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IMPLEMENTATION FRAMEWORK

The project National Biodiversity Planning to Support the Implementatibthe CBD 2012020
Strategic Plan in Croatia being implemented over a period of twears {from 1 July 2012 to B
December 2014). The Ministry of Environmental and Nature Protection, Nature Protection
Directorate (MENP) is the government institutimsponsible for the implementation of the project

and will act as thé€executing Agencylhe main implementing partner of the Ministry is the State
Institute for Nature Protection (SINR)hich isthe central institution carrying out expert tasks of
nature protection in Croatia.

UNDP isnvolved as theGEF Agencipr the project and it is accountable to the GEF for the use of
funds. The project is nationally implemented (NIM).

The project National Biodiversity Planning to Support the Implementation ofCBB 2012020
Strategic Plan in Croatia builds on the current status and achievements of Croatia with respect to its
obligations vie-@A a (GKS [/ 2y@SyGAz2y 2y . A2f23A0Ff 5AOBSNE
biodiversity planning and Convention repioig processes, and its commitment to implement, at the
YIEGA2y Lt £S@Sts (GKS /. 5Q&020. Thakbriceptafeddsysteintsefvicds2 NI (i K ¢
that is directly connected to thdichi Targets 14 and 15 of CBI3 well ashe EU 2020 Biodiversit
Strategy are still quite newfor Croatia.Since 2013three projects in Croatia were dealing withe
economic valuation of biodiversityvhere ecosystem services were used as a tool for sustainable
management of nature protected areaim (Nature ParkVransko jezero andlature Parkvelebit) or

for sustainable rural developmenHowever, theO2 y OS LJG &Y | 2N9 Sdiy ZFy2 NBhavé T dzy Ol
been used inthe forestry sector from the 1990sas conceptsn whichthe ecological and social
benefits of the forestecosystemwere recognized and used orderto ensure sustainable forestry
management.This topic hasalso been indirectly integrated in NBSAP 200dthin the chapters
dedicated to the potection of biodiversity andsustainéle use of natural resourcesst(ategic
objectives and action plans for cooperation with the sectors of agriculture, forestry, hunting, fishing,
water management and tourism).

The Study for Freshwater Ecosystem Services (SEES3 component of the project National
Biodiversity Planing to Support the Implementation of the CBD 2@R0 Strategic Plan in Croatia
constitutes the first institutional initiative related tothe assessment of biodiversityalues and
economic valuation of ecosystem servicés.should provide arguments fothe protection of
freshwater ecosystems, based not only on their biodiversity, but also on other betteitsuch
ecosystemsrovide for human society or for the stability of the global ecosystem. These benefits

should also be evaluated from the perspege of the economy.
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1. Introduction

Increasing damage and devastation of natural ecosystems thadconsequenial loss of their
functions, rceivedas a disbalance of natural processes.g.the hydrological cycle or nutrient
cycles and loss of their prodtivity ¢ has led toincreased awareness tie benefitsthat ecosystems
provideto people. Since the Millennium Ecosystem Assessment 20I@5), awareness dffie natural
capital and efforts to sustain it grew exponentially. The question of economic figgsath destroying
anecosystem in order to realissedevelopment project has become increasingly insistent.

Declining natural capital poses a direct threat to pooral communities in developing countries,
which directly depend on natural sources. Buttimately, all humankind depends onature;
therefore, the sustainable use ofature'ssources is a question of survivBtosystem services are the
conditions and processes through which natural ecosystems, and the speciesndkat them
sustain and dlfil human life (Daily 1997). The concept of ecosystem servicesSYEhas been
developed to helevaluatethe natural benefitsandto strengthen the arguments for preservirige
vanishing ecosystemthat we dependupon. After spending a long time to fenadf nature from
people, conservatiorhas a new vision that emphasises the importance of connecting nature and
people (Everard2012). The economic perspective, which the ecosystem service concept has brought
into the nature protection effort, may serve asnovel argument standing alongside the traditionally
percdved values, such as for instance, theintrinsic value of biodiversity. Such an evaluation
becomes increasingly important the decisionmakingprocesses related to development projects
with a remarkable impact on ecosystems, or to resource or land use management, optimising the
benefits of the ecosystem.

