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Abstract 

This paper presents the findings of an interdisciplinary review of possible country level 
institutional model alternatives for adopting flood risk management in the Republic of 
Macedonia, by harmonizing the national water management,  and other related systems with 
the requirements of the EU Floods Directive. Based on the application of Analytic Hierarchy 
Process (AHP) theory, a tailor-made institutional model for integrated risk-based flood 
management is proposed as a substitute of the current ineffective flood management 
approaches that are based on purely engineering/design-based standards and ad-hoc 
interventions to flood events. It discusses the benefits of introducing the model and outlines 
the key preconditions to its operationalization. Given the similarity of existing flood 
management systems in the countries of the wider region, these findings can be used for 
initiating similar improvements in line with the contemporary flood risk management 
principles. 

Keywords: Governance and Institutions; Integrated Flood Risk Management 

Introduction 

Republic of Macedonia is highly 
exposed to flooding, droughts, extreme 
temperatures, forest fires and 
earthquakes, and floods are the chief 
hydro-meteorological hazard. Damages 

and losses associated with floods are on 
the rise in the last few years. River floods 
in the major river basins are caused by 
long periods of rainfall and the intensive 
snow melting. River floods occur in the 
basins of the Vardar, Crna Reka, Treska, 
Strumica, Pčinja, Lepenec and Bregalnica 
rivers, (Figure 1). Intensive rainfall and 

Flood Risk Management: Case Study on 

Institutional Models 
 



Popovska C, Sekovski D, Barbalic D, et al. (2017) Flood Risk Management: Case Study on 
Institutional Models. J Adv Eng; 1(1): 1-14. 
 

2 
 

increase of groundwater levels in 
combination with poorly maintained 
flood control infrastructure resulted in 
frequent flooding of flat, mainly former 
wetland areas, such as Polog, Pelagonija, 
Skopsko Pole and Strumičko Pole. Flash 
floods caused by short intensive rainfall 
occur in smaller river basins. 

Traditionally, the main flood 
control activities in urban rivers 
comprised conventional regulations. In 
the majority of cities, rivers have been 
regulated mainly by considering 
hydrological and hydraulic aspects, with 
very little or no attention to ecological 
functions and aesthetic aspects. 

A typical example of such 
‘functional’ regulation, often referred to 

as a good practice from the past, has 
been the regulation of the Vardar River 
in the country’s capital Skopje (Figure 2, 
down). However, the flood control 
functionality of the regulated riverbed 
has been seriously diminished with the 
implementation of the controversial 
‘Skopje 2014’ project. This massive 
urban infrastructure development 
project in the Centre of Skopje 
comprised various new structures in the 
major riverbed, construction of new low 
placed footbridges with insufficient 
discharge capacity, construction of 
fountains and plant boxes in the basic 
riverbed, construction of fixed 
concrete/steel boats, also in the basic 
riverbed, as well as additional structures 
in the river’s floodplain (Figure 2, right). 

Figure (1): Most frequently flooded areas in the Republic of Macedonia [1]

Such development happened in 
time when the majority of EU water-
related legislation has already been 
formally adopted - although its practical 
implementation is challenged by 
multiple barriers - institutional, financial 
and human capacities. Therefore, the 

adoption and operationalization of 
the EU Floods Directive-the only piece of 
EU water- related legislation that hasn’t 
been incorporated in the national 
systems yet - is considered particularly 
instrumental in preventing future 
similar developments that increase flood 
risks. The harmonization of the existing 
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water management and other related 
systems in the country with the 
requirements of the EU Floods Directive 
provides the opportunity for replacing 
the commonly applied ad-hoc responses 
to flood events and the traditional 
approaches based on purely 
engineering/design-based standards 
with an integrated risk-based flood 
management. 

