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PREFACE

This book was created within the project SWARM (Strengthening of master curricula in
water resources management) funded by the Erazmus + CBHE KA2 program of the
European Union. SWARM project implemented by a consortium made up of seven
higher education institutions from the Western Balkans and of the six member
countries of the program: University of Nis, University of Novi Sad, University of
Pristina in Kosovska Mitrovica, University of Montenegro, University of Sarajevo,
Dzemal Bijedi¢ University of Mostar, Technical College of Applied Sciences UroSevac
with temporary seat in Leposavi¢, University of Natural Resources and Life Sciences —
Vienna, Norwegian University of Life Sciences, Aristotle University of Thessaloniki,
University of Architecture, Civil Engineering and Geodesy — Sofia, University of Rijeka -
Faculty of Civil Engineering, Universidade de Lisboa, and Public Water Management
Company "Vode Vojvodine".

The main objective of the SWARM project is to educate water management experts in
the Western Balkans in accordance with national and European Union policies. This
objective is further broken down into the following specific objectives:

- Toimprove the level of competencies and skills in higher education institutions
by developing new and innovative master programmes in the field of water
resources management in line with the Bologna requirements and national
accreditation standards.

— Todesign and implement new laboratories in Western Balkan higher education
institutions, in cooperation with project partners from Program Countries.

— to develop and implement LLL (Life Long Learning) courses for professionals in
water sector in line with EU Water Framework Directive.

This handbook is a product of the last specific objective stated above and is intended
to support the lifelong learning program. To identify topics in the field of water
resources management, a comprehensive survey of employees in the water sector in
the Western Balkans was conducted. A total of 1,136 respondents participated in the
survey. Based on the received answers, current topics in the field of water resources
management were defined, which were marked as the most desirable for the training
of professionals in the water sector. The manual should serve as a basis for employees
in the water sector who will attend courses organized by higher education institutions
from the Western Balkans as participants in the SWARM project. In addition, the
manual can serve anyone interested in the water sector as a basis for obtaining up-to-
date information on legal frameworks, technical and technological processes, IT tools,
adaptation to climate change, limited availability of water resources, management of
atmospheric water quality, use of used water, management flood and drought risk as
well as innovative techniques in water resource management.

Markovi¢ Durica
Goci¢ Milan
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1 WATER MANAGEMENT AND CLIMATE CHANGE
ADAPTATION

Emina Hadzi¢, Faculty of Civil Engineering, University of Sarajevo
Hata Milisi¢, Faculty of Civil Engineering, University of Sarajevo
Suvada Suvalija, Faculty of Civil Engineering, University of Sarajevo
Suada DZebo, Faculty of Civil Engineering, University of Sarajevo
Ammar Sari¢, Faculty of Civil Engineering, University of Sarajevo

Abstract

Climate variability significantly affects the availability and quality of water resources
and increases the number and magnitude of hydrological extremes. The importance of
studying variability and climate change, in order to determine their impact on the
environment in general, and therefore on man and the economy, is a challenge that
societies, either together, at the interstate level or individually, will have to address.
In this regard, this chapter will discuss the importance of integrated water resource
management and the application of some innovative solutions to reduce the negative
effects on society.

Particular attention will be given to European water and climate change policy. The last
chapter will give some examples of a new approach to urban water management, as
well as the adaptation of infrastructure systems to climate change.

1.1 Introductory considerations

Climate variability has a significant impact on both the availability and quality of water
resources and has the effect of increasing the number and magnitude of hydrological
extremes. The importance of studying variability and climate change, in order to
determine their impact not only on waters, but on the environment in general, and
therefore on humans, is a challenge that societies will have to address, either jointly at
the interstate level or independently. In order to determine the degree of
vulnerability of the society and to determine strategies and plans for adaptation to the
forecasted climate change, it is necessary to apply sustainable management of water
resources.

Given the fact that there is no unique definition of the term Integrated Water
Resources Management, the GWP suggested the following meaning of term
“Integrated Water Resources Management (IWRM) is a process that promotes the
coordinated development and management of water, land and other related resources in
order to maximize emerging economic and social wealth in an equitable manner, without
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compromising the viability of vital ecosystems”. This approach to integrated water
resource management enables the management and development of water resources
in a balanced and sustainable manner, considering social, economic and environmental
factors and interests.

We can certainly confirm the fact that, in the past, water management was predictable
and conservative regarding climate change. Traditional planning of water management
systems was based on historical hydrological and climatological data, assuming their
stationarity over time. However, for some time now, it is impossible to approach water
resource planning with these assumptions. In all recent analyzes and forecasts relating
to the use, protection of water resources and protection against the adverse effects of
water, the impact of climate variability, i.e. long-term climate change, under different
scenarios must also be analyzed.

The current way of managing water resources from unsustainable production and
consumption needs to be gradually changed, starting with a systematic approach to
the development of guidelines, strategies and policies for integrated and holistic
management of water resources, in line with the sustainable development goals.
Climate change is a growing threat and will be a challenge to all mankind by the end of
the 21st century. There is scientific and political consensus that climate change is
already happening to a significant extent. It has been endorsed by the adoption of
several international agreements (including the Paris Agreement on Climate Change,
which has been in force since 4 November 2016).

The effects of climate change depend on a range of parameters, so the intensity of
impacts varies depending on geographical location (Figure 1.1). The vulnerability of the
economy to the effects of climate change, especially on water management,
agriculture, forestry, energy, fisheries and tourism, can also have a negative impact on
overall social development. Therefore, it is very important to implement timely
adaptation measures to the observed climate variability. It is certain that the cost of
investing in climate change adaptation measures today will reduce the cost of repairing
possible damage in the future. Innovative measures that contribute to climate
resilience and contribute to reducing adaptation-mitigation co-benefits are particularly
interesting. It should also be stressed that when talking about water resources, the
effects of climate change are expected to increase in the future, including floods and
droughts, water and soil acidification, and sea level rise.

10
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Figure 1.1 - Climate change hotspots in the region West Balkan (Sources: World Bank,
United Nations, 2011.)
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1.2 Water and climate change — policy framework

1.2.1 Briefly about Climate changes

The climate is changing, it has always changed at many levels, from global to regional
and then to local. Well, we can say that human adaptation to these changes is as old as
human civilization.The climate of an area is defined on the basis of mean values,
extremes and other statistical parameters of meteorological conditions over a period
of time (months, years). It is influenced by the overall climate system, which is
composed of the atmosphere, hydrosphere, cryosphere (ice), soil and biosphere.
Climate is just an "external" manifestation of complex and nonlinear processes, within
a highly complex climate system in which they participate, and interact with one
another: the atmosphere, oceans, ice and snow, processes on the ground (lithosphere)
and the biosphere, including man.
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Figure 1.2 - Climate change in the region West Balkan (Sources: World Bank, United
Nations, 2011.)

The climate elements considered in its definition are insolation, air temperature, air
pressure, wind direction and speed, humidity, precipitation, cloud cover and snow
cover. They change under the influence of climatic factors or modifiers (latitude, relief,
land and sea distribution, currents, altitude, rotation, revolution, atmosphere, distance
from the sea, lakes, soil and vegetation, and human influence). Statistically significant
changes in mean status or variability in climate variables that persist for decades or
longer are called climate change. The climate can change over a longer period, so it is

12
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very important to differentiate the climate change of an area from the variability of the
climate within a particular climate period (Figure 1.2). We can speak of climate change
only when there is a significant and lasting change in the statistical distribution of
climate elements (or weather phenomena), usually over a period of several decades up
to several million years (Figure 1.3).

The causes of climate change are divided into natural and anthropogenic. Natural
astronomical causes are related to changes in solar radiation, changes in Earth's orbit,
while natural geophysical causes are related to volcanic eruptions, including tectonic
disturbances, viewed on a geological time scale. The sun's radiation has changed little
over a long period of time, and to date, variations in solar radiation have little effect on
the global climate. Astronomical factors are related to Milankovic cycles (a theory that
interprets the occurrence of ice ages as a consequence of Earth's astronomical
movements). Through his research, Milankovic (1879-1958) discovered that periodic
changes in the eccentricity of the Earth's trajectory and the slope of the Earth's axis are
the cause of long-term climatic changes, that is, the appearance of ice ages (Milankovic
cycles). He established the basic period of approximately 100,000 years, and the
secondary periods of approximately 400,000 and 125,000 years, in which significant
changes in the amount of solar radiation result from changes in the eccentricity of the
Earth's trajectory. In addition, he found a period of change in the slope of the Earth's
axis of approximately 41,000 years, leading to a decrease in solar radiation in higher
latitudes. Volcanic eruptions can also affect the climate, because eruptions release
gases and large particles (aerosols) into high atmospheric layers that reflect back solar
radiation.

Projected change in annual temperature,
2071-2100

in°C

<3

CJs3a )
(. Y e
B3
(= kX

Projected change in annual precipitation,
¥ 2071-2100

~inoe
20

s
K3
sy

Figure 1.3 - Change in annual temperature (left) and precipitation in the period 2071-
2100 compared with the baseline period 1971-2000 (Globevnik, L. et al,2018)
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Note: These maps show projected changes in annual temperature and precipitation in
the period 2071-2100 compared with the baseline period 1971-2000 for the emission
scenario RCP8.5. Model simulations are based on the multi-model ensemble average
of many different RCM simulations from the EURO-CORDEX20 initiative.Data source:
EEA, 2017a (Temperature & precipitation change).

Human impacts on the climate can be seen most easily through various forms of
human activities, such as urbanization, deforestation, and increased arable land.
Consumption of fossil fuels (in energy production, transport, agriculture, etc.)
contributes to an increase in the concentration of carbon dioxide (CO,), aerosols and
other gases in the atmosphere and thus contributes to the greenhouse effect, which in
turn leads to global warming and ozone depletion.

CO: emissions in the West Balkans
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Sources: World Bank, United Nations, 2011.

CO: emissions in different regions
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Figure 1.4 - CO2 emission in different regions (Sources: World Bank, United Nations,
2011.)

According to the IPCC IV Report (IPCC, 2007), since the mid-last century, more
specifically since the 1970s, human influence on the rise in mean temperature on Earth
has been directly linked to its activity. Specifically, the global mean concentration of
greenhouse gases such as carbon dioxide (CO,), methane (CH4), nitrous oxide (N,O) has
increased due to human activities (Figure 1.4). Thus, since the mid-20th century, the

14
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term climate change has been used almost exclusively when referring to climate
change resulting from human activities that most often adversely affect ecosystems.
However, the impact of other factors contributing to climate change should not be
forgotten.

Through the First Report of the Intergovernmental Panel on Climate Change (IPCC,
1990), a global consensus on the impact of man on climate was virtually reached, and
was at the same time the basis for the United Nations Framework Convention on
Climate Change. In this connection is also the definition of climate change adopted by
the United Nations Framework Convention on Climate Change (UNFCCC, 1992).
However, the notion that humankind very likely has an influence on the global mean
climate that is discernible from natural variability at seasonal and decadal timescales
(IPCC, 2007) raised concern about our vulnerability to various aspect of this climate
variability.

1.2.2 Consequences of climate change

The gradual warming of the atmosphere causes numerous and far-reaching
consequences for the entire human community. Despite its strong technological
development, human civilization is still intrinsically linked to nature and natural
systems and is directly dependent on the processes that take place in them and is
ultimately still not sufficiently resilient to extreme climate variability.

The direct consequences of climate change such as rising temperatures, melting ice,
rising sea and ocean levels and changing precipitation patterns can cause significant
problems in the functioning of human society. The production and availability of food
and water, human health, transportation, energy supply are just some of the elements
that underpin the functioning of human communities, which are dependent on climatic
conditions and climate variability. It can be said that the incidence of droughts and
floods has increased in some parts of the world and that such a trend is linked to
climate change (IPCC, 2012). According to climate forecast scenarios, it is very likely
that humanity will be at increasing risk of such occurrences in the future. If there were
to be a dramatic reduction in greenhouse gas emissions, the effects of past emissions
would be felt for many years to come.

Practically, climate change cannot be stopped in the short term. Greenhouse gas
emissions are projected to increase over the next few decades, so it is impossible to
expect the positive effects of mitigation measures for many years to come (IPCC,
2007). For this reason, at the international level, special attention has recently been
given to adaptation measures, that is, adaptation measures to climate change.
Adaptation involves finding ways to reduce the sensitivity of natural systems and
human communities to climate variability and change. Adaptations are essentially an

15



“ SWarm _~ ===

o ——

A Handbook for Training in Water Resources Management

increase in climate change tolerance. In all analyzes of possible measures for
adaptation to climate change, it must be considered that all these projections are
linked to a number of uncertainties.

These uncertainties are the product of the use of different forecasting methods
(different models, scenario selection, selection of verification and forecasting times,
use of modeling results from the global to the regional level, etc.), but also of the
unreliability of the data (insufficient number and quality of individual data,
discrepancies of different studies, etc.). However, it should be emphasized that these
uncertainties are not of the same order of magnitude.

For example, it is quite reliable to predict that average and seasonal temperatures will
rise, and much less that there will be a decrease in average annual rainfall, while it is
particularly uncertain what the change will be at seasonal levels. In view of the many
uncertainties, it is desirable that the measures to be taken to adapt to climate change
do not have the unintended consequences in case of deviation from the foreseen
changes. That is, it is desirable to apply such measures that would reduce the risk of
climate change but would have other positive effects on society, the economy or the
environment.

1.2.3 International climate policy

The beginning of addressing climate change within the United Nations is related to
1972, when the First Conference on Environment and Development was held in
Stockholm. Thereafter, the World Climate Conference was held in Geneva in 1979. The
first international scientific meeting on this subject was organized in Toronto, Canada,
in 1988, when all the countries were called upon to reduce greenhouse gas emissions
by 20% by 2005 from the level they were in that year. The United Nations General
Assembly then declared climate change a "common concern of humanity" in 1988,
when the Intergovernmental Panel on Climate Change (IPCC) was established.
The task of this body was to produce a report on the climate change situation, its
causes and consequences, and to encourage states and the International Community
to agree on measures and moves to reduce greenhouse gas emissions and manage
climate change.

