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Assessment of the flood risk reduction alternatives in municipalities of the upper 
Myjava and Teplica rivers, Slovakia 

Flood risk management often uses multi-criteria analyses, which allow the most suita-
ble alternatives for flood risk reduction to be chosen. We used the SAW (Simple addi-
tive weighting), AHP (Analytical hierarchy process) and TOPSIS (Technique for the 
order of preference by similarity to the ideal solution) methods to evaluate the alterna-
tives in seven cadastral areas of the Upper Myjava and Teplica river basins. Econo-
mic, social, environmental, and technical criteria were chosen based on literature re-
search. We compared the current situation (A0), alternatives proposed by watercourse 
administrators (A1), endangered inhabitants (A2), alternatives based on previous 
flood risk research (A3) and a combination of the previous (A5-A7). Most expensive 
alternatives include building new water structures, alternatives with lectures had the 
highest social impact and none of the alternatives had a significant effect on the envi-
ronment. With three different sets of weights, we obtained 9 sets of results. In most 
cases, A3 was in the first place as the best alternative for flood risk reduction. With 
the TOPSIS method, the results were different. In cadastral areas where seven alterna-
tives were compared, the A5 or A7 get first place. At the same time, we analysed the 
methods of selecting the most suitable alternative by watercourse managers, which 
showed a few shortcomings. 
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INTRODUCTION 

Changes in the perception of flood risks have also provided an impulse for 
changes in their management system. From the concept of flood protection, there 
has been a gradual transition to integrated flood risk management (Brown and 
Damery 2002, Werritty 2006 and Liao 2014) which is based on a cycle that con-
stantly re-evaluates the measures applied in order to improve preparedness for the 
next flood (IPCC 2012). The fulfilment of the management’s main goal – the re-
duction of flood risk (Hooijer et al. 2004) – takes into account the long-term time 
horizon within the entire river basin (Sayers et al. 2013). The key principles of 
flood risk management are its complexity, decentralisation, participation, sustaina-
bility and equity. The complexity of flood risk management lies in considering 
flood risks and vulnerabilities while using a combination of strategies and 
measures to reduce them. The principle of decentralisation guarantees the division 
of management responsibilities into the national, regional and local levels. By in-
volving several parties, especially vulnerable entities (residents, industry, agricul-
ture), their needs are taken into account and the efficiency of management is in-
creased (Dieperink et al. 2013). At the same time, flood risk management must take 
into account changing future conditions (Hooijer et al. 2004) and create sustainable 
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measures. In addition to increasing the intensity and frequency of extreme precipi-
tation and evapotranspiration in the river basin due to climate change (Fleming 
2002 and IPCC 2007), land use and socio-economic changes must also be consi-
dered. The last aspect is equity. According to Penning-Rowsell and Priest (2015), 
funding for risk reduction measures can be set between all taxpayers and vulnera-
ble entities. In the context of equity, it is also necessary to point out the allocation 
of resources. The same level of protection for all through structural measures is 
almost impossible. However, non-structural measures such as flood forecasting and 
warning systems, guidelines for development in floodplains, or compensation 
schemes are tools that make it easier to achieve this equity (Sayers et al. 2013). 

In the context of the complexity of flood risk management, selecting the most 
appropriate alternative for flood risk reduction, while considering the interests of 
stakeholders, is a challenging task. The evaluation of alternatives thus creates a 
large space for decision-making (Jonkman et al. 2003). To support the transparency 
and objectivity of decision-making, decision support systems (DSSs) are used. 
Multicriteria analysis (MCA) belongs to such systems. Its main advantage is that it 
recognises the problem of choosing the most suitable alternative from several 
points of view, through different criteria (Gamper et al. 2006). The increasing pop-
ularity of MCA in flood risk management was covered in de Brito and Evers 
(2016). The paper summarizes that between the years 1995 to 2005 MCA was used 
in 128 peer-reviewed articles related to flood risk management. Most of them 
(22.78 %) were focused on ranking alternatives for flood mitigation.  

Our paper aims to compare different alternatives for the reduction of flood risk 
in conditions of the specific hilly region of Myjava with high fluvial and pluvial 
flood risk. Sources of alternatives include proposals of watercourse managers, 
opinions of endangered inhabitant, previous research and their combination. 

