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Project Background
Introduction

In recent years, flood management has shifted from protection against floods
to managing the risks of floods. This shift is reflected in the Flood Risk Directive (2007/60/EC; FRD). The FRD defines flood risk as “the combination of
the probability of a flood event and of the potential adverse consequences
for human health, the environment, cultural heritage and economic activity”.
Furthermore, the FRD requires EU Member States to undertake a preliminary
assessment of flood risks and, for areas with a significant flood risk, to prepare
flood hazard and flood risk maps and flood risk management plans.
In Macedonia, driven by different meteorological processes, floods occur in
both winter and summer. Floods often occur along the country’s major rivers
Vardar, Crna Reka, Treska, Strumica, Pchinja, Lepenec and Bregalnica. Winter
and spring floods are generally driven by prolonged rains and intensive snowmelt, or a combination of both. Summer flash floods are often driven by short
and intensive rains. The Vardar River basin is the largest in the country, accounts for 80% of the nation’s water resources, and has the highest potential
flood risk in the country.
The area of the City of Skopje can be flooded from different sources: Vardar
River, storm waters, increased level of underground waters as well as overflow
of the dams/reservoirs Matka, Sveta Petka and Kozjak. In the City of Skopje
region from the 1923 with the start of hydrological monitoring there were 4
major floods: December 1935, December 1937, November 1962 and November
1979. Observed maximum water flow in the 1962 flood event equals 1,310m3/
sec, and is considered to be the highest registered flow; the flooded area in this
event equals 6,752 ha. Measured water flow in the 1979 event equals 980 m³/
sec, and 7,550 ha of flooded area.

Methodology
The Flood Modeling Study for the City of Skopje has been prepared by PointPro
Consulting, Skopje. The analysis is primarily intended for use by the Skopje City
administration and the UNDP as a basic decision-making tool for further implementation of the project.
The tasks that were performed to assess the feasibility for improvement of the
water supply service included:
•Phase 1 – Data Collection and Analysis and Preliminary Flood Risk Assessment
(PFRA): Desk review, data collection and stakeholder mapping; Analysis of the
existing conditions related to flood risk management in Skopje; Analysis of
available data and information on damages from past floods.
•Phase 2 – Modeling, flood risk assessment, economic analysis: Development of
various mathematical models for simulation of floods; Development of floodrisk and flood-hazard maps; Establishing flood risk management objectives, and
identification of flood risk mitigation activities and measures; Economic analysis of identified flood risk mitigation measures
•Phase 3: FS Report writing.
In the course of preparation of the analysis, available background information
was provided by the City of Skopje, the Crisis Management Centre and the
UNDP. Furthermore, discussions were held at several occasions with representatives of listed organizations to review the study objectives and opportunities.

The UNDP, in partnership with the City of Skopje and the Crisis Management
Centre, is implementing the ICT for Urban Resilience project. The project in
effect represents an initiative to build urban resilience in the City of Skopje
through improved use of ICT in flood risk reduction. This will be achieved by
increasing institutional capacity, mobilizing knowledge and implementation
of best- practice innovative technologies. Thus, the UNDP wishes to further
support the initiative by initiation of project activities focused on conducting
flood modeling and risk assessment study for the city of Skopje.
Study objective
The main objective of the assignment is to conduct a Flood Modeling Study for
the City of Skopje, in accordance with the FRD and national regulations. The
work focuses within the geographical boundaries of the city (Skopje Planning
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Project Background

Floods have the potential to induce casualties, violent displacement of people,
severe standstill of the economic development and undermining of all economic activities. Compared to other natural hazards, floods are both a high frequency events and spatially widespread in occurrence. These events are commonly associated with extreme precipitation events, which affect the outflow
of the catchments and produce severe floods. In addition, a strong dependence
between the flood regime and climatic changes has also been observed.

Region). The modelling effort, which is expected to generate maps that are
compatible with different GIS platforms to be used for development of different scenarios of eventual future flooding waves, will thus support the flood risk
assessment process through improved preparation of scenarios and plans for
floods on the territory of the City of Skopje.

Flood Modelling Study for the City if Skopje – Executive Summary

proved use of ICT in flood risk reduction, which will be achieved by increasing
institutional capacity, mobilizing knowledge and implementation of best‐practice innovative technologies.

Flood risk management in the City of Skopje – Introduction

The goal of this assignment carried out within the UNDP‐funded project is to
conduct a Flood Modeling Study for the City of Skopje. The work centers within
the wider geographical boundaries of the city.

The area of the City of Skopje can be flooded from different sources: the Vardar
and Lepenec rivers, storm waters (sewer floods), torrential streams originating
from the Vodno and Skopska Crna Gora mountains, increased level of underground waters, as well as overflow of the reservoirs Matka, Sveta Petka and Kozjak located upstream of the city. In the City of Skopje region from 1923 with the
start of hydrological monitoring there were five major floods: December 1935,
December 1937, November 1962, November 1979 and August 2016. The floods
of 1962 and 1979 resulted in economic losses of approximately 7% of GDP (for
each year), while economic losses resulting from the most recent flood in August 2016 amounted to nearly €30 million.
Uncontrolled urbanization, as well as improper exploitation and management
of forests and agricultural land, intensify the impact of natural hazards such
as torrential floods. In recent years, torrential floods have occurred more frequently in the country and have become more destructive; former discharges
with recurrence interval of 100 years are now events with a recurrence interval
of 50 years or even less. Various contributing factors are identified, including
transformation of the region from rural to urban land - uses, diminishing forest
vegetation areas, unsustainable agricultural practices, etc.
Another important factor is the dramatically reduced spending in the water
sector over the last decades, contributing to deterioration of the country’s water
infrastructure. Aging infrastructure and inadequate investments in maintenance
of public infrastructure puts many floods control structures at risk of losing their
functionality.
Finally, the Skopje region is also extremely complex and sensitive to the effects
of climate change. While the impact of climate change on the overall intensity
and frequency of hydrological hazards cannot be predicted with certainty, past
experience and data suggest that climate change significantly increases the frequency and magnitude of extreme weather events and natural disasters, which
highlights the high degree of risk and uncertainty.
In recent years, flood management has shifted from protection against floods
to managing the risks of floods. This shift is reflected in the EU Flood Risk
Directive, which defines flood risk as “the combination of the probability of a
flood event and of the potential adverse consequences for human health, the
environment, cultural heritage and economic activity”.
The UNDP, in partnership with the City of Skopje and the Crisis Management
Centre, is implementing the ICT for Urban Resilience project. The project represents an initiative to build urban resilience in the City of Skopje through im-
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(Skopje Planning Region), with emphasis put on the Vardar river in urban areas.
The key objectives of the Study are to:
•

identify and map the existing and potential future flood hazard and risk areas within the Skopje City region

•

build a strategic information base necessary for making informed decisions in
relation to managing flood risk in the area

•

identify viable structural and non-structural measures and options for managing flood risks for localized high-risk areas within the entire territory of the
City.

Areas of analysis: Rashche area, Skopje urban part with Vodno torrents, Lepenec river
area, and Skopje rural part with Skopska Crna Gora torrents

The modelling effort resulted in preparation of GIS - based maps that are used
for development of
different scenarios of eventual future flood waves, and thus supports the flood
risk assessment
process through improved preparation of scenarios and plans for floods on the
territory of the City.

Historic flood hazard in the City of Skopje
From a flood hazard and flood risk management point of view, the City of Skopje
has quite a critical location. Upstream of the City there are three river basins:
upper Vardar, the basin of Treska and the basin of Lepenec river. Thus, on the
one hand it can be said that Vardar river, which flows through Skopje enriched
with water from Treska and Lepenec, should give Skopje all benefits of a city
through which a big river flows. However, on the other hand, the watersheds of
those rivers form such a shape which greatly contributes to an occurrence of
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In Macedonia, driven by different meteorological processes, floods occur in both
winter and summer. Winter and spring floods are generally driven by prolonged
rains and intensive snowmelt, or a combination of both. Summer flash floods
are often driven by short and intensive rains. Floods often occur along the
country’s major rivers Vardar, Crna Reka, Treska, Strumica, Pchinja, Lepenec
and Bregalnica. The Vardar river basin is the largest in the country and has the highest potential flood risk.

coincidence of flood waves that pose significant threat to the Skopje valley.

2010, the storm is categorized as an event with 0.1% probability of occurrence.

Observed maximum water flow in the Vardar river in the 1962 flood event equals
1,310 m3/sec, and is considered to be the highest registered flow; the flooded
area in this event equals 6,752 ha. Measured water flow in the 1979 event equals
980 m³/sec, and 7,550 ha of flooded area.

Rainfall intensity and duration (Skopje, August 6, 2016)

The floods left 23 people dead or missing and destroyed entire neighborhoods
in the most affected region of Gazi Baba and Arachinovo. A section of the
ring road (Skopje bypass) highway was destroyed, with 70 cars reported trapped
in the flooding. According to a damage assessment being carried out by the
national authorities, approximately 4,500 households were affected by the
flood in the 15 municipalities, which means that 1.6% of the households in the
affected area suffered some level of damages as a result of the floods.

Simplified hydrographs for the 1962 and
1979 floods in Skopje

Besides floods caused by the Vardar river, certain areas of the urban part of the
City of Skopje are also under threat of flooding created by torrential streams
emerging from the Vodno mountain, as well as flash floods (also termed sewer
floods) caused by excess surface water entering the drainage/sewer network
or due to insufficient capacity in the surface water network. Thus, Skopje for a
number of years in the past on occasions of more intense rain inevitably suffers
from flooded underpasses, and especially on several critical points located in
the city center.

Sequences from a computer simulation of the August 6
flood

Existing flood risk management in the City of Skopje
Following the extreme flood of 1962 along with the damage it had caused,
the city authorities have commenced a large scale engineering planning and
construction works aimed at managing flood risk in the city’s central urban
area. The main project for channelization of Vardar river has been carried out
in the period from 1968 to 1974, in parallel with the construction works on the
defense channel. The main technical aspects have been determined previously.

The 1962 flood in Skopje

Finally, devastating flash floods hit Skopje on the night of 6‐7 August 2016.
The storm affected a wider area of 15 municipalities around the city, however,
most severe consequences were caused in the north‐east part of the region at
the foothill of Skopska Crna Gora mountain (municipalities of Gazi Baba and
Arachinovo, where rapid and substantial increase of water level in torrential
streams running from the peaks of the mountain to the Vardar river created
devastating effects to several suburban settlements and villages. Based on
recorded data from automatic precipitation metering stations at Gazi Baba
and Karposh over 90 mm per square meter of rainwater fell in approximately
two hours, which is roughly three times the average monthly sum, or nearly
equal to the maximum recorded precipitation for the entire month of August
in Skopje. Compared to records of rainfall in the region for the period 1978 to
Executive Summary

14

According to the project, the maximum water flow for designing the regulated
riverbed is 1,150 m3/sec. A double trapezoidal cross-section and in certain parts
a combined riverbed (trapezoidal shape in the minor (low-water) riverbed and
rectangular in the major (high-water) riverbed) has been adopted. In the urban
part of the city a triple riverbed was suggested, with two rectangular sections
of the major riverbed and a trapezoidal shape for the minor riverbed.
The minor channeled Vardar riverbed, which extends from the beginning of the
defense channel in the Municipality of Aerodrom to the confluence of Lepenec
river, has a single cross section with width of 45 meters and banks with slope of
1:1.5, covered with massive crushed cobblestone and leaning against massive
foundation structure. The width of the minor riverbed in the area around the
Stone Bridge increases to 62 meters in order to use the four bridge apertures.
The beginning of the channeled riverbed is secured with a crossing structure
formed with coarse stone.