ES evaluations often remain incomplete due to tlaet that various services requirdifferent
methodological approaches (Turner et,&008). Moreover, value is often not fully captured in
monetary termssincemanyevaluations okervices are based on nonarketable products. Alsthe
guantification of processes and products, important for ES evaluation, is often laborious sty
however, without those evaluations, ecosystem services are invariably undervalued or not valued at
all ¢ by governments, businesses, and the public (TEBB)). Promoters of development projact
would preparetheir own evaluations of project benefita/hich can qgite easily ovdpbok the value of

alost or damaged ecosystegsimply because itscosystem servicdgave not been evaluated.

The ecosystem service agenda is an integral path@Europeanstrategy tomaintainand protect
biodiversity.Pursuantto the BJ Biodiversity Strategy to 2020 (Action 5), Member Statesobliged
to map and assess the state of ecosystems and their sergitéiseir national territoies by 2014
The assessmenbf economic valus of these services, and promain of the integration of these
values into accounting and reporting systemdtst EU and national leveshould becompletedby
2020. The Mapping and Assessment of Ecosystems and their Services (M&te®) includes
indicators that can be used d@lhe European and Member Statevel in orderto map and assess
biodiversity, ecosystem condition and ecosystem seryiaesording to the Common International
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Classification of Ecosystem Services (CICES The8ompletion of this task shouldonsequently
improve the knowledge about ecosystems and their services in the EU. One of the essential
objectives of Action 5 anthe MAES conceptual framework is to supptre analysisof preserving

the biodiversitybenefitsand maintaining or bringing ecosystems into a healthy condition dmndn
well-being. These activities both advance the biodiversity objectives and integrate related policies,
i.e. on water, climate, agriculture, forest, and regional planniimjo the strategy of wise use of
ecosystems.

Riwer floodplainsare frequently analyzetbr their multivariate values, functions and benefits. Haslam
(2008), for instanceprovides an extensive list of lower riverscape values, where numerous
landscape, hydrological, chemical, biological, economicsaadl values are listed. #\sitesthat can
potentially mitigate extreme events in the hydrological cycle, floodplains becomingncreasingly
important in connection with global climatic change.

The classification afcosystem servicdsas not been unifieget. Within this study, we witherefore
define each E$hat will be evaluated in orderto avoid misunderstandinggiven the fact some
alternative names oécosystem servicedo not overlg entirely. Using the list of ecosystem services
from the TEEBtsdy (2010), floodplains are importafdr the followingecosystem services

9 Provisioning servicesfresh water provision, wood production, agricultural production;

1 Regulating services moderation of extreme events (flood protection namely), waste water
treatment (some authorsiso refer tothis ESaswater selfpurification or nutrient retention);

1 Supporting services habitat provision;

9 Cultural serviceg tourism.

If floodplains are compared to other ecosysten@@gtanza et gl1.1989), their overallecosystem
servicesexpressed amonetary flow per hectare per yeggaire among thenighest (Tabld). Costanza
perceivedfloodplains with their average flow athe second most valuable type of ecosystem
providingecosystem serviceas the value of 19680 U®.hat.yr. Accordingo his estimate, two very
highly rankedecosystem servicesontribute the most ¢ water supply (00 USD.hayr') and
disturbance regulation (240 USD.hayr?). Given the fact thafloodplain ecosystems are also very
productivedue to the constant supply of river water, provisioning servicesa@mportant.
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Table 1: Mairecosystem services of world biomes, expressed as findftmiaper ha per year.(Costaneaal., 1989 Nature 387.)