The second United Nations Conference on Development and the Environment was
held in Rio de Janeiro in 1992, when the United Nation Framework Convention on
Climate Change (UNFCCC) was adopted. The Convention seeks to regulate the negative
impacts of climate change. It was initially an internationally non-binding contract
aimed at stabilizing greenhouse gas concentrations to a level that would allow
ecosystems to adapt to climate change naturally, so that food production is not
compromised, and to enable development in a sustainable direction. In 2011, the
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Convention became a legally binding international document. After its signature and
ratification, it became part of the domestic law of the 194th countries in the world.

States Parties have made certain commitments, which they must fulfill. Article 4 of the
Convention discusses the common but also different responsibilities of states, which is
essentially a recommendation to states that they should reduce their emissions by the
amount they previously released into the atmosphere as much as they can afford at
that moment.

The Convention on Climate Change is supplemented by the Kyoto Protocol, which was
adopted in 1997 in the Japanese city of Kyoto. The Protocol entered into force in 2005.
It imposes an obligation to reduce greenhouse gas (GHG) emissions as a percentage of
the 1990 benchmark. for 38 industrialized countries, including 11 countries with
economies in transition in Central and Eastern Europe.

1.3 Climate Change and European Water Dimension

1.3.1 Climate policy in EU

The EU ratified the United Nations Framework Convention on Climate Change
(UNFCCC) in 1992 and the Kyoto Protocol in 1998. Under the Kyoto Protocol, the EU
has adopted a 20% reduction target by 2020. In 2015, the European Union ratified the
Paris Agreement and announced a national contribution (NDC), in line with the Paris
Agreement, of at least 40% reduction in gas emissions greenhouses by 2030 compared
to 1990.

The European Union has developed a set of strategic and legal documents related to
climate change. The document directly addressing this issue is the EU White Paper on
climate change adaptation. With this document, the EU set the framework for tackling
community-based adaptation and at the same time obliged its members to take a
serious and strategic approach to address these issues. Climate change has significant
negative socio-economic consequences. This general threat requires a flexible
management mode, which enables the involvement of all important sectors, notably
agriculture, water management, forestry, nature protection, public health and energy.

It must be acted upon immediately, as extreme weather, droughts and heat waves
caused by climate change will be even more intense in the future. One of the regions
recognized as being vulnerable to climate change is the region of Southeast Europe. So
far, several regional initiatives have been launched to enhance climate change capacity
in this part of Europe. First of all, it became clear that mitigation measures were not
sufficient and that it was practically impossible to stop climate change in the short
term. For this reason, it is necessary to develop and implement adaptive measures to
mitigate the effects of climate change. Adaptation measures are slowly becoming one
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of the priorities in global policy, so there is a need for all countries to develop climate
change sensitivity assessments and appropriate adaptation plans.

The European Union has set such objectives in its strategic documents on climate
change. How are the countries of Southeast Europe clearly committed to EU
membership, they will certainly need to pay particular attention to the development of
appropriate documents and the development of their adaptive capacity in the near
future. Climate change vulnerability assessment and adaptation planning are extremely
complex processes that require the analysis of all sectors of society and the
involvement of numerous experts and other stakeholders.

1.3.2 Water policy in EU

The Water Framework Directive (Directive 2000/60 / EC of the European Parliament
and of the Council - WFD) was the result of efforts by the European Commission to
create a document that will provide modern integrated water protection and long-
term sustainable water management. It is also the most important document for the
European space, designed to improve and integrate the way water bodies are
managed within the European Union and the accession countries. It provides a
framework for action by the European Community in the field of water policy.

Due to increased environmental problems and changes resulting from degradation of
water quality and changes in the availability of its quantities, this directive proposes a
solution to sustainable water management as part of sustainable development. The
approach to this is to ensure integrated water management. The concept of integrated
water management is based on documents such as the conclusions of the Dublin
Conference on Water and the Environment (1992), the recommendations of
international conferences in Rio de Janeiro and Rome (1992), and the Convention on
the Protection and Use of Transboundary Watercourses and International Lakes
(Helsinki, 1992).

The WFD provides a very clear plan for achieving good status for all water bodies,
whereby the mechanisms and specific measures required to achieve 'good standing'
are left to the discretion of each EU Member State. On 23 September 2007, the
European Parliament and the Council of the European Union adopted a Directive on
the assessment and management of flood risks (Directive 2007/60 / EC). The aim of the
Directive is to establish a framework for the assessment and management of flood
risks in order to reduce the adverse effects on human health, the environment, cultural
heritage and economic activity. The directive was created as a continuity of the
European Water Directive. Namely, there was a need to fill the gap created in the
WEFD, which did not give adequate importance to this important and indispensable
area of the integral water resource management plan.
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Another very important EU Directive, among others, is Nitrate Directive 91/676 / EEC,
which aims to protect water quality by reducing pollution of groundwater and surface
water by nitrates from agricultural sources. The aim is to promote good practices in
agricultural production. Also, the Nitrate Directive forms part of the WFD. The Drinking
Water Quality Directive 98/83 / EC refers to the quality of water intended for human
consumption to protect human health. The Council Directive 91/271 / EEC on urban
wastewater treatment was adopted in the early 1990s to protect the environment
from urban effluents as well as discharges from certain industrial sectors.

1.4 Climate change and impacts on water

Water is a prerequisite for life on earth and is key to sustainable development. It is
undoubtedly clear, no matter what the extent of human involvement in the process of
global warming is, especially in urban areas, that the global climate crisis increases
variability in the water cycle and affects water quality.

These changes are disproportionately affecting rich and developed societies, and the
poor and underdeveloped, and therefore more vulnerable societies. They depend on a
number of contributing factors, including population growth, GDP, urbanization,
changes in land use, diminished soil quality, environmental degradation, loss of
biodiversity, etc.

Climate change impacts are highly variable and uneven. Some regions are experiencing
prolonged periods of drought, others with increasing and frequent flooding and
storms, while some face both extremes. Impacts due to rising sea levels affect coastal
areas. At the same time, increased demand for water, increased pressures on water
resources, increased pollution, increasing energy and food demand lead to
progressively more difficult trade-offs for this limited and valuable resource, especially
in areas of the world already facing water stress. For these reasons, it is often said that
climate change is most directly felt through water.

1.4.1 Climate change impacts on water

Climate change affects the integral management of water, both from the point of view
of resource availability and from the point of view of water use in a broad sense. The
impact of climate change on the hydrological regime is, for the time being, very
difficult to quantify, i.e. to distinguish from the impact of other anthropogenic activities
on the catchment area (urbanization, flood protection, inappropriate technological
solutions, dynamic development, etc.). However, for whatever reason, certain changes
are taking place, and if they continue, could threaten the availability of water for
various purposes and the maintenance of the ecological functions of water. This
situation imposes a stricter water management framework, that is, it sets as an
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imperative agreement on new common criteria and goals for sustainable water
management.

In the EU Member States, climate change considerations are largely qualitatively
presented in terms of river basin management processes, within the first River Basin
Management cycle (RBM) foreseen by the Water Framework Directive (WFD). The
Policy Paper proposal on water management in the first cycle of river basin
management placed particular emphasis on ensuring that the established Programs of
Measures are sufficiently adaptable to future climate conditions (the so-called
"climate-check" of the Program of Measures based on available knowledge,
information and data). For the second and third cycle of river basin management is

expected that climate change be fully integrated into the process of river basin
management. When things are so positioned, access to adjustments through river
basin management in the context of the WFD includes 1) an effective long-term follow-
up (in order to identify indicators of climate change in order to react in due time), 2) an
assessment of the potential additional impacts of climate change on pre-existing
anthropogenic pressure, and 3) incorporating this information into the formation of
measures (especially for proposed measures that will have a longer-term impact).

Therefore, Member States are at least expected to clearly demonstrate that climate
change projections have been considered in both pressure and impact assessments,
monitoring programs and measures. According to the Floods Directive, climate change
should be considered as early as the first cycle of flood risk planning in the framework
of the preliminary flood risk assessment, based on the information available, as well as
in subsequent planning cycles, when reviewing and updating the preliminary flood risk
assessment and flood risk management plans.

Also, it must be borne in mind that some studies suggest a possible increased
incidence of torrential flooding in the lower basin, with the degree of reliability of
these predictions is also quite low, primarily because of the problems of transition
from global to regional models and the precision of the procedure in the case of small
basins (Figure 1.5). Previous analyzes of the availability of water quantities for different
uses have low reliability of forecasting trends, but it can be generally said that most
models predict a decrease in water quantities in these areas as a consequence of an
increase in average temperatures and a decrease in precipitation. This is especially true
in the summer months when a significant reduction in the available water supply is
expected.

The anticipated increase in water use due to climate change, as well as the eventual
reduction of rainfall and, consequently, the flow in the watercourses, will, especially in
the summer, low water period, increase the pressure on surface water bodies
regarding their quality. These pressures are most significant for water bodies, which at
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the moment, due to their natural characteristics, are extremely poor in water during
low-water, mostly summer periods.
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Figure 1.5 - Percentage of change in annual discharge between the present situation
(1970-2000) and long-term future (2061-2090) in the selected catchments (Globevnik,
L. et al,2018)

1.4.2 Adaptation to climate change

Adaptation to climate change involves undertaking a set of activities to reduce the
vulnerability of natural and social systems to climate change, to increase their ability to
recover from the effects of climate change, but also to exploit the potential positive
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effects that may also result from climate change. Examples of adaptation measures are
the more efficient use of water resources; adapting building regulations to future
climates and extreme weather; building flood defenses; developing and / or selecting
drought-resistant crops; adapting to forestry practices less sensitive to storms and
fires; and the release of terrestrial corridors to reduce pressure on species and
facilitate their migration. Adaptation means anticipating the adverse effects of climate
change and taking the appropriate measures to prevent or reduce the damage they
can cause and reap the benefits.

Due to the complexity of climate impacts, adaptation needs to be strategically planned
at all levels of government: local, regional, national, EU and international. It is
therefore of priority importance to initiate the social process of adopting the concept
of adaptation to climate change, to determine what impact climate change has, to
determine the degree of vulnerability and to prioritize measures. In other words, it is
necessary to take a strategic approach to the climate change adaptation process. To
achieve this, the Adaptation Strategy aims to reduce the vulnerability of natural
systems and society to the negative impacts of climate change, increase the ability to
recover from the effects of climate change, and exploit the potential positive effects
that may also be due by climate change.

Basic adaptation measures relate to the preparation of basic planning documents in
the field of water. These measures ensure that all other measures in the individual
branches of the water sector are harmonized. Specific adaptation measures are given
for the three main areas, the water use area, the water defense area and the water
protection area. The vision is to create resilience to climate change. In order to achieve
this, the Adaptation Strategy sets the following goals:

— reduce the vulnerability of natural systems and society to the negative impacts
of climate change;
- increase the ability to recover from the effects of climate change;
— exploit the potential positive effects that can also be a consequence of climate
change;
In this regard, it is necessary to: strengthen and develop management measures with a
view to rationalizing water consumption and its repeated use; favor the use of
alternative water sources; implement spatial-planning measures in order to reduce the
risk and adverse effects of floods in the endangered areas; monitor and model
projections of possible changes; adopt legislation in the field of ensuring climate
change adaptation; Strengthen structural measures / solutions (reduction of water
losses in water supply systems); to plan the construction and revitalization of facilities
(reservoirs) for the spatial and temporal redistribution of water; make timely
reservation of natural areas and buildings with retention areas for controlled flood
water intake, control stormwater runoff in urban areas, etc.
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1.5 Contributing to better water management: Experiences from
case studies across Europe

1.5.1 Urban Water Management - New Approaches as Contribution

New approaches to urban water management that have developed as response to
climate change include a "greater respect" for natural laws, that is, a return to the
natural hydrological cycle through solutions from nature. The goal is to mimic the
natural hydrological regime of a particular urbanized area, in such a way as to retain as
much stormwater as possible in the catchment area, reuse and naturally infiltrate.
With this integrated approach, it is necessary to involve different professions in order
to define the best possible solutions. In addition to experts in the field of
hydrotechnics, experts in the field of urbanism, architecture, agronomy-horticulture,
hydrogeology, transport, environment, sanitary engineering, and others should be
included . There is a growing challenge in large cities to manage water, that is, to
provide safe water supply and wastewater disposal, to manage waste, to protect
against harmful effects of large waters, and to use water efficiently while creating a
safe and comfortable environment (Howe et al, 2012). Given that more than half of the
planet's population lives in urban areas and it is projected to continue to grow rapidly,
cities are in urgent need of a new approach to water management. Figure 1.6 gives an
overview of the various impacts that affect water management.

Changes within urban environments due to climate change and human activities, as
well as all other impacts are shown to be long-term, and can be permanent, and are
reflected in the following: Less transpiration due to reduced green spaces; Faster
evaporation from impermeable surfaces Faster evaporation from impermeable
surfaces than from permeable ones; Infiltration reduction; Shorter retention of smaller
amounts of water in depressions and bars; Disturbances of natural ecological chains
due to drying of bars and wetlands: Increased and accelerated stormwater runoff
compared to natural ones, i.e. frequent flooding and rockfalls and landslides.

