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ABSTRACT 

 
The Drava River levee was constructed in 1968. It protects the town of Otok Virje and approx. 450 ha of agricultural 

land, forests and other land from flooding. Its total length is 3711 meters. The large flood wave which moved from Austria 

through Slovenia to Croatia at the beginning of November 2012, created openings and caused a breach in Otok Virje – 

Brezje levee. As the maximum water level of the flood wave at places exceeded the embankment crown, the result was 

overtopping in the right levee longer than 1000 metres followed by breaching of embankment in length of 50 m. The 

flood hit 3 neighbouring towns, where 90 houses were flooded, and the total flooded area equalled approx. 6,5 km2. This 

paper presents the methodology for risk assessment in reconstruction of Otok Virje – Brezje levee. For assessing the risks, 

the Analytic Network Process (ANP) was applied. The result is a list of risk priorities. Depending on the position a risk 

occupies in the list, appropriate resources will be used as the expected response to the risk. The network model resulted 

in a more stable decision-making process and greater adaptation to real life situations and to reasonable expectations. 
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INTRODUCTION 

 

Extreme drought, extreme water levels of rivers, and flooding are becoming more and more common as the 

result of global warming, both on a local and global level. In line with this, in the future extreme air 

temperatures, intensive precipitation and extremely dry periods, as well as storms and devastating winds can 

be expected. Ever more frequent and intense, flooding threatens the security and health of people, as well as 

the economy, culture, and ecological heritage of the affected areas. When managing risks of flooding, it is 

necessary to consider effects of climate change on the hydrologic behaviour of river basins, both in natural and 

modified conditions, precisely because of potential changes in the flooding regime. 

 

Floods have usually been resolved through regulating water flows and building levees as a means of 

prevention. Levees belong to constructions used for passive protection from flooding. They are regulatory 

constructions outside the main river basin which protect the area from high water flooding. In the territory of 

the Republic of Croatia, alongside the national watercourses, there are approx. 2.400 km of flood protection 

levees, and, alongside local watercourses, approx. 1.600 km of levees of different levels of protection. A large 

number of these levees is in bad condition and needs to be rebuilt or reconstructed in order to meet the 

necessary safety and functionality requirements. 

 

For every reconstruction of a levee, it is possible to identify many potential risks, i.e. events the negative 

outcome of which might have an adverse effect on the successful implementation of the project throughout the 
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lifetime of the levee. According to Kovačević et al. (2018), the most common risks during reconstruction of a 

levee are: overtopping when the water level surpasses the crown of the levee, seeping of the water through the 

levee, seeping of the water through a foundation soil, surface erosion of the levee, inner erosion of the levee, 

lack of knowledge about the conditions in the soil due to insufficient or inadequate site investigation, 

inadequate monitoring and evaluation of the current condition of the levee, poor reconstruction of the levee, 

appearance of landslides on the levee due to inadequate designs for reinforcement, damage from vessels 

occurred during levee exploitation etc. It is impossible to compile a general list of all risks arising in projects 

of reconstruction of levees, regardless of the size, type, contents, i.e. particularities, of each project. 

 

Risk management begins by identifying risks with the aim of compiling a list of key risks. For each identified 

risk, risk assessment is conducted. A risk entails two mutually independent components: risk probability and 

risk impact. Risk exposure is the product of risk probability and risk impact. Based on the obtained risk 

exposure, a list of risk priorities is compiled. Depending on the position a risk occupies in the list, i.e. relative 

value of its exposure with regards to other risks, appropriate resources will be used as the expected response 

to the risk (Cerić et al., 2013). 
 

 

OTOK VIRJE – BREZJE LEVEE RECONSTRUCTION 

 

The existing levee of the Drava River was constructed in 1968 with the aim to protect the towns between Otok 

Virje and Varaždin, as well as approx. 450 ha of agricultural land, forests and other land from flooding. Its 

total length equals 3711 meters. At the beginning of November 2012, the Drava basin in Austria experienced 

heavy rainfall. The large flood wave moved from Austria through Slovenia to Croatia. As the maximum water 

level of the flood wave at places exceeded the embankment crown, the result was overtopping of the right 

embankment over a length exceeding 1000 metres. The width of the breach was approx. 50 m, and the water 

stream formed a dent in the foundation soil on the offshore side of the embankment, depth of approx. 3,5 m 

(Fig. 1). As a result, the towns of Otok Virje, Vratno Otok and Virje Križovljansko were flooded. A total of 

300 people was in danger, 90 houses were flooded, as well as 2 commercial buildings, and roads Otok Virje–

Križovljan Grad, Otok Virje-Vratno Otok and Otok Virje-Virje Križovljansko. The total flooded area equalled 

approx. 6,45 km2. 

