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environmental consequences. Their study under uncertain and changing clinea
gives informative knowledge for further management decisions. This paper seel
to analyze the spatiotemporal parameters of high flow periods within the Danube
drainage basin in Bulgaria. Three characteristics of the hazard phenomena: time
occurring, frequency and duration are investigated. The analysis is based on dail
discharge data collected from 20 gauging stations for the period 20G2005. The
surplus water quantities are identified by the Threshold level method using fixec
values ¢ Q25 and Q5, drived from the flow duration curve. Results show a
concentration of the high flow periods during the spring hydrological season, with
an average duration up to six weeks. The calculations establish positiv
correlations between the duration of high flow, the altitude of catchments, and
the density of drainage network. The resulting information can serve as a suppor
for the development of preliminary flood risk assessments in the Danube Rive
Basin.
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1. INTRODUCTION

The study of hydrological extremes(floods and droughts) under changingglobal and
regional climate conditions with proven postive air temperature trends representsan
important scientific challenge facing modern hydrology in the 2F' century. Unlike
droughts, floods occursuddenly, causinga multiple of natural damages, social issues,
economiclosses and even life-threatening situations. In addition to all this, @& the
process of flooding is basically complex, uncertain and unpredictable due to its
nonlinear dependenceon meteorologicaland topographic parameersé E { | * , 2)
et al., 2002). Fom a theoretical point of view, high streamflow shows a discharge of
surplus water quantities and represens a boundary condition of the river systems.
Thelnternational Glossaryof @6 E 2 %/ %eé 6higlEstréamflowtEas af increase, in
a relatively short time, of the river water levels to a peak, wherethey overflow from
natural or artificial riverbanks andreturn 3 % $ - / %5 # 2 E& $nantedl a
dangerous highflow event that causessubmerges of usually dry lands followed by
damages to property or losses oflives (Tudorache, 2018)Until now, the hydrological
studies about high streamflow events in Bulgaria were focused to show genetic
theoretical, and desciptive aspects of their temporal and quantitative characteristics
(Gerasimov et al, 1964, Panayotov, 1965Penkov et al., 183, 1992. Most of the above-
mentioned works analyzd or mapped the duration and frequency of the hazard
phenomena. The water-related disasters were explained as @onsequene of natural
conditions, such assnow melting, heavy and prolonged rainfalls, or due to the overflow
of dams (Abadzhiev, 1939, Angelov, 1940, Zyapkov, 1997 Penkov, 2006, 2012,
Zlatunova et al., 2013). In the last decade the scientific aspirations were aimed to
prepare preliminary flood risk assessmentsc similar models were createdfor the
drainage basins of the Malki Iskar River(Nikolova et al., 2009), the Yantra River

+$/ 9,

CN 0/

(Nikolova et al., 2011) and the Rositsa River (Penkov, 2012, Zlatunova et al., 2013,

Goppert et al., 2014). Simulation flood maps for the entire catchment area of the

DanubeRives # 2 # $/ - % &2#&$2#E! ECGSEbY] $9C/ BWE K

Furthermore, as theonly European river flowing through ten countries,the Danube
River holds atransnational flood risk & 2 %é 2$+ { CC/ %%E K, - !
2016). All works listed above dealing with the increased river water levelshave given
important information for many water planning activities, such as the costruction of
dams, the design ofhydroelectric power plants, the preparation of water management
plans, etc. Therefore, despi¢ the efforts made by the hydrologists in recent yeari this
field by the developmentof tools, concepts and approaches for quantification of flood
characteristics, the application of more and more new methods continue to be a
priority task. As regardsthe social dimension offloods, the frequency, severity, and
damage effects of all natural hazards including the water-related disasters are
expected to increasavith climate change inthe foreseeable future

Using the Threshold level method (TLM) (pran as a reliable approach for detection
of water extremes), the current paper aimsto perform a spatio-temporal analysis of

V" $é

the high streamflow periods within the Danube drainage basin in Bulgaria. The

implementation of the stated objective is supported bythe fact that almost all
historical water-related disasters have occurred in anthropogenipressured areas

situated near large rivers. It makes sense because if the river water levels rise due to

rainfall, snow melting, or other reasons, a flood can easy occur. Furthermore, along
riverbanks are often situated settlements or industrial unitsc this is an aggravating
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factor, which increases the amount of damages (Tali et al.,, 2016) (e.g. near the
investigated rivers are located the Bulgarian capital cityc the town of Sofia and seven
more district centers). Finally, the realization of this goal is expected to enrich previous
theoretical studies, giving new knowledge about the characteristics of hydrological
extremes.

