents a significant parameter for the evaluation of the susceptibility of 

the manifestation of hydrogeomorphological processes with a negative impact. The map of flooding risk was realized 

in order to highlight the destructive potential of the floodplains, with a probability of 1% and 5%. The depth of the 

terrain fragmentation reflects the altitudinal steps from the level of the minor river bed towards the meadow section 

and towards the slope so that the favorability of the construction will be highlighted (according to the legal 

stipulations). The placement of constructions in the proximity of the minor river bed can be observed. This is due to 

the existence of large slopes on the largest part of the valley sector. Unfortunately, the lower meadows of the terraces 

do not represent the most favorable placement location of houses, because they are subject to floods, especially to the 

associated ones (rising levels of water and thaw formation). 
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INTRODUCTION 

Hydric risks in large river basins are some of the 

most frequent threats associated with natural 

hazards [1, 2]. In the first place, for the optimal 

management of these situations, it is required to 

realize the detailed cartographic materials, which 

will highlight the areas that are most vulnerable to 

the risk phenomena [3-5]. These thematic maps and 

detailed plans facilitate the development of specific 

strategies and measures that can lower the impact 

of natural events [6]. 

The spacing of the territories affected by the 

overflowing waters during floods is highly 

important in the plans of regional and local 

improvement of the territory. The risk of flooding 

is a subject that is extremely well studied at both a  

 

national [7-19] and international [20-29] level  

because the material damage and loss of human life 

caused by these events are very high [30, 31]. 

This study aims to delimitate the areas favorable to 

construction from the areas that are unfavorable, in 

order to be able to highlight whether the current 

placement of the construction is in the area with a 

hydro-geomorphologic risk potential, and to 

intervene in the future with measures that are in 

accordance with the safety of the population. 

Throughout the study, we aim to discover the 

graphic representation of the land use in relation to 

the slope of the land and the floodplains with 

different probabilities (0.1%, 1%, 5%).
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STUDY AREA 

The Bistrita River springs from the Rodnei 

Mountains, at an altitude of 1850 meters, and it is 

located in North-eastern Romania, in the Eastern 

Carpathians [32]. The area proposed for study is 

located at roughly the middle of the distance 

between the spring of the river and its spill into the 

Siret River, between the town of Brosteni 

(47°14’39’’ N lat. - °41’53’’ E long.) and Poiana 

Teiului (47°6’42’’ N lat. - 25°55’26’’ E long.), on 

the territory of the Neamț and Suceava Counties. 

Located on the north-eastern side of the country,  

 

Bistrița is in a fully temperate area which is 

dominated by a temperate continental climate with 

weak oceanic influences. Thus, the relief of the 

region has evolved within the fluvial modeling 

system. The Carpathian landscape crossed by the 

Bistrița River is made up of medium mountains. 

The general character is given by the orientation of 

the peaks in accordance with the great structural 

lines on the NW – SE direction. The landscape 

fragmentation is accentuated, being constant at an 

altitude of approximately 700-900 meters (Fig. 1).

 

 
Figure 1. The localization of study area

 

METHODOLOGY 

Throughout this study, we used the following 

software: ArcGIS 10.2, SAGA Gis, Global Mapper 

17, R2V, Microsoft Office 365. The database 

needed for the creation of the study consists of the 

following raster and vector cartographic materials: 

topographic plans (1:5000), cadastral plans (OCPI 

Neamț), the digital elevation model of the ground 

(realized based on the 1:5000 topographic plans), 

Digital Terrain Model (DTM) obtained using 

LIDAR technology (with a  5 m DTM resolution), 

Orthophoto map 2012 in 1970 stereographic 

projection, floodplains (0.1%, 1%, 5%) – ABA 

Siret [33-42]. 

In order to highlight the areas with a slope 

favourable to the placement of houses, it was 

necessary to have a cartographic support which 

would serve as a basis for calculating the necessary 

parameters. The digital elevation model, obtained 

through the digitalization of the elements of relief 

from the 1:5000 topographic plains, represent the 

base of this study. The topographic plans were 

taken from OCPI Piatra Neamț. The next phase 

consisted in the vector representation of all the 

categories of land usage, in order to identify the  

 

 

relative frequency of the land surfaces placed 

according to the current norms. The floodplains 

with three probabilities (0.1%, 1%, and 5%) were 

taken from ABA Siret and are used in order to 

highlight the territories affected by flooding risks. 