This paper presents the findings 
and recommendations of the UNDP-
backed interdisciplinary review of 
possible country- level flood risk 
management models aligned with the 
objectives of the EU Floods Directive. It 
proposes a tailored approach and 
outlines the key preconditions for its 
institutionalization 

Overview of significant recent floods - 

effects and responses 

Floods participate with 44% of 
all disaster events in the Republic of 
Macedonia (SEE Disaster Risk Mitigation 
and Adaptation Initiative, ISDR & World 
Bank, Desk Review Study, 2008). The 
Vardar river basin, which is the largest 
in the country, accommodates about 
80% of all water resources and 
experiences the highest levels of 
exposure to flooding. The genesis of 
floods occurring in Skopje, for example, 
is specific mainly due to coincidence of 
flood wave peaks in Upper Vardar, 
Treska and Lepenec rivers. Because of 
this the city of Skopje was very often 
flooded and the most catastrophic 
appeared in 1778, 1858, 1876, 1895, 
1903, 1916, 1935,1937, 1962 and 1979. 
The floods of 1962 and 1979 resulted in 
economic losses of approximately 7.4% 
of GDP (for each year), while the floods 
in 1994 caused losses of 3.4% of GDP. 

The occurrences of extreme 
hydrological events (floods and 
droughts) have increased in frequency 
and intensity over the past decades as a 

response to changing climate conditions. 
During the last three decades, flood 
events were caused by the largest rivers 
in Macedonia - Vardar, Crna Reka, 
Strumica, Treska, Pcinja, Lepenec, and 
Bregalnica. The estimated total damage 
worth US$ 193.8 million. 

In June 2004 alone, intensive 
rainfall, caused floods and activated 
torrential streams that affected 26 
municipalities (mainly in the area of 
upper Vardar, but also in the central, 
southern and south-eastern part of the 
country), causing an estimated damage 
of EUR 15 million. The damages caused 
by floods directly affect the already 
fragile agriculture and local rural 
economies. 91.3 percent of the total 
damage caused by the flash floods in 
2004 was in the agricultural production 
mainly in the south-east part of the 
country. The most severely affected 
were the rural communities where 
households and cultivated areas were 
flooded (SEE Disaster Risk Mitigation 
and Adaptation Initiative, ISDR & World 
Bank, Desk Review Study, 2008)Severe 
flooding also hit much of the country in 
January and February 2015, causing 
widespread damages and economic 
losses.  

Heavy rainfall caused rivers to 
overflow in many locations, and 44 out 
of 80 municipalities experienced floods. 
The most affected regions were the 
basins of the Crna Reka, Bregalnica and 
Strumica rivers, which cover about 45% 
of the territory of the country. Roughly 
170,000 people were affected in all. The 
floods caused major damages to roads 
and bridges, interrupting transport. 
Much agricultural land was also flooded, 
causing extensive losses to farming 
families. Drainage and irrigation systems 
were damaged, and private houses, 
industrial facilities, schools and public 
facilities in some villages were flooded.
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Figure (2): Increase of flood risk as a result of decreased discharge capacity caused by recent 
infrastructural development in the Centre of Skopje- regulated Vardar River in Skopje in 2010 
(First) and in 2014 (Second) 

  

The initial impact assessment 
estimated the total cost of the spring 
2015 floods at 35,691,672 EUR. Of this 
total, 62% were classified as damages 
and 38 percent as losses (Rapid Damage 
and Needs Assessment, 2015). A 
subsequent flood-related disaster hit the 
country on 3 August 2015, when flash 
floods and mudslides struck the 
northwest Polog Region, killing six 
people and causing damage to municipal 
infrastructure and houses in the city of 
Tetovo and villages in the surrounding 
mountainous areas. The total damages 
from these floods are estimated at 21.5 
million EUR [2]. 

Most recently, the night between 
6 and 7 August 2016 heavy torrential 
rain affected Capital’s suburbs, causing 
tragic loss of 23 lives and an estimated 
cost of over 30 million EUR (Figure 3), 
resulting from the severely damaged 
infrastructure and affected agricultural 
land. The Hydro meteorological Service 

measured 92.9 mm of rain that fell in 
just a few hours, which is considered an 
event with a return period of 1,000 
years [3]. 