Binme

Ares 1 2 3 4 5 ] 7 8 9 10 1 12 12 14 15 % 17 Total value
[ha x 10% Gag Climate  Disturbance Water  Waler Erosion Sail Nutrient Waste  Pollination Biological Habitat/ Food Raw Genetie  Recreation Cultural perha
regulation  regulation  reguiation  regulation supply control formation cyoling  trestment control  refugia  production materals resources ($ha="yr=")
Marina 36,302 577
Open ocean 33.200 38 1a B 1B 0 ] 282
Coastal 3102 28 3677 38 B 93 4 g2 62 4062
Estuaries 180 587 21100 | 13 521 25 et 29 22832 -
Besgrass/ 2 18,002 L -
elgee beds ® ! 2 0004
Coral raafs g2 2,760 58 5 7 220 27 3,008 1 B,075
Shelf 2680 1431 29 88 2 70 1610
Terrestrial 15,323 804
Forest 4,856 141 2 2 3 86 10 361 &7 2 43 138 18 66 2 969
Tropical 1800 223 ] ] i3 245 ¢l 822 &7 32 35 41 12 2 2,007
Temperate/boreal 2955 38 0 0 14 4 B0 25 38 2 302
Grass/rangelande 3888 7 0 3 28 1 BY 28 ) &7 o 2 232
Wetlands 330 133 4,539 15 3.800 4177 304 266 106 574 a1 14,785
Tidal marsh/ 65 1839 6,698 163 468 162 858 0,99
mangrves
Ewamps/ 85 285 7240 0 7800 1689 439 47 49 491 1,781 19580
floodplalng
Lakes/rivers 200 B.446 2Ny B85 41 23 5,498
Desert 1926
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However, most regulatingecosystemservicesdepend on the ecological state of the floodplain,
namely on the extent of natural water pulsed.e. flooding Tablel). The river regulation and the
loss of connectivity between the river and its floodplain haveegative impact on habitat prasion,
flood mitigation and water selpurification. Deepening othe river bed and decrease tfie water
level resultin drainage of underground waterghichhas adverse effects on drinking water provision
and wood and grass production.

River floodplaindave been settled as priority localities sirmecienttimes. The rivers represented
natural routes andcensuredsuitable transport conditionsand floods provided nutrient inputvhile
increasing thefertility of soils. For this reasonhe harmonization d natural processes and human
activities has always been a challengad historygives us mangxcellent examples of successful
projects of that kind such as thefloodplain managemenin ancient EgyptDuring the last two
centuries, most European largdoddplains (for instance Rhine, Odra or Loire) have been
substantially alteredn orderto provide agicultural land protectedagainstfloods, transport routes
and hydroelectricity. This transformatiomould alwaysfollow the same scenario: cutting meander

in orderto shorten the river bank embankmentsbuilding dykes to decrease the extent of flopds
intensification of agriculture and introduction of settlemeanvith the loss of flood memory.

With increased knowledge of ecological processes and thrsgmming fromclimate change
people started to reconsider the floodplain transformations awodlook for morebalanced and
harmonisedapproaches tdloodplain management, which wouklilsotake into account a number of
floodplain functions and servicdbat are now scare ¢ for instance water selfpurification andthe
removal of contaminants (Lair et a22009) mitigation of climatic extremes (Habersack et &013;

Pithart et al, 2010 and 2013)or providing refuge for biodiversity. In genertie role of European
wetlands is being nsidered2 TGSy GgAGK O2yySOlGAz2y (G2 GKNBI {a
al,, 2013).

The background reasofor the preparation ofthis study is a growing awareas of Croatian
(floodplain) ecosystemwralues and the need to gain relevant information about them and their
importance for the quality of life in this area and, consequently their economicimportance.
Croatianfloodplains,same agloodplainsin geneal, have always been a target af/ariety of human
activities,suchas settlement, agriculturetransportor energy production. On the other hand, their
potential to provide drinking water, flood protection, habitats for endangered spetiasdwood
timber, fish and game should be considered as well. In possible future decision processes,
information aboutthese values should be at dispgsaihd should béaken into account.

The aims of the study and its scope are as follows:

9 Describe floodplain ecosystes inthe Drava, Sava and Danube basisses their state and
relevant trends

1 Identify main threats to these ecosystems

1 Identify main ecosystem services which they provide

2 7
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91 Develop alternative scenarios of future developmerihia selected pilot study aie (PSA)

1 Evaluatescosystem servicdsr alternativescenarios inhe PSAtogether with the
evaluation ofselectedecosystem servicda the entirety of theDrava, Sava and Danube
basin floodplains

1 Identify governance environment and incentives in conrattvith economic activities that
impactupon biodiversity

1 Prepareaset of key messagés decisionmakers backed up by credible data from the
results of the analysis

2. Character, values and threats of Drava, Sava and Danube floodplains
(DSDF)

2.1. Floodplain ecosystems aihe Drava, Sava and Danube basin

The ivers Sava, Drava and Danube and their floodplains in Crdétgarél) represent a large,

relatively ecologically preserved and interconnected complex of riverine and alluvial ecosystems in

the European context (Schneiddakobj2004). These rivers and their floodplains remained relatively

close to their natural state, unlike other large Danube tributasesh ast A a1 | = =+t KX a2 NI
otherrivers or other parts othe DanubeRver (for insance in Austria or Slovakia).

