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INTRODUCTION

Water is the source of all life, without which neither
humans nor nature would survive. It represents an
integral part of the way people live and make a living,
and all societies, cities, and cultures are largely shaped
by water. This is confirmed by global data, which
shows that almost 70% of water is used for agriculture,
around 19% for industry, including energy production,
and 11% for domestic water use [1]. The mentioned
trend is likely to increase in the upcoming years, as it is
well known that climate change, population growth,
and economic activities are putting enormous pressure
on water resources [5]. Besides, short-sighted economic
and technical development choices have often led to the
destruction of aquatic and water-related ecosystems
with negative consequences for water resources [12].
Therefore, it is vital to preserve water-related
ecosystems, including wetlands, forests, mountains,
aquifers, rivers, and lakes, as they provide social and
economic benefits to people. The downturn condition
of the ecosystems directly impacts water availability
along with other essential services such as biodiversity,
flood control, and food production [12]. Table 1 below
presents an overview of the main functions, goods, and
services that can be applied to specific natural and
water-related  ecosystems and their correlated
ecological structures and processes. The first column
contains functions, the second lists the ecological
structures and processes underlying these functions and
the third column presents a more detailed list with
some examples of specific goods and services
stemming from these functions (not exhaustive by any
means). The table includes only those goods and
services that can be used on a sustainable basis [2].
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Abstract: The aim of this research is to emphasize the impact of
extreme hydrological phenomena on the sustainable management of
water-related societal needs. Therefore, it provides a definition of
extreme hydrological events, as well as a survey of extreme
hydrological events in the Republic of Serbia. It also gives a brief
overview of Agenda 2030 with particular respect to Sustainable
Development Goal (SDG) No 6 and highlights the impacts of extreme
hydrological phenomena on the water resources, both from the
perspective of the ecosystem and the society. Root-cause analysis and
synthesis of data related to extreme hydrological events that occurred
in the Republic of Serbia for characteristic years have been used as
primary methods. The conclusion highlights the necessity of ensuring
sustainable management of water resources in order to achieve the
desired state of human well-being, as well as a healthy ecosystem.
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Water regulation, for instance, deals with the influence
of natural systems on the regulation of hydrological
flows at the earth’s surface. This function is different
from disturbance prevention because it refers to the
maintenance of “normal” conditions in watersheds and

not to the prevention of extreme events. [2]

Table 1. Function, goods, and services of specific
natural and water-related ecosystems

Functions Ecosystem Goods and
(Regulation processes and services
Functions) components (examples)
1. Water Role of land cover | 1.1 Drainage and
regulation in regulating natural
runoff and river irrigation
discharge 1.2 Medium for
transport
2. Water supply | Filtering, Provision of water
retention, and for consumptive
storage of use (e.g. drinking,
freshwater (e.g. in | irrigation, and
aquifers) industrial use)

3. Climate
regulation

Influence of land
cover, boil, and
mediated
processes on
climate

Maintenance of a
favourable climate
(temp.,
precipitation,
etc.), for example,
human habitation,
health, cultivation

4. Disturbance
prevention

Influence of
ecosystem
structure on
dampening
environmental
disturbances

4.1 Storm
protection

4.2 Flood
prevention (e.g.
by wetlands and
forests)
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Water also represents the medium through which the
impacts of climate change will be felt, in addition to air
temperature. A close connection between water and
climate variability is critical for the state of all
ecosystems and their services, human communities, and
human behaviour. Many of the implications of climate
change play themselves out through the water system in
terms of extreme flooding or extreme drought [5].
These extreme climatic events cause negative effects
on the natural environment, habitats, and the socio-
economic development around the world, including
Serbia.

DEFINING EXTREME
(HYDROLOGICAL) EVENTS

Extreme events have been a topic of interest for
scientists and managers in recent years because of their
potential to induce extensive damage and impacts on
environmental, social, and technical systems. What
defines an extreme event differs across various studies
and disciplines, where they are usually interchanged
with their impacts [3]. Figure 1 shows a
transdisciplinary scheme for conceptualizing extreme
events, their impacts, and the response to them. It also
contains the nexus between impacts and events and
between impacts and subsequent responses, including
the various terms used across different disciplines to
explain these periods, and the highlighted examined
disciplines, indicating areas of overlap and differences

[3].
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Figure 1. Transdisciplinary framework for
conceptualizing extreme events, their impacts, and the
response to them (Source:
https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.100
2/2017EF000686 )

The Intergovernmental Panel on Climate Change
(IPCC) defines extreme weather or an extreme climate
event as “an event that is rare at a particular place and
time of year”. The IPCC Fifth Assessment Report also
concluded that strong evidence exists globally for
increases in certain extremes, such as heavy
precipitation or extreme droughts, since 1950 [4].

