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Abstract. In recent years, the growth of population andudifin of settlements over flood vulnerable areasha
increased the impact of the floods worldwide. Naltulisasters such as floods have constituted armapilem in
many countries. Floods have caused immense ecormrdisocial losses, mainly as a result of unplanmbdniza-
tion, uncontrolled population density and not slyilnspected construction by authorities. Floods anywhere and
anytime have disastrous consequences, so it iedgsfy important to place emphasis on early wargind ade-
quate protection against flooding. Flood damagasdiose on watercourses and hydraulic structurébedterritory
of the Slovak Republic have been huge. The mosttafids eastern Slovakia, where the most compteatin has
been in Bodrog and Hornad river basins in the regears, mainly in 2010. The paper presents flagldassessment
and management in these territories in contextimwibbirective 2007/60/EC of the European Parliamert af the
Council of 23 October 2007 on the assessment andgeament of flood risks. During the last decadeseext me-
teorological and hydrological phenomena became rinecgient and more destructive. The return perowcektreme
hydrological phenomena, such as floods, is a comerigerion employed in the design of hydraulic stures.

Keywords: floods, flood risk, risk assessment, watershée)iiood.

1. Introduction determined the by Directive of the European Pasiaim
and Council Directive 2007/60/EC on the assess@ett
Floods are natural phenomena which cannot be prénanagement of flood risks. To assess the degréiecnf
vented. Floods have the potential to cause fatalitilis- Protection and appropriate measures are currepfijieal
placement of people and damage to the environmerfata collection and evaluation and assessment ef th
Some human activities (such as increasing humate-set confidence by the methods of risk analysis, whioh-c
ments and economic assets in floodplains and tihecre sists of flood risk assessment in the watershemlghat
tion of the natural water retention by land use)l ati-  the risk to determine the potential of this areelé@ak-
mate change contribute to an increase in the liketi —ova 2010).
and adverse impacts of flood events (Directive  The risk assessment process provides a way to de-
2007/60/EC). velop, organize and present scientific informatsonthat
In the last decade, Slovakia is increasingly aéfdct it is relevant to environmental decisions. The aiofis
by floods. These floods have been recorded in anbat ~ assessment are to introduce a sound science-based a
material damage and there are exceptional cadesbf ~sessment method to people working in watershedstan
human life. Floods constantly point to the factttttee ~ point out how using the methodology makes environ-
society is very vulnerable to flooding. In the l1a8tyears mental assessment data more useful to managers (Ze-
have caused floods in Slovakia, the loss of alehst 56 lefidkova 2009).
lives and affected more than 2500 villages and sgwn Risk analysis can take many forms, from informal
only in the year 2010 the floods damages were tateds  Methods of risk ranking and risk matrices to fujlyanti-
to 695,1 milion eur. Scope and extremity of flogu-e fied analysis. In the context of flood risk, in whimany
sodes point to the need to build a comprehensivpgsal  Of the salient variables are continuous rather thiacrete
eventually completion of flood protection measuies €vents and system responses are nonlinear, itdelywi
potential flood areas. Proposal for flood protettineas- accepted that dependable risk analysis must incatpo
ures are fully devoted to the management of flaskl r Some quantified representation of the main procets#
(Slezingr 2009). The main objectives of manageraeat contribute to flood risk, namely flood-generatingeha-
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nisms, the processes by which floods materializgoait  software wherever it is necessary to make quick efhd
where they can cause harm and the main processesfettive decisions in emergency relief efforts féoofl
consequential damage. The concepts and strucfure jprotection needs. Graphs are one of the best @alyt
flood risk analysis have now become so widely atmakp tools for describing relationships between invesgd
around the world that it is easy to forget thatesiglly  attributes and impacts. Summary tables are antiféec
deterministic approaches, based on the estimatioa o approach to display the most meaningful information
design flood and identification of flood defencesid@s one condensed exhibit. Other benefits of using phig-

to resist that flood, have persisted, in many [agetii  ess in watershed assessment are also evident.