Executive Summary
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In the City of Skopje region from 1923 with the start of hydrological flow monitoring there were five major floods: December 1935, December 1937, November 1962, November 1979 and August 2016. Information about prior floods are
based only on stories, historical documents and photos. Also, there is no information about the quantities of water and precipitation that have caused these
(prior) floods, according to which their occurrence could be assessed.

However, the regulated riverbed of Vardar through the central area of Skopje
is subject to architectural changes in the past several years. After 2010 two
new pedestrian bridges were built and one bridge for panorama wheel is still
under construction. In addition, the modifications include also siting of three
static ships in the riverbed aimed for entertainment. Thus, the current status
of the Vardar riverbed in Skopje is visibly changed from the design parameters,
primary due to high amounts of sediment deposited in the riverbed and the
infrastructure that takes section of the river flow profile.

The Vardar flood defense channel in the city central urban part

Executive Summary
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Krushopek

3.2

Nerezi

4.5

Kamenov Dol

1.5

Sultan Potok

1.75

Murtinec

1.6

Martino Brdo

1.5

Kisela Voda

1.25

Pripor

2.1

Total

17.4

Vodno torrents

The current situation regarding protection against floods from torrential
streams of Skopska Crna Gora is even more critical. Flood protection in the
area is limited to a drainage system that consists mainly of open channels,
primarily intended to evacuate high groundwater and surface runoff from farmland. To a certain degree the drainage system is also used for flood protection
of rural settlements.
The drainage and flood protection system in the area affected by the August
2016 flood consists primarily of open channels formed into natural waterways,
which in certain parts have concrete lining. The system was built in the period
1959 to 1965, primarily with a purpose of reaping farming land by draining off
the previous wetland area known as “Skopski Shamak”. Precipitation water coming from the hills of Skopska Crna Gora mountain is collected by a ‘Boundary’
channel which, with a total length of 27 km, is the most important discharge
waterway in the region, covering a total area of over 25,000ha. Collected water
with this channel is discharged into the Vardar river by a pump station locatednear the village of Taor.

Apart from flood risk management through construction on defense walls along
the Vardar river, activities have been carried out in the past that are related
to protection against floods from torrential streams of the Vodno mountain.
Reforestation of the northern slope of the mountain Vodno after World War I
contributed to protect the city from potential erosion processes and torrential
flows. In addition, a network of torrent channels has also been constructed.
Nevertheless, the last expert control on the channels for capturing natural
torrents carried in 2010 showed that the situation in the past years has
worsened. The Nerezi channel (near the village Nerezi), the Central group of
torrents (composed from a collecting channel and drainage channel that pass
by the State Hospital), and the Eastern group of torrents (near Kisela Voda
are only partial regulated) have not been maintained properly over the past
decades.

Area (km2)

Torrent

Area(km2)

Smilkovci

4.4

Rashtanski

12.6

Bulachanska r.

15.6

Strachinci (west)

7.7

Total

40.3

Major torrents on Skopska Crna Gora

Flood risk management objectives and principles
The objective of flood risk management is to reduce the likelihood and impact
of floods. The extent to which action is needed, however, depends on the objectives set. Flood risk management starts with the assessment and mapping
of flood risks. Information about flood risks is the basis for developing flood risk
management strategies and plans. Experience has shown that the most effective flood risk management strategies and plans incorporate all of the following
elements (European Commission, 2004):
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Cross‐section of the Vardar flood defense
channel in the city central urban part and
outside the city center

Torrent

Prevention: preventing damage caused by floods by: avoiding construction of
houses and industries in present and future flood-prone areas; adapting future
developments to the risk of flooding; and promoting appropriate land‐use,
agricultural and forestry practices.

for the mathematical coefficients for the hydrologic and hydraulic computations.

Preparedness: which includes flood forecasting and warning; informing the
population about flood risks and what to do in the event of a flood.
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Prevention: preventing damage caused by floods by: avoiding construction of
houses and industries in present and future flood-prone areas; adapting future
developments to the risk of flooding; and promoting appropriate land-use,
agricultural and forestry practices.

Emergency response: developing emergency response plans in the case of a
flood occurrence.
Recovery: returning to normal conditions as soon as possible and mitigating
both the social and economic impacts on the affected population.

Flood hazard and flood risk modelling
Flood extents are influenced by the floodplain’s topography and the volume
of flooding water. The volume of water in the floodplain is influenced by the
magnitude of the flood event and the flooding mechanisms taking place.
Different magnitudes of flooding have different probabilities of occurring.
Probability of flooding is defined by annual exceedance probability. i.e. the
likelihood of a particular flood with a given magnitude occurring or being
exceeded in any given year. It should be noted that the likelihood of a flood
event occurring in the future, regardless of its probability, is independent of the
time since the last flood of similar magnitude.
The study presented herein is based on up-to-date mathematical GIS-based
models that simulate the occurrence and propagation of floods in a certain area.
The modelling included application of several practical software applications,
as presented on the diagram below.
Hydrology modeling – Rainfall-runoff model
The hydrology model converts the rainfall over a watershed into runoff in the
corresponding watercourse system. The results of the hydrologic models are
flood hydrographs at desired locations in the river basin, which are used as an
input for the hydraulic and reservoir simulation models. A complex model that
simulates the surface runoff response of the wider Vardar river basin to precipitation by representing the basin as an interconnected system of hydrologic and
hydraulic components is designed, which includes: (1) a model for Upper Vardar
(which extends from the river’s spring near Gostivar to the inflow of the river
Treska); (2) a model for Lepenec river (from the spring in Kosovo to the inflow of
Lepenec into Vardar); (3) a model for all 8 torrents on Vodno Mountain; and (4)
a model for roughly 10 torrents on Skopska Crna Gora that form the mountainous network of streams in the herein analyzed region. This model is used to provide better forecasts and assessment of flood damage reduction alternatives.
The hydrology modeling for the City of Skopje was performed with the Hydrologic Modeling System (HEC-HMS), and the HEC’s Geospatial Hydrologic Modeling
Extension (HEC-GeoHMS). Both models were used to develop calibrated hydrology models for the basin. For hydrological modeling purposes, HEC-GeoHMS
was used to delineate the watershed into sub watersheds and reaches. Each
sub watershed and reach uses averaged values over the area or stream length
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Hydrology modelling of Upper Vardar and Lepenec
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Hydraulic modeling

Hydraulic modelling of Skopska Crna Gora torrents

HEC-RAS is an integrated software system that performs 1D and 2D hydraulic
calculations for a full network of natural and constructed channels, designed to
aid hydraulic engineers in channel flow analysis and floodplain determination.
The results of the model can be applied in floodplain management and flood
protection analysis.

The NDVI was also used for determination of the current land‐cover (land‐use)
in the Skopska Crna Gora region, and in particular the change in vegetation
cover, derived from Landsat satellite imagery for two time periods: Landsat 5
from May 1986 (spatial resolution 30m) and Landsat 8 from May 2015 (spatial
resolution 30m; Source: earthexplorer.usgs.gov.).

Modelling of flash floods
Flash floods are caused by intense and/or extended rainfalls which overcomes
the capacity of the drainage system and represent one of the principal hazards
in modern cities. This type of flooding often leads to major economic losses
and has other social and environmental impacts. The probability of flash floods
occurring is higher in urban areas due to the high proportion of paved surfaces,
which limit water infiltration and increase the amount of water running off the
ground surface and consequently its speed. This is worsened by the fact that
natural drainage routes are often changed in cities, which results in reduced
capacity for excess water.
The methodology used for assessment of urban flash flooding in the City of
Skopje is organized around three major analytical and modelling components:
(1) urban remote sensing analysis (changes in Impervious surface and land-use);
(2) 1D/2D hydrological modelling, encompassing overland and drainage system
flows; and (3) spatial impact modelling (including direct and indirect economic
costs, the effect of installing suitable adaptation measures, etc.). Analyses conducted in the study rely on implementation of satellite imagery to assess the
influence of urban development on the impacts of extreme rainfall.

Applied flash floods assessment methodology
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NDVI for the Skopska Crna Gora area in 2015 and 1986

Flood mapping and flood risk assessment
Flood maps are one of the main outputs of this analysis and are the way in which
the model results are communicated to end users. The flood maps represent
all areas that are likely to be inundated at some point during a flood event. The
key types of maps developed include:
•

Flood extent maps – that show the estimated area inundated by a flood
event of a given annual exceedance probability. These maps also show levels
of confidence in the flood extents, plus water levels, flows and defended
areas.

•

Flood depth maps – that illustrate the estimated flood depths for areas
inundated by a particular flood event.

•

Flood velocity maps - showing the speed of the flood water for a particular
flood event using graduated colors.

•

Flood hazard maps – representing the harm or damage which may be
experienced by people from a flood event of a given annual exceedance
probability, calculated as a function of depth and velocity of flood waters.

Flood maps provide valuable information regarding flooding within the basin
for both technical and non-technical users. The maps have been used within
the study to identify areas that are prone to significant flooding and to inform
Executive Summary
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Hydraulic modeling and flood inundation mapping are performed in order
to predict important information from a flood event, including the extent
of inundation and water surface elevations at specific locations. A hydraulic
model is essentially a representation of the processes that occur during a flood
event. Different models using the Hec-Ras software were created for the City
of Skopje.

Most remote sensing estimates of vegetation distribution are based on utilizing
the difference in reflectance between vegetated and non‐vegetated areas. This
difference represents the basis for monitoring vegetation cover through the
use of satellite imagery. In order to assess the area of impervious surface the
Normalized Difference Vegetation Index (NDVI) has been applied as a proxy for
vegetation cover/impervious surfaces, using a threshold value greater than 0.2.
Consequently, for different blocks for urban area the time of rainfall concentration was calculated taking into account the slope, flow length and imperviousness of the surface. The areas were divided in two groups: (1) central part of
the city and parts with sensitive infrastructure, with higher level of protection
from flooding with probability of occurrence of 5 years; and (2) areas with lower
level of protection with probability of occurrence of 2 years. As a final step the
surface flow (l/sec/ha) was calculated.

different land-use categories, and is estimated based on information from
previous floods in the country.

The assessment of the economic impact of flooding is based on analysis of
land use characteristics of an area potentially inundated by a flood event and
a depth-damage function that provides a relationship between water depth
and monetary damage for a specific land use type. The intersection of flood
extension maps (with water depth) with land use maps of the flooded area
enables calculation of direct damages of a flood event.