River beds of DSDfave undergore partial shortenings (cuttingff of meanders) and fortifications,
but, apart fromthe SavaRiverin the Zagreb areathey have reverbeen canalisedo a large extent
Somel5% ofthe DravaRiwer in Croatiahas been fortified pased on arunpublished analysiby
SINB. River beds still kept part of their dynamistich agneandering, creating or changing side
arms and ovebank flooding Figurel). They havékept their connectivity for fish: dowstream of
Dubrava accumulation (rkm 160he Rver Drava has no migration barrgerll the wayto its
confluence withthe Danube,and the same can be said fihve Danube and Sawvaverswithin their
entirestretches orthe/ NB I G ALYy (0 SNNR&I{22ME o6aNI 1 206A6 Si
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Figurel: Typical Drava floodplain character and land cover in Gornja Podravina (PQdfatlie floodplain

1,52 km wide is partially delineated by dykes. Some meanders®e&e&Sy Odzi 2 FF OMB@AR 2 G2 3 NI
still change itsriace, braided channels are partly preserved and connecteéldaonain river bedandgravel

bars are common. Location: 2P20 rkm, northofthew S LI O 6 NA RIS @

A large sectionof the northern continental part othe Croatian territory has been formed by fh

river system. Fluvial sediments (both Holocene and Pleistocene) contribute to its total area
substantially Eigure7). The aiginal land cover of these areas was mostingisting ofsoft floodplain
forests (frequently inundated willow and poplar foregtand hard floodplain forests (less frequently
inundated oak, hornbeam, alder and ash forestsiit it was lost during the process of land
cultivation and convesion of fertile soils to agriculturdand & 2 O () 200)A The core zones of river
corridors remained covered e soft floodplain forest alongnost of their stretchesalthough this

zone is quite narrow ahe Sava River. On the other hand, extensive areashasthe Drava forests

near Osijek and also large complexes of hard floodplain foredteve been preserved and
successfully managed: among othevge can mention the areas diuropoja { A f dzZ3x { L)} 6 @I X
f dZ3 2 NJ w Slhison®x INBAdilifion, valuable grasslands and othgrpes of wetlands
(standing waters, reed beds, tall sedges and others) needhrelatively abundant, even thoughe
dominant land cover typef the Drava, Sava and Danube floodplains is cultivated (and mostly arable)
land.

Due to the constructiof dykes the inundation zones of DSDF have been reduced substantially, but
there are still massive retention spaces in the scale of tdriiousandsof hectares and billions of
cubic metres (moreon that in Section 5.2.1.1).Due to appropriate distance of theykles from the
active river bedthe RiverDrava has not lost its contact with the floodplain (also because of sections
without any dykes). Hence, overbank flows may reach a width of approximatekni during high

10
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waters Figurel). On the other handhe SavaRiver apart from Gornja Posavinhas beemmostly
cut off from the floodplainby dykes located quite close to the river bed, allowing dolya corridor
uptolkmwidel £ 2y 3 Ada € 26SNI &h® SdiblabbrdeFRigRre®). DN RA Ol G2

Legend
l:| Croatia state border

e Dyke s

0 05 ;| 2Kilometers

Figure2: Typical Sava floodplain character and land cover in Donja Posavina. Active floodplain is minimised by
dykes,andintensive agricultur@lmostreacheshe river banks. Location: eaef Slavonski Brod.

Under the spaciou®SDHowlands aquifers of integranular porosity of Pleistocene and Holocene
ages were formed. The lithological composition of the aquifers is dominated by gravel and sand in
the western parts of the Drava and Sava basins. Sandy aquifers are prevalent in the central and
eastern parts. @undwater accumulated in these aquifecenstitutesthe basisof the water supply

in northern Croatia (Br&iet al., 2010).