 
DATA  AND  METHODS 

We obtained the parameters of the evaluated alternatives from publicly availa-
ble sources or through consultations with experts. For the economic aspect of tech-
nical alternatives, we relied on the Flood Risk Management Plans in the Morava 
sub-basin (MŽP SR 2014), and the watercourse administrator – the Slovak Water 
Management Enterprise (SWME), PREFA Slovakia, and an expert assessment by 
Roman Krajčí from the Valabek Company. We calculated the price of sewerage 
and the sewage treatment plant construction was calculated as the average price of 
15 projects completed in Slovakia. We drew this data from the Central Register of 
Projects (https://www.crp.gov.sk/). The price of alternatives in forests was calculat-
ed as the average price of these measures per 1 km2, while we obtained data from 
the Flood Risk Management Plans in the Morava sub-basin (Plans). The price of 
alternatives on agricultural land was expertly assessed by František Kadlček from 
'Farm Čachtice'. The parameters of the social criterion were determined with our 
own expert estimate, as a percentage of the affected/participating population. The 
environmental criterion was based on the description of alternatives and their po-
tential effect on ecosystems, soil degradation and reduction of water quality. Last-
ly, the impact on flood risk and vulnerability was based on the characteristics of the 
alternative. For example, a polder had a greater impact than watercourse mainte-
nance. 

A workflow is given in Fig. 1. For the evaluation of alternatives for flood risk 
reduction, we used four criteria: economic (Ec), social (S), environmental (En), and 
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technical (T). Each criterion consists of several subcriteria (Tab. 1). When selecting 
the criteria, we used knowledge obtained from the literature. 

 
Tab. 1. Criteria used in the assessment of flood risk reduction alternatives using 

multicriteria analysis 

 

The normalisation of the achieved values within the subcriteria was based on a 
maximum [1]: 

 

 1) 

 

where w´ij is the normalised value of the i-th value of the j-th criterion, wij is the 
original value of the i-th value of the j-eth criterion, and wj

max is the largest value in 
the set of values of the j-th criterion. The values were in intervals [0,1], where 0 
represents the worst value and 1 the best. In the case of qualitative sub-criteria, we 
considered a rating of (0 – 100), which we assigned with an expert assessment. We 
then normalised the values to the interval [0,1] using formula [1] to make the sub-
criteria comparable. The next step involved the additive aggregation of subcriteria 
and their subsequent normalisation based on the range derived from formula [1]. 
We chose this step so that criteria with different amounts of subcriteria were com-
parable; Only two subcriteria were used for economic and social domains (range of 
values (0 – 2) and three in the environmental and technical domains (range of va-
lues 0 – 3). 

The economic and environmental criteria in their primary form are character-
ised by a negative impact; the alternative with the highest price or the most dam-
aged environment would receive the best rating. Our intention was to minimise the 
cost of the measures and the environmental impact of the alternatives. For this rea-

Criterion Subcriterion Expression Use in literature Note 

Economic 

Price for alternative quantitative 
Brouwer and van Ek 
2004, Kenyon 2007 

Financial costs associated with 
the alternative implementation 

Price  
for maintenance 

quantitative   
Financial costs of alternative 
maintenance 

Social 

Number of affected 
people 

quantitative De Bruijn 2005 
Number of people affected 
by the alternative 

Participation quantitative 
Foxon et al. 2002, Simo-
novic and Akter 2006 

Number of people involved 
in the alternative 

Environmental 

Number of affected 
ecosystems 

qualitative 
Markovic 2012, Penning
-Rowsell et al. 2013 

Number of affected parts 
of the biosphere 

Soil degradation qualitative 
Bana e Costa et al. 2004, 
Scolobig et al. 2008 

Alternative impact on soil 
and runoff processes 

Water quality qualitative 
Bana e Costa et al. 2004, 
Penning-Rowsell et al. 
2013 

Alternative impact on the 
physical, chemical, and 
biological properties of water 

Technical 

Impact on flood 
hazard 

qualitative 
Edjossan-Sossou et al. 
2014 

Alternative effectiveness 
in reducing flood risk 

Impact 
on vulnerability 

qualitative 
Edjossan-Sossou et al. 
2014 

Alternative effectiveness 
in reducing vulnerability 

Lifetime quantitative Taib et al. 2016 Lifetime of the alternative 

max
,

ij

ij

j

w
w

w
 =
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son, we “reversed” the values of the aggregate economic and environmental crite-
ria (Fig. 1). This means that we subtracted the normalised values from the maxi-
mum value they could reach. We used pairwise comparison weighting to express 
the preference for the criteria, similar to the work of Bana e Costa et al. (2004), 
Shams et al. (2014) and Chitsaz and Banihabib (2015). Three sets of scales were 
created which allowed us to perform a sensitivity analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

    
Fig. 1. Workflow for the evaluation of an alternative for flood risk reduction using 

multicriteria analysis 

Subsequently, we applied three versions of multicriteria analyses (SAW, AHP 
and TOPSIS), as our intention was to compare individual decision rules and their 
impact on the results of the rank of alternatives. 