Based on the detailed flood modelling and potential damage (risk) assessment,
individual flood risk management measures and options (or combination of
measures) were identified, separately for: (1) the city urban/central area along
the Vardar river; (2) city’s rural/sub-urban areas along the Vardar river; (3) areas
along the Lepenec river; (4) Vodno torrents; (5) Skopska Crna Gora torrents; and
(6) the upper part of the Vardar river (Rashche spring area).

Valuation of flood risk management options

The flood risk management options/scenarios include:

Flood extent and depth and damage
factors for City of Skopje urban part (Q500))

For purposes of this analysis, the HEC‐RAS 5.0 and Geographic Information
Systems (GIS) were used to assess the effects of flooding. The results obtained
from HEC-RAS 5.0 layer containing inundation extent and water depth level
were further processed in GIS environment using additional data such as CORINE land cover, and transport infrastructure network (roads and railway) from
topographic maps. Flooded areas are divided into four categories: residential
buildings, transport infrastructure, industry and commercial structures, and agriculture.

•

Do nothing – i.e. basic scenario against which all other identified options are
compared

•

Minimum Measures – assumes protection from floods with a 5‐ to 10‐year
return period (Q5, P20% to Q10, P10%)

•

Low Protection Project – assumes protection from floods with a 25‐year
return period (Q25, P4%)

•

Low-to-Medium Protection Project – assumes protection from floods with a
50-year return period (Q50, P2%)

•

Medium Protection Project – assumes protection from floods with a 100‐
year return period (Q100, P1%)

•

Medium-to-High Protection Project – assumes protection from floods with a
500-year return period (Q500, P0.2%)

•

High Protection Project – assumes protection from floods with a 1000‐year
return period (Q1000, P0.1%)

The feasibility of the identified options was then evaluated through a cost‐
benefit analysis. The basic principle of feasibility analysis of individual flood
protection measures, or combination of measures, indicates how much a flood
defense scheme costs and how much losses would it save (or create benefits)
over what time period. The performance of each option, relative to defined
baseline conditions, was assessed based on two indicators: the net present
value (NPV) and the benefit-cost ratio (B/C).
Benefit/Cost Ratio

0.10%, 2.6

0.20%, 2.8

3.5
3.0

1%, 2.7

2.5
2.0

4%, 1.4

1.5
1.0

20%, 0.5

0.5

100%, 0.0
0%

Flood extent maps for Vodno and Skopska Crna Gora torrents

1%

10%

0.0
100%

Flood-Damage probability distribution and B/C ratio for analyzed flood
protection scenarios

The direct economic effect of potential future floods is estimated as a function
of the land-use type, degree of damage (i.e. damage factor), and the flooded
area for each land-use category. The monetary value (€/m2) varies between
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the development of flood risk management options. These flood maps can also
be used to: (1) raise awareness of flood hazard to property and life; (2) aid urban
and spatial planning and development management; and (3) aid flood event
response planning and action.

Identified non-structural measures for flood risk management
Improvement of Meteorological and Hydrological monitoring

It is concluded that for managing flood risk from the major rivers running
through Skopje the existing hydro-meteorological network is sufficient. This
network should be used for linking of the prepared and herein presented
hydraulic models with a contemporary meteorological numerical model. For
the purpose, establishment of two new contemporary radar systems in the
national Hydrometeorology Service (HMS) linked to the Pan-European weather
radar platform “Opera’ is necessary.

Managing flash floods in urban areas
Certain areas of the City of Skopje are under threat of flooding caused by
excess surface water entering the drainage/sewer network or due to insufficient
capacity in the surface water network. Thus, Skopje for a number of years in
the past on occasions of more intense rain inevitably suffers from flooded
underpasses, and especially on several critical points located in the city center
and some of those on the periphery of the city.

Establishment of a community-based alerting (early warning) system
In mountainous regions where torrential floods caused by relatively small
rivers often have catastrophic effects, the support provided by central-level
institutions and mandated agencies might be insufficient. Therefore, common
practice in such regions is to introduce a community-level alerting (early warning)
system, for the following main reasons: the community has the best knowledge
of the local conditions; there is a great interest for reducing adverse effects of
natural hazards because they have direct effect on their survival and wellbeing;
the community is capable of transferring easy-tounderstand information.
Community-level hazard alerting system is an integrated system of warning
tools, plans and response in an event of floods. The main purpose of the
system is the management of flood risk by providing timely information to the
downstream communities, as well as a coordinated exchange of floodrelated
information among all communities of the region.
Establishment of a community-based alerting system is planned for protection
from flash floods of the settlements located along Skopska Crna Gora torrents.
The key elements to the introduction of the such alerting system are:
•

Understanding the flood risk (this report provides preliminary overview maps
of flood risk for the most significant water courses in the project area, which
need to be further upgraded by using the experiences of local communities)

•

Establishing precipitation monitoring system, which includes installation
of automatic rain metering stations in the villages of Brodec, Moranci,
Bulachani and Ljubanci, along with an assessment (curve calibration) of the
critical rainfall intensity causing torrential floods

•

Establishing an efficient alert communication system

•

Strengthening response capacity in the event of floods.

Integration of flood risk management in urban planning for areas vulnerable to
flooding
Respecting that primary goal of spatial and urban planning as a continuous
process in effect is space arrangement and protection and improvement of the
environment and nature, settlements affected by floods should respect the
maps that highlight the areas with significant risk of flooding.
Thus, as a specific non-structural, no-cost flood risk management measure is
improvement of the City urban (land-use) planning process based on the flood
Executive Summary
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Surface water flow for urban parts of Skopje, to be used for development of drainage
network

As a long-term non-structural measure for managing the risk of flash floods,
modification of the design criteria for development/upgrading of the surface
water network in Skopje is proposed. Namely, for the central parts of the City,
due to perceived higher level of potential hazard and damage value, the design
flow created by flash floods should be based on an event with a 5-year return
period. Indication of these areas, as well as indicative values of the design
surface flow (l/sec/ha) to be used for dimensioning of drainage networks, are
given in the figure.
Water resource management facilities along Vardar river
Water storage reservoirs Matka, Sveta Petka and Kozjak (on Treska river)
are located upstream of the City of Skopje. These reservoirs, although built
according to highest engineering standards, represent a specific flood risk for
the city. Flooding from reservoirs may occur as a result of dam break, whereas
the entire water volume stored in the reservoir at the time would discharge in
a very limited time.
In addition, the Kozjak reservoir that enables a water retention volume of 100
mill. m3 has a special role in the overall flood risk management of the City.
Nevertheless, the three reservoirs are managed and operated by entities (AD
ELEM and EVN Macedonia) whose principal commercial activities are related
to hydro power‐generation (not flood risk management). Although the entity
which is responsible for management of larger dams is obligated to prepare
flood risk assessment analysis in case of a dam break, the immense risk of
flooding remains.
Executive Summary
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Monitoring of hydro meteorological parameters is the most significant
component in managing the risk of flooding. A network of meteorological
stations accompanied by communication devices is the key link in the system
for early warning of the danger of flooding.

maps developed under the assignment. The aim is to define new criteria as part
of the spatial and urban planning documents preparation process, for locating
and dimensioning of such systems in urban areas with high levels of urbanization
and economic importance.

The practically incalculable damage that can occur in such extreme events
emphasizes and justifies the significance of proper management of dams and
reservoirs upstream from the City of Skopje. It is, therefore, recommended that
the City council considers the possibility for taking over, or sharing on equal
basis, responsibility for management of the three water reservoirs located
upstream of the City.
Inappropriate, or at times even missing, waste management service in a number of rural areas results in existence of illegal dump sites throughout the country. Oftentimes the dumps are located alongside torrential flows, thus in turn
creating huge problem in case of flooding.
Although all municipalities in the Skopje region have public utility enterprises
that provide waste management service to the citizens, it appears that several
remote (mainly sub-urban and/or mountainous) villages are either not covered
with the service or delivered service is not satisfactory and needs to be improved. This aspect was confirmed by the most recent August 2016 flood. In
addition, improperly closed illegal dumps also create problems in cases of extreme flood events. These dumps need to be removed.
Improving hydrological properties of basins
Land-use is one of the parameters of basin that can be influenced. An analysis
has been carried out for the most affected area by the August 2016 flood on
the impact/improvement of hydrological properties by reducing the CN number as a result of conversion of part of the basin’s area for a different purpose.
Results show that even minor improvement of land‐use has major impact on
reducing the size of the flood wave. Consequently, the impact of measures on
improving hydrological properties of basins is emphasized, through:
•

Promoting good agricultural practices (limiting cultivated land and
appropriate tillage practices)

•

Sustainability of pastures

•

Renewal and expansion of forest cover (reforestation).

Identified structural measures for flood risk management
Flood and water quality protection in upper Vardar river (Rashche zone)
The analysis related to the flow of upper Vardar (Rashche spring zone) have
revealed the risk of potential flooding of the Rashche spring from the Vardar
river. Given that the Rashche spring is a source of water for sanitary water
supply purposes of the entire Skopje City area, the potential hazard and the
consequent risk are categorized as extremely significant.
It is therefore recommended that the protection of the Rashche spring area
should be classified as the highest priority regarding flood risk management of
the Skopje City. Furthermore, protection of the Rashche zone has already been
identified as priority investment of broader national security with the Spatial
Plan Protection Zones (2003) and the Decision on establishing protection zone
and determination of necessary defense measures (1999).
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Layout of the Rashche zone

The length of the protection/defense strip of Vardar river for the purpose equals
5.7 km. Estimated investment equals €6 million.
Flood occurrence in the City of Skopje urban zone
Given the importance from economic standpoint as well as population density,
the case of possible flooding of the Skopje urban (central) zone requires
significantly high level of flood protection. Thus, this area was analyzed against
several potential flood waves with possibility of occurrence of Q150 (P0.7%),
Q250 (P0.4%), Q500 (P0.2%), and Q1000 (P0.1%).
It is confirmed that the current absolute maximum discharge capacity of the
regulated riverbed of Vardar in the urban zone equals 900m3/s, which refers
to a flooding with occurrence risk of Q250 (P0.4%) to Q500 (P0.2%), while the
maximum flow with a safety distance of 0.5 to 1m from the lowest positioned
structures (bridges) equals roughly 750-800 m3/s. Furthermore, it is concluded
that the recent architectural changes within the channelized riverbed have
reduced the maximum discharge capacity of the regulated riverbed from the
initial design of 1,150 m3/s by 25-35%.
The current level of flood protection in the Skopje urban zone (Q250 to Q500) is
still reasonable. However, it should also be emphasized that the city has ignored
a possibility to have a very high level of flood protection, as well as the fact that
any further decrease of river’s discharge capacity in the urban zone cannot be
justified by any means. In addition, Article 125/3 of the Law on Waters defines
that “the measures determined in the regulation referred to in paragraph (1) of this
Article shall ensure: ... 2) prevention of space development, land use, carrying out
construction works and other activities that could increase the threat from floods
and damages”.
As regards future flood protection measures in the case of the urban zone of the
City of Skopje, the minimum measures include cleaning (from deposited debris,
etc.) and renovation of the entire existing infrastructure for flood protection.
i.e. restoration to and long-term maintenance of its initial design state. The
average annual cost of these activities is estimated at €200,000.
Flood occurrence in the City of Skopje rural zone
Conducted analysis concerning the rural areas of the City of Skopje refer to
assessment of the potential flood hazard and flood risk, as well as identification
and feasibility assessment of flood protection defenses (flood risk management
measures), related to residential (semi-urban) and agriculture areas located
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Upgrading of waste management service in the wider Skopje region