Figure 1.7 give a comparison of different changes in runoff in natural and urbanized
area. Concerning of water pollution problem, intensified by anthropogenic factors, the
negative impact of urbanization on the possible effects of autopurification of polluted
water, should be emphasized. Namely, due to the reduced infiltration caused by the
impervious surfaces of the urban environment, the polluted water does not pass
through the soil, so the effects of water purification by filtering through the porous
medium of the soil are also reduced.
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Figure 1.6 - Impacts - Issues and Future Challenges on Water Management (Howe et al,
2012)

Stormwater from roofs typically contains low concentrations of pollutants, which are
mainly derived from atmospheric sediment and the discharge or decomposition of
building materials. In contrast, stormwater from roads, parking lots, vehicle repair
shops, etc. often contain high concentrations of various chemical contaminants.
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Figure 1.7 - Changes in runoff on natural (left) and urbanized (right) catchment areas
(Jotte et al, 2017)

Apropriate water management implies knowledge of rainfall and runoff regimes, but
also prediction of the impacts, i.e. consequences of urbanization and climate change.
Water resources engineers have the increasingly complex tasks of planning, designing,
constructing, operating and maintaining hydrotechnical structures and stormwater
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drainage systems by which they seek to mitigate the negative effects of urbanization
and climate change.

Runoff

Runoff rate

—— After urbanization

7

Before urbanization

Time
Figure 1.8 - Consequences of urbanization on runoff hydrogram (Despotovié, 2009)

A classic approach to urban stormwater management

The classic approach of stormwater drainage systems includes measures and facilities
for directing, intaking and conducting of surface runoff. These objects are gutters, rigs,
sinkholes, audit shafts, cascades, overflows, pipes, manifolds, drains, retentions (Figure
1.9), etc. These elements are related to natural elements, receiver, slope, depressions,
etc. The goal is to prevent local flooding, but also to achieve a sanitary and aesthetic
effect (protect health and spills and retain various pollutants). The task of the system is
to intake accept surface runoff and introduce it into precipitation collectors, and
discharge it into the downstream tube / receiver as soon as possible. The classic
concept of stormwater drainage (mixed and / or separable) primarily addresses the
issue of precipitation, but these can also have pre-treatment facilities (sediment

deposition, separation of oil / grease from contaminated areas), especially in protected
aquifers.

Existing sewage systems are often outdated and do not have sufficient capacity to
safely intake and conduct increased rainfall, primarily as a result of urbanization
(reduction of water permeability areas) and climate change (more frequent rainfall).
This results in more frequent floods in urban areas and very often rockfalls and
landslides. Different-purpose surfaces in urban areas also have a significant impact on
the deterioration of stormwater runoff.

This is an additional negative impact of urbanization, which should also be taken into
account when managing storm water. In short, urbanization increases the amount and
speed of runoff, while at the same time reducing the quality of stormwater and
compromising the sanitary aspect, especially when using a mixed system. The
application of a classic stormwater drainage system in urban areas will not result in the
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development of a healthy and sustainable urban space, nor will it be able to respond in
the long term to the challenges posed by the negative effects of climate change and
intensive urbanization.

surface leakage

; impermeable surface
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permeable surface
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Figure 1.9 - Basic elements of a classic drainage system (Despotovic, 2009)

A new approach to water management - contribution to better management

Modern concepts of stormwater drainage and management provide solutions to
previously set goals and contribute to better and more efficient water management.
Changes in rainfall and runoff regimes, as well as deterioration in quality, impose a
need to change the approach to stormwater management, that is, drainage and
treatment. New approaches to stormwater management include measures, facilities
and systems that store, retain, purify and discharge urban waters in order to mitigate
the effects of an altered hydrological cycle and deteriorated water quality.

Conventional approach Integrated design

Figure 1.10 - A more sustainable water management approach (Jotte et al, 2017)

For the new approach to stormwater management, in addition to quantities, the
pollution of stormwater and the consequences of their discharge into nature are
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analyzed. New approaches and techniques integrate the control of stormwater quality
and quantity, but also the need for comfort in terms of achieving good ecological
status (Figure 1.10).

In developed countries, in recent years, new approaches of stormwater management
techniques, such as Low Impact Development (LID), Sustainable Urban Drainage
Systems (SUDS), Water-Sensitive Urban Design (WSUD), Sponge City, best practices of
management (BMP) and other similar approaches, have been applied. In these a new
stormwater management systems, facilities are used to mitigate the maximum of
urban runnof and to extend the runoff concentration of direct runoff hydrograms
(Figure 1.11), but at the same time they are also facilities for treatment of stormwater
pollution. Therefore, these approaches allow for control and quantity and quality of
water at source and locally.

The main objective of new trends in stormwater management is to use facilities /
elements that serve to slow down and treat surface runoff at the source, i.e. before it
reaches the sewer system. The goal is to keep stormwater out of the sewer system to
reduce overflows and the amount of untreated stormwater discharged into surface
water. This is an innovative approach that relies on ecological principles to plan and
design drainage according to the natural runoff at source, using evenly distributed
decentralized micro drainage and treatment systems (green roofs, tiled rigs, ditches,
permeable paving, and asphalt, etc.).
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Figure 1.11 - Basic elements of modern stormwater management system in urban
areas (Despotovi¢, 2009)

These systems provide mechanical and biological mechanisms for flow control,
retention, filtration, infiltration and water treatment. It should be noted that by these
systems, which make extensive use of green spaces (grass and corresponding plants,
flowers, etc.), also largely achieve an aesthetic effect - amenity environment.
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Based on the monitoring of hydrological cycle components, flow and stormwater
quality, flooding control is established to convert surface runoff to "gain" in the urban
hydrological cycle. The idea is to keep every drop of rain in order not to get dirty and
immediately carried out by pipes, thus mitigating the negative effects of climate
change and urbanization on the city's microclimate. The condition for adequate
reduction of atmospheric water runoff, in addition to storage or retention, is the use of
water, for example for later irrigation, which increases evapotranspiration.

The following chapter provides some good experiences, which can serve as a model for
adopting the contributions of new approaches to water management.

1.5.2 Sustainable Urban Water Management — Experiences from Europe

The SWICH (Sustainable Water Management Improvements Tomorrows Cities Helth)
project, funded by the EC (European Commission), has incorporated new approaches
into the area of sustainable water management in the cities where the management
challenges are greatest. This management is often referred to as Integrated Urban
Water Management (IUWM). This ambitious project (2006-2011 period) aimed
precisely at promoting sustainable new water management alternatives (Howe et al,
2012). The platform of this project involves different institutions, i.e. stakeholders,
municipalities, utility companies, universities, and sometimes non-governmental
organizations, to think, act and learn together, and to provide in an integrated
approach solutions that will be put into practice and respond to the challenges of a
changed hydrological regime and deteriorated water quality. The institutions of the
water sector must adapt to the changes that have emerged, as well as further changes
that can be expected in the future (Final Report, SWITCH). New management
approaches need to adapt to all the above-mentioned current impacts and the
consequences of those impacts, which often cannot be reliably predicted. This
uncertainty of consequences requires strategic thinking and strategic and flexible
planning and decision making, tailored to the specific circumstances of the space to
which new planning approaches need to be applied.

Stormwater management best practices that will contribute to management
recommend sustainable solutions. Specifically, the goal is to integrate with existing
infrastructure (conventional management approach) and evaluate the effectiveness of
new approaches in specific circumstances (circumstances specific to a particular
country, city, climate, specific, or current issues related to the control of water runoff
conditions and water quality conservation ).

The specific circumstances, that is, the priority water issues identified for some
European cities through the SWITCH project, are listed in Table 1.1.
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Table 1.1 - Priority issues related to water in some European cities (Howe et al, 2012)

Average
annual
City L Priority problem related to water
precipitation
(mm)
Water demand management; using water to improve the urban
Zaragoza (Spain) 318 & & P

environment

Restoration of polluted and flooded buried rivers as part of
Lodz (Poland) 599 revitalization activities; disposal of contaminated sludge from
wastewater treatment; flash flood

Birmingham 662 "Future" risks: climate change; increasing of groundwater levels;
(England) floods
Hamburg 773 Coastal site remodeling (especially Wilhelmsburg Island); flood
(Germany) protection

The municipality of Zaragoza, a city in the north of Spain, has experience of water
management improving over 20 years' and in this regard there was no obvious need
for major changes in water management. SWITCH was expected to provide additional
impetus to processes already in place and to create synergies with specific water-
related initiatives being implemented at the same time, such as the Expo and the
establishment of the United Nations Office to Support the International Water Decade.

Zaragoza has a lot to show in terms of past and present water management practices.
Local stakeholders considered the SWITCH project an important impetus to work on
the sectioning and exploration of water demand management measures. Although the
actual contribution to the survey results remained limited, SWITCH showed additional
motivation for municipal officials to improve the use of survey data in water supply
network operations and to plan water demand management measures.

In Lodz, a city in Poland, the focus was on restoring polluted rivers, degraded and even
buried as the city developed. Key actors included local government, utilities, the
university and a professional research institute. The successful realization of this
project is a partially revitalized corridor of a river in the city, which has created a more
attractive environment for the population and future development of the city. Through
the project activities, management principles have been incorporated into responsible
city institutions, which in the future will be responsible for continuing and enhancing
the revitalization ("revival" - restoration) of rivers across the city. The idea of linking
restored river corridors and other open green spaces to a “blue-green network” has
now been recognized as part of the city's planning strategy.

In Birmingham (England), activities focus on future risks, such as climate change, but
also the implications of rising groundwater levels. Some partners involved in the
project are city council, water management, environmental agency, regulatory agency,
consumer association and professional associations - associations. Some of the specific
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outcomes of the collaboration of the project stakeholders / participants with the
development agencies were influences on the plans for remodeling the main site in the
city through the widespread use of green and brown roofs.

Hamburg is a city in Germany, with the largest river island in Europe. The SWITCH
project has just been focused on improving planning in the area of this river island. The
project activities brought together a wide range of participants from the island to
develop a water management plan that raised the level of discussions about the future
development of the island. Unfortunately, due to delays in activities beyond the scope
of SWITCH, the realization of the activities envisaged was impossible.

Berlin is also a city that was part of the SWITCH project. The experiences and
achievements from Berlin can be considered as a good model for sustainable water
management in urban areas. Specifically, the lessons learned from Berlin can be
transferred to other cities, depending on the local context (specific circumstances in
them). These experiences relate to: Narrowing the gaps in administration-related
governance; Closing the urban water cycle; Realization of integrated water
management in reality; Focusing on water demand management.

Narrowing administrative gaps in administration: In Berlin, the administrative structure
is an example where the national, federal and local administrative structures are the
same. Such a structure can provide an ideal environment for dealing with local
situations and problems. In such an arrangement, laws and policies are directly related
to the city context, not subnational.

This provides an effective framework for urban water management, respecting local
specificities (conditions). At national level, attention should be paid to aligning local
and regional strategies.

Closing the Urban Water Cycle: The Berlin case shows that it is possible for a city to be
self-sustaining in maintaining its water resources by implementing the necessary
technical and policy measures. Depending on the geological and climatic conditions,
the closed water cycle can be realized at the urban level. At the same time, it requires
the adaptation of certain laws and regulations and a high level of political, technical
and financial commitment from city government.

Realization of integrated water management in reality: Berlin has been able to
combine several aspects of land use planning, nature conservation as well as water
management in an integrated way. While multi-sector integration leads to complexity,
it also provides better benefits for the city as a whole - contributing to more efficient
water management. Some examples of integrated solutions that could be portable to
other cities are: (i) stormwater infiltration, which means enriching groundwater
resources (both in quantity and quality); (ii) green roofs and green facades are
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introduced to improve urban biodiversity and to reduce and control stormwater runoff
in the city; (iii) Groundwater storage by coastal filtration with treated wastewater
keeping the water resources under control.

Putting demand management into focus: Effective demand management strategies in
Berlin have resulted in a 50% reduction in the city's total water consumption over a
period of twenty years. These strategies, which can be a model for other cities, focus
on four aspects: getting water users to pay the right price for the services offered,
launching large public awareness campaigns; temporarily subsidizing water saving
equipment and reducing water leaks and losses more efficiently.

3.4.3. Case Study - Climate Change Adaptation of the Transport Infrastructure
System

The transport infrastructure that enables traffic as one of the major human activities is
directly exposed to the negative impact of high waters. Increasing the resilience of
transport infrastructure to climate change as a whole is currently one of the primary
goals of many countries in the world. Floods are in most cases the biggest problem
facing transport infrastructure. The catastrophic floods that hit Bosnia and
Herzegovina, as well as the region in 2014 have raised public awareness of this
problem.

The main steps in risk assessment and flood management are hazard identification, risk
analysis, risk assessment and risk management.

The World Bank-funded project "Mainstreaming Climate Resilience, Risk in Road
Management in Bosnia and Herzegovina" (Reeves et al. 2018), developed a
methodology for risk assessment of the main road network in Federation of Bosnia and
Herzegovina.

The methodology steps are defined as follows:

1. Identify H, E and V indicators for each type of hazard

2. Establish thresholds for scoring each indicator

3. Consider if weightings should be applied

4. Score the indicators for each road section based on data and expert judgement
(1-10)

5. Normalise scores for H, E and V

6. Multiply H, E and V scores to produce an overall score for risk

7. Map the risk score using the GIS platform — this will enable high scoring road
sections for different types of hazard to be easily identified

Risk is defined as the product of hazard (H), the elements at risk (E) and vulnerability
(V). For each of them a series of indicators were identified based on the main
influencing factors and available data sources. It is suggested that each indictor is
scored from 1 to 10 based on data thresholds and expert judgement. The complete
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analysis is based on a large number of collected datasets on the road network, terrain
configuration and watercourse location, geological composition of the soil, previous
floods, and weather indicators over a long period (minimum 50 years).

The following indicators for risk assessment were selected:

1. Hazards: number of days in which daily rainfall exceeded 40 mm over the last
ten years, average monthly precipitation over the previous 30 years, estimate
of future annual rainfall, location of the section within the floodplain, existence
of flood defences, road elevation, proximity roads of the river, the existing
state of the river bed, the state of culverts.