The greatest threat to ecosystems and humans will be
manifested locally, through changes in regional

extreme weather and climate events. The European
continent, for instance, is especially exposed to changes
in the frequency and intensity of extreme events such
as heatwaves, heavy precipitation, extreme droughts,
and wind storms, as seen in recent years. [5] Serbia is a
good example of understanding the impact of global
and regional climate change on the water balance. A
flow rate of approximately 16 billion m* of domicile
water is formed in Serbia, which amounts to only 8%
of the total run-off from Serbia. The situation is even
worse when taking into account the spatial and
temporal uneven flow, and particularly the long
durations of low water where water is needed the most,
especially in the Morava region [6].

THE MOST COMMON EXTREME
CLIMATE EVENTS IN THE REPUBLIC
OF SERBIA FOR SPECIFIC YEARS

In the period from 1900 to 1940, there were hundreds
of natural disasters every ten years, from 1960 to 1970
there were 650, and from 1980 to 1990 there were up to
2,000, while in the ten-year period from 1990 to 2000,
the number of disasters rose to 2,800 [7]. The trend
shows that the number of extreme and emergency
situations is increasing annually, which is one of the
reasons why the economic costs have tripled. This is
also confirmed by data for the previous two decades.

Record-breaking extreme weather was the hallmark of
2018 in the Republic of Serbia, compared to 2017,
which was normal and dry in most of the country [8, 9].
In the year of climate records, recorded measurements
in Serbia reveal that 2018 was the warmest year in the
history of the country’s meteorological measurements,
having the warmest spring, the warmest April, and the
warmest year in terms of minimum temperature [9].
The mean value of air temperature was 12°C, which
makes 2018 an extremely warm year in the period from
1951 until today [10]. Unlike for temperature, the
estimates of changes in precipitation are more complex,
and it is expected to increase in Europe. However,
there is an agreement that there will be a marked drop
in summer precipitation in the wide area of the
Mediterranean and the Balkan Peninsula. The year
2018 had an average amount of rain in most parts of
Serbia, unlike in 2017, which was normal and dry.
Very rainy and extremely rainy weather was recorded
in the western, north-eastern, and central parts of
Serbia, as shown in Figure 2. The dark green and dark
brown colours in Figure 2 correspond to extreme events
- extreme precipitation and extreme drought.
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Figure 2. Map of the spatial distribution of
precipitation for 2017 and 2018

Such extreme changes will have a negative effect on
the volume of annual water balance, because previous
studies have shown that, on average, about 75% of
precipitation is lost through evapotranspiration from the
territory of Serbia, i.e. only 25% through precipitation.
[6] It should be noted that the quantity and quality of
the surface water in the basin depend on natural factors,
the most influential of which are: geographical
location, relief of the land, air temperature,
precipitation, and various anthropogenic influences.
Water resource abundance, as a feature of a particular
catchment area, represents the best indicator of the
average flow. Figures 3 and 4 show the sum of monthly
rainfall in millimeters for 2017 and 2018.

The sum of monthly rainfall {(mm) for 2017
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Figure 3. The sum of monthly rainfall showed in
millimeters for 2017

The beginning of 2017 saw a dry period, which is why
the winter season 2016/2017 was declared the fourth
driest, but without extreme hydrological phenomena.
Spring and autumn months were warm and rainy,
except in October, when extreme rainfall was recorded
in Kraljevo. Extreme precipitation was also registered
in December in Nis, Leskovac, and Dimitrovgrad,
while no extreme hydrological phenomena were
registered in Belgrade and Negotin.