In order to map the areas favourable to construction 

according to the slope of the land, it was necessary 

to realize a map of the slopes, reclassified on four 

classes (class 1 – maximum favourability, class 2 – 

restrictive favourability, classes 3 and 4 – totally 

unfavourable). The map of the fragmentation depth 

was realized in order to highlight the altitudinal 

steps and their layout in the territory. After 

identifying the maximum and minimum altitude on 

the same surface, it was possible to validate whether 

the area was favourable for construction in 

accordance with the calculated relief energy. An 

important phase of this study consisted in the 

overlapping of the floodplains with the thematic 

layers obtained. This phase was necessary for 

highlighting the areas that are favourable for 

construction from a geomorphological point of 

view, but with hydrologic restrictions caused by the 

flood risk susceptibility.



ACTA GEOBALCANICA  

5-1, 2019, pp. 21-28 

23 

RESULTS AND DISCUSSIONS 

After the maps were created, the four classes of 

favorability on construction were delimitated. The 

analysis was realized in the extreme classes: 1 and 

4 (favorable and unfavorable). The 1st class, with a 

slope of 0° to 4.5°, represents maximum 

favorability for house placement, with no 

restrictions. It can be observed that the highest 

favorability is on the lower terraces of the meadows  

(with an altitude of 5 to 10 m from the minor river  

 

bed) and isolated, on the higher terraces. The 2nd 

and 3rd classes, with a slope of 4.5° to 13.5°, are 

mainly encountered on the terraces with a higher 

altitude and on the slopes. The 4th class, with a slope 

higher than 13.5°, where house placement is 

impossible, occupies the largest surface in the area 

of study and it is dominated by forests, pastures, and 

grasslands.

 

 
Figure 2. Land use and the relative frequency of flooded surfaces; a. Land use in an area with a favourable 

declivity; b. Land use in an area with an unfavourable declivity; c. Relative frequency of flooded surfaces in an area 

with favourable declivity; d. Buildings in an area with favourable slope, e. affected by flood

 

Figure 2a presented on the following page, 

highlights the usage of land in an area with a 

favourable declivity. This graph was obtained as a 

result of crossing two thermal layers: the vector  

 

polygons obtained from the reclassified map of the 

slopes and the land usage. This graph highlights the 

relative frequency of the categories of usage in the 

areas with a favourable slope. The percentage 
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values represent the surface occupied by each  

category of usage in this area with reduced slope, 

favourable to house placement. 

The arable land occupies the largest part of the 

surface (44.86%), followed by yards and other 

related constructions. The degraded land is located 

mainly in the proximity of the minor riverbed of the 

Bistrița River, in areas with water erosion. Here, the 

declivity is at its lowest point, which is why the 

damaged land occupies a significant territory of the 

total surface with the favourable inclination 

(12.75%). The smallest percentage of the surface is 

occupied by forests and pastures, their distribution 

being more common in an area with a higher slope, 

specific to the mountain area.  

The distribution of the categories of usage suggests  

the unfavorability of housing placement in this area 

with high declivity, of more than 18° (>30%) (Fig. 

2b). Of the total surface with unfavourable slope, 

0.19% is occupied by constructions. Due to the 

restricted space of the areas with low declivity, in 

this unfavourable zone, the arable land consists of 

only 4.19%. Grasslands and forests are currently the 

main categories of land usage in this area.  

The construction of houses in the area with a high 

slope requires high expenditures because an 

additional resistance structure must be created. 

Access paths are difficult to create, and because of 

this reason, there is a tendency for houses to be 

created in a more favourable declivity area, notably 

in the river beds and on the lower terraces. 

 

 
Figure 3. Cartographic representation of the favorability of building placement and of flood band with 0.1%, 1%, 

and 5% probabilities: a. Broșteni and Neagra; b. Hăleasa and Lungeni; c. Mădei and Pârâul Cârjei; d. Popești, 

Frumosu, and Pârâul Fagului; e. Borca and Sabasa; f. Soci

It has been demonstrated that although the meadow 

of the Bistrița river and its associated terraces have 

a slope that is favorable to house placement and 

agricultural activities, a large part of the area is 
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susceptible to flooding, with different probabilities 

(0.1%, 1%, 5%). By intersecting three thematic 

strata (the area with favorable declivity, the usage 

of land, and the floodplains) all the types of land 

usage susceptible to flooding are highlighted 

(Figure 2c). The arable land occupies the largest 

floodable surface in the sector with a slope lower 

than 4.5° (17.57% in the case of the floodplains 

with a 1% probability, and 28.22% in the case of the 

floodplains with a probability lower than 0.1%). 

The total number of constructions from the whole 

study area is 17,861 (Figure 2d). Out of these, 

10,008 are placed in an area with favorable slopes, 

and the other 7,853 are placed in areas with 

restrictions regarding the construction of houses 

(due to the high slopes). Of the 10,008 

constructions placed in a favorable area from a 

geomorphological perspective, by crossing the 

floodplains with the 1% flooding probability, it was 

proven that 3,701 of them are at risk of flooding. 

