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Abstract. The subject of the present study is an analysis of urban flood risk for the city of 

Bacău in case of an extreme event situation, namely the failure of Izvorul Muntelui dam. 

Multi-criteria spatial methods have been applied in qualitative risk analysis to obtain a map of 

physical vulnerability by interpreting the data regarding the characteristics of each building 

within the areas prone to flooding. The social vulnerability was determined by using the same 

research method with a certain degree of uncertainty due to insufficient data available. The 

final result, the flood vulnerability map, obtained by interpolating the two variables – social 

vulnerability and physical vulnerability – can be used to support a more effective risk 

management. 
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1. INTRODUCTION 

 

Identifying the area prone to flooding, supervising 

and managing the water levels are the prime 

responsibilities of city authorities in order to 

maintain the population and their environment 

savings safe. One of the main steps in this process is 

measuring vulnerability to identify vulnerable areas 

and adopting effective measures (Takemoto, 2011). 

The risk is defined in the literature as "the 

product of the probability of occurrence of a 

phenomenon and the harmful consequences it may 

have" (I. Stângă, 2007). In other words, we can say 

that the risk is the probability of exposing the 

environment and human society to the action of a 

hazard with a certain magnitude, which is 

predictable to some extent. 

Hazard can be defined as a natural occurring or 

human-induced process or event, mostly 

unpredictable, releasing huge energies and causing 

great instability in a system, including threats to the 

environment, not just human settlements. The 

causes of hazards’ occurrence and manifestation are 

known, only the time and place of their appearance 

being random (Mac, 2003). 

The magnitude of the hazards is given by its 

effects on the structure and functionality of a 

system, namely the resistance to change of the 

related system. 

Hazard and risk are tightly connected. Hazard is 

a natural or anthropic process, characterized by its 

potential to produce damages, in other words, the 

general source of a future danger. Risk represents 

the human society or its valuable goods or the 

environment exposure to a hazard and is calculated 

as the product between probability and damage 

(Smith, Petley, 2009). 

The evolution of a phenomenon has three stages: 

the hazard stage, where there is only the hazard, the 

occurrence of the risk where hazard can affect 

human society and finally disaster (Alexander, 

1993). 

Vulnerability is defined by the International 

Decade for Natural Disaster Reduction (IDNDR) as 

the degree of loss (from 0% to 100%) resulting 

from a potential damaging phenomenon. 
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When an extreme natural event is combined with 

human error, the results are certainly catastrophic, 

with many victims, a great deal of material damage 

and ecological unbalance. The following article 

describes the possible economic, ecologic and 

social effects caused by a flood for the city of Bacău 

in case of Izvorul Muntelui dam failure scenario. 

 

2. METHOD 
 

The vulnerability assessment includes the building's 

physical conditions and the settlement’s social 

(demographic) indicators. The social vulnerability 

was determined by collecting and processing the 

data for each km² of the city by using ILWIS 

software (source: geo-spatial.org). In order to 

establish the physical vulnerability a structural 

specialist was consulted. The data was gathered 

through field campaigns for each building situated 

in the area prone to flooding. 

Regarding the delimitation of the area prone to 

flooding, in this study we used the water mask 

determined by PhD. Eng. Gogoase Nistoran, by 

using numerical simulating models (Gogoase 

Nistoran et al., 2016). In order to calculate the 

mask, in addition to the digital elevation model, the 

values of the flows and other natural parameters 

(the distance between the banks, the mean slope of 

the stream channel, the mean slope of the thalweg 

and lakes present on the stream course), 

construction data were also used. 

In order to obtain all the parameters used in the 

computerized modelling of the region it was 

necessary to trace 179 transversal profiles, 

perpendicular to the banks and thalweg, 

downstream of Izvorul Muntelui, plus another 25 

such profiles in the lake for a distance of 27, 31 km, 

from the dam to Poiana Teiului viaduct, upstream.

   

STRAT ATRIBUT DEFINITION 

Population 

TOT_P Number of human inhabitants per km² 

TOT_F Number of female inhabitants per km² 

TOT_M Number of male inhabitants per km² 

F_00_14 Number of female inhabitants, between 0-14 years, per km² 

F_15_64 Number of female inhabitants, between 15-64 years, per km² 

F_65 Number of female inhabitants, over 65 years, per km² 

M_00_14 Number of male inhabitants, between 0-14 years, per km² 

M_15_64 Number of male inhabitants, between 15-64 years, per km² 

M_65 Number of male inhabitants, over 65 years, per km² 

TOT_00_14 Total number of population between 0-14 years, per km² 

TOT_65 Total number of population over 65 years, per km² 

Table 1: Indicators used for the assessment of social vulnerability for Bacău city 

 

 

STRAT ATRIBUT DEFINITION 

Buildings 

H Height of the building ( meters) 

Year_constr Year of the construction 

Material Building material 

Nr_levels Number of floors 

Type Type of the construction 

Industry Type of industry ( if the case) 

Vulnerability Vulnerability grade, scored between 0 and1, established after consulting a 

structural specialist 

Cost_m2 Cost of reconstruction, euro/m², for each type of building, established after 

consulting a civil engineer 

Area The floor area of each building, calculated using the ArcMap program 

Table 2: Indicators used for the assessment of social vulnerability for Bacău city 
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Figure 1: Flooded area within Bacău city 

 

The risk is expressed according to the size of the 

hazard, the elements exposed to the risk 

(population, buildings, etc.) and their vulnerability 

(the level of damage that a particular phenomenon 

can cause). Mathematically, the risk is equal to the 

product of hazard (H), exposed to risk (E) and 

vulnerability (V) (Armaş, 2012). 