 

     
Figure 1. Overtopping and breach in Otok Virje - Brezje embankment (Kovačević et al., 2018) 

 

Considering climate change, i.e. the more frequent occurrence of extremely high-water levels, as well as 

unsatisfactory conditions of the current levee, a design for reconstruction has been prepared, whereby the new 

crown will be half a metre higher than the water level for water flow of 3100 m3/s. The statistical level of water 

for 100-year return period equals 3015 m3/s. Given that the proposed material for the reconstruction is well 

graded sand, which does not meet the necessary water resistance prerequisites, a geosynthetic clay liner (GCL) 

will be built on the upstream side, topped with a protective layer – 60 cm of material excavated for the 

foundation of the levee. A protection net will be placed on top of the protection layer, together with a 20 cm 

thick layer of humus and final hydrolysis. The stability of the slope will be achieved by installing 3 rows of 

single geogrids (Bačić et al., 2017).  

 



RISK ASSESSMENT IN OTOK VIRJE – BREZJE LEVEE RECONSTRUCTION 

 

Kovačević et al. (2018) identified key risks in the reconstruction of the Otok Virje - Brezje levee: 

1. Lacking site investigation 

2. Overtopping 

3. Insufficiently detailed project design 

4. Unsatisfactory performance of soil improvement 

5. Unsatisfactory monitoring and condition evaluation 

 

For assessing the risks in this project, they applied the Analytic Hierarchy Process (AHP) – one of the methods 

for multi-criteria decision-making (Saty, 2006). The hierarchical structure in the AHP reduces a multi-

dimensional problem to at least three levels: goal, criteria and alternatives. Criteria can contain sub-criteria. It 

is a linear, top-to-bottom structure, whereby all the elements of a certain level are independent from one 

another, and higher-level elements affect the importance of lower-level elements. The process begins by 

determining the relative importance of individual alternatives compared to the criteria and sub-criteria. After 

that, impacts of the criteria are compared with respect to the goal. In the end, results of both analyses are 

synthesised in order to calculate the relative importance of the alternatives in achieving the goal.   

 

The AHP model consists of a main network and two sub-networks. Given that risk exposure is defined as the 

product of risk probability and risk impact, the main network represents risk exposure, and the sub-networks 

represent risk probability and risk impact. The Risk Probability sub-network contains only the Probability 

criterion and five alternatives, i.e. key risks being analysed. The Risk Impact sub-network contains four criteria: 

Time, Cost, Quality and Environment, as well as five alternatives, i.e. key risks being analysed. After 

application of the model, weighting alternatives are calculated for each sub-network. In order to obtain the 

final results of the AHP model, i.e. Risk Exposure, weighting alternatives are multiplied for each alternative in 

both sub-networks. By normalising the risk exposure values for all alternatives, the Risk Priority List was 

obtained. 

 

Modelling consists of 10 comparisons of significance of 5 elements of the Alternatives cluster compared to 1 

element of the Probability cluster, 6 comparisons of significance of 4 elements of the Criteria cluster compared 

to 1 element of the Impact cluster, and 40 comparisons of significance of 5 elements of the Alternatives cluster 

compared to 4 elements of the Criteria cluster (Fig. 2). All the comparisons were completed by the authors of 

this paper and their associates based on personal experience in applying multi-criteria decision-making 

methods in geotechnical engineering (Cerić et al. 2011, Cerić et al. 2013, Marčić et al., 2013, Mihalinec et al., 