The area aroundhe Drava, Sava and Danube rivers corgarvariety of wetland habitats, including

some of themost threatenedhahtats in Europe: alluvial forests, wet grasslands, gravel and sand
bars, islands, steep banks, oxbow lakes, stagnant backwater, abandoned riverbeds and meanders.
They are surrounded by riparian forests and arable land with scattered pastures. The mafjority
terrestrial habitats of the core area and the buffer zone are covered by softwood or hardwood
gallery forests, but there are also extensive grassland areas along the rivers. This variety of habitats
provides shelter for aignificantnumber of speciesfore on that in Sectiob.2.2.1).

The river and floodplain ecosystem is vital for the people who live thdtgrovides them witha
number of provisioning servicesuch aglean water, fish, firewood, timber, game, wood, sand, and
gold (more on that inSection5.2.3.), protecs them from floods and droughtsniore on that in
Section5.2.1.) and stabilissand maintairs key vital cyclesuch aswtrient, carbon and water cycles.

11
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5

2.2. Sava, Drava and Danube floodplains and nature protection

The state of ivers, their adjacent land cover types and habitats, partly preserved extensive
management and good connectivitigat enablesthe development ofan abundance oplant, insect,

bird, mammal and fisBpecies and communities, have be@tognisedas an imporant issueboth at

the national andthe international level;as a result different categories of nature protection have
been declared in the last decades (for detailed §se Annex 1):

1 Along the Croatiansections of theDrava, Sava and Danubesers there are relevant
ecological networlsites(part ofthe EUecological networlNatura 20003 (Figure3)

1 Three wetlands of international importance (Ramsar sites)

9 Furthermore the Drava river and its floodplain are part of the core zone of the
Transboundary W9 { / h . A2aLKSNBE wSaSNWBS badzNF m3 N} @I n5
The Biosphere Resenvgether with theriverine areas of Austria, Serbia and Slovewidl
becomethe first worldvide pentalateral BR and Europdargest river practed area

1 RegionaPark Mura- Drava (Mura and Dravdvers)

 NaturePr NJ Y2LJ} 61 A NA&Rves)5 NI G | yR 51 ydzo S
9 NaturePark Lonjsko polje (Sawwver)

9 16 Significantdandscapeireas

1 20 SpeciaReserves

1 9 NaturalMonuments

9 5 ParkForests

9 10 HorticulturaMonuments

Ihttp:/inatura2000.dzzp.hr/natura/
2 http://lwww.unesco.org/new/en/naturatsciences/environment/ecologicakciences/biosphereeserves/europenorth-
america/croatiahungary/muraravadanube/

12
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Figure 3:The etent of Drava, Sava and Danube floodplains (DSB3Rheyare delineated for this study (see
Section 3.1.) andor the EU ecological network Natura 2000. SPAreas ofConservationimportant for Birds
(POR according tothe Croatian legisition); pSClic Areas ofConservationimportant for Soecies andHabitats
(POVSaccording to Croatian legislati®). See alsoAnnex 1.(Source: SINR013).

The proclamation of all these protected areategoriesis an integral part ofthe commitments of
Croatia stemming from a number of international conventions in the field of biodiversitiye
Convention on Biological Diversity (Rithe Convention on the Conservation of the Wild European
Flora and Fauna and Natural Habitats (Bern); Directive 79/409/EEC oartbervation of wild birds
Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and fleea
Convention on the Conservation of Wetlands of International Importance, Especially as Waterfowl
Habitats (Ramsar}he Convention on th Conservation of Migratory SpeciesWild Animals (Bonn).

All theseinstrumentsare fully implemented in the Croatian Nature Protection Act (OG 80/13).

2.3. Evaluation of Drava, Sava and Danube floodplains

The economic importance of DSDF Hasen recogised by different sectorg particular services

suchl & GAYOSNI LINR RdzOG Anedfcpydnt NAMIO F £ 3/RR WIINEERE @G A 2 v
SchneidetJakobj2004), although the evaluatiomostly did not touch upothe monetaryaspects A

complex or holistic evaluation is missjnghich is whyt isthe subject of this study.