2. Elements at risk: Assets - culverts, smaller and larger facilities.

3. Vulnerability: average annual daily traffic (AADT), the existence of alternative
routes, the strategic importance of the considered section within the entire
road network.
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Figure 1.12 - Analysis Area — Road section M15-004 (Bosnia and Herzegovina)

The presented methodology was applied to one of the sections of the main road
network in Federation of Bosnia and Herzegovina. All the above indicators were scored
based on data collected from the relevant services (road manager, hydro-
meteorological institute, geodetic authority, Ministry of Physical Planning, local
communities) and an overall flood risk assessment for the specific area obtained.

A semi-quantitative risk analysis approach was applied. Data from different
measurements and expert ratings were used to evaluate the indicators. The following
figures give an overview of a part of the analysis of the mentioned road section and the
relationship of different datasets in the GIS platform.
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Figure 1.13 - Flood zone and road section M15-004 (Bosnia and Herzegovina)
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Figure 1.14 - Overview of the relationship between the flood zone and the elevation of
the terrain and road section M15-004 (Bosnia and Herzegovina)

The proposed methodology applies to the complete road network. In combination with

other hazard assessments
occurrence of floods), it is possible to get an
and react promptly in terms of its p

(especially landslides, which often accompany the

overview of the most endangered sections
rotection, regulation and protection of

watercourses, finding of alternative routes, etc.
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3.5. Conclusion

The importance of studying climate variability poses a challenge that societies,
together at the regional level or individually, will need to address to determine their
impact primarily on water resources, environmental and human resources. To assess
the degree of vulnerability of the society and to determine the strategies and plans for
adaptation to the projected climate change, it is necessary to apply sustainable water
management already in the full sense of the word.

Climate change is harming the economy and overall social development, especially on
vulnerable groups of society. Therefore, it is crucial to implement adaptation measures
on time. The cost of investing in climate change adaptation today will undoubtedly
reduce the cost of repairing possible damage in the future. Innovative adaptation
measures that contribute to climate resilience are of particular interest. Since climate
change resilience involves preparing for floods, droughts, and other extreme natural
events, managing them effectively when they occur, recovering quickly and learning
from them, it is essential to raise people's awareness and change the way we think
about such events. New approaches to water management, which include greater
adherence to natural laws, that is, returning to the natural hydrological cycle through
solutions from nature, can help mitigate the adverse effects of climate change. The
integrated approach requires the inclusion of different professions to define the best
possible solutions.

3.6. Literatures

Anke Herold et al, 2019: EU Environment and Climate Change Policies - State of play, current
and futureChallenges, Policy Department for Economic, Scientific and Quality of Life
Policies European Parliament. http://www.europarl.europa.eu/supporting-analyses

Despotovi¢, J. (2009) Kanalisanje kisnih voda. Univerzitet u Beogradu, Gradevinski fakultet,
Beograd, Srbija, 418 str.

Dworak, et al, 2007: WFD and Bioenergy production at the EU Level, A review of the possible
impact of biomass production from agriculture on water EEA, 2007. Climate change
and water adaptation issues. EEA Technical Report No. 2/2007, European Environment
Agency, Copenhagen, Denmark.

Dworak, Thomas; Anna Leipprand 2007: Climate Change and the EU Water Policy. Including
Climate Change in River Basin Planning. Support to the CIS working group on Climate
change and Water. Ecologic Institute: Vienna, Berlin.

Eisenreich, S.J. 2005: Climate Change and the European Water Dimension, European
Commission- Joint Research Centre, Ispra, Italy.

European Commission, 2003: COMMON IMPLEMENTATION STRATEGY FOR THE WATER
FRAMEWORK DIRECTIVE (2000/60/EC), Guidance Document No 11, Planning Processes

34



N SWarm _~ ===l

e ———

A Handbook for Training in Water Resources Management

Globevnik, L., et al, 2018, Outlook on Water and Climate Change Vulnerability in the Western
Balkans, ed. Kinitzer, A., ETC/ICM Technical Report 1/2018, Magdeburg: European
Topic Centre on inland, coastal and marine waters, 86 pp.

Howe C.A., Butterworth J., I.K. Smout, A.M. Duffy and K. Vairavamoorthy, (2012) Sustainable
Water Management in the City of the Future - Findings from the SWITCH Project 2006-
2011.

IPCC Fourth Assessment Report (AR4), Climate Change 2007: Synthesis Report
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_rep
ort_synthesis_report.htm (2013)

IPCC, 2007. Climate Change 2007: Fourth Assessment Report of the Intergovernmental Panel on
Climate Change. IPCC Secretariat, www.ipcc.ch.

Jotte, L., Raspati, G., Azrague, K. (2017) Review of stormwater management practices. Klima
2050 Report No 7, SINTEF Building and Infrastructure, Trondheim, Norveska, p.50.

Jusi¢ S., Hadzi¢ E. i Milisi¢ H. (2019) — ,Urban Stormwater Management New Technologies” —
Sth International Conference "NEW TECHNOLOGIES, DEVELOPMENT AND
APPLICATION”, NT-2019 Sarajevo, 27th-29th June 2019 Academy of Sciences and Arts
of Bosnia and Herzegovina, Sarajevo. BiH. LNNS 76 Springer Link
http://link.springer.com

Markovi¢ D., Plavsi¢ J., Ilich N. & llic S. 2015 Non-parametric Stochastic Generation of
Streamflow Series at Multiple Locations. Water Resources Management, 29(13), 4787-
4801.

Mirko Kuli¢, Nedeljko Stankovi¢, Albina Abidovi¢: Uloga medunarodnih institucija u prevenciji i
saniranju posledica katastrofa, Zbornik radova sa Il medunarodnog naucnog
skupa”Katastrofe-prevencija i saniranje posljedica” - Tom |, Evropski Univerzitet Brcko
distrikt, Bréko, 2015.

Prit Salian, Barbara Anton, ICLEI European Secretariat Making urban water management more
sustainable: Achievements in Berlin SWITCH - Managing Water for the City of the
Future.

Reeves, S., Peeling, J., Winter, M., Ghataora, G., & Dzebo, S. (2018). Mainstreaming climate
resilience risk in road management in Bosnia and Herzegovina. Washington: World
Bank.

The Federal Interagency Stream Restoration Working Group-FISRWG 1998. Stream Corridor
Restoration: Principles, Processes, and Practices. By the Federal Interagency Stream
Restoration Working Group. GPO Item No. 0120-A; SuDocs No. A 57.6/2:EN3/PT.653.
ISBN-0-934213-59-3.

Wilby, R.L., H.G. Orr, M. Hedger, D. Forrow, M. Blackmore 2006 : Risks posed by climate change
to the delivery of Water Framework Directive objectives in the UK. Environment
International, Vol. 32, Issue 8, December 2006, p. 1043-1055.

Zimmer C.A., Heathcote I|.W., Whiteley H.R. and Schroeter H. (2008) - ,lLow-
Impact_Development Practices for Stormwater: Implications for Urban Hydrology”.
Canadian Water Resources Journal, Vol. 32(3) p.193-212.

35



&) SWeirM\ _~ ===
—

——

A Handbook for Training in Water Resources Management
Web pages:
http://seerural.org/wp-content/uploads/2018/02/NRM-Report-Serbian-Final.pdf

http://www.europarl.europa.eu/supporting-analyses
http://d2ouvy59p0dg6k.cloudfront.net/downloads/cva_srbija_srpski.pdf

https://climate-adapt.eea.europa.eu/eu-adaptation-policy/sector-policies/water-management
https://www.prilagodba-klimi.hr/
http://www.unfccc.int/2860.php

http://www.unep.at/documents_unep/ENVSEC/Climate_Change/Climate-change-west-
balkans.pdf

36



“ SWarm _~ ===

o ——

A Handbook for Training in Water Resources Management

2 WATER — SCARCE RESOURCE

Jelena Doki¢, TCASU,
Predrag Stanojevic, TCASU

Abstract

Earth has a finite amount of fresh, usable water. Fortunately, water is naturally recycled
(collected, cleansed, and distributed) through the hydrologic cycle. Humans have developed
sometechnology to speed this process. However, because of diverse factors (drought, flood,
population growth, contamination, etc.) water supplies may not adequately meet a
community’s needs. Conservation of water can ensure that supplies of fresh water will be
available for everyone, today and tomorrow.This chapter presents the level of water scarcity on
the global level, in EU and in the Western Balkans Region.The Assessments conducted by the
European Commission and the European Environment Agency (EEA) show a number of
problems, mostly related to the ecological status of the surface and ground water resources.An
increase of more than 10 % in the water withdrawals for irrigation is expected all Western
Balkans countries. There is a great impact of urbanization on water resources management,
especially in the Western Balkan Region. Water conservation measures are developed in two
directions: systemic measures for water saving technology, metering and tariffs use, and leaking
control, on one side, and individual measures in changing living habits among the population.
Only joint actions will lead to the sustainable management of the scarce water resources.

2.1 Introduction

Water scarcity and security has been and will continue to be a key global-scale
environmental issue. Water security is defined by the United Nations Water program
as “the capacity of a population to safeguard sustainable access to adequate quantities
of acceptable quality water for sustaining livelihoods, human well-being, and socio-
economic development, for ensuring protection against water-borne pollution and
water-related disasters, and for preserving ecosystems in a climate of peace and
political stability.” Water scarcity is the lack of a sufficient usable water. Clean water
and sanitation comprises Goal 6 of the 17 Sustainable Development Goals proposed by
the United Nations in 2015.

All countries on Balkan are already trying to align with Sustainable Development goals
and started introducing measures from goals 6 and 17 in strategic documents,
strategies and plans.
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2.2 Water resources in the world, Europe and Western Balkans

2.2.1 World water scarcity

Water scarcity arises in situations where there is insufficient water to simultaneously
support both human and ecosystem water needs (White, 2014). Most often this arises
as a result of a basic lack of water (i.e., physical water scarcity), but it may also result
from a lack of suitable infrastructure to provide access to what might otherwise be
considered ample available water resources, which is referred to as economic water
scarcity. Physical water scarcity may occur as a result of both natural phenomena
(e.g., aridity, drought) as well as from human influences (e.g., desertification, water
storage; Pereira et al., 2009; White, 2014), although these influences are often
coupled. For example, the process of desertification often commences as a result of
water overuse during periods of temporary drought. A key distinction between these
various processes is in degree of permanency and reversibility. In the case of drought
and water overuse, for example, the impacts may be temporary; however, those
arising from aridity and desertification are more likely to be irreversible (Water, 2006).
As Pereira et al. (2009) point out, this distinction is often confused when discussing
water scarcity and its impacts, but it may be important in understanding both impacts
and mitigationoptions.
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Figure 2.1 - Map showing the global distribution of regions affected by water scarcity.
Reprinted from Mekonnen, M.M., Hoekstra, A.Y., 2016. Four billion people facing
severe water scarcity. Sci. Adv. 2.

Water scarcity impacts both human populations and natural ecosystems on all
continents (Figure 2.1). For example, recent estimates suggest approximately 4 billion
people live under conditions of water scarcity for at least one month each year, with
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roughly 0.5 billion people exposed to severe water scarcity all year round (Mekonnen
and Hoekstra, 2016). These figures nearly double previous estimates, in part by
considering the flows required to remain in rivers to sustain flow-dependent
ecosystems, as well as the goods and services they provide for people. In most, though
not all regions, climate change is forecast to exacerbate water scarcity even further
(Gosling and Arnell, 2016). These assessments highlight the massive global impacts of
water scarcity on human livelihoods and on natural systems, and many global
programs such as those of the United Nations focus on improved human access to
water within a more sustainable ecosystem footprint. From a global perspective, less
attention has in the past been given to the environmental impacts associated with
water scarcity (Mekonnen and Hoekstra, 2016), although environmental flow needs
are now being incorporated into assessments of water scarcity at both global
and catchment scales (Liu et al., 2016; Mekonnen and Hoekstra, 2016).

2.2.2 EU water scarcity

Water scarcity and drought have become growing problems in many parts of Europe
over the last 30 years, costing hundreds of billions of euros. Governments need data
and indicators in order to set up efficient early-warning systems. The Commission’s
Joint Research Centre has launched a European Drought Observatory to monitor
developments and publish online forecasts while encouraging Member States to factor
drought risk into their River Basin Management Plans, RBMPs.

But water is still under growing pressure from domestic demand, economic activities,
urban development and climate change. It is dammed to generate energy, polluted
bychemicals, hemmed in by flood protection barriers, and drained off for irrigation
andfarmland. Assessments conducted by the European Commission and the European
Environment Agency (EEA) show a number of problems:

— Unless stronger action is taken, 47 % of EU surface water will not meet good
ecological status (Figure 2.2) by the deadline;
— Thereis a lot of uncertainty related to the chemical status of surface waters due
to information gaps;
— About 25 % of groundwater is still expected to suffer from poor chemical status;
— 60 % of European cities over-exploit their groundwater resources and 50 % of
wetlands are endangered.
The Figure 2.2. above shows the ecological water status or potential of allEU member
states, ranging from water bodies with High and Good potential (Blue and green in
colour) to those of bad or poor status (orange and red in colour).Sixty per cent of the
EU’s territory lies in transboundary river basins. The hydrological cycles are so
interconnected that land use in one country can affect precipitation beyond its
borders. Moreover, the European market, EU common policies and Member State
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policies all have significant impacts on water status. Therefore, action at EU level is
needed to face the water challenges of the 21st century.

shoi: Surface water bodies: Ecological status or potential by country
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Figure 2.2 - Water status according to the EU Member States’ RBMPs, assessed by the
Commission — Ecological Status of Surface Water Bodies

In 2007, the Commission adopted a Communication on Water Scarcity & Drought
(WS&D)1 . The Communication identified seven policy areas that had to be addressed
if Europe was to move towards a water-efficient economy.Consequently, mitigation
actions were developed and restrictions were applied in order to restrict water use
(FR), irrigation (RO, SE, CY) and shipping (NL) in some of the affected Member States.
Six Member States reported that they did not experience drought or water scarcity
situations (AT, BE, EE, IE, LU, SK), and the same applied to Switzerland (CH). This
information reported by the Member States should be seen in relation to the 2010
State of the Environment report from the European Environmental Agency which
states, that “Except in some northern and sparsely-populated countries that possess
abundant resources, water scarcity occurs in many areas of Europe, particularly in the
south, confronted with a crucial combination of a severe lack of and high demand for
water”.