 

 
SAW – SIMPLE  ADDITIVE  WEIGHTING 

The simple additive weighting (SAW) method is one of the most widely used 
MCA methods and is also known as the scoring or weighted linear method 
(Malczewski 1999). It has been used in the works of Azibi and Vanderpooten 
(2003), Brouwer and van Ek (2004), Raaijmakers et al. (2008), Haque et al. (2012), 
Kang et al. (2013), van Loon-Steensma et al. (2014) and Chitsaz and Banihabib 
(2015). It is based on a formula [2], where we calculate the rank of alternatives (Ai) 
as the weight of the j-th criterion (wj) and the value of the i-th alternative of the j-th 
attribute (xij) (Kang et al. 2013): 

 

 2) 

 

 
AHP – ANALYTICAL  HIERARCHY  PROCESS 

This version of MCA was developed by Thomas L. Saaty in 1980 (Meyer et al. 
2007). The first step involves creating a hierarchical structure of the problem with 
three levels: the main goal (zero level), the criteria (first level), and the alternatives 

1

.
n

i j ij

i

A w x
=
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(second level). At the first (alternatives) and the second (criteria) levels, a pairwise 
comparison is performed, which results in local priorities – weighing results. In the 
last step of this method, the ranking is determined based on the rating (Ri), which is 
calculated using the formula [3] (Malczewski 1999): 

 

 3)   
where aik represents the result of the pairwise comparison of the i-th alternative and 
the k-th criterion and wk represents the result of the pairwise comparisons of the     
k-th criterion. 

The final step of the AHP is the calculation of the consistency ratio (CR). The 
calculation is based on formula [4] (Chitsaz et al. 2015):  

CR=CI/RI 4)  
CI is index of consistency which can be calculated with formula [5] (Chitsaz et al. 
2015): 

 

 5) 

  
while  

 

where n is the size of the value being compared and sik represents the sum of the 
pairwise comparison matrix. The random index (RI) was obtained from Tab. 2. If 
the CR value was less than 0.1, the evaluation was consistent. 

 
Tab. 2. Random index values for the sizes of the compared file (Saaty 1980)  

  
TOPSIS – TECHNIQUE  FOR  THE  ORDER  OF  PREFERENCE 

BY  SIMILARITY  TO  THE  IDEAL  SOLUTION 

This version of the MCA is based on the principle of ideal points (Malczewski 
1999). It has been used in several works (Margeta and Knezic 2002, Nijssen et al. 
2009, Schumann et al. 2010, Sahin et al. 2013, Shams et al. 2014 and Chitsaz and 
Banihabib 2015). In the first step of the method, ideal (maximum – v+1) and nega-
tive (minimum – v-1) values are determined for each criterion. The ideal point 
(maximum) is obtained by calculating the normalised maximum values of the crite-
ria (vmaxn) [6] (Malczewski 1999).  

v+1=(vmax1+vmax2 …. vmaxn) 6)  
The calculation of the negative point is performed using formula [7] 

(Malczewski 1999), by substituting the normalised minimum values of the criteria 
(vminn):  

v+1=(vmin1+vmin2 …. vminn) 7) 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.46 1.49 

i k ikk
R w a=

max

1

n
CI

n

 −
=

−

max ik iks a =
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To calculate the distance of alternatives from the ideal point v+1 and the nega-
tive point v-1 we used formulas [8] and [9] (Malczewski 1999), where si+ is the dis-
tance from the ideal point, si- is the distance from the negative point, and vij is the 
value of the i-th alternative in the j-th criterion: 

   
 8) 

   
 

 9) 

   
The ranking of alternatives is based on the proximity to the ideal point ci+, 

which is in the range of the interval [0, 1]. The closer the alternative is to one, the 
higher it's ranking. Proximity is calculated using the formula [10] (Malczewski 
1999). 