2. BACKGROUND

In the last two decades, floods have affected more people across theworld than any
other natural hazard. According to the Emergency Events Database (EWAT 218),
floods have beenthe most common(45% of all events), most affecting (45% of all
affected people) and most damaging @2% of all economic losseshatural disasters
worldwide (Milanovi¢-PeAg, 2019). Ustally, the floods inflict the greatest amount of
damagesin developing countriesdue to poor water management practices, alower
socieconomic status, etc.However, an increased number ofseverefloods in Europe
have also been reportecsince the beginning ofthis century, especiallyin the catchment
area of the DanubeRiver c a trans-boundary basin, shared amongmore than 80 million
people from 14countries

The Water Framework Directive (WFD) 2007/60/EC on the assessment and
management d flood risks, entered into force on 26 November 2007 stated;  C0Q5
the International Danube River Basinstruggled to cope with devastating floods
sweptwing through the region, ravaging communities and causing millions of euros
5%23* %0 THeh hedWy #alaDfell in Bavaria (Germany), Tyrol (Austria), the
Pannonian Basin (Hungary), and the Wallachian Plain (Romania), resulting in very
high river water levels and extremedischarge values The WFD pointed out that the
Central and Sotheastern Europ&n countriesare most vulnerable to experience severe
floods in the coming decadeglue to climate change which brings a higher intensity of
rainfall s and because of unsustainable land usepractices onthe floodplains, which
reducetheir capacity to absorb surface water. Nikolova et al. (2013 stated: C @& the
period 2000c2009 the highest number of severe floods inSoutheastern Europe was
registered in Romania (30), Greece (J4and Bulgaria { Y YNleEz9t al. (2014) and
Thiekenet al. (2016) reporied extreme floods in Southern and Eastern Germanin June
2013 Cl*# F)"# \bY] O/ %Y%E 5%-: , " *B6E2%/ %e,
Germany, at least for the last six decades for which a hydrological flad severity has
been calculatedE (Merz et al., 2014) Bovan et al. (2018 concludedthat a total of 182
municipalities in Croatia were affected by floods during the months of May 2014 and
February 2015 Milanovi¢-PeAc (2019) indicated a number of devastating floods in
Serbiain June 2010 andMay 2014.0Over thelast couple of years the Bulgarian part of
the Danubebasin has also sufferedfrom severewater-related disasters, mostly durihg
the extremely wet year 2005. More comprehensivénformation about their spatial and
temporal characteristics will be pregnted below.

3. STUDY AREA

The study region coversan area of 28 688 kni situated in the central part of the
Danube drainage basinn Bulgaria, which represents61.2% ofthe region and 25.8% d
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3*# 1%)"326A- 3#22,3%269 | tiver basiks of $Si2rght# E  $ 2 ¢
tributaries of the Danube Riverc the Ogosta River, the Iskar River, the Vit River, the
Osam River, the Yantra Riverand the Rusenski Lom RiveiFigure 1, Table 1).
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Figure 1Map of the relief, hydrographic structure and hydrometric retwork in the study area

The Bulgarian Danubd watershed alsoincludes the catchmentof the Nishava River
the Subbasins of the rivers west of the Ogsta River, (whose extreme flow
characteristics were analyzed till now by Hristova et al, 2011, Hristova2014, Hristova
et al., 2017)and the dry river valleys situated in the Dobruja Plateau The catchment
areas cover parts of different geomorphological units the Rila Mountain, the Vitosha
Mountain, the Balkan Mountains, the ForeBalkans, the Danubian Pl&n, and the Sofia
Valley. The relief is alpine, hilly, and plain (Figure 1). The study area belongs to the
region of temperate-continental climate. The mean annual air temperature ranges from
c2°C (at the Musala Peak) to 11°C (along the Danube riverbankhe average annual
rainfall varies from 500c550 mm (along the Danube riverbank) to 1200 mm (in the
high-mountainous areas). The rainiest months are May and June, while the driest
months are February and March. The seasonal flow regime has classified asratfsub-
type of temperate-continental type, meaningthe flow normally peak in spring (March to
June) and then decrease continuously until early autumn (until September). An
exception is the upstream section of the Iskar River located in Rila Mountain lzcse
there is an alpine discharge regime, which means the low runoff phase occurs in the
winter months (December to February) (Hristova, 2004).