2.2.3 Western Balkan Water Scarcity

Water scarcity is a problem, particularly in the summer and in southern parts of the
Western Balkans, as well as in coastal zones and on islands. Countries in the region
share many river basins and much of their water resources. A brief overlook of the
region is next provided.

The EEA has forecast that demand for irrigation water for agriculture will increase in
Europe, as countries in this region experience the impacts of climate change, including
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water scarcity in summer months. A similar trend may be seen in many parts of the
Western Balkansand especially in Albania and in the former Yugoslav Republic of
Macedonia, which already depend heavily on irrigation.

These forecasts also point toa decline in water use for electricity generation, a trend
that may also be seen in the Western Balkans as power stations are modernized.
Available projections of water withdrawals for different scenarios are presented in
table below.

The Table 2.1 presents the fast track results for Western Balkans countries obtained
based on the WaterGAP model and GEO-4 scenarios in the first phase of the SCENES
project 'Water Scenarios for Europe and Neighboring States'. Under the Security first
scenario an increase of more than 10 % in the water withdrawals for irrigation is
expected all Western Balkans countries. The biggest changes (more than 50 %) are
expected in domestic sector for Serbia and Montenegro; and in manufacturing and
electricity generation for Bosnia and Herzegovina and the Former Yugoslav Republic of
Macedonia. Under the sustainability First Scenario a decrease of water withdrawals for
more than 50 % is expected for electricity and domestic purposes and smaller decrease
for irrigation and manufacturing.

Table 5.7 Percentage change in water withdrawals for the Western Balkans countries as
compared to the base year (2000), realised with two different scenarios for

2030
Country Sector
Electricity Manufacturing Irrigation Domestic
Security  Sustainability| Security  Sustainability| Security  Sustainability| Security  Sustainability
first first first first first first first first
Albania No or slight Decrease Increase Decrease Increase No or slight Increase Decrease
changes > 50 % > 10 % > 10 % > 10 % changes > 10 % > 50 %
+/- 10 % +/- 10 %
Bosnia and Increase Decrease Increase Increase Increase Increase No or slight Decrease
Herzegovina > 50 % > 50 % > 50 % > 25 % > 10 % > 10 % changes > 50 %
+/- 10 %
Croatia Increase Decrease Increase Increase Increase No or slight | No or slight Decrease
> 10 % > 50 % > 50 % > 50 % > 10 % changes changes > 50 %

+/-10% | +/-10%

The Former Increase Decrease Increase Increase Increase No or slight | No or slight Decrease

Yugoslav > 50 % > 25 % > 25 % > 25 % > 10 % changes changes > 50 %

Republic of +/- 10 % +/- 10 %

Macedonia

Serbia and Increase Decrease Decrease Decrease < Increase No or slight Increase Decrease

Montenegro > 25 % > 50 % % > 50 % 50 % > 10 % changes > 50 % > 50 %
+/- 10 %

Source: CESR (2007), SCENES — Water Scenarios for Europe and for Neighboring States. D 3.1. Fast track modeling results,
Kassel.

Table 2.1 - Percentage changes in water consumption for the Western Balkan
countries, two scenarios for 2030.

European legislation and policy will encourage river basin approaches to water
management based on the Water Framework Directive. International frameworks for
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the Danube and Sava river basins are also promoting this approach. EU and national
legislation will establish new requirements for drinking water quality and waste water
treatment.

Other policy areas will have an important influence. For example, agricultural policy
will affect this sector's demand for water. In several countries, energy policies propose
an increase in hydropower, and this will affect freshwater systemes.

2.3 Water demand

The growing economies of the region (World Bank, 2017b) are likely to use more
resources — both renewable biological resources and non-renewable stocks of
minerals, metals and fossil fuels. This is expected to increase pressure on local natural
resources and add to the growing volume of imported resources (DG TRADE, 2017) to
the region. Increasing dependence on trade and insecure access to regional resources
could result in tensions regarding competing claims over resource stocks or indirectly
as a result of restricted trade flows.

This implication may be further aggravated by the increasing global population (GMT 1
“Diverging global population trends”) bringing radical changes in consumption patterns
and thus demand for resources. Increasing global economic output and global
expansion of middle class are expected to contribute to accelerating global resource
use/ consumption (GMT 5 “Continued economic growth?”) thus increasing the
prospect of insecurity and conflict concerning resources.

As demand grows, there is increasing competition for resources between water,
energy, agriculture, livestock, forestry, mining, transport and other sectors with
unpredictable impacts for the environment.

Amongst renewable resources, water is perhaps the most strategically important onein
the region. Competition for water is expected to increase as demand is likely to rise
resulting from implications of climate change (Adelphi, 2013). Water use in agriculture
is expected to increase as crops will require more water due to hotter, drier, longer
summers (UNDP, 2013, Custovic et al.2012) leading to an increase in the number and
the size of irrigated areas.

Over-exploitation of water resources has been identified as significant pressure from
the electricity generation sector (JRC, 2014), and such pressures may increase in the
near future.

The tables below show the results of the studies on the percentage of water
consumption per consumer (Table 2.2) and on the use of drinking water, i.e. how many
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Total consumption of drinking water by %
0

consumer:

35%

21%

17%
7%
5%
5%
3%
7%

Table 2.2 - Total Consumption of Drinking Water by consumer(Spark)

Quantity (L/Resident/day)

Jo— Waterworks "JKP
Vodovodlbar"

2-5 g
5-20 7
20-60 40
5-10 5

10-30 20

3-5 10

20-50 40
5

20

150

Total:

Table 2.3 - The field study results of water use in the North of Kosovo*(lbar", 2014)

2.3.1 Fresh water availability

Water scarcity is a function of several interrelated factors. Global water use has
increased by a factor of six over the past 100 years and continues to grow steadily at a
rate of about 1% per year (United Nations Water, 2018). This is a result of population
growth, economic development, and changing consumption patterns. We can
anticipate that global water demand will continue to increase in conjunction with
continued population growth and economic development. While demand has
increased, the quantity of local available fresh water has decreased through global
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climate change, as illustrated by the recent study cited before. This is exemplified by
the severe, long-term droughts affecting several regions of the world. In addition,
water pollution has led to reduced water quality for many regions, further reducing the
amount of clean freshwater available.

2.3.2 Impact of urbanization on water use and management

Rapidly expanding cities have put strains on social services, including water servicesand
since expansion has been unplanned ribbon development it has also encroached on
valuable agricultural land, in particular irrigated agricultural land, and cut up rural
infrastructure such as irrigation schemes and further complicated service delivery.
While service delivery has been able to provide near universal access, the impacts both
on urban water management (storm drainage, protection from floods) and rural water
management (landscape approaches, contiguous irrigation service areas) are
significant.

A large amount of water is used by public water supply companies for drinking water
supply, for household and other consumer needs of public water supply companies
and sanitation. This supports directly and indirectly all service sectors, and importantly
construction, mining, manufacturing and other industry. Agriculture is another large
user, currently suppressed in its water usage due to the dilapidated infrastructure and
lagging investment in modernization of the agriculture sector. Someof this water use is
in rainfed agriculture, which is highly dependent on variableclimate. In the irrigation
sector, abstraction and productivity are higher. With intensificationof agriculture, the
uptake of irrigation will increase. In the energy sector, there is some water use for
hydropower, and an important contribution to thermal powerplant cooling for most of
power generated in the country. In industry, water is used for production and cooling
the equipment. The quantity of water used in a sector is not correlated to its impact on
water security. A very demanding inefficient irrigation scheme may contribute little to
overall GDP, and have a large footprint, whereas a highly productive intensive system
has major positive impacts on imports, jobs and overall GDP. Hydropower consumes
no water but poses large demands on flows in rivers. Optimization of water use
requires understanding and optimization of water resources to maximize social,
economic and environmental services.

2.3.3 Managing Water Resources

Water scarcity, related to either overextraction of groundwater reserves or pollution of
existing surface water resources, promises only to increase as a problem. Currently,
agriculture accounts for over 70% of water use. In most countries, production-linked
support policies still dominate. This framework encourages overuse and inefficiency
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and fails to address the environmental damage that results from polluted runoff. As
populations increase, competition between uses of water and regulation of
wastewater will develop into significant policy concerns. Already, India and China have
been faced on numerous occasions with the decisions between providing for water-
heavy crops or population settlements. Judicial policy to address multicountry
ownership of surface and groundwater resources needs to become a priority before
water becomes like oil as a commodity. Improved pricing structures, tradable permits,
enforceable government regulations, and more sustainable agricultural water
management are necessary to address the crisis of water scarcity. Such initiatives also
need to take place on local as well as national levels.

Water scarcity and the need to conserve resources are recognized worldwide as
challenges for the near future.

Water conservation and environmentally sustainable use of water will be increasingly
implemented to manage the water balance, particularly where water resources are
limited and the areas are subjected to droughts. Much emphasis is being placed in
Australia, the USA and in the drier parts of south-east England on the adoption of
demand constraint measures. In England emphasis is being placed on extending the
metering of domestic supplies, installing water saving fittings and on increasing
measures to reduce leakage and wastage. In the USA, as required by the Safe Drinking
Water Act 1996, US EPA published draft guidelines in 1998 to water suppliers for
‘conservation planning’, i.e. measures to induce economy in the use of water. The
guidelines propose three sequential levels of approach. The first comprises universal
metering, loss control (i.e. leakage and wastage reduction) and public education. The
second and third levels include such measures as water audits, pressure management,
re-use and recycling, and integrated resource management. However, emphasis on
demand constraint does not necessarily apply in all countries, where some utilities may
be reluctant tocurbthe demand from metered industrial consumers and from
metered households occupied by higher income groups; the payments made by them
comprise a major part of the utility’s income and are needed to cross-fund supplies
given free through standpipes or at below cost to low-income groups. The conditions
and position adopted by each utility vary. Where more plentiful supplies exist there
may be less incentive to conserve water.

In many countries restricted hours of supply have to be adopted in order to prevent
consumption and losses exceeding available supplies. Metering is adopted for the
same purpose but it must be efficient to be effective. Intermittent supplies bring many
problems. Consumers store water when the supply is on, but throw away the unused
balance when the supply next comes on, believing the new supply is ‘fresher’.
Consumers may leave taps open so as not to miss when the supply comes on again,
allowing storage vessels to overflow. Intermittent supplies make leak detection and
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prevention of consumer wastage very difficult. Typically the hours of supply have to be
reduced to at most 4 hours in the morning and 4 hours in the evening, and frequently
less, to gain control of consumption. To some extent intermittent supplies are self-
defeating: more consumer wastage and more distribution leakage occur because of
the difficulty of maintaining the system in a good state; if mains become emptied
contaminated groundwater may enter the pipes and endanger the health of
consumers. The situation is often exacerbated by loss of income due to difficulties with
metering and income collection. Nevertheless, many utilities worldwide have to adopt
intermittent supplies.

Water conservation measures that can be effective on 24-hour supplies include:

— imposing temporary bans on the use of water for washing vehicles, on
refilling swimming pools and ponds, and on the use of hosepipes and sprinkler
equipment for watering gardens during drought or shortage of supplies.

— good publicity can achieve a temporary and short-term reduction in demand,
perhaps as much as 10%;

— metering domestic supplies can curb excessive consumption, especially water
used for lawns and gardens, provided the tariff structure imposes a financial
penalty when consumption exceeds a reasonable amount;

— promoting the use of low water use fittings

— using pressure management control to reduce leakage and to extend the life of
the pipes, improves the reliability of network control valves which can operate
within their designed range, thereby reducing wastage through the valve
malfunctioning;

— keeping operational pressures at the minimum necessary to maintain levels of
service reduces water taken unnecessarily;

— flow limiters and throttles on service pipes can curb consumption but are not
always effective. If set too low, consumers leave taps open to fill containers
which overspill. They can also be bypassed in an attempt to get a better supply.

Commercial and institutional demand can be constrained by metering all consumers:
both large and small shops, offices and other business premises. Wastage through
plumbing fittings from these non-domestic consumers is frequently high because no
one working in the premises is responsible for paying the water charges and the
premises are unoccupied outside working hours. Many cases have been reported of
night and weekend flows to unoccupied premises being nearly as high as daytime flows
when staff are present, especially in government offices in some countries.
Manufacturers are also often unaware of the potential financial savings they can
achieve by adopting water conservation measures, the lower usage reducing both their
water purchase and effluent discharge costs.
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Table 2.4. summarizes the opportunities and constraints of water saving technologies,
metering and tariffs and leakage reduction, the three primary measures for managing
consumption.

Component | Opportunities Constraints

elow and ultra-low water use | ®Policing installation and retrofit

Water saving
technologies

efficient appliances
eStandards and regulations will
achieve greatest savings

eDoes not stop excessive use
eTime to promote and develop
eUnlikely to achieve 100% acceptance

Metering and
tariffs

eReduces demand, short and
long term
eConsumers responsible for
their impact on environment

eCharge real cost of usage

*To be effective, need both

*Ability to pay and need to maintain
supplies to low-income and vulnerable
consumers

eCost of meter installation and long-
term maintenance

eProactive control can reduce

eReduction to ELL is one-off win,
thereafter marginal impact on resources

losses down to economic level
of leakage (ELL)
eShort-term local solution

Leakage

eSavings depend on
control & P

ELL/leakage reduction
e|s ELL optimum level?

Table 2.4 - Water conservation measures

Estimating future demands in developed countries can be approached by combining
the forecast trends in population and percapita consumption growth with
implementing water conservation measures within the forecast period. The trends
provide an upper limit to the projections. The conservation measures will produce a
range of achievable forecasts provided there is the political and social will to conserve
water and adopt a realistic tariff for water and provided the utility manages, and is

seen to be managing, system water losses and leakage.