R = H · E · V 

The failure hypothesis for gravity dams, such as 

Izvorul Muntelui, involves the dismantling of 25-

75% of the total number of plots within a time 

frame of 15-60 minutes. (Risk Analysis and 

Coverage Plan in the Area of Competence of the 

Local Committee for Emergency Situations of 

Bacău Municipality, Annex no.1 to the Decision 

no.402 of 26.11.2008). 

For the present study we took into consideration 

the worst case scenario, 75% failure of Izvorul 

Muntelui dam, leading to serial fault of each of the 

downstream dams across Bistrița and Siret streams. 

Simulation results show that peak runoff rate at dam 

is 120.580 m³/sec, reaching the confluence with 

Danube, 260.7 km away, in 12 hours. 

The wave would reach Bacău I in 2 hours and 6 

minutes, in Bacău II in 2 hours and 22 minutes, and 

in Bacău-Agrement in just 2 hours and 27 minutes. 

Regarding the height, the studies show that the 

wave can rich 60 meters high, reaching Bacău at a 

height about 8 meters. 

 

LOCATION WAVE HEIGH 

(m) 

Izvorul Muntelui 60 

Bacău I 8.32 

Bacău II 8.3 

Bacău-Agrement 8.2 

Table 3: The height of the wave released by the failure of 

Izvorul Muntelui dam 

 

The SMCE model (Spatial Multi Criteria 

Evaluation) of Ilwis software has been used in order 

to asses both social and physical vulnerability. The 

process includes a number of sequential steps. The 

first step would be defining the main goal and 

structuring the benefit and cost factors into a criteria 

tree with branches or objectives. As the indicators 

may be in different formats (nominal, ordinal, and 

interval), the second step is the standardization of 

each factor, therefore the criteria is normalized 

between 0-1. 

Normalization was performed using the 

Maximum method, with the formula: 

 

Benefit factor = value/maximum input value 

 

The maximum value will get the index 1, all the 

other values being determined accordingly. 

Exceptions are made by the total number of 

population per buildings for which the Goal method 

(linear function with a specified maximum and 

minimum) was chosen, with the minimum 

vulnerability starting from x = 5; residents with less 

than 5 people will not be considered vulnerable, 

thus being assigned the value 0. 

 

Benefit factor = (value - minimum goal value) / 

(maximum goal value - minimum goal value) 

 

The third step is assigning weights for the 

factors in order to determine the performance of 

each pixel. 

The weighting of indicators will be as follows: 

between “children” and the “elderly”, we will 
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assign a value of 0.4 to children and 0.6 to the 

elderly by using the Direct method. 

The reason we made this choice is due to the fact 

that the elderly can suffer from certain conditions 

that can hinder the movement mobility, or they may 

even have to take care of the children. 

For weighting between “density” and “age” 

groups, the Pairwise method was chosen, with the 

group “age” being moderately more important than 

the group “density”, thus obtaining the values of 

0.75 for “age” and 0.25 for “density”. 

 

 
Figure 2: Multi-criteria Tree – Social Venerability 

 

 
Figure 3: Map of Social Vulnerability to Floods 

 

In addition to these direct effects on the 

population, the long-term psychological impact of 

all the people who have taken part in the disaster 

must be taken into account. These psychological 

and social aspects are more difficult to be measured. 

We determined the degree of physical vulnerability 

of the buildings and their reconstruction costs by 

consulting a group of civil engineers. This required 

the collection of data on the height, material, 

number of floors, year of construction for each 

building in the area with risk, detailed in Table 2. 

Quantitative analysis of the data shows that 3,870 

houses, 425 blocks and countless other buildings 

would be affected by the waters released by the 

failure of the dam. Vulnerability was calculated for a 

1 m depth of water flow, depending on the material, 

year of construction and number of floors. 

The following were taken into account: 1998 as 

a representative year for wooden constructions, 

because it was then when the treated, layered, more 

resistant wood started to be used, and the year 1977 

due to the impact this year’s earthquake has had on 

existing legislation regarding concrete structures. 

The parameter was rated between 0 and 1, with 1 

being assigned to the buildings with the highest 

vulnerability. 
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Vulnerability Material Year 
Number of 

floors 

1 Adobe - n 

0.9 Adobe with wooden frame - n 

0.8 Wood Before and including 1998  >1 

0.7 Wood Before and including 1998  1 

0.6 Wood after 1998 n 

0.5 Autoclaved aerated concrete (AAC) - n 

0.4 Brick - n 

0.3 Concrete Before and including  1977  n 

0.2 Sandwich panels - n 

0.1 Brick after 1977 n 

Table 4:  Physical Vulnerability 

 

 
Figure 4: Map of Physical Vulnerability to Floods 

 

3. RESULTS 
 

The final map, specifically the flood vulnerability 

map, resulted from interpolating the two variables 

previously calculated: social vulnerability and 

physical vulnerability. The assigned weights were: 

10 for buildings and 5 for population, values 

subsequently standardized using ILWIS software, 

thus obtaining 0.667 and 0.333. The reason for 

choosing these values is that even the destruction or 

damage of the buildings would be a factor that 

would increase the number of victims among the 

urban population. 