The described regimes are sometimes interrupted by the effect of heavy sumntigne
rains. Although the hydro-climatic conditions are main driving forces for flooding,
physical land features, including rock permeability, soil mechanical structure and
vegetation cover, also influence the flood outcomes. Steep slopes and impermeable
rocks (Paleozoic granites, dioritesand gneisses) create large surface runoffand peaks
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Table 1Hydrographic information about the main rivers and catchments

Altitude (m) Geographic coordinates

Main river The longest | Length | Catchment P Vouth
tributary (km) | area (k) | sourcel Mouth ource ou
X Y X Y

Ogosta Skat 1415 31571 1573 27 22808 43.33¢ 23.88t 43.746
Iskar Malki Iskar 368.0 8646.2 2669 25 23510 42.1® 24.44. 43.732
Vit Kamenitsa 1886 32521 2198 22 24417 42.75. 24.74! 43.681
Osam Lomia 3140 28242 2165 21 24.633 42.77€ 24.85t 43.701
Yantra Rositsa 2855 78616 1494 19 25418 42.73¢ 25.57( 43.640

Rusenski Lom Cherni Lom 1969 29469 479 16 26.488 43.44C 25.93. 43.835

Sources: Hydrological Reference bookthe rivers in the Republic of Bulgariél981); Hristova (203)

of the hydrograph after rains or snow melting in the mountainous valleys. These mount
landscapes are coveredby densepine, spruce beech and oak forests intercepting the
rainwater through their leaves and reducing the flood risk On the other hand, flat
relief and anthropogenic practicesin the Danukian Plain and the Sofia Valley, suchas
agriculture, deforestation, urbanization, etc., are potential causes for flooding.
However, the flood risk is reduced due tothe widespread distribution of permeablke
rocks (Jurassiclimestones, Quaternary loess sands, etc.), provoking the processof
infiltration . Over 320 dams in the investigated areaare constructed manifesting as a
regulator of the natural hydrological regime, but also asa significant risk factor for
flooding.

4. DATA AND METHODS

In this work, daily discharge datarecordedin 20 gauging stations within the Danube
drainage basin in Bulgaria are used Each catchment areas presented with three to
four hydrometric stations. Themeasuringpoints are selectedso that they cover partsof
the upper, middle and lower reachesof the rivers (Figure 1, Table 2).Sudy period
comprises the first six years ofthe 2Pt century (2000c2005). Although the relatively
short duration of the period, it includes two dry years (2000, 2001), three normal water
years (2002, 2003,and 2004) and extremely wet year (2005). In our previous works,
we established the annual flow volumes measuredin 2001 (614310°m3) and 2005
(32580"10Pm?q) have beenthe minimum and maximum values since the beginning ofthis
century in Bulgaria. The stated values representapproximately 33% and 17% of mean
annual flow in the country, compared to the referencenorm for the periods 1961990
(1839110°m?3) and 197&2000 (184551C°m3).

Exploring the annual flow dynamics in the Bulgarian part of the Danube basin,
Hristova et al. (2018) and Hristova et al. (2019)xoncludeal the annual runoff volume in
2005 (135971mq) exceededwith 28% the previous maximum measured in 1956
(1058210°m?®), suggesting the flow volume in 2005 has beenthe absolute maximum
value recordedwithin the Danube drainage basin in Bulgaria since the beginning of
hydrometric observations(since the19303. At the same time annual flow volume in
the driest year (2001) during the investigated period ¢ 242710°m® was above the
current minimum in this region ¢ 17121°m?3, measured in 1990 (Hristova et al.2019).
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Table 2Hydrometric information about the gauging stations