2.3.4 Water conservation measures-individual approach

Water conservation involves changing habits. Since many of these habits have evolved
over a lifetime, they can prove difficult to alter. People can become active in
conserving water by starting simply, then gradually taking more advanced steps to
reduce water consumption. The simplest habits involve turning off water whenever it
is not being used. When water is needed for rinsing dishes, it can be held in a sink
rather than allowing it to flow unused down the drain
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An individual may simply use less water. For example, some people use a hose to
“sweep” sidewalks, when a broom works well. People can shorten their shower times
or reduce the amount of water they use when bathing.

Other conservation methods may initially require more effort and funds, but in the
long run will save money and resources. For example, households can install low-flow
showerheads with smaller holes that reduce water flow and increase pressure. A
capped bottle weighted with stones takes up space in a toilet tank, reducing the
amount of water available to flush down the drain.

Below are the recommendations on actions we can take, on the individual level,in
orderto contribute to the conservation of water (Table 2.5.)

1. Use a broom instead of a hose to sweep sidewalks and driveways.

2. When washing the car, use a hose with an on/ off nozzle or use buckets of rinse water.

3. Water lawns in the mornings or evenings when water will not evaporate as quickly. Make
sure the water lands on vegetation and not on streets or sidewalks. If possible, save rainwater
for watering lawns.

4. If you need to run water before it becomes hot, store the cool running water in a bottle for
use in rinsing dishes, and washing vegetables and hands.

5. When washing dishes by hand, use a sink full of rinse water rather than letting the water run.

6. Fix leaks!

7. Install a low-flow showerhead.

8. Turn off the water when it is not in use. Don’t leave it running when brushing teeth. Turn off
the water between soaps and rinses when washing hands.

9. Run the dishwasher or washing machine only with a full load.

10. Keep a bottle of cold drinking water in the refrigerator instead of running water until it
becomes cool.

11. Limit shower time to 5 minutes or less.

12. Take showers instead of baths.

Table 2.5 - Water conservation measures at the individual level

2.4 Conclusions

Water scarcity and the need to conserve natural resources are recognized worldwide
as challenges for the near future. Water conservation and environmentally sustainable
use of water will be increasingly implemented to manage the water balance,
particularly in the areas with limited water resources or prone to droughts. In the field
of management of the water resources, the ‘conservation planning’, i.e.,measures to
induce economy in the use of water were included.There are opportunities and
constraints related towater saving technologies, such as metering and tariffs and
leakage reduction, the three primary measures for managing consumption.
Implementing water saving technologies will not stop excessive use, but the metering
and tariffs will. The leaks have to be reduced to a minimum. These three measures
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combined will efficiently contribute to improve the management of scarce water
resources. Butthey need to have a consensus within the population to whom they will
be applied. However, water conservation starts on the individual level, by changing
habits and raising awareness.
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3 FLOOD AND DROUGHT RISK MANAGEMENT

Mladen Milanovi¢, University of Ni§, Faculty of Civil Engineering and Architecture
Milan Goci¢, University of Nis, Faculty of Civil Engineering and Architecture
Slavisa Trajkovié, University of Nis, Faculty of Civil Engineering and Architecture

3.1 Introduction

Floods and droughts, as natural disasters, have enormous adverse economic,
environmental and social consequences. More recently, these disasters are more
frequent with greater and more devastating consequences (Burton et al., 1978).
Traditional approaches to flood and drought management have not eradicated these
disasters or reduced vulnerability from future occurrences. The enormous damage
caused by these disasters clearly indicates the need for a new approach, to manage
flood and drought risk (Kundzewicz, 2004).

As both of these natural disasters are closely linked to water, European policies
affecting flood management are discussed in the first part. The second section
analyzes flood risk management, impacts and adaptation to climate change, and
disaster risk reduction. Droughts are among the most costly disasters where the start,
end, and boundaries of capture are not easily determined, and consequently the
consequences of droughts and water shortages are discussed in section three. Part 4
presents an example of good practice in preventing and managing water scarcity,
floods and droughts.

3.2 European policies influencing the management of floods

The European Union attaches great importance to water management and water
quality issues. It has therefore adopted a legal framework for the protection and
management of water, notably the Water Framework Directive (2000/60/EC)
(Directive of the European Parliament and of the Council 2000/60/EC establishing a
framework for Community action in the field of water policy, 2000). The Water
Framework Directive is a basic document which sets out the establishment of a
framework for EU action in the field of water policy. The management of river basin
districts under this Directive is carried out on the basis of a Management Plan with a
program of measures that integrates environmental, economic and sociological
aspects with a view to achieving sustainable development.

The Framework Directive is also the basis for cross-border cooperation between
countries within international river basin districts in Europe. According to the Directive,
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Member States and EU candidates are required to: stop further destruction of water
bodies, increase and restore the status of aquatic as well as terrestrial ecosystems and
wetlands that are directly dependent on aquatic ecosystems. Also, groundwater
pollution needs to be reduced and further pollution prevented, and its implementation
should also mitigate the effects of floods and droughts.

All Member States must identify river basins within their own country and designate,
for each of them, a river basin district. For rivers flowing through multiple countries,
international river basin districts must be established. Also, a River Basin Management
Plan for each river basin district must be established under the Directive.

The particular importance of the Directive is reflected in the protection and efficient
use of water, as it responds to all challenges related to water resources. The Water
Framework Directive is more closely defined and supplemented by other Directives:
Directive of the protection of groundwater against pollution and deterioration,
Directive of the quality of water intended for human consumption, Directive of the
quality of bathing water, Directive of the protection of water against pollution caused
by nitrates from agricultural sources, Directive of the urban wastewater treatment,
Directive of the environmental quality standards in the field of water policy and the
Directive of the assessment and management of flood risks (Directive 2006/118/EC of
the European Parliament and of the Council of 12 December 2006 on the protection of
groundwater against pollution and deterioration, 2006; Council Directive 98/83/EC of 3
November 1998 on the quality of water intended for human consumption, 1998;
Council Directive 76/160/EEC of 8 December 1975 considering the quality of bathing
water, 1976; Council Directive 91/676/EEC of 12 December 1991 considering the
protection of water against pollution caused by nitrates from agricultural sources,
1991; Council Directive 91/271/EEC of 21 May 1991 considering urban wastewater
treatment, 1991; Directive 2008/105/EC of the European Parliament and of the Council
of 16 December 2008 on environmental quality standards in the field of water policy,
2008; Directive 2007/60/EC of the European Parliament and of the Council of 23
October 2007 on the assessment and management of flood risks, 2007).

As it turned out that full flood protection was impossible, attention shifted from flood
protection to flood risk management. Floods, but especially droughts, by their nature,
are not regionally restricted occurrences, but often affect more countries, and thus the
need for a common risk management framework to increase states' resilience to
natural disasters has emerged. It has also been noted that different and inefficient
management of disasters, especially in a transboundary context, could jeopardize the
long-term objectives of the European Union for sustainable development. The first
Floods Directive was adopted in 2007. It is the Directive of the assessment and
management of flood risks (2007/60/EC) which aims to promote, by procedural
obligations, a minimum common flood management framework for all members of the
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community (Directive 2007/60/EC of the European Parliament and of the Council of 23
October 2007 on the assessment and management of flood risks, 2007). Some
European countries already incorporated the flood direccyive in their legal issue.

The Directive establishes a framework for the assessment and management of flood
risks, with the aim of reducing the adverse effects on human health, the environment,
cultural heritage and economic activity. This Directive provides for the development of
Flood Risk Management Plans, which constitute an umbrella act in the fight against
flood risk. Adoption of the Plan must be carried out gradually, with the necessary
documents and regulations. This approach allows the development of the Plan itself to
become a process that is carried out in regular cycles every six years.

The development of a Risk Management Plan in areas with significant flood risk is
preceded by a preliminary flood risk assessment, the preparation of flood hazard maps
and flood risk maps.

The preparation of a Preliminary Flood Risk Assessment is an obligation of each
Member for each river basin district or part of an international river basin district in
their territory.

The Preliminary Flood Risk Assessment must at least include:

- maps of the river basin district with topography and land use

- adescription of historic floods that have had significant adverse impacts

- adescription of the floods that may occur in the future and an assessment of the
potential adverse effects on human health, the environment, cultural heritage
and economic activity.

Based on the Preliminary Flood Risk Assessment, Member States will identify for each
river basin district the areas for which significant flood risks are possible.
For these areas, the hazards and the risk of floods are determined in detail, ie:

- flood hazard maps and

- flood risk maps.
Flood Hazard Maps cover areas that can be flooded under different probability
scenarios:

- floods with a low probability
- floods with a medium probability
- floods with a high probability, where appropriate.

These maps specify the flood boundaries, water depth, and water velocity or flow rate.
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Flood Risk Maps show the potential adverse consequences in a flooded area and
contain in particular the number of affected residents and the types of economic
activities in potentially vulnerable areas.

The final act is the preparation and development of the Flood Risk Management Plan in
accordance with previously adopted documents. The plan is adopted at the level of the
river basin district. The plan also includes a program of measures focused on the
prevention, protection and early warning systems of floods. The measures promote
sustainable land use and the controlled flooding of certain areas in the event of a
flood.

It is important to emphasize that the Directive does not set any priorities, but Member
States decide which measures and activities to include in their flood risk management
plans (Moster and Junier, 2009).

Member States must organize active public participation, ie preliminary risk
assessment, flood risk maps, flood risk maps and risk management plans, to make
publicly available. The drafting and review of such acts must be in accordance with
Directive 2000/60/EC.

3.3 Flood risk management, climate change adaptation and disaster
risk reduction

3.3.1 Flood risk management

Flood risk means the likelihood of a flood occurring and possible adverse impacts on
people, material goods, the economy and the environment. The principle of flood risk
management is based on the concept of taking measures and activities that implement
a risk mitigation policy, that is, reducing the possible adverse effects of floods. It is
important to emphasize that floods cannot be completely eliminated, but their impacts
can be reduced through understanding and managing flood risk.

In order to set up a framework for flood risk management, the EU adopted Directive
2007/60/EC (23 October 2007) (Directive 2007/60/EC of the European Parliament and
of the Council of 23 October 2007 on the assessment and management of flood risks,
2007). The primary objective of this Directive on the assessment and management of
flood risks is to reduce the adverse effects of floods on human health, the
environment, infrastructure and economic activity.

According to the recommendation of the European Economic and Social Council
(Opinion of the European Economic and Social Committee on the Communication from
the Commission to the Council, the European Parliament, the European Economic and
Social Committee and the Committee of the Regions — Flood risk management — Flood
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prevention, protection and mitigation, 2005), the following criteria must be observed
when selecting flood risk mitigation measures:

- flood protection must not lead to a deterioration of the hydrological situation
elsewhere,

- in accordance with the principle of sustainable development, give priority to the
action of restoration of river basins and natural measures containing flood water
within a specific area without causing damage and

- priority should be given to measures that can offer synergy with other
sustainable development goals.

Flood protection in the Republic of Serbia is regulated by the Law on Water (Law on
Water, 2018). This Law regulates the management of the risk of harmful effects of
water, which includes: preparation of preliminary flood risk assessment, development
of flood risk management plans, development of general and operational flood
protection plans, implementation of regular and emergency flood protection and
erosion protection and flash floods.

Based on the legislation in Serbia, the main objectives of flood risk management are
set out:

- avoiding new risks,

- reducing existing risks,

- strengthening the resilience of society to floods,
- increasing flood awareness and

- the principle of solidarity.

Flood risk management is performed by the Flood Risk Management Plan, which is
drawn up on the basis of a preliminary risk assessment, hazard maps and flood risk
maps. The plan contains management objectives, priorities, necessary measures and
how they are implemented.

The flood risk management plan, depending on the circumstances, brings a
combination of structural and non-structural measures. The group of structural
measures includes water structures built to regulate the water regime, ie those
measures that represent the reconstruction and modernization of existing passive
defense systems, such as the construction of new embankments, the regulation of
watercourses, the construction and maintenance of reservoirs, retention sites, canals
(National Disaster Risk Management Program, 2014).

Previous experiences in flood management, with the application of structural
engineering solutions, have not made flood vulnerability disappear and have led to the
awareness that there is no safe protection, and thus to a paradigm shift from flood
control to coexistence and flood management (Kundzewicz, 2004).
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Non-structural measures are an addition to structural measures. Measures such as
insurance, forecasts, warnings, land planning, wetland restoration can reduce the loss
of life and property due to floods (Bonacci, 2008). In recent times, non-structural
measures have highlighted measures of green infrastructure that naturally retain and
drain water in urban areas.

3.3.2 Climate change adaptation

Climate change means climate change that is directly or indirectly conditioned by
human activities that cause changes in the composition of the global atmosphere.
Moreover, all human activities (which affect climate) are superimposed on the natural
fluctuations of climate and therefore it can be said that climate change is something
that is happening now in all regions of the world (Law on Confirmation of the United
Nations Framework Convention on Climate Change, with annexes, 1997). Influenced by
human-induced climate change, there is supposed to occur an increase in the
frequency, intensity, duration and spatial extent of extreme weather events such as
extreme rainfall and heat waves. The consequences of such events can be catastrophic
floods in given regions and more frequent and prolonged droughts in other ones.

Climate change projections for Europe say that southern and southeastern Europe will
be the focus of climate change, as these regions will be most affected by adverse
effects (Climate change poses increasingly severe risks for ecosystems, human health
and the economy in Europe, 2017). The adverse effects of climate change in Serbia can
be seen primarily from the effects of floods and droughts. Water scarcity, which is a
vital factor in production, could lead to losses in agriculture (directly reflected by the
impact of climate change on the water balance), health, tourism and other water-
dependent sectors (High and Dry - Climate Change, Water and the Economy, 2016). In
addition to direct damage from extreme climatic events, there are significant impacts
on increasing the vulnerability of food production, on natural resources, on soil
degradation and desertification.