 

 10) 

 

Uncertainty analysis was not performed as it is recommended when weights of 
criteria are obtained through stakeholders (Mosadeghi et al. 2012) and in our case 
the weight is determined by us. Uncertainties in the process of MCA are dealt with 
sensitivity analysis by changing weights (Porthin et al., 2013, Sahin et al. 2013, Su 
and Tung 2014 and Chitsaz and Banihabib 2015). We used three sets of weights 
for the sensitivity analysis. In the first set of weights, all the criteria had the same 
values. In the second and third sets, we determined the weights with the method of 
pair comparison. In this way, we were also able to compare versions of multicrite-
ria analysis based on the variance of the results of the alternatives. As another way 
of comparison, we used Spearman's and Kendall’s correlation coefficients. 

 
STUDY  AREA 

The study area is located in the western part of Slovakia on the border of the 
Trnava and Trenčín NUTS 3 and includes the Brestovec, Myjava (Turá Lúka – part 
of Myjava), Podbranč, Sobotište, Stará Myjava, Vrbovce municipalities and covers 
an area of 167.19 km2 (Fig. 2). The main watercourses are the Myjava and Teplica 
rivers, which are of a rainy snow type. From a geological point of view, the studied 
area belongs to the flysch zone, consisting mainly of sandstones, claystones, and 
slums, which forms very low permeable soils. The study area has 17 042 inhabi-
tants living in Brestovec (945), Myjava (10 109), Podbranč (600), Sobotište 
(1485), Stará Myjava (733), and Turá Lúka (part of Myjava) (1631). A typical fea-
ture of this area is its dispersed settlement. 

Past experiences with floods have resulted in the establishment of several flood 
risk reduction measures. The Brestovec reservoir has a retention volume of 
134,444,000 m3 and Stará Myjava reservoir 13,600,000 m3. Polder Myjava and 
Svacenický stream are reservoirs with a retention volume of 113,460 m3, and 

( )
2
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1
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331,000 m3, respectively. Regulation of the Myjava river adjusted the river to flow 
Q100 (48 m3.s-1). Several infiltration belts were excavated within the basin on the 
slopes around the villages and small dams were constructed on small streams. 

Fig. 2. Location of cadastral areas of the Upper Myjava and Teplice river basins 
and part of watercouses with a potentially significant flood risk 

 

Floods are a common phenomenon, occurring mainly during the spring due to 
melting snow and precipitation. The plans identify ten sections with a potentially 
significant flood risk with a total length of 38.7 km. The most serious floods      
occurred in 2005, 2006, and 2010. In 2005, 40 houses in Turá Lúka were flooded. 
During a flood in 2006 the water stage in Sobotište (river Teplica) reached 309 cm 
and the discharge was 37.19 m3.s-1 which represents a T-year 20. In the Myjava 
(river Myjava) the water stage reached 168 cm and the discharge was 16.09 m3.s-1 
which represents a T-year between 10 – 20 (SHMÚ 2006). More than 199 houses 
were flooded in 2006. Flooding in 2010 reached a water stage of 258 cm and a dis-
charge of 27.75 m3.s-1 which equals a T year 10 in Sobotište (river Teplica). In 
Myjava (river Myjava) water stage reached 121 cm, a discharge of 8.54 m3.s-1 
which is equal to T year < 5. Damage in 2010 amounted to 610 010 € when 18 
houses were flooded. According to the results of the work by Solín et al. (2017), in 
addition to fluvial flood hazards, pluvial flood hazards are also typical in this area. 
Pluvial floods are caused by the saturation of the river basin with precipitation, as 
water begins to flow down the slope (saturation excess overland flow), or when the 
high rainfall intensity exceeds the infiltration capacity of the soil (infiltration ex-
cess overland flow). 

We have identified at least four alternatives for each municipality: 

– The zero alternative represents the status quo as a reference for comparison 
with other alternatives. 
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– The first alternative is based on the plans and preventive measures proposed 
based on the zoning plans of the municipalities. These should be applied to water 
sections with a potentially significant flood risk (Fig. 2). 

– The second alternative is based on the opinions of the residents, which we 
obtained in 2016 through a questionnaire survey. Question were used in Michaleje 
et al (2015) and Solín et al. (2017 and 2018). Residents, as direct recipients of risk, 
have the best knowledge about their surroundings, as well as the course of floods. 
Their knowledge is therefore an essential part of flood risk management. Based on 
the answers of the population, we created an alternative for flood risk management 
assessments. In the questionnaire, we asked for information on the early warning of 
the population, obstacles in watercourses, and opinions on the effectiveness of 
technical measures, secondary factors contributing to floods, and specific proposals 
for reducing flood risk. 