(Fig. 2e). The 0.1% flooding probability can affect 

5,617 constructions from the total of 10,008 placed 

correctly from a geomorphological point of view 

(favorable slope). The floodplains with a 5% 

probability intersect 508 constructions. 

 

 
Figure 4. Flood risk maps within mountain sector of Bistrita River
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The overlapping of land usage and floodplains with 

the slope classes revealed the areas favorable to 

construction from a hydro-geomorphological 

perspective. The town of Broșteni is located in a 

favorable area because the declivity is low and the 

flooding risk is insignificant (Fig. 3a). The  

floodplain of 1% completely affects the lower 

meadow terrace (2-3 m) in Hăleasa, and the 0.1% 

spreads over the 5 m terrace, affecting most of the 

constructions (Fig. 3b). The slope favorability for 

construction is extended on a large surface, but the 

houses are placed in an area with a hydrologic risk. 

The 0.1% floodplain covers 75% of the village of 

Mădei, and the 1% floodplain covers 50% of it. This 

shows that most of the houses were placed wrongly, 

without taking into consideration the risk of 

flooding (Fig. 3c). In Pârâul Cârjei there is a 

flooding risk only on the 5 m terrace, the rest of the 

town being placed safely on the 10 m terrace. 

Popești is located on the 45 m terrace. From a 

declivity perspective, this village is placed in the 

second class of slope favorability (4.5° – 9°) but 

there are no chances of it being affected by flooding 

(Fig. 3d). On the other hand, the village of Frumosu 

is almost completely floodable, especially during 

winter, especially due to the freeze-thaw 

phenomena. The village of Sabasa is placed on an 

alluvial area, favorable to house placement in a 

proportion of 80% (Fig. 3e). The 1% and 0.1% 

floodplains enter the 5 m terrace surface and 63 

constructions become susceptible to flooding, out 

of which 26 are houses. The most critical situation 

is in the Soci locality, in the Borca commune, 

located on a terrace with an altitude of 5 m (Fig. 3f). 

The whole village is placed on an area that is 

favorable from a geomorphological perspective 

(small declivity: between 0° and 4.5°). But at the 

same time, from a hydrologic perspective, the 

whole area with a favorable slope is susceptible to 

flooding on a 0.1% probability. 

The 0° – 4.5° slope class (which occupies 28% of 

the studied area) is almost continuous in the 

longitudinal profile of the river. It corresponds to 

the sector of meadows and lower terraces. The 

value range is between 4.5° and 18° and 

corresponds to the joining surfaces (slopes, 

terraces), to the upper terraces and the secondary 

interfluves (that were caused by erosion by the 

tributaries of the Bistrița River), all being inclined 

towards the valley. The areas with inclinations 

ranging between 18° and 35° occupy a significant 

surface in the Bistrița Valley, in the Broșteni – 

Poiana Teiului sector. The greater share of these 

surfaces with high declivity is in the proximity of 

Borca (Bistrița Mountains) and on the left slope, an 

almost all of its length. The high slope of the land 

favors the violent flow of Bistrița’s tributaries, 

favoring strong floods. 

We have opted for a qualitative risk assessment of 

the floods. Firstly, this involved the identification 

of risk receptors, and secondly the assessment of the 

vulnerability of the identified objects that are 

exposed to flooding, taking into account the depth 

of the water and the potential damage caused to the 

flooded objectives, as well as the impact on the 

considered risk receptors (Fig. 4). In this case, the 

water from abundant precipitation and transported 

in floods represents the hazard. The villagers, 

houses, and the land represent the vulnerable factor 

that generates the risk phenomena. The high risk 

degree is suggested by the large surface of yards 

and of constructions that are at risk of flooding with 

the probabilities of 0.1%, 1%, and 5%.

 

CONCLUSIONS 

After analyzing the cartographic materials and the 

related graphs it is noticed that in the proximity of 

the minor riverbed of the Bistrița River the 

following categories of land usage are predominant: 

yards, constructions, and arable land. The houses 

are located on the lower meadow terraces. The 

surfaces with reduced declivity favor their 

placement from a geomorphologic perspective, but 

at the same time, from a hydrologic perspective, 

they are susceptible to flooding. The surface that 

does not imply a hydro-geomorphological risk is 

very restricted. More than half of the total number  

 

 

of houses are placed in an area with a risk potential.  

The mountain area from Bistrița Valley does not 

permit the placement of houses on the slopes 

because of the large geo-declivity and of the 

difficulty of creating access paths. The optimal 

solution for preserving the current situation of the 

constructions is the appropriate damming of the 

Bistrița River and the improvement of river torrents 

(the river torrents causing floods more frequently 

than the main river). The best solution, excluding 

the current one, is to completely avoid the 

placement of houses in the proximity of the river. 
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