rather recently (Hall 2010). The most dangered area by floods in Slovakia is its

The main objective of this paper is to assess flooéastern part, particularly in the Bodrog and Hornad
risk in river basins in the eastern Slovakia foe fur- (Figl). The morphological type of terrain in Horndeer
poses of flood risk management. The paper deals witvalley (Figl) is dominated by rolling hills, higimds and

addressing the issue of risk assessment of floodivér lower highlands. The southern sub-basin is past pfane
valleys in the eastern Slovakia and the objectsrdoi and Slovak Kras and is formed by moderately higher
characterize the flood risks in the area (Zél®ova highlands. Geological structure of the territoryedmines
2009). the hydro-geological conditions of the basin. Saktb of
the Hornad valley can be assigned to areas withoag
predominance of impervious, respectively poorlynper
able rocks with moderate to low permeability. Well-
drained rocks with high permeability are only in&Sand
YGemer areas and in Slovak Kras near Kogice.

Territory of Bodrog — Cirocha, Laborec, Latorica,
Ondava, Topa and Uh rivers (Figl) basin is located in
two orographic subassemblies, which are the Cagath
and Pannonian Basin. The morphological type ofréhe
lief is predominantly plane in the southern paillyhn

2. Materials and methods

Flood risk means the combination of the probabilit
of flood event and of the potential adverse consaqes
for human health, the environment, cultural hestagd
economic activity associated with a flood eventrébi
tive 2007/60/EC). Based on available or readilyivaddrie
information, such as records and studies on lomg te

developments, in particular impacts of climate g@on the northern part. Bodrog river valley has variéithatic

the occurrence of floods, a prehmm_ary flood resisess- conditions. Precipitations are highly differenttitelrhe
ment shall be undertaken to provide an assessnfent o

otential risks. The assessment shall include eriéi®n highest annual totals are mainly at east bordertadns
P L . |qt£|_s and Vihorlat where rainfall totals is about of 100@m.
of the floods which have occurred in the past amichv L L .

o . Decrease of total precipitation is quite intenseedi to
had significant adverse impacts on human healtd, th

. . . - the south - annual totals fall to below 800 mm. laowd
environment, cultural heritage and economic agtiaiid art of the Michalovce - Lastomir and Medzibodrozie
for which the likelihood of similar future events still P

relevant, including their flood extent and convegan belong to among the driest in the eastern regi60 (am

routes and an assessment of the adverse impagts thrglnfall per year).

have entailed (Zetékova 2010).

According to 2007/60/EC every member state should
prepare and publish the flood risk management plans
which the flood risk management strategies arerdest,
before 22 December 2015. It is recognized thatdflba-
zard and flood risk maps contain essential infoiomato
prepare these plans. Therefore, the member statestb
finalize a preliminary flood risk assessment bef@
December 2011 and flood maps before 22 Decembx
2013 (ECE 2010).

Above mentioned requests were taken into consid
eration to fulfill the aims of this paper. Backgmolifor
the methodology of the flood risk assessment wasgrs
(basin) is the (general) process of environmernsil as-
sessment. The process of the risk assessment asnacc
plished by evaluating the likelihood that adverswie
ronmental effects may occur as a result of exposure
stressors (Zef@ékova 2009).

The risk characterization should interpret the majo
risks and the environmental significance of thelifigs.
Created thematic maps, simplified scoring systems,
clearly defined evaluative criteria and limitingetmum-
bers of stressors and effects addressed all hefjzdess Flood risk assessment includes gathering available
effectively and show the suitability of using Ar&l information about the watershed, its valuable reses

Hornad and Bodrog

HORNAD

Spiské Viachy

Fig 1. Hornad and Bodrog river watershed

720



potentially at risk, stressors and exposure oppdits, Risk was counted from eqn (1):

and environmental effects are a practical startivigt. n
R =Y (L xC)=(LyxCy)+ (L, +Cy)+(Ls +Cs)

i=1
where: R — risk, L— likelihood (occurrence of flood
Act No. 7/2010 of Slovak republic on the flood pro-grade — I, FG =1, ll. FG = 2, lll. FG = 3), € conse-
tection states three grades of flood accordindpéovtater —quences (number of flood grades).
level in the stream. The levels differ for the diffint river
stations (Tab.1).