 
Figure 5: Urban flood risk. Bacău city. 

 
The economic effects are expressed through 

both direct and indirect damage caused by 

hazards. 

Direct damage refers to the destruction that 

actually occurs during the flood manifestation and 

consists of loss of human lives, the number of 

destroyed or damaged buildings and damaged 

industrial and commercial objectives. 

The surface affected by the flood, established 

using the “Area” function from the layer’s attribute 

table, reaches 18 716 668 m², which represents 

53.7% of the city’s total surface. 
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The reconstruction costs of different types of 

buildings and communication routes have been 

established by consulting a specialist. 

In calculating the total value of potential damage 

to buildings in Bacău city, we have multiplied the 

vulnerability value with the ground surface and with 

the cost in Euro for each individual construction, 

thus obtaining a reconstruction cost bigger than  

496 000 000 Euro. 

The cost for the communication routes  

was established per linear kilometre, according to 

their type. 

To rebuild these routes, so important for the 

society, the cost would reach 135 200 000 Euro, 

according to civil engineers. 

In total, the buildings and the transport routes 

would deprive the state of over 630 million Euros. It 

is however, a very general loss estimation, without 

taking into account small variations per unit cost, 

which would have massive impact on large scale. 

 

Indirect economic damages are referring to the 

effects of the flood that can lead to a temporary or 

permanent disruption in the activity of companies, 

the production processes, and even export 

reduction. The most costly from this point of view 

would be the industries, which are well developed 

in this city. Here we can mention: chemical 

industry, energy industry, food industry, wood 

processing industry, metal working industry, hydro 

constructions, a concrete plant, ballast stations, an 

electrical substation which would leave an extensive 

territory in dark in case of failure. 

The expenses for the normalization of the 

situation and the resumption of the economic 

activities must also be taken into consideration. 

However, this is not always possible. If we are 

talking about old, historic buildings and memorial 

houses, the situation is getting worse, because even 

if they were to be reconstructed, their cultural value 

would decrease and tourism in the area would be 

severely affected. 

Negative environmental effects are highlighted 

by environmental degradation and damage to the 

quality of its factors. During floods, the surface 

water pollution is caused by all the waste carried 

into the riverbeds, by leaks from the oil pipelines 

damaged by the water etc. Simultaneously, there 

would also be a pollution of groundwater and soil in 

flooded areas, if the water would carry harmful 

substances. 

In case of Bacău city, the most dangerous 

materials transported by the flood water are the 

phosphogypsum tailings dumps from the chemical 

industry (CIC), covering an area of over 6 hectares 

and containing sulfuric acid, urea, ammonia, 

nitrates and nitrogen compounds, phosphates and 

other toxic substances, and having a radioactivity 

more than 6 times higher than the surrounding area. 

As for the steel industry, the Bistrița river flood 

waters would disperse metallic carcinogenic 

powders, sulphur oxides, carbon oxides etc. 

Energy industry, such as the district heating 

plant (CET), contributes to environmental pollution 

especially through sulphur and nitrogen oxides, 

which infiltrate the soil reaching the groundwater. 

As mentioned before, these substances are highly 

carcinogenic. 

 

 
Figure 5: The Industrial Area in southern Bacău City 

 

The food industry (Agricola INT S.A.) could 

pollute waters with organic matter, nitrogen 

compounds etc., that can lead to epidemics. 

To all these, we can also add the effects that 

consist of changes in the relief, especially regarding 

the land balance, shoreline erosion, erosion in the 
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riverbed, but also the changes in physicochemical 

qualities of the soil, changes in the local flora and 

fauna, both terrestrial and aquatic. 

A disruption of previous ecosystems can occur, 

followed by a period of disorder, until the balance is 

restored. 

Ecological effects are totally unquantifiable and 

require long periods of time to improve (if the 

improvement is even possible) (Grecu, 2009). 

 

4. CONCLUSION 

 

The analysis points out details regarding the impact 

of the flood on Bacău city, from an economical 

point of view, but also from an ecological and social 

perspective. 

There are a series of measures in place, that can 

be taken in order to prevent such a dramatic event, 

namely: a meticulous supervision over the entire 

construction and the water levels by periodically 

inspecting the installations, conducting ongoing 

investigations into the forecast of flash floods, 

repairs whenever needed and, of course desilting of 

the lake in order to prevent the reduction of its 

volume. 

The urban flood analysis in the event of damage 

of Izvorul Muntelui dam highlights the importance 

of risk studies in preparing for such situations 

through knowledge and optimal approach in 

practice of the particularities revealed above, taking 

into account the specifics of each variable. 
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