2013. Librić et al., 2014).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The AHP model network structure (Kovačević et al., 2018) 
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Figures 3 and 4 show the Risk Probability and Risk Impact obtained for every analysed risk. Figure 5 shows 

the Risk Exposure calculated as the normalised product of Risk Probability (Fig. 3) and Risk Impact (Fig. 4) 

obtained through the AHP model. Results of the AHP model show that most resources should be allocated for 

management of the Site Investigation Risk (38.9%), followed by Overtopping (27,8%), Performance (14,1%), 

Monitoring (10,3%) and lastly Design (8,9%). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Risk Probability for the AHP model (Kovačević et al., 2018) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Risk Impact for the AHP model (Kovačević et al., 2018) 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Risk Exposure for the AHP model (Kovačević et al., 2018) 

 

Analytic network process (ANP) 

 

Analytic network process (ANP) represents a generalisation of the Analytic hierarchy process (AHP) in a way 

which enables the decision-makers to reduce a complex problem to a non-linear network form which contains 

also a linear hierarchy form (Saaty, 2006). The application of ANP in environmental modelling and 

construction projects has been previously elaborated by Wolfslehner and Vacik (2008), Tsai and Chou (2009), 

Bottero and Ferretty (2010), Aragonés-Beltràn et al., (2010), Chan et al. (2010) and Liu et al. (2011). The use 

of ANP for risk assessment in construction projects has been previously elaborated by Dikmen et al. (2007), 

Turkis et al., 2009, Bu-Qammaz et al (2009), and Yiang and Ruan (2010). 

 

The network structure of the ANP reduces a multi-dimensional problem to clusters and elements, i.e. nodes, 

within the cluster. It is a non-linear feedback structure enabling modelling of interaction or dependence 

between elements of one cluster (inner dependence) as well as between elements of different clusters (outer 



dependence). Hierarchy is a special type of network in which there is dependence only between elements of 

different clusters and in which this dependence goes only one way – from higher level elements towards lower 

level elements. 

 

ANP represents an extension of AHP because it enables comparing the effect a criterion has relative to the 

alternatives, as well as a mutual comparison of alternatives relative to other alternatives considering the control 

criterion which can present a goal in the hierarchy. Mutual dependence of network elements enables better 

modelling of complex problems because most real-life problems are non-linear, and feedback connections 

enable more precise determining of element priorities and better decision-making. By modelling the interaction 

between criteria and alternatives within a model, greater stability of the results of the analysis was achieved. 

This fact makes ANP especially suitable for risk assessment. 

 

ANP model 1 with outer dependence  

For the purpose of a more reliable decision-making process, feedback connection or dependence will be 

established between the elements of the Criteria cluster and the Alternatives cluster in the Risk Impact sub-

network. Modelling is expanded with 30 comparisons of significance of the 4 elements of the Criteria cluster 

compared to 5 elements of the Alternatives cluster (Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The ANP model with outer and inner dependence structure  

In order to illustrate the comparison of alternatives against the criteria, Table 1 shows the comparison matrix 

of relative significance of the Criteria cluster and of the Overtopping element of the Alternatives cluster, and 

the obtained significance of the criterion compared to the Overtopping alternative. This example was chosen 

because, in the AHP model, the Overtopping Risk had the highest Risk Impact. Overtopping Risk was twice as 

significant as Quality, and Time was 5 times less significant than Environment. It is evident that Environment 

is the most significant, and Time – least significant criterion. 

 
Table 1. A comparison of criteria with respect to the Overtopping alternative 

Criteria Time Cost Quality Environment 
Priority 

vector 

Time 1/1 1/4 1/3 1/5 0.075 

Cost 4/1 1/1 2/1 1/1.5 0.319 

Quality 3/1 1/2 1/1 1/2 0.195 

Environment 5/1 1.5/1 2/1 1/1 0.411 

 

Figure 7 shows a synthesis of the analyses conducted for Risk Impact. It is evident that there has been a change 

at the top of the risk priority list because of feedback. Currently, Performance risk has the highest risk impact, 

with Site Investigation in second and Overtopping in third place. Monitoring has the lowest Risk Impact. This 

change occurred because the Time criterion has the lowest significance compared to the Overtopping 

alternative, i.e. risk of overtopping has an insignificant impact on extending the works deadline. Figure 8 shows 
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the Risk Exposure calculated as the normalised product of Risk Probability (Fig. 3) and Risk Impact (Fig. 7) 

obtained through the ANP model 1. Although there has been a change in the Risk Impact for all risks, results 

of the ANP model with outer dependence show that there has been no change in the ranking of risk priorities 

because the Overtopping Risk has a significantly higher probability than Performance Risk. Most resources 

should be allocated for management of the Site Investigation risk (36.8%), followed by Overtopping (22,6%), 