The tragic consequences of the 
most recent extreme flood events, and 
the magnitude of the associated 
damages and losses, revealed major 
deficiencies in all the key components 
of the overall flood management 
system (e.g., monitoring, planning, 
response, and recovery). This 
emphasizes the need of urgent reforms 
in the flood management system in 
line with the contemporary risk-based 
management approaches, as 
elaborated in this paper at conceptual 
level. The apparent increase in the 
frequency and intensity of flood events 
indicate that the overall flood risk in 
the country is also increasing. 
Registered flood events in the last 60 
years are presented in Figure 4. 
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Figure (3): Skopje flood on 6 August 2016: 2D hydraulic simulation of the flooded area 
and effects of the flood in the affected settlements 

Figure (4) : Registered flood events in the last 60 years (Source: 
http://globalfloodmap.org/) 

  

http://globalfloodmap.org/
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Methodology and Approach 

The methodology applied is 
based upon an interdisciplinary 
assessment of possible country-level 
institutional model alternatives for 
adopting flood risk management in 
line with the objectives of the EU 
Floods Directive. The aim of the 
exercise was to identify the most 
feasible approach to incorporating 
additional functionality to an existing 
institutional setup. For this purpose, 
four alternatives were formulated to 
consider existing administrative 
environment, practice and tradition, as 
well as interrelation with compatible, 
overlapping and conflicting services. 
The flexibility of the EU Floods. 
Directive in terms of selection of 
institutional models that are adjusted 
to local circumstances and needs was 
one of the guiding principles when 
generating alternatives. 

The limited prior work on the 
topic in the country, data availability 
constraints, and the limited possibility 
of formulating closed and absolutely 
objective assessment criteria, 
suggested the application of a robust 
and simple form of informed 
assessment rather than developing 
sophisticated models for setup 
assessment. The assessment was 
carried out in three interlinked stages. 
In the first stage an interdisciplinary 
team of experts, practitioners and 
decision-makers in water and flood 
management, disaster risk reduction, 
legal and economic aspects, 
contributed to the gap assessment and 
formulated four conceptual 
institutional models. In the second 
stage, based on the analysis of existing 
administrative arrangements, as well 
as EU-based experiences on flood risk 
management, the institutional setup 
models were subject to a SWOT 
analysis, and a simplified numerical 
assessment of the proposed 

alternatives.The numerical assessment 
provided a comparison basis, based on 
the most important aspects (15 
criteria), as shown in Table 2 below. It 
consists of initial grading on how well 
each alternative scores on each 
criterion (from 1-poor to 5- excellent), 
calculating the average grade for each 
alternative, and then applying specific 
weights to each criterion based on 
their relevance to get a weighted 
grade. To provide more reasonable 
basis for decision-making among the 
proposed alternatives, the project 
team employed the Analytic Hierarchy 
Process (AHP) the or relative ranking 
of alternatives based on pair-wise 
comparisons [4]. 

For the needs of the AHP, the 
most important criteria for the 
numerical assessment were grouped 
in three major categories based on 
their relatedness, as follows: 

Group 1: Floods Directive (FD) 
related, consisting of: river basin 
approach, integrated water 
management, integration of FRM in 
River Basin Management Plans, 
international cooperation, and 
competent authority; 

Group 2: Flood Risk Management 
(FRM) Related, consisting of: unified 
approach to risk management, 
conflicts of FD and operative flood 
defense, solidarity principle, efficiency 
of financing, and non-structural 
measures planning;  

Group 3 : Organizational, comprising: 
clear responsibilities and 
relationships, number of additional 
personnel, concentration of expertise 
and knowledge, institutional 
rearrangement, and logistics benefits. 
In the final stage, the outcomes of 
these assessment stages were 
presented to and discussed with key 
stakeholders to fine-tune the proposed 
optimal management arrangement 
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and agree on the process for its 
institutionalization. 

The functional analysis of the 
proposed institutional models was 
carried out vis-à-vis the key objectives 
of the Flood Risk Management (FRM) 
concept that has evolved from the 
outdated concept of Flood Protection 
(FP) that aims primarily to ensure 
flood prevention by providing a 
defined protection (or safety) 
standard, which still is the dominant 
way of dealing with floods in the 
country. The adoption of the concept 
in the national context is thought to be 
of critical importance as it will help to 
concentrate future flood control 
efforts to high risk areas, allowing for 

using public funds in an economically 
efficient way [5]. Embedding this risk-
based approach would enable the 
achievement of best management 
outcomes within available budgetary 
and other resources. 