3Regulation on ecologat network OG 124/13; SINP
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Among the major actual threats with a substantial impacttioa ecological state anthe ability of
providingecosystem service®ne can mention the following:

Canalising riversdr navigation

The riverdDrava, Sava andanube are alreadysed for navigatiof. The main water traffic corridor

in Croatia is Corridor WIwhich includes the Danube River and the Sava Rrgure4). TheAgency

for Inland Waters and Regular Maintenarce provide measuresfor the maintenance ohavigation

corridors such as thaleepening of river beds (gravand sand extraction)jver embankment and

structures for divertinghe river flow (groynes)and shorteningof the river trace bystrengthening

the curves. For instanceéhe lower Drava between (sk and its mouth to Danube hdseen

shortened fromthe original length oB2 km {h 1784) tothe contemporarylength of21 km (in 1988)

0 Y dza LIA f A2004)SThese sBuctirds accelerdte g | 1§ SNJ Tt 26 | yR SyKFyOS S|
. §120@) andthey also have various negative impacts the ecosystem; namely,they reduce

the connectivity ofthe river and its floodplain.

Whilethe DravaRiver is not intended fothe extension of navigation, plans to constratew inland

waterway, the Danube{ I @I / F y It FNRBY +5dein)? afel liskdd dnghe Grdatiah O 0O c ™
strategic documents This canal should be considered in relatigith the DanubeAdriatic traffic

corridor, which is acombined rivesrailroad corridor. This corridor includése DanubeSava Canal

(615 km, Figure4), the Rver Sava IV NavigatiorQass (34% km) anda new ZagrekRijekarailroad

(160 km). This prof would turn 200 km ofhe SavaRver into a reservoir. Scheidedacoby (2004)

describal the details and impact othe Sava river corridor, including the poor economic prospects of

this development project.

“http://vodniputovi.hr/en/navigation/

5StrategijalINE & G 2 Ny 23 dzNBSSy a2t wSLidzot A1S | NOF G415 madtrT LI Ya2Syl!l
Reptblike Hrvatske, 2013; Strateghill T GA G 1+ NAR2S6y 23 LINR Y & #048.),dzNBRYERINRGN Al NI (2
plan razvitka vodnih putova i luka unutarnjibda Republike Hrvatske (20@92016)
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Figure 4: Navigation routes and clas$esthe riversDrava, Sava and Danube in Crod8aurce:Agency for
Inland Waters2013).

Eutrophication

Eutrophication of rivers may adversely influentiee water quality in permeable sedimenfsom
which the drinking water is abstracted, use of water forcreation and the ecological status of
riverine habitats. Moreover, the nutrient pollution in Danube has a strong impadhemlack Sea
coastal ecosystem&JNDR 2006) This nutrient transport and its reducti@re perceivedas a serious
problem and broad and coordinatednternational efforts have been made to improve the situation
(more on that in Sectiorb.2.1.) Accordingto Niemayer (1999, the principal sources of surplus
nutrient inputs into the Danubeasinrivers arethe following

wlnsufficientwastewater collection ad treatment at the municipal level
winsufficient wastewater treatmmt of industrial enterprises
WWater pollution caused by intensive &grlture and livestock breeding
winappropriate waste disposal sites

Technical flood protectiormeasures

Technical flood protection measures are partly identicathe measuresof supportto navigation,
describedabove. The onstruction of dykesKiguresl, 2 and 5) and their position hawecrucial
impact on the extent ofthe active inundation zonémore on that in Sectiob.2.1.).

Fortifications, embankmen and other forms of bank stabilisatianth the aim of preventingpank
erosion have been made on all three rivers (Croatigaters). Accordingo the internal SINP
monitoring and field data cattion, Drava has been fortified on 15% of its course (from Dubrava
HEPPd the confluence withthe DanubeRive).
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The planned flood protection measures have a limited extaentl therefore cannot be taken as a
major threat. However, they contribute to theverall negative trend in accelerating the river flows
and erosion othe river bed.