The sum of rainfall (mm) for 2018
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Figure 4. The sum of monthly rainfall showed in
millimeters for 2018

During 2018, the rainiest months were February,
March, June, and July. Even though spring was
declared as the warmest in Serbia since 1951, extreme
precipitation was recorded in Negotin, Nis, Leskovac,
and Dimitrovgrad in March, while in Kraljevo it was
recorded only in July. The extreme drought periods
were recorded in Negotin in April and October, in
Leskovac in October, while in Belgrade there were no
extreme hydrological phenomena.

OVERVIEW OF AGENDA 2030 - SDG 6

Compared to the Millennial Declaration (MD) from
2000, which consisted of 8 goals and 21 targets
relevant to low-income countries, which were supposed
to be implemented by 2015, the Agenda 2030 itself
consists of 17 SDGs, 169 targets, and 230 indicators
that will shape the world until 2030. This Agenda
includes new issues compared to the MDGs, such as
climate change, sustainable consumption and
innovations. Highlighting water targets, there were 2
water and sanitation targets under MDG 7, whereas
there are 8 water and sanitation targets under SDG 6
and 1 under SDG 11, as well as 11 core indicators on
water and sanitation (Fig. 5) [11].
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Figure 5. Sustainable development goal 6 - targets and
indicators (Source: EPA H2020 SC5 Info Day: United
Nations Sustainable Development Goals - Federico
Properzi, UN-Water)

As shown in Figure 5, SDG 6 has a broad concept of
implementing sustainable water resources management,
ensuring availability and sustainable management of
water and sanitation for all. It aims to look at the whole
water cycle including environmental aspects, such as
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pollution reduction and water scarcity, social aspects in
drinking water and sanitation, and economic aspects
linked, for instance, to water monitoring and integrated
water management. Protection and use of water is a
problem present in all SDGs.

Target 6.5 as the most comprehensive step towards
SDG, addresses the integrated water resources
management (IWRM) and the objective to implement
IWRM at all levels, including the transboundary
cooperation as suitable in transboundary river basins or
groundwater basins. Target 6.6 aims to protect and
restore water-related ecosystems so that they can
continue to provide benefits to society by halting their
degradation and destruction due to climate changes and
extreme phenomena. Based on that, indicator 6.6.1 will
be used to monitor management concerning the target
by tracking changes in the extent of water-related
ecosystems over time. This indicator calls for data to be
collected on the spatial extent of water-related
ecosystems and the quantity and quality of water within
them. [11] Although reservoirs have value in helping
people to provide consistent water supplies,
transitioning from some natural ecosystems to an
artificial water body can make ecosystems
unsustainable.

Serbia is implementing SDG 6 trough transposition of
the two key European directives — the Drinking Water
Directive and the Urban Waste Water Treatment
Directive. The Drinking Water Directive deals with the
quality of water intended for human consumption by
protecting human health from the adverse effects of any
contamination of water. The purpose of the Urban
Waste Water Treatment Directive is to protect the
environment from the adverse effects of urban
wastewater discharges and emissions from certain
industrial sectors. The strategic document in this field,
aimed at the implementation of SDG target 6.5, is the
Water Management Strategy on the territory of the
Republic of Serbia for the 2016 — 2034 periods. For the
development and efficient water management in the
next 20 years, it is necessary to invest 21.7 billion
euros, and 43% of this investment is imperative for
water protection (7.7 billion euros).

In addition to SDGs, the importance of strategic
planning and management in the context of extreme
events, climate changes, and urbanization has also been
underscored in other international policy frameworks,
such as the Sendai Framework for Disaster Risk
Reduction 2015-2030, the Paris climate agreement
from 2015, as well as the New Urban Agenda. The
Sendai Framework is aimed at preventing new and
reducing the existing disaster risks, with seven targets
and four priorities for action. While the Paris
agreement is aimed at tackling climate change and
adapting to its effects, the New Urban Agenda
represents a shared vision for a better and more
sustainable future for both developing and developed
countries.

ASPECTS OF VULNERABILITY,
EXPOSURE, AND IMPACTS

The origin, scope, and duration of the natural disasters
in most cases cannot be predicted in advance, but for
certain phenomena, based on experience, statistics, and
modeling methods, and given the location of
occurrence, assumptions can be made regarding their
occurrence. For various extreme hydrological events,
the following facets are examined on a regional basis:

e Exposure of humans and their activities to given
extremes,;

e The vulnerability of whatever is exposed to the
extreme event; and

e  The resulting impacts.