For the needs of this analysis the 
definition of flood risk as a product of 
the likelihood of flooding, and the 
associated adverse consequences (e.g., 
social, economic, environmental, and 
other impacts) is used, and as an inter-
relation of hazard and vulnerability, 
(Figure 5), Examples of corresponding 
flood management strategies to be 
applied by the newly proposed 
structures are provided in Table 1. 

Table (1): Flood management strategies 
Strategy Options  

Reducing Flooding 

dams and reservoirs 
dikes, levees and flood embankments 
high flow diversions 
catchment management 
channel improvements 

Reducing Susceptibility to Damage 

floodplain regulation 
development and redevelopment policies 
design and location of facilities 
housing and building codes 
flood proofing 
flood forecasting and warning 

Mitigating the Impacts of Flooding 

information and education 
disaster preparedness 
post-flood recovery 
flood insurance 

Preserving the Natural Resources of 
Floodplains 

floodplain zoning and regulation 

Source: Integrated Flood Management 

Concept Paper, WMO, 2009 
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Figure (5): Risk as inter-relation of hazard and vulnerability (Source: Schanze, 2009) 

More specifically, flood risk 
management practiced by the new 
institutional structure will rely on the so-
called “Cascade of Measures”, Fig. 6, as an 
elementary guidance for planning of flood 
risk management measures based on the 
source-pathway- receptor principle. These 
include: (i) reduction of the flood source 
(reducing of runoff) to prevent high 
discharges and high flood risks downstream 
as the most favorable measure, (ii) reduction 

of the hydraulic load on flood control 
structures by reducing and transforming 
flood wave discharges and water elevations, 
(iii) conventional flood control measures, (iv) 
zoning measures to help reducing the 
potential impact, (v) impact reduction 
measures, such as flood proofing of houses, 
early warning and evacuation, and (vi) 
residual risk reduction measures, where 
other measures are not sufficient. 

Figure (6): Cascade of measures (Source: EU IPA Twinning Project, 2014) 
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Results and Discussion 

Analysis of possible alternatives 

Flood risk management comprises 
significant number of different activities 
interacting with numerous policies and 
activities. For the purpose of these analyses, 
the flood risk management has been 
approached to as a public service with 
significant application of the solidarity 
principle.The EU Floods Directive introduces 
systematic approach primarily to flood risk 
management planning aspects and integrated 
water management/governance, while 
operative flood defence is not placed in focus. 
By this it provides significant freedom for 
shaping flood risk management to suite 
national needs and thus, in a broader sense, it 
does take into account operative flood 
protection in flood risk management. 

The institutional arrangements are 
not unified and differ significantly among EU 
member states. Having in mind that the 
current institutional setting in the Republic of 
Macedonia is not completely defined and the 
responsibilities are distributed across 
different bodies, there is an opportunity to 
develop a tailor-made flood risk management 
system. The proposals take into consideration 

the existing country systems with certain 
competences over the management of floods 
(e.g., Ministry of Environment and Physical 
Planning which is also the EU Water 
Framework Directive (WF) body, Hydro 
meteorological Services - HMS, Crisis 
Management Center - CMC and Protection 
and Rescue Directorate - PRD, both of them 
with responsibilities over the operative flood 
defense and multi-hazard planning). 
Considering country’s limited resources, area 
and population (area of 26,000 km2, 
population of 2,100,000) the approach to 
institutional improvement of flood risk 
management is suggested to follow one of the 
following possible directions: (i) introduction 
of strong coordination mechanisms or (ii) 
centralization of (at least some) management 
functions. Although possible approaches, with 
sub-options are numerous, four basic 
alternatives are proposed and analysed: 
1. Body dedicated to flood risk management 
(FRM) 
2. Flood risk management (FRM) integrated 
with Water Framework Directive (WFD) body 
3. Floods Directive (FD) activities integrated 
with WFD body 
4. Floods Directive (FD) activities implanted 
in existing institutions 

 

Figure (7): Body dedicated to flood risk management 
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Alternative 1: Body dedicated to flood risk 

management (FRM) 

This body consists of 6 units, 
corresponding to the six key functions of 
flood risk management (planning, 
development and implementation, operative 
flood defense, public and stakeholder 
relations, information support), as well as 
management and logistics. It entails all main 
functions of flood risk management, but 
integrated water management is not achieved 
by the introduction of such a structure. 