– The third alternative is based on flood risk assessments which have been car-
ried out in previous works (Michaleje et al. 2015, Solín et al. 2017 and 2018). 

In the case of a high flood risk, which is determined by several factors, we cre-
ated other alternatives as a combination of the previous three alternatives. All the 
measures under each alternative are listed in Tab. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Comparison of the variance of the results of the multicriteria analysis methods 

in the cadastral areas of the Upper Myjava and Teplice river basins 

(W1, W2, W3 – weights, A0, A1, …, A7 – alternatives) 
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RESULTS 

The most expensive alternatives are those with measures from the category of 
water structures (VN Sobotište – 28 599 354 €, polder in Myjava – 7 025 725 €, 
and polder in Podbranč – 4 126 402 €). The cheapest are the 0 alternatives, which 
have no investment or maintenance requirements (Brestovec – 0 €, Podbranč – 
2000 €). In the social criterion, the combination of alternatives with measures of 
the nature of water structures and education of the population or evacuation had the 
greatest impact on the population. Participation was relatively low in almost all the 
alternatives. 

In the environmental criterion, we did not notice any significant interventions in 
nature. Nonetheless the most affected ecosystems would be the watercourses, agri-
cultural land, meadows and floodplains. Soil and water quality were also little af-
fected. The biggest impact on water quality was in the case of water structures 
(water reservoir, polders, reconstruction of bridges). 

Most of the alternatives were aimed at reducing the flood hazard, with the ex-
ception of educating the population and early evacuation, which mainly affected 
vulnerability. Water structures achieved a higher reduction of flood hazards. The 
reduction of flood hazards and vulnerability was achieved by a combination of 
measures aimed at reducing these risk components. The lifetime of the alternatives 
was divided into the short-term (maintenance of watercourses), medium-term 
(education, waterproofing measures) and long-term (water structures) measures. 

By applying three decision rules for three sets of scales, we created 9 combina-
tions of results for seven cadastral areas. The ranking of alternatives in individual 
cadastral areas is shown in Fig. 3. In Brestovec, Myjava, Sobotiště, and Stará 
Myjava, in most cases the third alternative (A3) came first. An exception were the 
results obtained with the TOPSIS method, where this alternative reached the last 
place. The results were affected by the functioning of this method. The A3 alterna-
tive also predominated in Podbranč, but with the second set of scales in SAW and 
AHP, alternatives A5 and A7 took first place. The resulting ranking of alternatives 
in Tura Luka was no longer as clear-cut as in previous cases. In Vrbovce, the fifth 
alternative took first place in five variations. Sensitivity analyses verified the ro-
bustness of the methodology used. The ranking of the alternatives did not change 
in many cases, but the overall score of the alternatives indicates a change in the 
resulting values (Fig. 3). 

We used the Spearman and Kendall correlation coefficients to compare the dif-
ferent methods of multicriteria analyses (Tab. 4). We considered the results from 
Podbranč, which with eight alternatives represented the longest series. The 
Spearman's correlation coefficient indicated a high correlation between the SAW 
and AHP, and SAW and TOPSIS methods. The pairs of SAW and TOPSIS meth-
ods, respectively AHP and TOPSIS point to little to no correlation. We observed 
similar results with the Kendeall correlation coefficient. 
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Tab. 4. Comparison of the multicriteria analysis methods using the Spearman and 
Kendall correlation coefficients 

 
DISCUSSION 

The use of a multicriteria analysis to evaluate flood risk reduction alternatives is 
very common (de Brito and Evers 2016). The selection of decision criteria is the 
most important step in the whole analysis. Ahmarisharaf et al. (2015), Ghanbarpour 
et al. (2013) and Kang et al. (2013) used only technical criteria and alternatives 
with structural measures such as dams, levees, and watercourse modifications.   
Other works (Akter and Simonovic 2005, Kenyon 2007 and Ceccato et al. 2011) 
have used social and environmental criteria evaluated by stakeholders, in addition 
to technical and economic criteria. In our opinion, the evaluation made by experts 
makes more sense, as they are capable of professionally assessing the given crite-
rion. Such an approach was chosen by Margeta and Knezic (2002), Haque et al. 
(2012), and Taib et al. (2016). However, the most appropriate method of assessing 
alternatives to reduce flood hazard involves a combination of expert assessments of 
quantitative criteria and modelling of qualitative criteria (Brouwer and van Ek 
2004, Evers et al. 2012 Almoradie et al. 2015 and Chitsaz and Banihabib 2015). 