Performance (19,0%), Monitoring (13,0%) and lastly Design (8,6%). 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Risk Impact for the ANP model 1 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Risk Exposure for the ANP model 1 

 

ANP model 2 with outer and inner dependence  

The most complete and reliable decision-making will be done by adding inner dependence between elements 

of the Alternative cluster to the Risk Impact sub-network. Modelling is expanded with 30 comparisons of 

significance of 5 elements of the Alternatives cluster compared to each one (Fig. 6).  

In order to illustrate the comparison of alternatives against all existing ones, Table 2 shows the comparison 

matrix of relative significance of the Alternatives cluster and of the Performance risk and the obtained 

significance of the alternatives compared to the Performance alternative. This example was chosen because, 

in the ANP model 1, the Performance Risk had the highest significance. The conclusion is that, for example,  

Site Investigation is twice as significant as Monitoring, and that Overtopping is as significant as Design. It is 

evident that Site Investigation is the most significant, and Overtopping – least significant alternative. 

Table 2. A comparison of alternatives with respect to the Peformance alternative. 

Risk 
Site 

Investigation 
Overtopping Design Monitoring 

Priority 

vector 

Site 

investigation 
1/1 5/1 2/1 2/1 0.457 

Overtopping 1/5 1/1 1/1 1/3 0.109 

Design 1/2 1/1 1/1 1/2 0.154 

Monitoring 1/2 3/1 2/1 1/1 0.280 

Figure 9 shows the synthesis of the analyses conducted for Risk Impact. It is evident that the significance of 

the Performance risk has increased further compared to the Overtopping risk. Performance risk has the highest 

impact, while Design has the lowest Risk Impact. Figure 10 shows the Risk Exposure calculated as the 

normalised product of the Risk Probability (Fig. 3) and Risk Impact (Fig. 9) obtained through the ANP model 

2. Results of the ANP model with inner and outer dependence show that there has been a change in the ranking 



of risk priorities. Performance Risk is now in second place and it is necessary to allocate 50% more resources 

for its management than according to the AHP model. Most resources should be allocated for management of 

the Site Investigation risk (35,5%), followed by Performance (21,5%), Overtopping (19,6%), Monitoring 

(15,8%) and lastly Design (7,6%). 

 

 

 

 

 

 

 

 

 

Figure 9. Risk Impact for the ANP model 2 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Risk Exposure for the ANP model 2 

 

Comparison of the results of the AHP and ANP model  

 

Risk assessment in the Otok Virje – Brezje levee reconstruction was done by applying the AHP model, the 

network-based ANP model 1 with outer dependence, and the network-based ANP model 2 with outer and inner 

dependence. The result of the risk assessment is a list of risks, i.e. Risk Exposure for each identified risk. 

Probabilities for each risk are independent variables. In all three models they have the same hierarchy and give 

the same results. Advantages of the ANP model have been observed in the change in the value of Risk Impact 

for all three models. Figure 11 shows the obtained Risk Exposures. It is evident that, by applying more complete 

and reliable models, the amount of resources to be allocated for management of Site investigation, Overtopping 

and Design risks is decreased and for Performance and Monitoring is increased.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Slika 11. Risk Exposures for AHP model, ANP model 1 and ANP model 2 



CONCLUSIONS 

 

Efficient and sustainable flooding protection is achieved through construction of flood protection levees. A 

number of potential risks can be identified in every flood protection levee project design. To assess the risks 

of the Otok Virje – Brezje levee reconstruction, the analytic network process was applied. The ANP model has 

shown that risk of insufficient geotechnical site investigation has the highest impact on project implementation. 

It is followed by risk of overtopping. These three risks require the allocation of more than three quarters of the 

total allocated resources for risk management. Further confirmation of these trends will be obtained by 

applying the ANP in future projects of reconstructing flood protection embankments. 
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