Density of
Catchment River Gauging Catchment| Altitude th?ans?ct):rtse thinr%t:uttcr)] river
area station area (km?) (m) (km) (km) network
(km/km ?)
Barzia Barzia 5.2 1364 4.4 30.6 2.19
Ogosta Ogosta Kobilyak 2250.0 496 81.9 59.1 0.96
Ogosta Mizia 3112.0 395 133.6 7.4 0.73
Iskar Beli Iskar 328.0 186 23.5 344.5 2.05
Iskar Iskar Novi Iskar 3668.0 945 113.8 254.2 1.39
Iskar Kunino 6697.0 831 233.1 134.9 1.27
Iskar Orehovitsa 8366.0 706 340.5 27.5 1.08
CherniVit Cherni Vit 155.4 1032 20.7 6.0 1.01
Vit Beli Vit Teteven 306.0 1007 25.6 1630 0.64
Vit Yasen 2407.0 489 128.2 60.4 0.61
Osam Troyan 458.0 1034 37.1 276.9 0.89
Osam Osam Lovech 907.0 723 74.1 239.9 0.51
Osam Izgrev 21540 448 206.2 107.8 0.44
Rositsa Sevlievo 1084.0 684 48.3 115.9 1.02
vantra Yantra Gabrovo 286.7 781 25.8 259.7 0.95
Yantra V. Tarnovo 1289.0 545 81.7 203.8 0.79
Yantra Karantsi 6574.0 440 208.0 77.5 0.64
Rusenski Beli Lom Razgrad 377.8 327 40.3 156.6 0.58
Lom Cherni Lom Kardam 424.8 320 36.2 93.8 0.46
Rusenski Lom Basarbovo 2870.0 273 183.9 13.0 0.42

SourceHydrological Reference boasf the rivers in the Republic of Bulgarigl981)

High flow events are identified usingthe Threshdd level method (TLM) Figure 2
gives ageneral illustration of this method. Thelndicators of HydrologicAlteration (IHA)
recommend the TLMas @& a reliable approach describing floodindices fromdaily data.
Its analysis includes multiple characteristicsit can be restricted to aspecific seasoror a
specific flow generation mechanisné E To select a suitable threshold, indicating he
relationship between daily discharges and the probability of their occurrencegercentile
values derived from the flow duration curve (FDC)are applied. Different criteria for the
determination of threshold values, as well as different techniques for threshold
derivation (constant or daily, monthly, and seasonal variable threshold levels), are
used In this study, the constant value of the 25" percentile (Qzs) to detect high runoff
periods is calculated. In order to determine the highest river waves or the extremely
high flow, the value of the 5" percentile (Q) is selected

The surplus flow periods are defined when the timeeries data are continuously
above the fixed threshold values. Three important temporal characteristscof these
periods: time of occurring, duration, and frequency, are investigated in this work. The
basic statistical procedures are implemented using the software package for hydrology,
geoscience, and data science researches Hydro Office. Referring to recent researches in
the field of hydrological extremes, the TLM is one of the most commonly used
approaches to identify droughts and floods worldwide. During the last decade, this
method was widely applied for individual catchment areas in Bulgaria (Hristova et al.,
2011, Hristova, 204, Lukarska, 2015, Hristova et al., 2017, Seymenov, 2018a, 2018b).
The current work represents the first more spatiallyextended research from this series
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Figure 3Hydrographs: A) OgostaRiver at Kobilyak; B) Iskar Riverat Kunino; C) Beli VitRiverat Teteven;
D) OsamRiverat Izgrev; E) YantraRiverat Gabrovo; F) Rusenski LomRiver at Basarbovo
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5.1 High streamflow

High flow events every year in the springhydrological season (MarchcJune), less often
during the winter season(NovembercFebruary), and rarely in the summer andautumn

months (JulycOctober) are detected (Figure 3). The averageduration of winter high

flow reachesup to four weeks, while the spring high runoff continues up to six weeks

Despite the mentioned similarities there are spatial and temporal differences in the
average datesof beginning and termination of high flow periods. The 25"-percentile

discharges or the minimum flow values derived from the FDQequired to record ahigh

flow event, range from 0.26 m%s (Barzia River at Barziato 73.06 m¥s (Iskar River at
Orehovitsg (Table 3).