Several standard structural measures for protection against flash floods of the
settlements located along torrential flows on Skopska Crna Gora have been
analyzed. The size of the analyzed flood defense structures depends on the
desired degree of protection. Based on the analysis, the optimal solution for
flood risk reduction measures in the region should be pursued for the Medium
to High protection scenario (Q500), i.e. protection from floods with a lower
probability of occurrence. The total investment costs for this scenario is
estimated at EUR 8 million. The B/C ratio equal 2.8 (NPV EUR 14.1 million).
Identified measures include:
•

Regulating torrential streams in initial and transition zones, which includes
design and construction of slope and sediment transport control structures/
check dams located upstream of the settlements on the following rivers/
torrents: Smilkovska Reka, Bulachanska Reka, and Rashtanski Poroj. The
functionality of riverbed regulation in urban areas depends on regulating
riverbeds in the initial, transitional and ‘calming’ zones (deposition, gradient
reduction). Riverbed gradients in these sections are high, which requires the
use of a combination of greater number of check dams (barrages) to reduce
gradient and retain sediment transported by the torrential streams.

Analyzed flood protection measures (channelization) along the Lepenec river
refer to its flow through the populated area of the wider Skopje City region
with a length of 3.5 km. The size of the analyzed flood defense structures
(number and geometric features of the canalized bed) depends on the degree
of protection, and ranges from 10-years flood protection (Q10, P10%) in the
minimum measures alternative to protection from 1000-year water (Q1000,
P0.1%) in the high protection alternative. Estimated investment ranges between
€3,100,000 for the minimum measures and €6,150,000 for the high protection
project

•

Cleaning and stabilization of the entire length of the natural or regulated
riverbeds on: Smilkovska Reka, Bulachanska Reka, Rashtanski Poroj and
Strachinci Poroj.

•

Conducted analysis indicate that the optimal solution for flood risk reduction
measures in the Lepenec zone should be pursued between the Medium (Q100;
P1%) and Medium to High protection scenarios (Q1000; P0.1%). The definite
level of protection should be further analyzed during consequent project
development phases. Estimated investment varies between €5-6.2 mill.

Riverbed regulation through populated areas, which includes design and
construction of torrential flow regulating channels in: Smilkovci, Bulachani,
Creshevo and Rashtak. Configuration of urban areas, the dense population
and developed infrastructure emphasize the importance of securing
appropriate floodways. Terrain’s steep slopes require the construction of
fully lined riverbed and the use of threshold cascades to reduce gradient.

•

Construction of a flood retention pond along the Skopje bypass (highway),
as a specific measure primarily intended for flood protection of the
settlements located southward of the highway. The pond will be formed by
construction of earth embankment along the road. The length and height of
the embankment, as well as the total retention volume of the pond, depend
on the desired level of flood protection (flood return period). Emptying of
the pond after a flood event shall be enabled by a draining channel equipped
with gate valves and connected to the nearby Boundary channel, which is
part of the existing drainage system.

Based on the analysis referring to the Skopje rural zone case, the B/C ratio
has a maximum value (2.62) for a flood protection scheme against a 100-year
flood wave (P1%), which is classified as a medium flood protection level. The
main reason determining such a level of protection is the relatively extensive
household (populated) area in the zone, although the dominant area is still
agricultural, which justifies a higher protection level. Estimated investment for
proposed flood risk mitigation measures equal roughly €29 million.
Flood occurrence along the Lepenec river

Vodno torrents affecting the City
There are around 10 major torrential flows running from the Vodno mountain
that affect the wider area of the City of Skopje. Part of the torrents located
westward from the city center have been to a certain extent regulated in
the past by vegetation cover (afforestation) of the flows’ upper/mountainous
sections, as well as channelization of the flows’ transitional section (area of
shift from steep slope and high velocity flow to the entrance into the valley);
in addition, the area around these torrents has been properly urbanized and
maintained, thus they do not represent a significant risk.
However, several torrents located eastward of the city center (Martino
Brdo, Murtinec, Kisela Voda and Pripor) are not regulated. Furthermore, the
transitional sections of these torrential flows as a result of improper planning
are to a larger extent ‘urbanized’, i.e. covered or congested by mainly housing
structures, creating significant risk of flooding.
Conducted analysis show that the optimal solution of the measures to reduce
the risk of flooding in the regions affected by torrents, should be between the
scenarios of medium to high protection (protection from floods with a rare
probability of occurrence).
Floods caused by Skopska Crna Gora torrents
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Figure 13: Proposed flood retention pond along the Skopje ring road
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downstream from the city central/urban zone.
In effect, channelization of the Vardar river in total length of 15.5 km downstream
of the city center is anticipated (end of existing regulation) by construction of
dykes (flood walls/embankments), cascades for leveling of the river slope, and
riverbed strengthening structures. The geometric elements of the regulated
riverbed (width and height) are varied in the analysis based on the alternatives
considered, i.e. depending on the different degree of protection that ranges
from 10-year flood wave (Q10, P10%) in the minimum measures project to 100year floods (Q100, P1%) in the medium protection project.
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Project area
The project area encompasses urban and rural parts of Skopje, torrents from
Vodno Mountain and the area of Upper Vardar, near Rashche, where the springs
and water suppling catchments for the city are located. The City of Skopje is
an area with a high degree of threats from natural hazards (great floods in 1962
and 1979, and an earthquake in 1963). According to the geographical position
of the city, statistical data and the natural characteristics of the river basin and
the river network, the city and its surroundings are at constant risk of flooding.

City of Skopje, this valley has always represented an area with many migration,
immigration and expatriation of the population. In terms of demographic,
the population movements in Skopje have a positive growth rate. The city›s
population is constantly increasing primarily due to the large number of
migrations mostly from towns and villages and because of the birthrate. It must
be noted that as in the entire country as well as in Skopje, the number of births
(birth rate) declines, but as the largest and most developed city in the country,
the birth rate is still the highest. The populating of Skopje is constant growth
and continuity since the Second World War. One of the main reasons for the
constant growth of the population in the City, primarily are business - economic
reasons or continuing with the education.

The table shows the estimation of the population in the Skopje region by
municipality or group of municipalities. According to this analysis in the Skopje
region the total population amounts to 602,770 inhabitants.
Table 1.Assessment of the population in Skopje for 2013
Figure 1. Project area: Rashche, Skopje urban with Vodno torrents and rural part

Topographic and geographic features
Skopje valley is located alongside river Vardar, in the northern part of Macedonia
surrounded by mountains of old-block type. It is part of the composite valley of
the Vardar River, which enters from north-west at the Dervenska gorge (canyon)
and leaves to south at the Taor gorge. The valley covers an area of 1,818 km²
and has an east-west orientation. The central part of the valley is vast alluvial
plain of the river Vardar. The average altitude is 281 m. The river itself and the
water network in the valley belong to the catchment area of the river Vardar or
Aegean Sea.
Skopje valley is formed by the mountains Zeden, Ivanje (Matka Canyon) and
Suva Mountain to the west, Skopska Crna Gora–north, Gradishtanska Mountain
(Gjurishte) to the east and northeast, Goleshnica to southeast and Kitka,
Karadzica and Vodno or the massif of Mokra Mountain to the south.
Skopje is the capital and largest city in Macedonia, located in the north of
the Republic. The city is built in the Skopje valley, along the course of Vardar
River, surrounded by mountains of Vodno, Skopska Crna Gora. Due to mountain
ranges to the North and South, the city has limited urban expansion. In its
administrative boundaries, Skopje stretches for more than 33 km but is only
around 10km wide. Skopje is approximately at 245m above sea level and covers
an area of 571 km2. The urbanized area only covers 337 km2, with a density of
population of 890 inhabitants per km2.
Demographic characteristics
Skopje valley is the most densely populated part of Macedonia. Because of the
Project area
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Municipality

Assessment of the population, 2013

Gazi Baba

76,310

Gjorche Petrov

42,081

Karposh

60,550

Saraj

39,729

Skopje-remaining parts and Sopishte

320,150

Arachinovo

13,192

Zelenikovo

4,662

Ilinden

16,736

Petrovec

8,910

Studenichani

20,450

TOTAL

602,770

In “Skopje remaining parts and Sopishte” are included data from the municipalities of Aerodrom, Butel, Kisela Voda, Center, Chair, Shuto Orizari and Sopishte.
Hydrological data
From hydraulic-hydrological point of view, Skopje has quite critical location.
Upstream of Skopje gauging station profile, there are three river basins: upper
Vardar, the basin of river Treska and the basin of river Lepenec. On one hand
it can be said that the river Vardar, which flows through Skopje enriched with
water from Treska and Lepenec, should give Skopje all benefits of a city through
which flows a great river. On the other hand, the watersheds of those rivers form
such a shape that greatly contributes to the occurrence of the coincidence of
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The last official census in Macedonia was implemented in 2002, by the
Statistical Office of the Republic of Macedonia, and is used to estimate the
total population, according to the recommendations and methodology of the
United Nations. Data from the assessment on a national level in various NUTS
classifications are published as document «population estimates of 30.06.2013
and 31.12.2013 by gender and age, by municipalities and statistical regions
(NUTS 3-2007)».

The existing data for this flood are more reliable (M. Sibinovikj (1968) and Hari
Vasiljevic (1930)). The flood, according to both sources, has affected the main
area downstream of Skopje where Dolno Lisiche suffered the greatest damage.

the wave of floodwaters that pose great danger to Skopje valley.
Discharges with low probability of occurence in Skopje Region

Table 2.Discharges with different probability of occurrence for river Vardar in Skopje
Author

Period

Qsr

1%
100

50

20

10

M. Sibinovikj

1923/63

316

1510

1329

983

764

Water management plan for
Skopje region

1950/75

/

1200

1020

750

570

NORDCONSULT

1923/65

344

1330

1120

930

760

Prof. Z. Shkoklevski

1950/75

290

1010

880

710

590

River Vardar Study 1996

1926/75

305

1180

990

780

630

Improving of the hydrological regime of Vardar through
Skopje

1951/2008

278

965

841

649

380

Analysis of the flow regime of
the river Vardar in the urban
area and the impact on urban
equipment upstream of the
“Stone Bridge” 2012

1951/2000

278

1162

1006

790

632

Time of occurrence (years)

2%

5%

10%

Floods in 1895 and 1987
There are reliable information for these two flood events (M. Sibinovikj). The
first flood occurred on 19.12.1895 and the second on 4.01.1987, both belong
to the autumn-winter period when there are long-term intensive rainfalls, and
when the soil is saturated enough and takes a small part in rainfall retention.
The first flood in 1895 was with a slightly smaller intensity; both sides of river
Vardar in Skopje were flooded. After this flood event, it was decided to start
with the regulation of river Vardar. The regulation was not completely finished
when in 1897 a flood occurred, which dealt a severe damage to the city and the
construction site. The regulation of the river Vardar continued until the end of
the 19th century.
Floods in the period from 1900 to 1920
Vardar River flooded in 1900 and 1917 despite the made regulation. M.Sibinovikj
states that a major flood occurred in 1903. In May 1916, the water levers in
Vardar River were extremely high. The regulation prevented overflowing on the
left bank and the right bank was flooded.