Alternative 2: Flood risk management (FRM) 

integrated with WFD 

In this option, in comparison to first 
one, major step is made towards integration 
of flood risk management in river basin 
management according to WFD. Considering 
the fact that certain activities of flood risk 
management and river basin management 
overlap (marked with darker blue color in the 

graph), they can be aggregated and combined 
to achieve mutual benefits. 

Alternative 3: Flood Directive (FD) 

integrated with WFD 

This option is same as option two, 
except that the operative flood defense is 
placed outside this body. In such case 
development of operative flood defense and 
supporting activities would be entrusted to 
the Hydro meteorological Service (HMS), the 
Crisis. Management Centre and the Protection 
and Rescue Directorate (CMC/PRD). Main 
benefit for FD/WFD body would be simpler 
organization, and narrower scope of work 
(e.g., no need for operative flood forecasting 
activities, and other activities supporting 
operative flood defense, such as maintaining 
of equipment, ensuring additional 
workforce). Certain functions such as 
monitoring of structures and watercourses 
should still be preserved for maintenance 
purposes. 

 
Figure (8): Flood risk management integrated with WFD body 
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Figure (9) : Flood Directive activities with WFD body 

 
 

Alternative 4: Flood Directive (FD) 

implanted in existing institutions 

This option relies on preserving 
existing legal and regulatory environment, as 
well as institutional arrangements and 
enhancing greatly inter-institutional 
cooperation. The overlapping competencies 
among significant number of institutions at 
different levels would require clear definition 
of extensive cooperation and coordination 
mechanisms. At the same time certain 
functions, such as planning in line with EU 
Floods Directive are missing and still need to 
be implemented. As a main disadvantage of 
this option, in order to achieve functional 
flood risk management, significant 
institutional rearrangements should be done, 
and some kind of inter- institutional body for 
collaboration, international cooperation, 
and public participation, reporting and 
setting joint standards needs to be 
introduced. Based on the revealed 
deficiencies in the system from the most 
recent flood events, it is very likely that the 
main goal of this option (non- disturbance of 
existing institutional arrangements) cannot 

be fully achieved if an effective flood risk 
management is to be introduced. 

As the overall assessment was based 
mostly on subjective judgment of experts, 
decision-makers and practitioners, there was 
a concern on how much the selection of 
optimal administrative setup is sensitive to 
errors by subjectively defined weights and 
criteria assessment. To address this, around 
1,000 modified assessment tables were 
generated in which grades set by individuals 
in the original table were randomly altered in 
the range of ± 2, and the weights were 
changed in the range of ± 50% of the original 
values. The results showed that in 990 out of 
1,000 (99%) generated cases, alternative 2 
(Flood risk management integrated with WFD 
body) was superior to other options and in 
other 10 (1%) cases it was ranked as second 
best. Alternative 1 (Body dedicated to flood 
risk management) was superior in 8 (<1%) 
cases and ranked as second best in 659 
(66%) cases. Alternative 3 (Flood Directive 
activities integrated with WFD body) was 
ranked as the best in 2 (<1%) cases and 
ranked as the second best in 331 (33%) cases. 
Table 2 presents the outcome of the 
numerical assessment of the proposed 
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alternatives that followed the SWOT analysis. 
The analysis suggests the second alternative 
(FRM integrated with WFD body) as the 

superior one based on the average and 
weighted average ranking. 