Table 3Threshold flow values (Q25) and serage dates of beginning and termination of high streamflow

periods
Qav Winter hydrological Spring hydrological season
. . Q season
River Gauging 2000-2005 2
station 3 (m3s) Average Average Average Average
(m%s) dates of dates of dates of dates of
beginning | termination beginning | termination

Barzia Barzia 0.18 0.26 04.02. 1902. 26.04. 28.05.
Ogosta Kobilyak 18.24 23.75 28.12. 23.01. 06.04. 24.04.
Ogosta Mizia 21.70 28.19 24.12. 17.01. 03.04. 19.04.
Iskar Beli Iskar 6.71 8.43 c c 07.05. 13.06.
Iskar Novi Iskar 23.3%6 31.21 20.01. 18.02. 24.04. 21.05.
Iskar Kunino 49.23 65.18 1301. 05.02. 20.04. 11.05.
Iskar Orehovitsa 54,74 73.06 30.12. 26.01. 13.04. 02.05.
Cherni Vit Cherni Vit 3.02 4.39 04.02. 1702. 25.04. 18.05.
Beli Vit Teteven 5.42 792 26.01 2102. 2104. 16.05.
Vit Yasen 1461 21.15 29.12. 23.01. 03.04. 21.04
Osam Troyan 6.87 9.43 06.02. 24.02 24.04. 18.05.
Osam Lovech 9.28 12.92 30.12. 29.01 10.04. 29.04.
Osam Izgrev 13.12 22.B 26.12. 24.01. 02.04. 18.04.
Rositsa Sevlievo 9.59 14.19 15.01. 1102. 22.04. 16.05.
Yantra Gabrovo 4.24 6.58 17.01. 08.02. 21.04. 10.05.
Yantra V. Tarnovo 13.00 20.32 30.12. 24.01 13.04. 04.05.
Yantra Karantsi 45,28 61.46 24.12. 21.01. 03.04. 24.04.
Beli Lom Razgrad 0.76 1.10 18.12. 08.01. 28.03. 09.04.
Cherni Lom Kardam 1.98 2.86 16.12. 09.01. 30.03. 10.04.
Rusenski Lom Basarbovo 5.89 8.81 13.12. 03.01. 24.03. 05.04.

Spring high waters are most typical inthe researchedarea. They begin from the
second halfof March or first half of April in the low-altitude catchment areas(e.g. the
Ogosta River at Mizia or the Ble Lom River at Razgrad) and from the second half of
April or first half of May in the mountainous river basins (e.g. the Iskar River at Beli
Iskar or the Osam River at Troyan). The termination of spring high flowtarts from the
third week of April in the lower reachesof the rivers and from the second half of May or
the first week of Junein the high-elevation drainage basins (Table 3). Mst frequently
high flow events occurringin April are detectedin the catchmens of the Ogosta River
at Kobilyak (to 43% of all spring high flow case$, the Yantra River at Karantsi (41%),
the Ogosta River at Mizia(40%), the Iskar River at Orehovitsa (38%) andthe Osam
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River at Izgrev (38%6). More typical are the March highstreamflow events only at the
Beli Lom River near Regrad (to 48% of all case$ and at the Rusenski Lom Rivenear
Basarbovo (40%). High streamflowevents mainly occurring in May aremost typical in
the catchments of the Iskar River at Beli Iskar (to 52% of all cases), theaBia River at
Barzia (47%), the Cherni Vit River at Cherni Vit (40%), the Iskar River at Novi Iskar
(40%) and the Rositsa River at Sevlievo (37%). Aexplanation of the listed spatial and
temporal differences givesthe later start of snow melting in the mountainous valleys
caused by thelonger period of subzero air temperatures.Thetorrential and prolonged
rainfall is the main sourcefor the formation of considerable discharge valuesin spring.
The influence of Icelandc cyclones is growing in springin the regions of temperate
continental climate in Europe and this leads to increasedamounts of precipitation in
the months of April, May, and Junein Northern Bulgaria. Additionally to the increased
rainfall amounts, the snowmelt runoff formed in March, resulting from the rapid rise of
air temperature above 0°G also influences the spring high flow Some of the most
considerableraisesin the river water levels and discharge values as a result of strong
and prolonged precipitation combined with surface runoff produced from tle melting
snow during the spring months, are established.
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Figure 4 Correlations between the duration of spring higiflow and two key parameters of catchment
areas