Figure 2. Flood in Skopje, River Vardar, 1916

Summary of the historical floods in Skopje

Floods in 1935 and 1937

In Macedonia, regular hydrological monitoring of the water level in river basins
began in 1923. Information about the floods in the prior period are based on
stories, historical documents and photos. Also, there is no information about
the quantities of water and precipitation that have caused floods, according to
which their occurrence could be assessed.

Information’s for these two floods are obtained from the regular hydrological
observations of the flow measuring profiles in Skopje: profile Skopje- Zelezen
Most, on the river Vardar and profile Shishevo-on the river Treska.

Most of the data for historical flooding around the city of Skopje, was taken
from the monograph of prof. Zivko Shkoklevski «Vardar through Skopje,» and
other documents and studies.
Flood in 1778
Information about this flood from 1778 is found in the monograph for Skopje
(1985), where only the year of the flood is mentioned without information
regarding the source.
Flood in 1858

With the analysis from NORDCONSULT (based on the spatial distribution of
precipitation in the basin of river Vardar) participation of river Treska is rated
at 840m3/s, for the flood wave from 1935 and 287m3/s for the flood wave from
1937.
Flood in 1962

The data for this flood is also unreliable according to the information from M.
Sibinovikj (1968), who concluded that the flooding occurred in December 1858.
Flood in 1876
Project area

The first peak of the flood wave on the river Vardar appeared on 12.10.1935 at
the measuring station Zelezen most, where the measured flow was 1,020+m3/s.
The peak of the second flood wave is precisely defined at 16:40 on 5.12.1937
with flow of 1,080m3/s. The information also give description of the flooded
areas, but no further hydrological information on the flood wave and the
participation of the tributaries can be found.
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This flood occurred on 16 November 1962 and had relatively long duration. For
this flood event, there are significantly more available information’s as well as
hydrological data. The main cause of flooding is considered to be the long-term
Project area
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The discharges with low probability of occurrence of river Vardar in Skopje
have been researched in the past by countless authors for various uses. In
this document a comparative analysis of various data on the great waters of
river Vardar dating from different periods was made. The following studies
were analyzed: Water Management Plan for Skopje region, the study from
NORCONSULT, the draft design study for regulating the Vardar riverbed in the
central city region, and other studies and documents of more recent date. The
sublimate of the results for floods of river Vardar and other flows with different
time of occurrence according to various studies, is given in the following table.

intensive rainfall which occurred in the Treska River Basin, and also rainfall with
smaller intensity in the lower basin of upper Vardar and Lepenec. This flood
wave had a base of 3 days, steep growth and occurrence of a secondary peak in
the second phase of decline. The flood wave was analyzed as a complex wave
from the three main rivers: upper Vardar, Treska and Lepenec.

Section

Left bank
(ha)

Right bank
(ha)

Total
(ha)

Matka-Saraj (Treska)

108.4

177.8

286.2

Saraj

0

45.8

45.8

Gj.Petrov-Skopje

61

282.6

343.6

Skopje-Taor

4,175.5

1,900.6

6,076.1

Total

4,344.9

2,406.8

6,751.7

The flood from 1962 and the devastating earthquake of 1963 were the main
reasons to start preparing for the regulation of river Vardar, initially with the
help of the program development of The United Nations (UNDP) and then with
funding from the Solidarity Fund and rebuild for Skopje.

Section

Left bank
(ha)

Right bank
(ha)

Total
(ha)

Kondovo -Gj.Petrov

1,792

2,332

4,124

Bridge Ring east- Taor

6,198

1,311

7,509

Lepenec

78

46

124

Total

8,068

3,689

11,757

Damage assessments performed by municipalities, mainly covered the direct
damages from the floods, while indirect damages due to the interruption of
operating in the wider endangered area were not evaluated.
Table 5. Estimates of damage from the flood in 1979
Municipality

Total damage
106 din.

Damage in infrastructure
106 din.

Damage in the
municipalities
106 din.

% GDP

Cente

5.7

0

5.7

0.02

Karposh

370

137

233

9.4

Kisela Voda

96.4

14

82.4

2.4

Chair

7.6

1.2

6.4

0.7

Gazi Baba

654.2

65+33.6

555.6

10.2

Total

1 133.9

217.2+33.6

882.1

4.7

The graphics below show simplified hydrographs for the observed flood events
in 1962 and 1979.

Figure 4.Simplified hydrographs for the floods in 1962 and 1979
Simplified hydrograph for 1962, Qm3/s-t(h)

Simplified hydrograph for, 1979, Qm3/s-t(h)

Figure 3. Flood in Skopje, 1962

Flood in 1979
The flood wave caused by long-term intensive rainfall that affected the basins
of the rivers Vardar, Treska, Lepenec, Crn Drim and Crna, appeared in the period
from 19 to 22 November 1979. The hydrological measuring profile Vardar-Skopje registered three peaks on the flood wave and relatively long duration on the
flood. This is due to the gradual succession of flood waves from River Lepenec,
then the peak of flood wave of Upper Vardar and ultimately, the flood wave of
river Treska. Spatial and temporal distribution of precipitation has contributed
to avoid the coincidence of the three peaks of individual flood waves.
This flood is characterized by erosion in the watershed of the river Vardar, causing transport of eroded materials end uprooted stems in the river flow. The
greatest erosive activity was observed on the river Pena.
Overviews of the flooded areas in sections of the river Vardar are given in the
following table:
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Project area

Project area

Table 3. Flooded areas, 1962

Table 4. Flooded areas, 1979

Vardar’s riverbed through Skopje

Figure 7 and Figure 8 show the characteristic cross sections of the regulated bed of the river
Vardar in Skopje.

Figure 5. River Vardar in the central part
of Skopje

Figure 6. River Vardar in the city park

The Study on regulation and control of the river Vardar was made within
the United Nations Development Program (UNDP) and the final report was
delivered in April 1969. This study was prepared by the Norwegian company
NORDCONSULT and provides information on defining the basic concept of
protection of Skopje and the surroundings from floods and also gives potential
solutions on the most important parameters of regulation, and the required
retention area of the reservoir Kozjak on the river Treska. Extensive hydrological
analysis were made within the study and according to the conclusion, River
Treska contributes 60% of the flow of the waters of the Vardar Skopje.
Significant impacts on river Vardar water management have also the two HPP/
accumulations that were built in the last two decades in vicinity of city of Skopje.

The major riverbed of Vardar in Skopje was built with rectangular shaped
cross-sections in the central part and with trapezoidal shape upstream and
downstream. The rectangular profiles were formed by massive concrete walls,
coated with stone. In the city center, several changes to the major riverbeds
profiles were accepted. These changes were made in order to utilize the area
around the riverbed more effectively, to use the major riverbed as a pedestrian
zone with foliage. Due to these requirements, a slight modification with two
small rectangular shapes of the riverbed was made. This enabled the major
riverbed to be used as a pedestrian zone in cases of occurrence of water with
probability of occurrence greater than 10 years.

		

Figure 8. Typical cross section of the regulated riverbed of Vardar in the central urban part

Main design project for regulation of river Vardar in Skopje
The main project for the regulation of river Vardar was worked in the period
from 1968 to 1974 in parallel with the construction works on the regulation.
The main technical problems have been previously determined with study by
NORDCONSULT.
According to the project, the maximum water for designing the regulated
riverbed is 1150 m3/s. A double trapezoidal profile and in certain parts a
combined riverbed (trapezoidal shape in the minor riverbed and rectangular in
the major riverbed) was accepted. In the urban part of the city a triple riverbed
was suggested, two rectangular sections of the major riverbed and a trapezoidal
shape for the minor riverbed.
The minor Vardar riverbed, which extends from the beginning of the regulation
in the Municipality of Aerodrom to the mouth of River Lepenec has single profile
with width of 45 meters of riverbed and banks with slope of 1: 1.5 covered with
massive crushed cobblestone, leaning against the massive foundation structure.
The width of the riverbed in the area around Stone Bridge, increases to 62
Project area
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In the main project for the regulation of the river Vardar, special attention was
given to the ensuring of the riverbanks of major and minor riverbed. The Minor
riverbed is anchored with cobblestone, leaning against a massive stone heel,
while the major riverbed in the city center is protected by concrete retaining
walls, lined with stone and where the major riverbed has a trapezoidal shape,
it is protected with concrete blocks that are placed on concrete dug heel. The
alignment of the regulated riverbed was designed to ensure equal decline in the
riverbed on larger distance and the differences are surmounted with cascading
thresholds, at: km 191 + 850 with a height of 2 m, at 194 + 943 km downstream
from the stone bridge with a height of 1m, at km 201 + 390 with a height of
2m and at km 201 + 680 with a height of 2m. In addition, the profiles at Stone
Bridge and near Grand Hotel were elevated.
The project for regulation gives a solid solution for the transition of the
embankment walls from rectangular shape in to profile with trapezoidal shape.
This can be seen on the right bank at the beginning of the City Park. The current
status of the Vardar riverbed in Skopje, is visibly changed than the projected,
primary due to higher amounts of sediment deposited in the riverbed and the
constructed infrastructure that takes section of the river flow profiles.
Project area

39

Project area

Project area

The riverbed of Vardar through the central area of Skopje is subject to
architectural changes in the past few years. The construction works also foresee
placement of three static ships in the riverbed aimed for entertainment. After
2010 two new pedestrian bridges were built and one bridge for the ferries wheel
is still under construction.

meters in order to use the four bridge fields. The beginning of the regulation is
secured with a crossing structure formed with coarse stone. Over time, due to
the deepening of the riverbed, the crossing coarse stone structure became a
cascade which maintains the height difference of the river alignment.

Upper Vardar/Rashche

Vodno torrents

In the vicinity of the village Rashche, near to the riverbed of Upper Vardar, the
spring and catchments for water supply of the city of Skopje are located. There
are two catchments built, with capacity of 3.35 m3/s and 0.8m3/s, which provide
sufficient drinking water for Skopje. Due to the vicinity of the river Vardar, the
catchments are exposed to a risk of flooding.