The evaluation of alternatives for flood risk reduction in the Slovak Republic is 
presented in the plans. Evaluation of alternatives were made in the studied area for 
the cadastral areas of Myjava (Cengelka stream and Smíchovský stream), Podbranč 
(Myjava river), Sobotište (Teplica river), and Turá Lúka (Hukov stream). In the 
introduction, three alternatives were characterised: zero (original state), the first 
and the second alternatives (Tab. 5). For the structural measures (dams and pol-
ders) detailed technical information is provided (slope of the dam, material used for 
construction, width of the dam, etc.). In the case of the second alternatives, the 
characteristics were only general and information is missing, e.g., about the length 
of the forest transport network or the length of anti-erosion belts and the types of 
perennial or permanent crops. 

The evaluation was divided into three parts. The first part provides brief infor-
mation on the positive and negative impacts of the alternatives. The following part 
evaluates the alternatives in terms of their environmental impact, which contains 
six components: 1) impact on the population, 2) impact on the urban complex and 
land use, 3) impact on sectors of economic activity, 4) impact on cultural and his-
torical monuments and cultural heritage, 5) impact on protected areas, and 6) other 
impacts on the environment. Points from 0 to 10 can be awarded in each compo-
nent, with more points indicating a more negative impact. The results of this evalu-

  

Spearman correlation coefficient Kendall correlation coefficient 

AHP TOPSIS AHP TOPSIS 

Weights  1 
WSM 0.714286 -0.47619 0.571429 -0.5 

AHP - -0.16667 - 0.0 

Weights  2 
WSM 0.857143 -0.83333 0.678571 -0.71429 

AHP - -0.7619 - -0.57143 

Weights  3 
WSM 0.52381 0.047619 0.428571 0.178571 

AHP - -0.40476 - -0.25 
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ation are the sum of the points. The scale divides the environmental impact accor-
ding to Tab. 6. 

 
Tab. 5. overview of assessed alternatives from the plans (MESR 2014) 

 
Tab. 6. Scale of the impact of alternatives on the environment (MESR 2014) 

 

 

 

 

 

 

 

 

The third part of the evaluation dealt with the financial aspect of the alterna-
tives. It provides information on the total costs of preparation, implementation, op-
eration, maintenance, and repair during the lifetime of the alternative. In this re-
spect, a high disparity was observed between the price of the Sobotište reservoir 
(28 599 354 €) and the potentially prevented damage (4 164 588 €). The conclusion 
of the assessment combines the previous sections into the Assessment of an Envi-
ronmentally Better Alternative, which is within the ordinal scale: a very good alter-
native (1), a good alternative (2), and a moderately good alternative (3). However, 
it was not clear how the sub-evaluations were aggregated into the final assessment 
of the environmentally better alternative. 

Methodology of assessment alternatives to flood risk reduction described in the 
Plans is sign that a change is gradually taking place in the field of flood risk man-
agement in the Slovak Republic. The introduction of Directive 2007/60/EC on the 
assessment and management of flood risks into the legal system of the Slovak Re-
public brought certain elements of flood risk management. However, some aspects 
are still neglected and more appropriate ways of assessing and managing flood 
risks need to be pointed out. 

 
CONCLUSION 

In our work, we compared alternatives for flood risk reduction in the cadastral 
areas of six municipalities in Western Slovakia in the Upper Myjava and Teplice 
river basins. The area is characterised by a specific dispersed settlement and a high 

Area 
Zero 
alternative 

First alternative Second alternative 

Myjava (Cengelka) Original state Padelky polder 
Measures in forests and maintenance 
of watercourses 

Myjava (Smíchovský s.) Original state Smíchov polder Measures in forests and agricultural land 

Podbranč (Myjava) Original state Malejov polder Myjava river regulation 

Sobotište (Teplica) Original state Sobotište reserovir 
Measures in forest, agricultural land, 
maintenance of watercourses 