Climate change management includes mitigation and adaptation measures. According
to (Climate Change 2007: Impacts, Adaptation and Vulnerability, 2007), adapting to
climate change means: "Adapting the natural or human response of a system to actual
or expected climate change or its effects, to minimize damage or to take advantage of
new opportunities."”

The international community, aware of the responsibilities and dangers of climate
change, has adopted several acts that the Republic of Serbia has also verified and
accepted the obligations arising from them:
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- Law on Confirmation of the United Nations Framework Convention on Climate
Change (Law on Confirmation of the United Nations Framework Convention on
Climate Change, with annexes, 1997)

- Law on Ratification of the Kyoto Protocol of the United Nations Framework
Convention on Climate Change (Law on Ratification of the Kyoto Protocol of the
United Nations Framework Convention on Climate Change, 2007)

- Law on Confirmation of the Paris Agreement (Law on Confirmation of the Paris
Agreement, 2017).

In fulfilling its obligations under the signed international treaties, the Republic of Serbia
has adopted a draft Law on Climate Change, which regulates a system for reducing
greenhouse gas emissions and defines a system of adaptation to changed climate
change (Draft Law on Climate Change, 2019). This Law provides for the development of
the Program for Adaptation to Changed Climate Conditions, which, among other
things, provides a special reference to (Draft Law on Climate Change, 2019):

- analysis of climate change observations,

- review of expected climate change,

- analysis of the impact of climate change on sectors and systems and
- measures proposal for the adaptation to changed climatic conditions.

The Law stipulates that the Program for Adaptation to Changed Climate Conditions
shall be implemented by adopting sectoral strategies, plans that specifically include:

- description of specific measures from the priority list,

- areas where the specific measure is planned, with explanations,

- timeframe for implementation of measures,

- cost-benefit analysis of the implementation of the measures and

- the manner and methodology of monitoring and evaluating the implementation
of measures.

The Law intends to submit, every four years, to the competent Ministry, a report on
the implemented adaptation measures by the bodies and organizations in charge of
drafting and implementing sectoral documents.

3.3.3 Disaster risk reduction

Disaster risk reduction involves identifying disaster risks, reducing causation, mitigating
consequences and rebuilding after a disaster, as well as improving early warning
systems and increasing resilience of the individual and the local community. The
principle of disaster risk reduction is, in fact, a system that bases its work (objective) on
the analysis and reduction of causative factors of disasters, and therefore on the
reduction of damage caused by natural hazards such as floods and droughts.
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Disaster risk reduction in the Republic of Serbia is regulated by the Law on Disaster Risk
Reduction and Emergency Management (Law on Disaster Risk Reduction and
Emergency Management, 2018). This law enables the creation of a single integrated
disaster risk reduction system with effective response and disaster relief. At the same
time, this system forms part of Serbia's national security system.

The organization of the disaster risk reduction system is defined by the Law, and
consists of elements: disaster risk reduction, rights and obligations of citizens and legal
entities, while the category of system operation includes emergency management,
early warning, notification, excitement, protection and rescue of people and material
goods and inspection. Also, the Law stipulates obligations regarding the development
of: disaster risk assessment, disaster risk reduction plan and protection and rescue
plan.

Disaster Risk Assessment identifies the types and nature of individual disasters, the
degree of vulnerability, the factors that cause or increase the degree of possible
danger and the consequences that may occur for human and life, the environment,
material and cultural goods. Risk assessment can be made by the republic, province,
local government, business, health and educational institutions.

Plan for Disaster Risk Reduction contains specific preventive, organizational, technical,
financial and other measures that the competent state authorities are obliged to
undertake in the future in order to reduce the risk of disasters, based on the
assessment of individual risks. Disaster risk reduction plans are adopted for a period of
three years.

Plan for Protection and Rescue of the Republic of Serbia contains the following
sections: early warning, mobilization and activation, protection and rescue, civil
protection measures and use of forces and entities. The protection and rescue plan
shall be drawn up on the basis of a risk assessment and adopted no later than 90 days
after the adoption of the risk assessment, and shall be regularly updated with changes
to the risk assessment. The plan is adopted every third year and updated as necessary.
Plans can be made by the republic, province and local government.

It is important to emphasize that the Law enables the introduction of the Disaster Risk
Register as an interactive, electronic and geographic-information database for the
territory of the Republic of Serbia, which will contain physical-geographical data on the
area affected by the risk, on the vulnerability of the population and facilities, on the
previous disasters and information on the description and characteristics of the
hazard. The law provides that the competent Ministry shall keep such a Register. The
Law also provides for the determination of immediate risk zones, ie geographically
spatial units in which there is a high degree of certainty that a catastrophe may occur.
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Immediate risk zones prohibit activities that may cause new or magnify existing risk
factors, such as wild construction in areas where there is a risk of disasters.

3.4 Challenge from water scarcity and droughts

Water maintains life, ecosystems, regulates the climate and is one of the most
important resources that must be saved and managed effectively to achieve
sustainable development. Water scarcity occurs as a result of natural hydrological
variability. Economic policy, water planning and management and the resilience of
society to changing supply and demand have a significant impact on water scarcity, i.e.
the problem of water scarcity is exacerbated by increased consumption, deterioration
of quality and reduced availability of water. Lack of drinking water is the greatest
threat facing humanity, resulting in unmet demand, tensions among users, over-
abstraction of groundwater and insufficient flow of water into the natural
environment.

Climate change projections show a higher incidence of extreme events and rising
temperatures. More frequent and severe droughts and floods will have a pronounced
impact on water availability, especially in areas with irrigated production (Coping with
water scarcity - an action framework for agriculture and food security, 2012). The
accelerated urbanization and concentration of cities near the coasts, where fresh
water supplies are limited or available at great cost, pose a new challenge for the
supply of drinking water and water for other urban needs. Water consumption in the
public, industry and agriculture is thought to increase by 16 % by 2030 (Report reveals
large water saving potential in Europe, 2007). The agricultural sector is particularly
sensitive where water scarcity is of paramount importance. That is why it is important
that water in agriculture is effectively managed in order to achieve stability in
production.

Seckler et al. (1998) share water scarcity in two groups as (Secker et al., 1998): physical
and economic disadvantage. Physical disadvantage is reflected in the lack of water for
all water needs, while economically it is caused by insufficient investment in water. As
a consequence of these deficiencies, environmental degradation and groundwater
levels decrease in the first case, while water infrastructure is underdeveloped in the
second.

The Food and Agriculture Organization (FAO) at the United Nations defines water
scarcity as excess water consumption relative to water availability (Coping with water
scarcity - an action framework for agriculture and food security, 2012). According to
FAO recommendations, countries must focus on prevention of the threat of droughts
and water scarcity, with particular emphasis on the fact that, if properly identified,
many causes of water shortages can be anticipated and mitigated. FAO proposes six
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basic principles that can be applied in different socio-economic settings and are the
starting point for an effective and sustainable strategy for coping with water scarcity
(Coping with water scarcity - an action framework for agriculture and food security,

2012):

- All strategies must be based on a clear understanding of the causes and

consequences of water scarcity,

- Evaluate the benefits and costs and use systematic and comprehensive criteria

for decision making in the watershed,
- Ensure the right level of water management and institutional capacity,
- Adapt water-related responses to local conditions,
- Harmonize policies for water, agriculture and food and
- Predict changes by adaptive management.
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Figure 3.1 - Water Exploitation Index for Europe (Werner and Collins, 2012)
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The Water Exploatation Index (WEI), which represents the ratio of the total annual
amount of abstracted water and renewable water resources, is an indicator of the
availability of water, i.e. of the pressure on the sustainable use of renewable water
resources. The affected water resources comprise the total annual volume of surface
and groundwater abstracted, while the renewable water resources include the volume
of river runoff (rainfall less real evapotranspiration), the change in groundwater
volume (internal inflow) and the volume of actual inflow of surface and groundwater
from neighboring countries, for at least 20 consecutive years. When analyzing the
index, the value of 20 % is considered to be the alert limit.

If the WEI index value is more than 20 %, the water resource is stressed (symptoms of
water scarcity or lack) and if the index value is above 40 %, then it is an area with
extreme water stress and the index value indicates unsustainable use of the water
resource. Figure 3.1 shows the water exploitation index for the member states of the
European Environment Agency (Sanz and Gawlik, 2014). Figure 3.1 shows that Serbia is
not stressed (WEl = 11 — 20 %), while the index results vary (from stress-free to
extreme water stress) in other European countries, leading to the conclusion that EU
water distribution is uneven and that it depends primarily on the geography of the
terrain and the climate. It is important to emphasize that in some countries the WEI
index is calculated and displayed at the level of the river basin district, in the figure it is
a space without a hatch, which more precisely identifies areas with water stress, such
as in the UK, Spain, Portugal and France.

Moreover, WEI index analysis clearly shows that the deficit (stress due to lack of water)
is experienced by different countries and not just the Mediterranean ones. The
seriousness of water scarcity is also illustrated by the fact that water scarcity affects at
least 11 % of the population and 17 % of EU territory (Sanz and Gawlik, 2014). It is
important to emphasize that in addition to the quantities of water, the quality of the
water is also important, because it depends on the use and costs of water exploitation.

Drought is a natural feature of climate variability resulting from long-term rainfall
deficits. Over the last two decades, droughts have exceeded any other natural disaster
in number and frequency of occurrence (Bryant, 2005).

Droughts have affected different parts of the EU with varying intensity and spatial
impact. Namely, since 1980, droughts in Europe have become more frequent, with
territories engulfing them increasing and the consequences having tripled (Werner and
Collins, 2012). Figure 3.2 shows the significant droughts in the last two decades that
have occurred in Europe.

In Serbia, the strongest droughts have been recorded over the last two decades.
Significant droughts were recorded in 2000, followed by 2003 and 2007. The
characteristics of these droughts are the drastic absence of rainfall and the large
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number of days with extremely high temperatures during the growing season. It is
characterized by the 2011 drought, which became extremely severe at the end of the
growing season when 39 tropical days were recorded. A severe drought hit Serbia in
2012, when July was the warmest since meteorological data was recorded. In 2012,
drought damage was estimated at two billion euros (Petrovic and Grujovic, 2015).

Figure 3.2 - Recent extreme droughts in Europe and affected areas (Tallaksen et al.,
2011)

The EU has identified water scarcity and droughts as one of the main priorities of
environmental policy (Stein et al., 2016). Accordingly, the EU's drought policy
objectives include:

- promotion of drought risk management,

- promotion of drought preparedness and mitigation and planning measures and

- consideration of financial aid tools.

In order to achieve the planned goals, the EU established in 2007 a Communication
from the Commission to the European Parliament and the Council, entitled
"Addressing the problem of water scarcity and drought in the European Union"
(Communication from the Commission to the Council and the European Parliament,
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2001). The Communication underlines the importance of analyzing the situation and
adapting to climate change. The need to move from drought crisis management to
drought risk management is emphasized and an integrated approach to water
management is required to successfully address the impact of drought. Specifically, the
increasing frequency of droughts and the heavier holdings produced by this natural
disaster over the last two decades has motivated the EU to make major improvements
from a crisis-oriented approach to the preventive approach, ie., to manage the risk of
drought. The Communication identified a number of actions to be taken at EU and
national level.

3.5 Good practices and learned lessons across Europe in preventing
and managing water scarcity, flood and drought situations

It is clear that there are no universally acceptable environmental risk management
practices such as floods or droughts (Environmental aspects of integrated flood
management — case studies, 2017). Each country regulates risk management principles
according to the local hydro-climatic, topographic and socio-economic environment, all
according to its capabilities and priorities.

3.5.1 Sava river basin management

Good practice in flood management and prevention has been taken and discussed is
an example of Sava River Basin Management. The management of the Sava River Basin
is an example of transboundary cooperation between the countries through which the
Sava River flows with the primary goal of sustainably navigating, protecting the
ecological system and protecting against the adverse effects of water. Table 3.1 shows
an overview of countries’ share in the Sava River basin territory.

Table 3.1 — Countries’ share in the Sava River basin territory (Flood Risk Management
Plan for the Sava River Basin, 2018)

SL CR BA RS ME AL

Total area of the country
(km?]

Share of the country’s
territory in the Sava 52.80 | 45.20 75.80 17.40 | 49.60 0.59
River Basin [%]

Area of the country in th
Sava River Basin [km?]
Share in international
Sava River Basin [%]

20.273 | 56.542 | 51.129 | 88.361 | 13.812 | 27.398

11.734 | 25.373 | 38.349 | 15.147 | 6.929 179

12.01 | 2597 | 39.25 15.50 7.09 0.18
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Recognizing the great importance and value of the Sava River Basin through which the
Sava river flows - Bosnia and Herzegovina, Croatia, Slovenia and Serbia signed the
Framework Agreement on the Sava River Basin in Ljubljana in 2004 (Law on ratification
of the Sava River Basin agreement, Protocol on the navigation regime to the
framework agreement on the Sava River Basin and Agreement on the amendments to
the framework agreement on the Sava River Basin and the protocol on the navigation
regime to the framework agreement on Sava River, 2004). The topography of the Sava
river basin is given in Figure 3.3.
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Figure 3.3 - Topography of the Sava River Basin

The main objective of the Agreement is to establish a regime of navigation on the Sava
River, sustainable water management and take measures to prevent and reduce the
harmful effects of floods, ice and droughts. As the Sava River is part of the Danube
River Basin, where several international legal regimes apply in the area of water and
environmental law and where EU regulations are in place, the Framework Agreement
had to take into account all European Union acts related to the Danube. In order to
ensure the implementation of the contract, an international Sava River Basin
Commission was established, ie. Sava Commission.

Taking into account Directive 2007/60 / EC, the members have drawn up a single Flood
Risk Management Plan in the Sava River Basin (Directive 2007/60/EC of the European
Parliament and of the Council of 23 October 2007 on the assessment and management
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of flood risks, 2007). The preparation of the Plan was preceded by the preparation of
the Preliminary Flood Risk Assessment, Flood Hazard Maps and Flood Risk Maps. There
was tended to national methodologies, in defining these elements.