Reforestation of the northern slope of the mountain Vodno after the First
World War contributed to protect the city from potential erosion processes and
torrential flows. The last expertise on the channels for capturing natural torrents
carried in 2010 showed that the situation in the last years has worsened. The
Nerezi channel (near the village Nerezi), the Central group of torrents (composed
from a collecting channel and drainage channel that pass by the State Hospital)
and the Eastern group of torrents (near Kisela Voda are only partial regulated)
have not been maintained in the past years.

Torrent

Area (km2)

Krushopek

3.2

Nerezi

4.5

Kamenov Dol

1.5

Sultan Potok

1.75

Murtinec

1.6

Martino Brdo

1.5

Kisela Voda

1.25

Pripor

2.1

Total

17.4

Project area

Project area

The project area covers 8 torrents, shown in the picture below.

Figure 10.Overview of Vodno Torrents

Figure 9.Overview map of Rashche catchments
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Hydrological and hydraulic modeling

For the identification of the areas with potential significant flood risk and potential adverse consequences of future floods, hydrologic and hydraulic modeling of the relevant watercourses in combination with a detailed analysis of
Vardar River hydro geomorphology was conducted. The usage of GIS in combination with hydrologic and hydraulic modeling is nowadays state of the art for
the determination of flood risk areas.
The hydrologic model converts the rainfall over the watershed into runoff in the
corresponding watercourse. The resulting flood hydrograph is then used as the
input for the hydraulic model, in which the flow of the flood wave through the
river channel is simulated.
Based on the depths and the flow speed that the hydraulic model predicts for
the water in the river and its floodplains, a flood hazard zoning and economic
impact of flood evets can be estimated.
The figure below shows a conceptual flow chart of the approach and methodology applied for the accomplishment of the study goals.

Rainfall-Runoff model
The hydrologic model converts the rainfall over the watershed into runoff in
the corresponding watercourse. The results of the hydrologic models are flood
hydrographs, which are used as an input for the hydraulic model and reservoir
simulation models.
Due to several large and damaging flood events in the region of Skopje, 3 different models which simulate the surface runoff response of a river basin to
precipitation by representing the basin as an interconnected system of hydrologic and hydraulic components are designed. A model for Upper Vardar (which
extends from the river’s spring near Gostivar, to the inflow of the river Treska),
a model for river Lepenec (from the spring in Kosovo to the inflow of Lepenec
into Vardar) and a model for all 8 torrents on Vodno Mountain.
These models will be used to provide better forecasts and assessments of flood
damage reduction alternatives. The result of the modeling process is the computation of streamflow hydrographs at desired locations in the river basin.
The hydrologic modeling for the upper Vardar River, Lepenec and the torrents
was performed with HEC’s Geospatial Hydrologic Modeling Extension (HECGeoHMS) and Hydrologic Modeling System (HEC-HMS) developed by The Hydrologic Engineering Center (HEC), USACE (U.S. Army Corps of Engineers). Both
models were used to develop calibrated hydrologic models for the basins’ major tributaries and much of the valley floods.
For hydrological modeling purposes, HEC-GeoHMS was used to delineate the
watershed into subwatersheds and reaches. Each subwatershed and reach uses
averaged values over the area or stream length for the mathematical coefficients for the hydrologic and hydraulic computations. Upper Vardar river basin
is divided into 189 sub basins and Lepenec River is divided into 87 sub basins.
The same procedure was conducted for the Vodno torrents.
The first step in HEC Geo-HMS model development was terrain preprocessing
which results in development of additional grid and vector datasets that describe drainage/flow pattern of the watershed and allows for stream and sub
basin delineation.
After creation of the terrain model, the following steps are applied: Creating
HydroDEM, Flow Direction Grid, Flow Accumulation Grid, Stream Grid, Stream
Link Grid and Catchment Grid.
At the end, based on the watershed developed model, for the spatial distribution of precipitation in the watershed, a Thiessen polygons file was created.
This is a scheme of weighting area, based an assumption that the precipitation
depth at any point within the watershed is the same as the precipitation depth
at the nearest gage in or near the watershed.
At this point, the physical constructs of the HMS models were completed and
the primary data remaining to be entered into the HMS models were the precipitation, baseflow and losses. HEC-HMS Model setup consists of four main
model components: basin model, meteorological model, control specifications,
and input data (time series, paired data, or gridded data).

Fig. 10 Conceptual flow chart
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The development of this model is presented in ANNEX 19. HYDROLOGICAL
AND HYDRAULIC MODELING.
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Hydrological and hydraulic modeling

Floods have occurred in the past and will continue to occur in the future in the
Skopje region, both along natural river sections and in case of structure surcharge or failure.

Hydrological modeling

This software allows to perform one-dimensional (1D) unsteady-flow modeling, two-dimensional (2D) unsteady-flow modeling (full Saint Venant equations
or Diffusion wave equations), as well as combined 1D and 2D unsteady flow
routing. The ability to perform combined 1D/2D modeling within the same unsteady flow model will allow working on larger river systems, utilizing 1D modeling where appropriate and 2D modeling in areas that require a higher level of
hydrodynamic fidelity.
Hydraulic modeling and flood mapping are performed in order to predict important information from a flood event including the extent of inundation and
water surface elevations at specific locations. A hydraulic model is a representation of the process that occurs during a flood event.
1D Modeling

Figure 11. Output HEC-GeoHMS Map for
upper Vardar

Figure 12.HEC- HMS basin model for upper
Vardar

In one-dimensional hydraulic modeling, it is assumed that water flows in the
longitudinal direction. In this type of modeling the terrain is represented by a
sequence of cross-sections and the simulated flow is estimated with the average velocity and water depth at each cross-section.
One dimensional technique is more appropriate for simpler or more defined
flow geometry for initial evaluation of multiple options.
River modeling is performed by defining the riverbed cross-sections, as well as
defining different structures (dams, bridges, pipes or similar) that are commonly
found in hydraulic engineering. This enables user to create complex hydraulic
model that will simulate different flow conditions.
One-dimensional modeling of the urban part of Vardar River was conducted in
order to assess the hydraulic capability of river and canal and to identify critical
sections in terms of flooding. The model for Vardar includes several bridges in
the central area that represent critical points in terms of reduced flow capacity.

Figure 13. Output HEC-GeoHMS Map for
River Lepenec

Figure 14. HEC- HMS basin model for River
Lepenec

Figure 16. 1D modeling of river Vardar, Urban Area
Figure 15. Output Hec-GeoHMS for Vodno torrents

Hydraulic modeling of potential flood events
Hec-Ras Software
HEC-RAS is an integrated software system that performs one- and two-dimensional hydraulic calculations for a complete network of natural and artificial
(built) channels, developed to help hydraulic engineers analyze flows and determine floodplains. Model results can be used in the floodplain management and

Hydrological and
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2D Modeling
In two dimensional models, water can flow in both longitudinal and lateral directions, while the velocity is assumed to be negligible in the vertical direction.
As opposed to one-dimensional models, the terrain in 2D models is represented
as a continuous surface through a finite element mesh.
The model is based on either fully solving 2D Saint Venant equations or Diffusion waves.
Two dimensional techniques are more appropriate for more complex flow geometries and for more final detail design.
Hydrological and
hydraulic modeling
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Hydrological and hydraulic modeling

Hydrological and hydraulic modeling

flood control studies.

More information’s about this model are provided in Annex 19 HYDROLOGICAL
AND HYDRAULIC MODELING.

Storm water
network model

Digital surface
model (DSM)

1D/2D hydrological
modelling

Impervious
surface
information

Flood
hazard maps
Spatial impact
modeling
Impact
assessment

Figure 18. Methodology flowchart for flash floods assessment in urban area
Vardar-Urban parQ500y

Vardar-Rural
Q100y

Upper Vardar-Rasche
Q100y

Vodno Torrents
Q100y

Figure 17.Potential future floods

Flash floods in Urban Areas
Urban surface water flooding is caused by intense and/or extended rainfalls
which overcomes the capacity of the drainage system and represent one of the
principal hazards in modern cities. This type of flooding often leads to major
economic losses and has other social and environmental impacts. The probability of pluvial flooding occurring is higher in urban areas due to the high
proportion of paved surfaces, which limit water infiltration and increase the
amount of water running off the ground surface and consequently its speed.
This is worsened by the fact that natural drainage routes are often changed
in cities, which results in reduced capacity for excess water. Additionally, the
growing urban population and degree of urbanization puts great pressure on
the existing drainage systems, increasing the possibility of being overwhelmed.
Detection of the quantity and location of impermeable surfaces (IS) has important implications for the hydrological response during high intensity rainfall
events. However, as urban land-use is characterized by a large degree of heterogeneity it is often problematic to classify and map urban structure and development accurately at the desired scale. Satellite imagery and remote sensing
techniques offer a complete spatial and temporal coverage of urban land cover
changes during the past 30 to 40 years. Medium resolution imagery provides
the needed spatial resolution and temporal coverage for analysis of small scale
urban land use, including variations in IS.
The proposed methodology for urban flash flooding, is organized around three
major analytical and modelling components feeding into the impact assessment: urban remote sensing analysis (changes in Impervious Surface and Land
Use), 1d/2d hydrological modelling (e.g. encompassing overland and drainage
system flows) and spatial impact modelling (including direct and indirect economic costs, the effect of installing suitable adaptation measures, etc.). Analyses conducted in this study, mainly referring to the first part of the proposed
methodology, on the implementation of satellite imagery to assess the influence of urban development on the impacts of extreme rainfall.
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impervious surface, the Normalized Difference Vegetation Index (NDVI) has been
applied as a proxy for vegetation cover/impervious surfaces. The NDVI requires
a threshold to distinguish vegetated areas from other surface types, e.g. the
NDVI of area containing vegetation will tend to positive values (say 0.2 to 0.8)
so in order to extract vegetated areas and consequently impervious surfaces;
value greater than 0.2 was used.

NVDI =

NIR band - RED band
NIR band + RED band

Figure 19. Satellite imagery for the urban area

Figure 20. NDVI image for the urban area,
source: Landsat-May 2015

As a second step of the analysis; for different blocks for urban area the time
of concentration (Tc) was calculated taking into account the slope, flow length
and imperviousness of the surface. The areas were divided in two groups; central part of the city and parts with sensitive infrastructure, with higher level of
protection from flooding with probability of occurrence of 5 years and areas
with lower level of protection with probability of occurrence of 2 years. As a
final step the surface flow (in l/s/ha) was calculated and it’s shown in the following figure.
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Hydrological and hydraulic modeling

Hydrological and hydraulic modeling

2D models were conducted for Vardar River in the urban and rural area, for 4
of the torrents (** . . The modeling was performed by using flow hydrographs
for various probability occurrences. The pictures bellow show the output data
obtained from the analysis. The results indicate the surface of flooded area and
also can give information about depth and velocity.

Hydrological and hydraulic modeling

Hydrological and hydraulic modeling

Figure 21. Surface flow for urban areas

Recent studies about climate change indicate a growing frequency and intensity of flash flood events in Europe. Flash floods are caused by extreme local
precipitation and are accompanied by thunderstorms.