Turá Lúka (Hukov s.) Original state Padelky polder   

Classification of impact significance Sum of points 

0 –  very low impact points < = 12 

1 –  low impact 12 < points < = 24 

2 –  medium impact 24 < points < = 36 

3 –  significant impact 36 < points < = 48 

4 –  very significant impact points > 48 
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flood risk. To evaluate alternatives, we chose three versions of multicriteria analy-
sis: SAW, AHP, and TOPSIS. The zero alternative represented the reference state, 
and the first alternative was based on the Flood Risk Management Plan prepared by 
SWME. The second alternative considered the proposals of residents and the third 
alternative was based on previous work on flood risk assessments in this area. In 
most cases, the third alternative was in the first place, with the exception of the 
TOPSIS method, which determines the rank of alternative based on the proximity 
to the ideal point and distance from the negative point. We performed the sensitivi-
ty analysis by applying three sets of scales, which confirmed the robustness of the 
methods. A comparison of multicriteria analysis methods by the Spearman and 
Kendall correlation coefficient showed a correlation between the SAW and AHP, 
and SAW and TOPSIS. The analysis of applied flood risk management in the stud-
ied area pointed out shortcomings in the evaluation carried out by SWME. There is 
lack of information on non-structural alternatives and there is also no clear way to 
aggregate sub-evaluations.  

This research was supported by the Science Grant Agency (VEGA) of the Minis-
try of Education, science, research and sport of the Slovak Republic and the Slovak 
Academy of Sciences No. 02/0086/21 Assessment of the impact of extreme hydro-
logical phenomena on the landscape in the context of a changing climate. 
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Lukáš  M i c h a l e j e 

 
HODNOTENIE  ALTERNATÍV  NA  REDUKCIU  POVODŇOVÉHO 

RIZIKA  V  OBCIACH  POVODIA  HORNEJ  MYJAVY 
A  TELPICE,  SLOVENSKO 

 

Manažment povodňového rizika ponúka cyklus neustáleho prehodnocovania a optimali-
zácie opatrení na ďalšie povodňové udalosti. Opiera sa o princípy komplexnosti, decentrali-
zácie, participácie, udržateľnosti a spravodlivosti. Pri rozhodovaní o najvhodnejšej alterna-
tíve na redukciu povodňového rizika využíva najčastejšie multikriteriálnu analýzu, ktorá 
poskytuje hodnotenie alternatív z viacerých, často protichodných hľadísk. 

Cieľom nášho príspevku je hodnotenie viacerých alternatív na redukciu povodňového 
rizika pomocou multikriteriálnej analýzy v obciach povodia hornej Myjavy a Teplice. Zvo-
lili sme tri verzie multikriteriálnej analýzy SAW (Simple additive weighting), AHP 
(Analytical hierarchy process) a TOPSIS (Technique for the order of preference by simila-
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rity to the ideal solution). SAW predstavuje jednoduchú metódu, ktorá násobí hodnotenie 
jednotlivých kritérií váhami. Metóda AHP využíva párové porovnanie medzi alternatívami. 
TOPSIS určuje poradie alternatív na základe ich vzdialenosti od ideálneho a opačného, 
nedokonalého bodu. Zo študovanej literatúry sme vybrali štyri najpoužívanejšie kritériá: 
ekonomické, sociálne, environmentálne a technické. Študované územie sa vyznačuje vyso-
kým povodňovým rizikom a povodne sú tu častým javom. V každom zo siedmich katastrál-
nych území sme porovnávali súčasný stav (A0), alternatívy navrhnuté správcom vodných 
tokov (A1), alternatívy navrhnuté ohrozenými obyvateľmi (A2) a alternatívy, ktoré vyplý-
vajú z výsledkov predchádzajúceho výskumu hodnotenia povodňového rizika (A3). V ob-
ciach s vysokým a komplexným povodňovým rizikom sme kombinovali jednotlivé alterna-
tívy. Vo väčšine prípadov sa na prvom mieste umiestnili alternatívy A3, okrem metódy 
TOPSIS a obcí, kde bol viac alternatív ako štyri. Napriek tomu bolo celý proces citlivý na 
zmenu váh a alternatívy pri hodnotení v rôznych metódach a váhach nedosahovali rovnaké 
hodnoty. Analýza hodnotenia alternatív správcom vodných tokov poukázala na nedostatky 
v informáciách o všetkých alternatívach, ale aj o spôsobe agregácie čiastkových hodnotení. 
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