There are strong positive correlations between the duration of spring high
streamflow, the average altitude of catchment areas and the average density ofthe
drainage network (Figure 4). The coefficient of determination(R?) achieveseven better
results if it is computed for one drainage basin: R=0.902 and R = 0.939 respectively
(a case for the Iskar Rrer basin). We can explainthe first relationship with the
different genetic structures of runoff in the mountainous valleys compared to thelower
reachesof the rivers (a variable share of precipitation and snowcoveras main driving
forcesacting on the hydrological processes)The second correlation resulis an effect of
morpho-hydrographic factors (an influence of the drainagenetwork configuration and
geomorphological specifics of the terrainetc.). Although the relatively short duration
of the obseavation period, we can summarizethe spring high flow periods coincide with
the high flow phase within the Danube drainage basin in Bulgaria.

Winter high flow is less typical and shorter in duration. It begins from the second
half of Decemberor throughout the month of Januaryand continues to the second half
of Januaryor to the third week of February, respectively.There are twoexceptions: 1)
Winter high flow occurs a month earlier in theRusenski Lom iver basin due to the
lower altitude of catchment ara, which provokeswarmer winter air temperatures
resulting in an earlier melting of the snow cover, 2) A winter high flow event in the
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Iskar River basin at Beli Iskar because of the alpine climate conditionsn the Rila
Mountain provoking prolonged freezng of the surface streams is not detected (Table
3). Most frequently high flow events occurring in January are established in the
drainage basinsof the Osam River at Lovech (ta&1% of all winter events), the Yantra
River at Veliko Tarnovo (3%6), the Vit River at Yasen (39%),the Ogosta River at
Kobilyak (38%), etc. More typical are the February high waters atthe Cherni Vit River
near Cherni Vit (to44% of all events), the Beli Vit River near Teteven (38%, the Barzia
River at Barzia (33%), and the Osam River near Troyan (32%). The short-term
precipitation and the repeated passage of air temperature through 0°Gvhich leadsto
snow melting, are the main factors for the formation of winter high flow in the
investigated catchment areas

5.2 Extremely high streamflow

A total of 454 extremely high streamflow events within the Danube drainage basin
during the entire observation period are recorded Thar number varies from 11(the

Rusenski Lom River aBasarbovo)to 36 (the Beli Vit River atTeteven)for eachgauging

station. The 3'-percentile dischargevalues range from 0.47 m%s (at the Barzia River
near Barzia) t0130.85m%s (at the Iskar River nearOrehovitsa) (Table 4).

Table 4Threshold flow values (Q5) and mmber of extremely high streamflowevents

. X Years
River Gal,!g"]g Q5 2000-
station (m3/s) 2005 2000 2001 | 2002 2003 2004 2005

Barzia Barzia 0.47 32 4 2 3 4 4 15
Ogosta Kobilyak 35.46 24 4 1 1 3 1 14
Ogosta Mizia 49,72 20 2 1 1 3 1 12
Iskar Beli Iskar 16.81 20 3 1 2 3 2 9
Iskar Novi Iskar 5187 16 2 1 1 2 1 9
Iskar Kunino 104.23 13 2 c 1 2 1 7
Iskar Orehovitsa 130.85 12 1 C C 2 1 8
CherniVit Cherni Vit 9.21 30 3 1 4 3 3 16
Beli Vit Teteven 15.28 36 4 2 5 2 2 21
Vit Yasen 46.02 27 1 c 3 4 3 16
Osam Troyan 23.99 34 4 2 5 4 3 15
Osam Lovech 31.D 30 3 1 4 3 3 16
Osam Izgrev 48.18 29 2 C 3 3 2 19
Rositsa Sevlievo 29.12 31 2 1 4 3 3 18
Yantra Gabrovo 12.87 24 1 c 4 3 3 13
Yantra V. Tarnovo 3845 22 1 c 3 3 3 12
Yantra Karantsi 124.72 16 1 c 2 1 2 10
Beli Lom Razgrad 3.82 13 2 c c 1 2 8
Cherni Lom Kardam 5.90 14 1 c 1 2 2 8
Rusenski Lom Basarbovo 19.04 11 1 c 1 2 c 7