Figure 22. Storm water sewers

The main problem of the flooding in the city, according to the officials is heavy
rains which exceeds the values of design storms used for design of the drainage
systems and surface hydraulic structures in towns. These events usually cause
an overflow of domestic drainage, sewage systems, storm water systems and
small urban rivers and may trigger flooding in urban areas. Skopje for many
years with a little more intense rain inevitably suffers from flooded underpasses, and especially on several critical points located in the city center and some
of those on periphery of the city. But the indisputable fact is that the problems
occur because a large part of the city is not covered with sewerage or atmospheric sewers in flooded areas have no capacity to collect all the water.

Figure 23. Storm water sewers with critical points
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Direct economic impact assessment

For this purpose, HEC-RAS 5.0 and Geographic Information Systems (GIS) were
used to assess the effects of flooding. The results obtained from HEC-RAS 5.0
containing inundation extent and water depth level were further processed in
GIS environment using additional data such as CORINE land cover, land cover
from topo-maps on a scale of 1:25.000 and transport infrastructure network
(roads and railway).
For rural areas surrounding Skopje; CORINE land cover map was overlaid with
the layer which contained recorded flood extent and depth. Flooded areas were
divided into five categories: residential buildings, transport infrastructures, industry and commercial, agriculture.
For urban areas; more detailed land cover extracted from topo-maps on scale
1:25.000 was overlaid with the layer containing recorded flood extent and depth.
Flooded areas were divided into the same four categories mentioned before.

Figure 24. Land cover Skopje urban
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Figure 25.Exposure classes/Elements at risk

Figure 26.Land cover Skopje rural part

Figure 27.Exposure classes/Elements at risk

Table 6. Damage factors for different land use type
Water depth code

E0

E1

E2

E3

Residential
buildings

Commercial and
industry

Agriculture

Transport
infrastructure

0 (0m)

0

0

0

0

1 (1m)

0.4

0.3

0.55

0.42

2 (2m)

0.6

0.55

0.75

0.65

3 (3m)

0.75

0.75

0.75

0.8

4 (4m)

0.85

0.9

0.95

0.9

5 (5m)

0.95

1

1

1

1

1

1

1

6 (6m or more)

Figure 28.Flood extent and depth-Skopje
urban part; Q1000

Figure 29.Damage factor
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Direct economic impact assessment

In recent years, an increasing number of studies have used land cover characteristics and water depth-damage functions for the assessment of the economic impacts of flood risk, which is the most common methodology for the estimation of damage (Alfieri et al., 2016). A depth-damage function provides the
relationship between water depth and monetary damage for a specific land use
type. The intersection of flood extension maps (with water depth) with land use
maps of the flooded area enables the calculation of direct damages of a flood
event (due to physical damage to buildings, inventories, terrain and infrastructure). Flood risk evaluation studies and assessment of the economic impacts
of floods are necessary for assessing the effects of flooding (Genovese, 2006).

Direct economic impact assessment

4

Direct economic impact =
flooded area

damage value X damage factor X extenesion of

i=1

Figure 30.Flood extent and depth-Skopje
urban part; Q500

Figure 31.Damage factor

Where i = land use type: residential buildings (1), commercial and industrial (2),
agriculture (3), transport infrastructure (4).
In order to quantify the damage on different land uses, the following assumptions were considered
Since CORINE Land Cover does not distinguish between industry and commercial, the monetary average of those values was applied;
Discontinuous urban areas consider 30% only of continuous urban damage value, because of their lower density, which is estimated as 30% of continuous
developments for constructed rural part and area of Vodno torrents, and 50%
for the urban part of Skopje where density of buildings is much higher.

Figure 32.Flood extent and depth-Skopje
rural part; Q100y

Figure 33.Damage factor

Figure 34.Flood extent and depth-Skopje
rural part; Q500y

Figure 35. Damage factor

The damage value used was taken as maximum damage values (euro/m2) per
damage category for different EU countries and calibrated to our conditions.
As a validation, derived direct economic impact was compared with historical
inundation data and their damage value and the obtained results prove to be
in line with the historical data.

Figure 38. Flood damage in the urban part of Skopje

Figure 36 .Flood extent and depth-Vodno
torrents Q100y
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Figure 37.Damage factor
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Direct economic impact assessment

The direct economic impact is a function of the type of land use flooded (damage value per each land use and country specific), the level of damage (damage
factor, based on water depth), and the extension of the flooded area by land
use type (Evaluating Economic Policy I strument for Sustainable Water Management in Europe.)

Economic Valuation of potential flood risk mitigation measures
The feasibility analysis of flood risk reduction measures concerns the future;
therefore, uncertainty is inherent in this process. The basic principle of feasibility analysis of flood protection measures indicates how much a flood defense
scheme cost and how much losses would it save over what time period.
-Emergency action (evacuation, sandbags)
-Flood proofing (reduced damage to buildings through controlling seepage
by sealing walls)
-Land-use zoning (planning of control restricting flood plain developments)
-Flood insurance, so that people can claim if they suffer losses
-Flood control measures, either by hard or soft engineering (levees, canalization, relief channels, or afforestation and reservoirs upstream.
Most of these policies and their combination are considered in this study. However, proposed measures, organized as alternatives, are in line with the current
strategic policy regarding flood defense in Macedonia, and are mainly focused
on rehabilitation and upgrading of existing infrastructure for flood protection.

Low Protection Project: This alternative envisages a level of flood protection of
a 25-year flood wave (P4%).
Low to Medium Protection Project: envisages flood protection at a level of a 50year flood wave (P2%), which can be classified as a low to medium protection
level.
Medium Protection Project: envisages protection from a 100-year flood wave
(P1%), which can be classified as a medium protection level.
High Protection Project: where the flood protection refers to a return period of
1000 years (P0.1%), which is qualified as a high protection level, mainly characteristic for densely populated urban areas.
All analyzed alternatives, include investment costs but also annual costs for
operating and maintenance (О&М), as a percentage of the investment value of
every alternative. Also, what should be noted is that the valuation of alternatives, as further described, is based on the assumption that the infrastructure
for flood protection will be regularly maintained in the future, regardless of the
measures that will be implemented.

Taking into consideration the large scope of the task (in terms of size of analyzed project area and number of analyzed sub-basins), and the complexity of
the analyzed occurrences (in terms of conditions and specificities that contribute to floods), the economic valuation for the needs of this study has been
developed based on several cases:
1) Flood occurrence in City of Skopje urban zone;
2) Flood occurrence with different return periods/risks in City of Skopje rural zone;
3) Flood occurrence with different return periods/risks along the Lepenec
river;
4) Flood occurrence from torrents in Skopje; and
5) Flood protection in Upper Vardar/Rashche.
Proposed (analyzed) flood protection measures are defined so that the selection of the optimal one shall arise as a function of the technical aspects and
the economic parameters of such alternative.
No measures (Do nothing): represents the basic (zero) scenario which serves as a
comparison basis for all other identified alternatives. In this scenario the existing level of floods will continue in the future and it will additionally worsen, because further deterioration of riverbanks and other flood protection facilities
is inevitable (particularly in those sections where such facilities exist), which
would cause the blockage of the flood flows.
Minimum measures (Do minimum): This alternative generally assumes protection from floods with a 10 year return period (Q10, P10%). An exception to this
Economic Valuation
of potential flood risk
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54

Economic Valuation
of potential flood risk
mitigation measures

55

Economic Valuation of potential flood mitigation measures

Different policies are possible for flood defense management:

is the case for protection of the city of Skopje urban zone, where the minimum
measures refer to cleaning and renovating the complete existing flood protection infrastructure to its initial state to enable protection from floods with a
250 year return period (Q250, P0.4%)

Cost-benefit analysis
The cost-benefit analysis – (CBA) is the main analytical tool which is used when
making investment decisions for specific projects. The essence of the CBA is in
the following:
-Identification of benefits and costs from the flood protection project from
an economic point of view
-The selection of appropriate prices for the assessment and benefits and
costs in monetary units

Economic valuation
The economic justification of the projects for mitigating flood risks in the project area has been assessed through the application of the following indicators:
present value of benefits-PV Benefits – PV Costs), Net present value (NPV), and
benefits/costs ratio (B/C). The valuation is based on the following assumptions:
-The benefits assessment relates to the entire project implementation
-Construction activities (investments) will be carried out in phases
-The assessment time frame is 25 years

Benefit analysis
Conceptually, the benefits of the project can be grouped into primary and secondary benefits. The primary benefits refer to values received from goods and
services resulting from the project. They can be direct and indirect. In cases of
flood protection projects, the direct benefits include the reduction of physical
damage.
All analyses in this study refer to the primary gains (avoided losses), which present the majority of the total gains. The monetary assessment of damages is
based on the methodology for flood damage assessment from the Department
of Environment, Food and Rural Affairs from the United Kingdom (DEFRA). The
assessment of the annual potential damage has been conducted based on
damages from simulated floods, where the values of the overall damages are a
product of the type of flooded surface and single monetary values of damages
for different land use, as described in the previous chapter.
The direct gains from the flood management projects come out from prevention of flood damages. This is determined as an average yearly damage, reduced
for a residual damage that can continue to occur even after the implementation of the flood protection project. For the needs of the study, the inter-dependency between damages and frequency was analyzed for each case.
Cost assessment
All costs have been assessed according to current prices in 2016. All costs from
the past are considered as sunk costs, and are not been taken into consideration during the analysis.
The analysis takes into consideration the following categories of expenses,
separately for each of the alternatives: (1) investment costs; (2) operation and
maintenance costs; (3) costs for land provision.

-Discount rate of 5%
Case 1: Flood occurrence in City of Skopje urban zone
The case of possible flooding of the Skopje urban (central) zone, which given its
importance from economic standpoint as well as population density requires
significantly high level of flood protection, was analyzed for several potential
flood waves with possibility of occurrence of Q150 (P0.7%), Q250 (P0.4%), Q500
(P0.2%) and Q1000 (P0.1%). It should also be reaffirmed that a relatively substantial flood protection infrastructure already exists in this part of the city,
built in the 1970-ties.
Based on detailed hydrology and hydraulic modeling and analysis it is confirmed
that the current absolute maximum discharge capacity of the regulated (channelized) riverbed of Vardar in the urban zone equals 900m3/s. The maximum
flow with a safety distance of 0.5 to 1m from the lowest positioned structures
(bridges) equals roughly 750-800 m3/s. This denotes that the recent developments (architectural changes within the channelized riverbed) have reduced the
maximum discharge capacity of the regulated riverbed from the initial design
of 1150 m3/s by 25-35%.
Based on detailed modeling and analysis it is confirmed that a flood wave with
possibility of occurrence Q100-150 (P1%-0.7%), which in effect refers to flow of
roughly 900 m3/sec, may be caused by full overlap of the peak flows of flood
waves from Upper Vardar and Lepenec1 (Fig. 38), an occurrence that was registered during the 1979 flood. However, more frequent (higher probability) occurrence is a partial overlap of the peak flood waves from both basins. Thus, in
this case the absolute maximum discharge of 900 m3/s refers to a flooding with
occurrence risk of Q250 (P0.4%) to Q500 (P0.2%) – Fig. 39.