Figure 5: Flood protection dyke #me Sava River, Posavina

Hydroelectricity power plants with accumulations (HEPP

HEPHacilitiesin general represent a major impabbth on the river corridor, its ecological status
6 { DANJX 9084$ ¢ind the ability to provideecosystem servicesThe usual consequences of
constructinglowlandtype accumulations (with low stratification d¢fie water column) are as follows
(Baxter 1977):

A

A
A

Destruction ofthe river and floodplain ecosystem in the locality. New freshwater ecosystem
of the reservoir should be expected toyemuch lower biodiversity, whetcompared tothe
original river and floodplain ecosystem complex. The biodiversity woelldwer everwhen
compared tathe most similar freshwater ecosysteqthe lakeecosystem

Due to the water level fluctuationneeded to optimise throughflow and head (height
difference betweenthe reservoir level andhe turbines) whichis important for electricity
production but also forflood protection the littoral zone crucial for biodiversity and fish
populations cannot develom full.

Reservoir dam represesita barrier for fish and permanent discontinuity throughout the
river corridor. Fish pasges can mitigate this damage, but canfidly compensate it

Absence of driven material and reduction of flow fluctuations cause the reduction of natural
river bed processes, hamely thfe accumulation of material, trapped in reservaifypical
consequaces includeincreased erosion and deepening tfe river bed down to the
accumulationwith consequent changes in underground water levels.

Numerous HERFon the DravaRver (11 in Austria, 8 in Slovenia and 3 in Croatia) have a major
impact on change pterns in allof the above mentioned characteristics and processesver and
floodplain ecosystems. Namelthe changes imed load transport dynami¢gesulting inriver bed
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deepening seemto be the most serious threat to various vital ecosystem ses:i These impacts are
explained and documented in tHgection 3.2, dealing withthe pilot study areawhich is influenced
in particularby the three existing HERR Y + | QiinY.RA y

There are numerous plans to build new HEPPs in order to supply &vatti electricity; especially

on the DravaRver, where the chain of proposed HEPPs (Molve 1 and 2 and VHS Qdieilg

planned in the most preserved and ecologically valuable sectiottseaiver (Figure6). Because of

their relevance tothe pilot sudy area these development projects are described Section 3.2.

There are also plans to build several HE®Pthe SavaRiverfrom Zagreb to Sisak ! f SNA G { & S
2012 MGIPU1997).

ES \
gf g i E LEGENDA
-1 =1l
5 8 g g WARSA SLIV RIJEXE DRAVE
e p —~.~ DRZAVNA GRANICA
g! 2 ‘ &5 @  1ZGRADENE HIDROELEKTRANE
Ko & O  PLANIRANE HIDROGLEKTRANE
~ e~y & % @  I1ZGRADENA AKUMULACIISKA JEZERA
LR =ay | 4/ & ©  PLANIRANA AKUMULACLISKA JEZERA

JGOSAVUA

Figure 6: Location of some proposed H&®Pthe DravaRver (@t present,Novo Virje and Botovo are replaced
by Molve TandMolve 2p + A OSy | Y2Sy a1 A KARNBIRSKYAS1A &adadl @ ahares

3. Study area delimitation

3.1. Drava, Sava and Danuld®odplains (DSDF)

For the purposs of this analysispne first had to definghe extent ofthe Drava, Sava andanube
floodplains for whichecosystem servicesould be evaluated. The definitions of floodplain depend
on the perspectie or the contextin which we approach thstudy. Floodplains ithe geological
senseare formed by alluvial sediments; in this contettte substantial part of northern Croatia
formed by floodplainsKigure7). However, these extensive floodplains Itstir original land cover
andbecamecultivated agricultural land without direct influence of the river.
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Quaternaryalluvial- proluvial

deposits and alluvial deposits

(Holocene)

= QuaternaryLake and pond deposit:

(Holocene)

Quaternary Aeolasand deposit

(Holocene)

Sand and clay (Miocene and
Pliocene)

- Igneousrocks

Figure 7: Geological map of Croatia showing the area and location of sediments forntieg rbyer activty:
Holocene alluvial sediments, Pleistocene fluvial sediments, Pleistocene swamp forest and Holocene swamp
sediment (Croatian Gealgical Survey2009).