1)

3. Results

Risk description concludes the characterization
phase with the preparation of an environmental risk

Table 1.Number of flood grade in river stations summary and the interpretation of environmentahifiig

cance (Table 3). Interpreting environmental sigaifice
Watershed | River | River station s translates possible risk estimates into a discossfidheir
- —— s consequences for the watershed.
] Hornad [ o0 |
2 Sp. Vlach m . e . .
T 00 ] Table 3.Risk acceptability and its significance
Cirocha Snina | 250 | = = S —
Laborec | Michalovee | s0 |
Humenne =00 |
K. Brod
velke | s00 |
Latorica
Eﬂ Mukatevo
E] orovce Risks in watersheds are
Svidnik | 250 |
Topla Hanuiovce m
Bardejov m
Lekdrovce | 700 | " -
R Uzhorod Table 4 and figure 2 represents the acceptability
AL (risk rate) of flood risks for each of the Horndzirocha,

The twenty river stations in the Hornad, Cirocha,b@Porec, Latorica, Ondava, Tpand Uh rivers water-

Laborec, Latorica, Ondava, Tiand Uh streams with Sheds zones.
the height in centimetres for the different floothdes Taple 4. Flood risk
(FG) have been assessed. For the purposes of jpralim

. . b Risk— .
ﬂ'ood rlsk_ assessment daily data} of water levelghia 5.,, T rene River sation | quantitaive Hoodriskrte
river stations for nine years period were assestad. e assessment PR
data were provided by Slovak Water Management Enter . Hornid pod Oivon Fdana
prise, s.e. Kosice. H Homid- Rysih Kysak

The flood risk assessment includes the likelihood| & ;""fzf’”‘;‘f{“?:j SI;-E@F*‘Y

. . g 10FNAA PO, FUSHIROM N =3

and significance of adverse effects that have (eaaitu- . e
ated according to the occurrence of flood gradesr(ll. Labarec pod Dou Tekovee
or Ill.). Table 2 presents the average number {fer Laborec - Michalovee |  Michalovee
year) in the nine-year period of flood grade ocence in Laborec - Hunenné Humems

. . Laborse - X Brod X Brod
eaCh river station. Latorica- V. Kapusany | Velké Kapuiany

. Latorica - Cop Cop
Table 2. Number of flood days at river stations H Latorica - Mukacevo Mukagevo
g Ondava - Horovee Horovee
. River Ondava - Stropkov Stropkov
Watershed [ River station Ondava - Svidntk Svidnik
_ Topla — Hanusovee nad Hanugovee

e . Zdaﬁ&t 2 Topfa - Bardejov Bardejov

; L sp}_{‘:ﬁ?:iw ﬁ L - Lekdroves Lekarovee

= S T Th- Ghorod Uzhorod

Ciracha Snina 8] U - Zornava Zomava
Izkowvee 1
Laborec | Michalowvee 0
Humenneé 0
K. Brod o
] Velke 23 Legend

o Latorica C‘-op 38

£ Mukaéevo 0 v Rlil

= Horovce 1 0-10 acceptable

= Cadavs Stropkov 1 B - 20 moderate

Svidnik 0 7] 21- 30 wadesirable

Topfa |Hanufovce 1 I 3 - 558 unacceptable
Bardejov o
Lekarovee 1
Uh ™ Oshorod 0
Zomava 0
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Fig 2. Map of flood risk



The results from preliminary flood risk assessmentble flood risks in the lower part of the Hornadeatn
in the Hornad and Bodrog watersheds shows that-unaand Latorica stream in the Eastern Slovak Lowlartds
ceptable flood risks are in the lower parts of H@nad part of Slovakia is frequently exposed to floods.
river watershed (Zdm and Kysak) where its tributaries .
flow into and in the river stations Vie¢ KapuSany and 002;83&? d t\(/)Etgz S’rl:)pep(;rtl /8;8';71\1\/ project SK-PL-
Cop of the Laborec river watershed (Table 3). proj '
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