The investment (capital) costs are calculated based on preliminary assessment
of the investments required to carry out regulation work on the different water
flow sections, by applying hydraulic analysis. These costs include a component
for land expropriation.
The operation and maintenance costs are annual costs needed for continuous
work of the systems for flood protection; they include covering expenses for hiring employees, administrative costs, maintenance of facilities and equipment
1 As pointed out previously, the flood wave from Treska river will be retained in the Kozjak reservoir.
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-The discounting of future prices (values) of costs and gains on current value
for their implementation.

as well as costs for replacing the equipment (if existing). The operation and
maintenance costs are assessed as a percentage of the investment value of the
different alternatives.

The flood damages probability distribution for the Skopje rural zone case is
presented in Figure 43.

Figure 40.Skopje city – potential peak flood waves Q250 and Q500 (partial overlap)

It is concluded that the current level of flood protection in the Skopje urban
zone (Q250 to Q500) is still reasonable. Nevertheless, it should also be emphasized that the city has ignored a possibility to have a very high level of flood
protection, as well as the fact that any further decrease of river ’s discharge
capacity in the urban zone cannot be justified by any means.
As regards flood protection measures, in the case of the urban zone of the City
of Skopje the minimum measures include cleaning (from deposited debris, etc.)
and renovation of the entire existing infrastructure for flood protection. i.e.
restoration to and long-term maintenance of its initial design state. The annual
long-term cost of these activities is estimated at €200,000.
Case 2: Flood occurrence with different return periods/risks in City of Skopje rural
zone
The case of the City of Skopje rural zone analyzes the justification for flood protection of residential (semi-urban) and agriculture areas located downstream
from the city central/urban zone.

Figure 42.The flood damages probability distribution (frequency curve) – Skopje rural zone

The reduction of the average annual damage by applying flood protection measures with XYZ frequency is represented by the colored area of the probability
distribution curve:
b
fd * fp
a
a – annual probability of exceeding the designed protection measures
b – annual probability of exceeding where the size of the flood below this level
will not cause damage
For example, if the river regulation provides protection from floods with 100
years return period (Q100), the area to the right of the probability of occurrence
(the entire colored area) is deducted from the total average annual damage.
That is the value of the avoided annual damage. If the 100-year flood is exceeded, or if the discharge capacity is reduced due to non-maintenance of the
existing infrastructure (for example to as low as 10-years flood), then the entire
area and assets will be flooded (area right from the blue zone).

Figure 41.Assessed damage area and factors-Skopje rural part; Q100; Q500
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Summary of the size of flooded area for various floods with different probability
of occurrence is presented in the table below. Summary results of the cost-benefit assessment – B/C values of floods with different occurrence probability –
for the Skopje rural zone case is presented on Fig. 44.
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Figure 39.Probability of occurrence curves
and potential peak flood waves

Regulation of the Vardar River in total length of xx km downstream of the city
center is anticipated (end of existing regulation) by construction of earth embankments, cascades for leveling the slope and strengthening of the bed and toe
of the embankments at certain locations by using stone lining and blocks. The
geometric elements of the regulated riverbed (width and height) are changing
based on the alternatives considered, i.e. depending on the different degrees of
protection that range from 10-year floods (Q10, P1%) in the minimum measures
project to 100-year floods (Q100, P1%) in the medium protection project.

Total
(ha)

Residential area

Industry and
commerce

Agriculture

Transport
infrastructure

Q500

5141

360.65

11.33

4648.57

121.04

Q100

3800

201.00

6.47

3520.16

72.50

Q50

3274

119.12

1.93

3103.16

49.99

Q25

2872

86.30

0.02

2748.97

37.26

Figure 44.Assessed damage area -Lepenec river; Q~227m3/s; Q~312m3/s и Q~400m3/s
(left to right)

The flood damages probability distribution for the Lepenec river case is presented in Fig. 43, and summary; summary results of the cost-benefit assessment for the case is presented on Fig. 44

Figure 43. Summary results of cost-benefit analysis – Skopje rural zone

It is obvious that for all analyzed alternatives for the Skopje rural zone case,
that the B/C ratio has a maximum value of 2.62 for a flood protection scheme
against a 100-year flood wave (P1%), which is classified as a medium flood protection level. The main reason determining such a level of protection is the
relatively extensive household (populated) area in the zone, although the dominant area is still agricultural (Table 7), which justifies a higher protection level.
Figure 45.The flood damages probability distribution (frequency curve) – Lepenec river

Case 3: Flood occurrence with different return periods/risks along the Lepenec
River
Case 3 analyzes the justification of protection measures and the optimal degree
for reducing flood risk along the Lepenec river throughout its flow through the
populated area of the wider Skopje City region. Analyzed flood protection measures include canalizing of the stream through the populated area. The size of
flood control structures (number and geometric features of the canalized bed)
depends on the degree of protection ranging from 10-years flood protection
(Q10, P10%) in the minimum measures alternative to protection from 1000-year
water (Q1000, P0.1%) in the high protection alternative. Estimated investment
ranges between €3,100,000 for the minimum measures and €6,150,000 for the
high protection project.

Figure 46.Summary results of cost-benefit analysis – Lepenec river

The NPV value is negative for protection schemes referring to floods with probability of occurrence greater than 4-5%. The maximum NPV value refers to floods
with probability of 1%.
Case 4: Flood occurrence from torrents in Skopje
On the northern slopes of the mountain Vodno, and through the city of Skopje
there are several torrents that in western and central zone are regulated by the
longitudinal and transverse buildings, mainly channels, barriers, sills and belts.
The main channels collect water from torrents and through the main drainage
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Table 7.Summary of flooded area for Skopje rural
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channels drain in the river Vardar. In the upper parts the channels are open and
in urban part they are mainly covered with concrete plates. The total length of
these channels is more than 6 km.

Figure 47.Assessed damage area and factors-Vodno torrents; Q100

Summary of the size of flooded area for various torrents with probability of occurrence of Q100 is presented in the table below.

Figure 48. Flooded area -Rashche area; Q100

Table 8. Summary of flooded area form Vodno Torrents
Q100

Total (ha)

Residential area

Industrial and
commerce

Agriculture

Transport
infrastructure

Pripor

34.68

19.50

10.60

1.36

3.09

Kisela Voda

4.41

3.97

0.00

0.00

0.44

Murtinec

11.73

10.16

0.00

0.00

1.57

Martino
Brdo

10.08

8.26

0.00

0.16

1.66

Case 5: Flood protection in Upper Vardar/Rashche
For continuous protection against anthropogenic impacts the protected zones
of the spring Rasche requires expanding, according to the adopted new Spatial Plan protective zones, Rashche 2003 and the Decision on establishing protective zones Rashche, and determination of conservation measures (Official
Gazette of RM no. 36/1999). To protect against harmful effects of water by
flooding from river Vardar and due to danger of river to bring large quantities of
sediments, there is a possibility the riverbed to rise and the river to change its
course, making direct erosion that would endanger the spring, hence regulation
of Vardar riverbed is necessity. For this purpose, project was developed for regulation of the Vardar riverbed near village of Rashche in the protection zone of
Rashche area with total length of 5,76km which is still not implemented (Local
Environmental Action Plan 2011).
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Conclusions and recommendations
Flood occurrence in City of Skopje rural zone
For all analyzed alternatives for the Skopje rural zone case, that the B/C ratio
has a maximum value of 2.62 for a flood protection scheme against a 100-year
flood wave (P1%), which is classified as a medium flood protection level. The
main reason determining such a level of protection is the relatively extensive
household (populated) area in the zone, although the dominant area is still agricultural, which justifies a higher protection level.

Meteorological and Hydrological monitoring

Flood occurrence along the Lepenec River

Monitoring of hydro meteorological parameters is the most significant component in managing the risk of flooding. The network of meteorological stations
accompanied by communication devices is a key link in the system for early
warning of the danger of flooding.

In the scenario with medium protection, the net present value of the project is
maximum, and the benefits/costs ratio is 1.21.

Related to torrential and flooding of urban areas, because the duration of intensive rainfall and concentration time is a relatively short, it imposes the necessity for continuous monitoring of the intensity of the rain at more specific
locations in the basins of torrential areas.
For the managing the risk of flooding from the major rivers through Skopje, the
existing hydro-meteorological network is sufficient.
The existing hydro-meteorological network should be used for calibration of
the prepared hydrological models and contemporary meteorological numerical
model (NMM – Non hydrostatic model for medium size with a resolution of 4 km
or WRF - Weather Research and Forecasting - mesoscale).

In the scenario with high protection, although the present value of benefits
grows, the B/C remained nearly constant with a slight increase compared to
the previous scenario. The net present value of the project declined slightly.
Conducted analyzes indicate that the optimal solution for flood risk reduction
measures in the Lepenec sub region, should be pursued between the Medium
and Medium to High protection scenarios.
Vodno torrents
Most of the catchment area of the torrents around Skopje which are not regulated is urbanized. Conducted analyzes show that the optimal solution of the
measures to reduce the risk of flooding in the regions affected by torrents,
should be between the scenarios of medium to high protection (protection
from floods with a rare probability of occurrence).

Urban plans for settlements vulnerable to flash flooding
Respecting that primary goal of spatial and urban planning as a continuous
process, is space arrangement and protection and improvement of the environment and nature, the settlements affected by floods should respect the maps
that highlight the areas with significant risk of flooding.
The aim is to define new criteria as a part spatial and urban planning documents, for dimensioning of such systems in urban areas with high levels of urbanization and economic importance.
Flood occurrence in City of Skopje urban zone
It is concluded that the current level of flood protection in the Skopje urban
zone (Q250 to Q500) is still reasonable. Nevertheless, it should also be emphasized that the city has ignored a possibility to have a very high level of flood
protection, as well as the fact that any further decrease of river’s discharge
capacity in the urban zone cannot be justified by any means.

Water resource management facilities
Flooding from reservoirs may occur as a result of dam break, whereas the entire water volume stored in the reservoir at the time would discharge in a very
limited time.
Although the entity which is responsible for management of larger dams is obligated to prepare flood risk assessment analysis in case of a dam break, despite
the presentation of the flooded areas of flood waves with different return period, potential flooded area caused by possible extreme events (dam break) are
simulated.
The incalculable damage that can occur in such extreme events, emphasize the
significance of proper management of dams and reservoirs upstream from the
city of Skopje

As regards flood protection measures, in the case of the urban zone of the City
of Skopje the minimum measures include cleaning (from deposited debris, etc.)
and renovation of the entire existing infrastructure for flood protection. i.e.
restoration to and long-term maintenance of its initial design state.
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Conclusions and recommendations

Skopje region is extremely complex and sensitive to the effects of climate
change. Climate change, together with other causes significantly increases the
frequency and magnitude of extreme weather events and natural disasters,
which highlights the high degree of risk and uncertainty. Statistical analyzes
show that floods (floods), torrential flooding and flooding of urban areas (flash
floods) as disasters causing loss of human lives and damages, are one of the
biggest threats to the region.
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