Most extremely high runoff events ¢ a total of 253 or 55.®@0 of all cases for the
entire period were detectedin 2005 (Table 4). Then in many European countries such
as Gemany, Austria, Hungary, Poland, Romania and Bulgaria, devastating floods
were reported. The 2005 floodswere driven by extreme meeorological circumstances
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especially by strong and prolonged precipitation. The whole year 2005 can be
characterized as aperiod of unstable weather with intense cyclonic activity. Several
cyclonic systems passed over the regioduring the months of May, July, August and
Septemberin 2005, bringing significant rainfall amounts. Nikolova et al. (2005),
exploring the long-term summertime precipitation variability in the Danube Plain,
concluded C N1 1 %® Rairifak Anomaly Index (RAI) the periodrom May to October
in 2005 has beenthe wettest for the 196£2005. Theprecipitation anomaly increased to
above 184% for area averged data and above 200% for some 3 $3, %" TheE$ 3 $ EQ
maximum precipitation deviation reached upto 538% above the monthly normat the
Veliko Tarnovo rain gauge station in September 2005 The described meteorological
conditionsled to extremely high water levels andrunoff values. In hydrological respect
the whole year 2005 was exceptional with the fact that high waves along almost all
rivers in Bulgaria were detected throughout the yeardue to extremely heavy and
prolonged rainfalls (Nikolova et al., 2011) In the catchmentarea of the Yantra River,
for example, the maximum river water level reached upto 940 cmon 5" July 2005
while the maximum discharge valueincreasedto 1593 ni/s on 13" September 2005
(Penkov, 2006,Nikolova et al., 201). As a resut of this, sharp peaks of thehydrograph
were recorded, andseverefloods were registered(Figure 5). On the other side due to
prolonged meteorological droughts in 2001, 2002, and 2004, extremely high flow
eventsfor one to ten gauging stationswere not detected(Table 4).
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of the Yantra River atVeliko Tarnovo

The geographical analysis reveals decreasing number of extremely high flav events
as moving from upper towards lower reaches of the rivers According to he results
obtained, this changeoccurs in aninverse relationship compared tothe fixed threshold

1 The anual precipitation in 2005 reachédeliko Tarnovo (in the catchment area of the Yantra River3212
mm (an average value for 1961990: 663.0 mm), Vratsa (Ogosta River): 1292.3 mm (773.8 mm), Razgrad
(Rusenski Lom River): 975.2 mm (563.7 mm), Sofia (Iskar River): 970.8 mm (591.8 mm), Lovech (Osam
River): 958.4 mm (609.4 mmpgnd Pleven (Vit River):914.4 mm (564.8 mm)The minfall amounts were
extremely increased, especially in the months of May, July, August, and Sepfiertber 110% to 538%
above the monthly norms for 19611990. Themaximal daily precipitation werne fdlowing: 105.8 mm/24 h at
the Murgash Peak (on'SAugust 2005)and 101.8mm/24 h at the/eliko Tarnovostation(on 13" September
2005)i1 to 43.0% of the monthlgmoun.

Source: StringMetedhftps://www.stringmeteo.comAccessed: 208-11-30.
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discharges whose values increasewards the mouths of the rivers(Table 4). Although

there is aclearly expressedchange the correlationrelationshipsC$ " $4#2%$eée# $/ 3,
catchment areas (m) ¢ number of extremely high 0/ %5 #®%%E3CB* 2#-* %/ E
values@(m3s)c" ) +' #2 %0 #7 32#+ #/ 6not’statistitallyOsAtishing # 4 # " 3 -

c the coefficiens of correlation (R) are 0.37 and (-0.43), respectively. These results
confirm the nonlinear character of the floods.
The annual and internatannual distribution of the extremely high flow periods

within the Bulgarian Danube basin § shavn in Figure 6.As seenan increased number
of extremely high flow events mainly during the hydrological years 1999/2000 and

2002/2003 is detected but the most affected year being 2004/2005. At a seasonal leve)
the hazard phenomena occur mainly in sprig. In terms of distribution during the year,
April, May, and Juneare observed to have the highest number of floods. An exceptias
the wettest year 2004/2005 when extremely high flow events every month from
February to October are recorded (Figure 6).