Table 2 shows the estimated damage in time-dependent
sectors in Serbia. While there is no doubt that the
Serbian economy suffers significant losses in material
goods, atmospheric hazards also cause losses of human
lives [7].

Table 2. Estimated losses in time-dependent sectors

Estimated losses in sectors
Average
annual Average
Sector/adverse economic annual
weather events losses in losses of
millions of human lives
dinars
. From 3,100 to A few to a
Agriculture/floods 8.500 dozen
Water
management/floods around 1,360 /
Agriculture/city, c{zzf:r\;v itr(l)c?
strong and heavy around 7,316 fro,m )
rains, strong winds . .
lightning
Agrlcul‘?rléeszigrought, around 4,000 No losses
Production of
energy (heat) Afewtoa
/extremely low air around 716 dozen
temperatures
Road maintenance
/snow, ice, freezing around 3,500 /
Annual human losses on highways, regional and local
roads caused by bad weather range from 105 to 131
Commereilalt [ fomsaon |
from 16,648 to | From a few
TOTAL 48,572 to 160

As a result of extreme hydrological phenomena, flash
floods are characterized by a short duration, leaving
behind the ruins, or closed roads for up to several
weeks [7].In case of extreme atmospheric
precipitation, there is the risk of flooding of settled
areas from rivers and streams, as well as due to
inadequate maintenance of the drainage channels
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around and within the areas. Furthermore, a large
number of landslides could be activated.

In addition, short-sighted economic and technical
development choices have often contributed to the
destruction of aquatic and water-related ecosystems
with negative consequences for the water resources.

CONCLUSION

Sustainable water resources management requires a
comprehensive understanding and close consideration
of ecosystem functions and interactions between all
ecosystems. The ecosystem services provided by nature
through lakes, rivers, wetlands, and forests can help
secure urban resilience, human well-being and health,
as well as biodiversity, and employment.

Extreme hydrological events, such as floods and
droughts, play important roles in natural ecosystems
and are a major concern for society, with significant
impacts on the economy, ecosystem health, and
services, as well as human health. These extremes are
the primary manifestations of climate change for most
people. The protection and sustainable management of
water-related ecosystems are essential to meeting all
SDGs, along with other measures of adapting to
climate change.

It is necessary to learn how to manage water more
prudently, fairly, and sustainably to avoid a serious
water crisis. An active policy of disaster risk reduction
and efficient emergency response can greatly reduce
the number of human casualties and material damage.
Information about hydrological data and forecasts,
warnings and information about high and low water
and ice conditions, should be promptly distributed to all
participants in the system of water resource
management, as well as to the media, in order to reduce
the negative impacts of extreme events.
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UTICAJ EKSTREMNIH HIDROLOSKIH DOGAPAJA NA ODRZIVO
UPRAVLJANJE VODNIM RESURSIMA I BLAGOSTANJE DRUSTVA

Sandra Stankovié, Dejan Vasovié, Nenad Zivkovié

Rezime: Osnovni cilj ovog rada je da istakne uticaj ekstremnih hidroloskih pojava na odrzivo upravijanje vodnim
resursima koji su neophodni drustvu. Stoga, rad definise ekstremne hidroloske pojave, kao i pregled ekstremnih
hidroloskih dogadaja sa posebnim osvrtom na stanje u Republici Srbiji. U ovom radu je takode izvrSena analiza
Agende 2030 sa posebnim osvrtom na cilj odrzivog razvoja (SDG) broj 6 i istaknut je uticaj ekstremnih
hidroloskih pojava na odrzivo upravljanje vodnim resursima, bilo sa stanovista potreba drustva ili ekosistema.
Uzrocno-posledicna analiza i sinteza podataka o ekstremnim hidroloskim dogadajima tokom karakteristicnih
godina u Republici Srbiji predstavljaju osnovu koris¢ene metodologije. Na kraju rada se ukazuje na neophodnost
obezbedivanja odrzivog upravljanje vodnim resursima u svim uslovima, radi ocuvanja ekosistema i zadovoljenja
potreba drustva.

Kljuéne redi: ekstremni hidroloski dogadaji, ekosistemske usluge, odrzivi razvoj, vodni resursi, upravljanje.
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