Table (2) : Numerical assessment of the proposed alternatives 
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FD RELATED 

river basin approach 

2.00 

5 5 5 1 
integrated water 
management 2 5 3 1 

integration of FRM in RBMP 3 5 4 1 

 international cooperation 3 5 3 1 

 competent authority 3 5 4 1 

FRM RELATED 

unified approach to risk 
management 

1.50 

5 5 1 1 
conflicts of FD and 
operative flood defense 5 5 2 3 

solidarity principle 5 5 3 1 

efficiency of financing 3 5 4 1 
non-structural measures 
planning 3 5 4 1 

ORGANIZATIONAL 

clear responsibilities and 
relationships 

1.00 

5 4 3 1 
number of additional 
personnel 3 4 3 5 
concentration of expertise 
and knowledge 4 5 3 1 

institutional rearrangement 3 1 2 3 

logistics benefits 2 5 4 1 

RESULT 
Average 3.60 4.60 3.20 1.53 

Weighted average 3.58 4.73 3.29 1.40 
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The fourth alternative (Flood 
Directive activities implanted in existing 
institutions) was the lowest ranked in all 
1,000 (100%) cases. For the application of 
AHP, the groups of criteria were ranked 

based on the same weights used to rank the 
individual criteria, resulting in the following 
matrix that illustrates the relative 
importance of each group of criteria in 
relation to each other. 

Table (3): Pair-wise comparison of the main criteria 
  FD RELATED FRM RELATED ORGANIZATIONAL 

FD RELATED 1.00 1.33 2.00 

FRM RELATED 0.75 1.00 1.50 

ORGANIZATIONAL 0.50 0.67 1.00 

Based on the comparison matrix 
each alternative was analyzed in view of 
each group of criteria; the scores for each 
alternative were obtained resulting in the 

final decision-making basis, indicating the 
most favorable alternative. Table 4 
summarizes the results of the AHP. 

Table (4): Results from the Analytic Hierarchy Process 

AHP results  Alternative 1  Alternative 2  Alternative 3  Alternative 4  

Group 1 Criteria  0.10940 0.17094 0.12991 0.03419 
Group 2 Criteria  0.10448 0.12438 0.06965 0.03483 
Group 3 Criteria  0.06093 0.06810 0.05376 0.03943 

Total score  0.27481 0.36342 0.25333 0.10844 

Results 27%  36%  25%  11%  

With an overall score of 36% the Analytic 
Hierarchy Process also pointed out the 
second alternative as the superior one 
compared to the other three. 

Conclusion 

The paper proposes an EU-based 
institutional setup model for the Republic 
of Macedonia that would respond to the 
requirements of the contemporary flood 
risk management approaches and as such 
address some of the key deficiencies in the 
existing flood management system. 

From the flood risk management 
point of view, the proposed Alternative 2: 
FRM integrated with WFD is suggested as 
the optimal against the key objectives of 
the exercise. The participatory expert-
based Analytic Hierarchy Process 
suggested this option as the one with the 
greatest potential to respond to all major 
requirements of the EU water-related 

management policies. By building upon these 
findings, the institutional model can further 
adjusted in light of institutional development 
priorities, capacity strengthening needs and 
opportunities, as well as financial 
instruments in place. As a recommendation, 
in any institutional development scenario, 
given the urgency of the issue of providing 
better management of floods, there are a 
number of preliminary activities whose 
implementation would be beneficial 
regardless on the selected option. 

These include, for example, 
development of a GIS-based spatial database 
on floods and flood management practices, 
development of flood hazard and flood risk 
maps, as well as flood risk management plans 
for the main river basins and priority areas in 
the country, and their use in spatial and 
urban planning. The introduction and 
development of such flood management 
approach is a continuous process which 
requires specific interdisciplinary expertise, 
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coordination and communication 
instruments and major awareness raising. 
Therefore, priority needs to be placed on 
education, raising awareness at all levels in 
society and developing of efficient 
coordination mechanisms among 
institutions and communication with the 
population, especially in the areas at the 
highest risk of flooding.Although complex 
and potentially costly, such an institutional 
reform can be easily justified as an 
absolute necessity if optimal flood risk 
mitigation and prevention of significant 
future losses is to be achieved, especially in 
light of the most recent catastrophic 
consequences of flooding in the country. 
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