Table 5 Duration and frequency of extremely high streamflowperiods

Frequency (%) with acertain duration (days)

Gaugin Average | Maximal o © . ~

River statign 9 duration | duration ~ 3 N ~ ™ <
(days) | @ays) | S| 9| 8| & | o | o

N N (4p]
Barzia Barzia 4 24 72 19 6 3 c c
Ogosta Kobilyak 4 25 75 21 c 4 c c
Ogosta Mizia 5 28 80 10 c 10 c c
Iskar Beli Iskar 6 25 65 25 5 5 c c
Iskar Novi Iskar 6 26 66 22 6 6 c c
Iskar Kunino 7 36 62 15 15 C c 8
Iskar Orehovitsa 5 22 75 17 c 8 c C
CherniVit Cherni Vit 4 22 77 13 7 3 c c
Beli Vit Teteven 4 18 77 17 6 C c C
Vit Yasen 4 17 81 15 4 C c C
Osam Troyan 4 16 76 21 3 C c C
Osam Lovech 4 18 80 17 3 c c c
Osam Izgrev 4 16 83 14 3 C c C
Rositsa Sevlievo 5 24 81 16 c 3 c c
Yantra Gabrovo 6 30 79 13 4 c 4 c
Yantra V. Tarnovo 5 26 81 14 c 5 c C
Yantra Karantsi 4 19 82 12 6 c c C
Beli Lom Razgrad 4 16 84 8 8 C c C
Cherni Lom Kardam 3 18 93 c 7 c c c
Rusenski Lom Basarbovo 3 13 91 9 c c c c

Results of the frequency analysis indicated thatextremely high streamflow periods
with an average duration up to one week are predominant in the investigated are&
from 62% to 93% of all eveits for the entire observation period (Table 5). The
calculations do not find spatial relationships between the duration of floods and the
altitude of catchment areas. The maximum duration of hazard phenomena varies from
13 to 36 daysAnalyzing the maximum duration of floods, we find that for all drainage
basin these periods areconcentrated during the wettest year 2005.The longest flood
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periods continue overa month in the catchmentareas of the Iskar River at Kunino (36
days: from 5" August to 9" Septembe) and the Yantra River atGabrovo (30 days: 18
July to 12 August). Extremely high runoff periods continuing up to 30 days are
isolated, as follows: 28 days (the Ogosta River at Mizia: @ May to 5" June), 26 days
(the Iskar River at Novi Iskar: 8 May to 29 June and the Yantra River at Veliko

Tarnovo: 2% July to 16" August), 25 days (the Ogosta River at Kobilyak:

4thto 290

1999/2000
WINTER HYDROLOGICAL SEASON SPRING HYDROLOGICAL SEASON SUMMER - AUTUMN HYDROLOGICAL SEASON
November December January February March April May June July August September October
L 1 M
T
T
it b |
u Th
u
i
2000/2001
WINTER HYDROLOGICAL SEASON SPRING HYDROLOGICAL SEASON SUMMER - AUTUMN HYDROLOGICAL SEASON
December January February March April May June July August P October

L I'|-!

2001/2002
WINTER HYDROLOGICAL SEASON SPRING HYDROLOGICAL SEASON SUMMER - AUTUMN HYDROLOGICAL SEASON
b December January February March April May June July August p b October
i e amy :
i, =
-

: { ’

= B

i

Figure 6 Distribution and duration of extremely high flow periods: 1c Barzia at Barzia; 2c Ogosta at
Kobilyak; 3 ¢ Ogosta at Mizia; 4c Iskar at Beli Iskar; 5c¢ Iskar at Novi Iskar; 6¢ Iskar at Kunino; 7c Iskar
at Orehovitsa; 8c Beli Vitat Teteven; 9¢ Cherni Vit at Cherni Vit; 1@ Vit at Yasen; 1T Osam at Troyan;
12c Osam at Lovech; 18 Osam at lzgrev; 14 Rositsa at Sevlievo; 18 Yantra at Gabrovo; 1& Yantra at
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