Based on the Preliminary Flood Risk Assessment, each side identified areas of the Sava
River Basin in its territory that it concludes that a potential significant flood risk exists
or could be considered likely to occur. The summary results showed that there were 21
areas of common interest for flood protection in the Sava River Basin, for which each
party to the Agreement was obliged to prepare flood maps, Figure 3.4.

s
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Figure 3.4 - Areas of common interest for flood protection in the Sava River Basin
(Flood Risk Management Plan for the Sava River Basin, 2018)

Flood Hazard Maps at the Sava River Basin level have been prepared for the following
scenarios:

- floods with medium probability of occurence (100 year return period) and
- floods with low probability of occurrence, corresponding to extreme event
scenarios.
Flood Risk Maps have been prepared based on information showing the potential
adverse consequences associated with the two flood scenarios mentioned.

It should be emphasized that the key elements of the Flood Risk Maps are:

- a description of the geographical area that could be flooded under different
scenarios based on flood hazard maps and

- adescription of the potential adverse effects of floods based on the flood hazard
maps for the above scenarios for the Sava River Basin.
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In making the Flood Risk Management Plan for the Sava River Basin, the signatories to
the Agreement, for the sake of uniformity, were required to adhere to the guidelines
of the Program for the Development of the Flood Risk Management Plan for the Sava
River Basin, adopted in 2017 (Program for development of Flood Risk Management
Plan in the Sava River Basin, 2017). The structure of the Plan is given in Figure 3.5.

SAVA FRMP

2. Description of the Sava

1. Introduction River Basin

3. Flood protection in the
Sava River Basin

I 6. Objectives of flood risk
5. Flood Hazard and management of
Risk Maps common interest in the
Sava River Basin
8. Mechanisms for coordination
7. Catalogue and on the basin-wide level and

Summary of Measures cooperation in flood defense
emergenay situations

9. Informing the public and
stakeholder consultations

4. Conclusions of the
Preliminary Flood Risk
Assessment

10. Concluding remarks

Figure 3.5 - Structure of the Flood Risk Management Plan in the Sava River Basin
(Program for development of Flood Risk Management Plan in the Sava River Basin,
2017)

The Risk Management Plan also contains annexes explaining the specific activities in
detail:

- Annex 1: List of competent government bodies and institutions for Protocol
implementation

- Annex 2: List of multilateral and bilateral agreements in the Sava River Basin

- Annex 3: Proposals of elements of a Joint methodology for preparation of flood
hazard and risk maps, and a Simplified methodology for cost-benefit analysis for
implementation of measures
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Annex 4: Overview of elements used for preparing flood hazard maps according
to national methodologies

Annex 5: Summary of Measures

Annex 6: Maps

Annex 7: Literature

The Flood Risk Management Plan defines the objectives of the flood risk management
of common interest at the Sava River Basin level (Flood Risk Management Plan for the
Sava River Basin, 2018). The objectives of the Flood Risk Management Plan, of
common interest for the Sava River Basin, are aligned with the objectives of the
Danube Flood Risk Management Plan and are:

avoiding new flood risks,

reducing the existing flood risks during and after the floods,
strengthening resilience,

awareness raising about the flood risks and

applying the solidarity principle.

The Plan also contains measures to achieve the set objectives, a way of coordination at

the basin level and a way of joint action of the parties in emergency situations of flood
defense.

Legend:
Flood Protection Structures
®  Pumping station

¥ Weir

4 Dam

——  Embankment

Figure 3.6 - Flood protection measures in the Sava River Basin (Flood Risk Management

Plan for the Sava River Basin, 2018)
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The Flood Risk Management Plan also provides a catalog and overview of measures to
reduce the potential adverse effects of floods on human health, the environment,
economic activity and an overview of measures to reduce the likelihood of floods
occurring, Figure 3.6.

Proposed measures are grouped into 4 groups:

- regulation of land use and spatial planning,

- re-establishing earlier and forming new retention capacities,
- structural flood protection measures and

- non-structural measures.

According to the European Commission guidelines, the measures in the catalog are
categorized under 5 aspects: flood prevention, flood protection, preparedness,
recovery and review.

Permanent expert groups for the management of the Plan, for the GIS and for
hydrological and meteorological issues have been formed to address specific tasks
related to flood risk management.

The Management Plan specifies in detail how the proposed measures will be financed.

Raising awareness of exposure and vulnerability to flood risks is a key step in building
resilience. Effective solutions to strengthen resilience should strengthen capacity and
increase public understanding to make it faster and more flexible in the event of a
disaster.

3.5.2 Implementation of the Flood directive in six European countries

The practice of flood risk management in individual countries can be viewed on the
basis of the implementation of Directive (2007/60/EC) explicitly chosen by the EU
legislator as a legal instrument. The implementation of the principles of adaptive
management approach (the regulator adapts to the system being managed and whose
parameters change or are initially independent) analyzed the implementation of the
Flood Directive at national level in Belgium (Flemish Region), England, France,
Netherlands, Poland and Sweden (selected are countries with different flood risks,
geographical location and legal system) (Priest et al., 2016).

In the paper (Priest et al.,, 2016), an analysis of the implementation of the flood
Directive (Directive 2007/60/EC of the European Parliament and of the Council of 23
October 2007 on the assessment and management of flood risks, 2007) in the
legislation of the states in the field of water and in the draft flood risk management
plans was carried out, focusing on the answaers to the following issues:
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1. What is the objective of EU flood risk policy and how is it designed to fit the EU
legal framework?

2. How is the Floods Directive implemented and integrated into the legal and
existing approach to flood risk management within each country? What changes
in flood risk management have resulted?

3. To what extent has the Floods Directive succeeded in promoting adaptive
governance and increased social resilience to floods? What recommendations
can be made to improve resilience at national and EU level?

The analysis was supplemented by interviews with professional stakeholders.
Furthermore, concrete examples in practice were considered to highlight the good or
bad cases of implementation of the Directive.

The overall conclusion of the analysis is that the effect of the implementation of the
Directive is variable and even problematic in the part of rivers with international basin.
Possibilities and obstacles to more effective impact on flood resilience have been
identified. It was pointed out that it is possible to strengthen the implementation of
the Directive by closer cooperation and by providing greater power to the competent
authorities, especially in international river basins. It is important to emphasize that
the Directive has had a positive impact on flood risk management planning and has
been particularly influenced by the binding six-year planning cycle.

3.6 Conclusion

Natural disasters such as floods and droughts cannot be prevented and will continue to
happen in the future. Although these two phenomena are independent from a
hydrological perspective, the way the surface water occurs is their main cause.
Understanding the relationship between floods and droughts is important for the
effective sustainable conservation of water and therefore for managing flood and
drought risk.

Flood and drought management after their occurrence replaces the principle of flood
and drought risk management. The paradigm of control the flood and drought as
ineffective transitions to new concept coping with disasters and risk management.

According to the legislation, flood risk management is managed by a management plan
that ensures the reduction of possible adverse effects on human health, the
environment and the economy. Plans are made by authorized legal entities and their
quality depends on the quality of the substrates, ie on the preliminary assessment of
risk and hazard maps and flood risk maps that systematically consider the risk.
Successful drought risk management involves drought forecasting, monitoring, impact
assessment and effective response. Risk management involves a series of activities and
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measures that are carried out at all times, regardless of whether a disaster has
occurred.
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body, originate in the appearance of accidental features in the stormwater, large
changes in flows, different pollutants that can appear and big variations of pollution
concentration, both in space and time. The main atmospheric water pollution sources
are vehicles, air percipitates, as well as the precipitation itself. The other possible
sources that appear less frequently are accidental spillings of petrol, oil and lubricants
during car accidents. Beside that, the pollution from highways can appear during
roads’ maintainance, such as spilling sand and salt or use of herbicydes in order to
prevent weeds growing. All these pollutions are doubtlessly accidental.

Various basin surfaces act differnetly regarding the atmospheric runoff from them.
With impermeable surfaces, the first runoff (first flush) releases the most pollution,
because the rain washes the impurities on impermeable surface first (highway,
pedestrian zones, roofs, etc). Rain intensity cannot affect the quantity of rain pollution
significantly. Typical pollutions in such cases are suspended substances, heavy metals
and oils (occasionally), while contents of BODs and nutrients is usually relatively low.
Most permeable surfaces (lawns, soil) do not show signs of initail highly polluted
runoff, yet the quantity of pollution primarily depends on intensity and duration of
rain. Typical pollutions are suspended substances, BODs and nutrients.

Table 4.1 - Typical annual pollution loads from areas of various purposes, expressed in
kg/ha annually (Hvitved-Jacobsen and co, 2010)

Area type — Land use
Paramet ——
ers Comme Habitation Parking
rcial High Medium Low Industry | Roads lots
density density density
TSS 1100 450 270 10 550 1000 450
TP 1,7 1,1 0,4 0,05 1,5 1,0 0,8
TKN 7,5 4,7 2,8 0,3 3,7 8,9 5,7
BODs 70 30 15 1 - - 53
CcoD 470 190 60 10 230 - 300
Pb 3,0 0,9 0,06 0,01 0,2 5,0 0,9
Zn 2,3 0,8 0,1 0,05 0,4 2,3 0,9
Cu 0,4 0,03 0,03 0,01 0,1 0,4 0,07

The research on the stormwater runoff quality from urban and suburban basins
performed so far indicates the presence of the following pollutions most frequently:

— Ogranic pollutions, expressed as BODs, are present in lower concentrations at
urban basins and highway runoffs, but their concentration can be higher in cases
of runoffs from rural soils (green areas, fields);

— Suspended substances are considered to be major pollutants of stormwater
runoff because they are present in significant concentrations, which depends on
using the basin soils and rain features (intensity, duration);
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— Heavy metals, such as copper, cadmium, nickel, chrome and zink are present in
stormwater runoff in wide concentrtions’ extent and their concentration shows a
good correlation with concentration of suspended substances, which primarily
depends on way of using the basin soils (where high concentrations usually
appear in highway runoffs);

— Qils and lubricants are only temporarily present in stormwater runoff and their
presence indicates accidental pollutions (oil and petrol leakages from motor
vehicles, oil rainwash from factories’ surfaces where uncontrolled oil outflowing
happened);

— Nitrogen and phosphorus compounds are present in runoff if there is a higher
guantity of rinsing from green areas.

Table 4.2 - Degree of concentration of certain pollution parameters in stormwater
runoff from urban basins according to results of examinations in USA (Metcalf and

Eddy, 2002).
Parameter Concentration
Total of suspended substances (mg/l) 67-101
BODS5 (mg/l) 8-10
HOD (mg/) 40-73
Coliform bacteria (number/100 ml) 10000-100000
Total Kjeldahl nitrogen (mgN/I) 0,43-1,00
Nitrates (mgN/I) 0,48-0,91
Total phosphorus (mgP/I) 0,7-1,66
Copper (mg/l) 0,027-0,033
Lead (mg/l) 0,030-0,144
Zink (mg/I) 0,135-0,226

Examining the quality of stormwater runoff includes gripping and laboratory analyses
of a series of samples of stormwater runoff during rain and runoff periods. Beside this,
it is required to measure the rain intensity on sample basin as well as stormwater
runoff on that specific place. As the result of examinations, certain diagrams can be
formed, showing temporal dependance of following features: flows (runoff
hydrogram), concentration of certain pollutions and mass pollution flow
(pollutograms). Such appropriate analyses and result interpretation require knowledge
of consiered basin parameters (soil use, types of soils, etc). The researches focusing on
the quality of rain’s discharge show that there is a high results’ dissipation depending
on the location. Relatively high results’ dissipation of certain pollution can be explained
with presence of factories in areas where measuring takes place, using anti-freeze
means during winter season as well as the range of other factors. The example of
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measured parameters of stormwater runoff quality from urban basins according to
examonations in USA is given in Table 4.2.

Due to huge differences in quality of stormwater runoff in basins, or within one basin
during various seasons, there is still no adopted unique approach and legal regulation
which would clearly regulate requirements considering measures to preserve receiving
body of water from stormwater runoff pollution. This field is the subject of intensive
examinations based on range of experimental and urban basins worldwide, and results
so far prove following things:

— Quality of stormwater runoff primarily depends on way of using the grounds and
types of basin soils;

— Concentration of pollution in stormwater runoff is often the highest at its
beginning (so-called ,first flush”), although there are results which prove this is
not always a case;

— Concentration and mass pollution release from one basin primarily depends on
rain intensity (larger rain intensity — more intensive wash — higher mass pollution
release);

— Having in mind that great part of pollution is rainwashed by runoff from the
terrain and it originates from particles from the air, which precipitate on the
surface of terrain, the examinations point that the quality of stormwater runoff
can depend on time between two rainy episodes, or total time without rains
during the period considered.

It is important to mention that pollution transported by stormwater runoff originates
from diffused pollution sources. Therefore, it is clear that decreasing of stormwater
runoff pollution emission can be achieved only by combining various measures which
must include measures for decreasing it at the place of its origin, or, in other words:
managing the basin areas, decreasing soil erosion, decreasing the emission of
atmosphere pollution made by motor vehicles and other sources, as well as other
measures. Also, some devices for treating rainwater before its runoff into receiving
bodies of water can be applied, but their effect would be complete only if the
appropriate examination of water runoff quality is performed, current and long-term
(cummulative) pollution effects from the stormwater runoff on receiving bodies of
water are determined, and cleansing device is accustomed to pecularities of the runoff
and protection of receiving bodies of water’ requirements on specific considered basin.

When affecting the quality of atmospheric water into receiving bodies of water is
considered, toxicity to living world in receiving bodies of water and appearing of algaes
flowering in still waters have particularly negative effects, due to increased inflow of
nutritients present in atmospheric waters.
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