Floodplain (ecosystem) the ecological sensés based orthe existence ofininterconnected system

of the river and its floodplainThis concept has beaevelopedby Junk (1989n particular,within

the theory of the flood pulse concept, where discontinuous flooding is a prerequisitethier

existence othe scOl f f SR al OGA @S T exgestRilisutdatighizdnesdisksBowrLdNEB & Sy
Figure 8, indicating that long sections of rivers have been transformed and lost their original
inundation zones.
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Figure 8: Area dhe Drava, Sava andanube floodplains (DSDF) aheé extent of inundation zoneéSource:
SINR2013.

While the geological delineatiowould betoo wide for the purposs of this study, the limitation
solely to inundation zones would be too narrovithe main reasons are large complexes the
original floodplain vegetation types, whichilstcorrespond to and dependpon the river itself,
namely on the regime of underground waters. Being an integral componeheafriginal floodplain
ecosystems, thee complexes still contribute remarkably éoosystem servicegvenin those cases
in which they are located behind the inundation zones, ositle of the active floodplain (mainly
because of thig position behind the dykesHard floodplain forest is the typical represetion of
these complexes

Anothercriterion forthe delimitation ofthe floodplain providingecosystem servicamay befound in
its recogntion as an area of natural valuewnhich istherefore desigated asprotected areaat a
different level.However this criterion wasalsonot satisfactoryfor the same reason as the previous
one: in such a waylarge areas of typical floodplain habitat®uld be leftout of the study area.

In the end, aset of criteria has been defined for DSDF delineatiba ¢xtentis shownin Figures 3
and8, andFiguresn Sction5.2.2.).

1. DSDFas it isdefined in this studyincludesthe entire area of:
1 Inundation zones as they have been declaredhey/Croatian WatersKigure8)

1 Mura-Drava Regional Park located in Croatia ¢hettransition zone). For detailed
description of protected areasee Annexd
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2. DSDF includes all larger area units of habitats characteristic for floodgtigused). For that
reason relatively isolated floodplain segmes of Drava and Sava tributariesy dzLJ- = 2 Sa Yl
and llovarivers - have also been included in DSDBecause of their preserved floodplain
habitats.

3. DSDF covers areas with the following geological subsoil of Holocene sediments: river and
creek alluvium, pluial deposits, Aeolian sands and marsh sedimdfitpu(e?).

Legend

EZ] DSDF area
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Legend
A11 Standing waters

- A23 Permanent watercourses

:] A27 Unvegetated and sparsely vegetated banks of running
waters /Temporary watercourses / Standing waters

|:] A27/A22/A11 Unvegetated and sparsely vegetated banks of running
waters /Temporary watercourses / Standing waters

Cl A41/121 Reed beds. tall sedges and tall rushes / Mosaic of cultivated areas

"\ C22 Central Europe humid grasslands
|:| C23 Central Europe mesophilous grasslands

C23/C22/E31 Central Europe mesophilous grasslands / Central Europe humid
grasslands / Mixed oak-hombeam forests and hornbeam forests

|Z| D11/E11 Willow thickets on dunes /Alluvial willow forests
- E11/E12 Alluvial willow forests / Alluvial poplar forests
- E21 Alluvial forests of black alder and narrow-leafed ash
- E22 Alluvial forests of pedunculate oak

I:\ E31 Mixed oak-hornbeam forests and hombeam forests

:‘ E31/C22 Mixed oak-hornbeam forests and hornbeam forests /
Central Europe humid grasslands

Figure 9: Delimitation of DSQletail of the Drava and Danubeonfluence(Source SINP2009.

3.2. Pilot study area (PSA)

PSA selection

Ecosystem servicesvaluated within the PSA need be & least partially transfeable to the whole

DSDF aredlherefore PSA should be representative for thatirety of DSDF in terms dhe variety

of habitats, land cover and management types. On the other hand, PSA selection should also reflect
the actual threats to DSDE so as to enable the definition adiifferent future scenarios within the

PSA. For these reasons, we have focused on floodplain areas with both preserved and cultivated
(managed) partsand areasin which development projects with majoimpad on floodplain
ecosystem servicesre keing prepared.

The pe-selection proces resulted in two candidate localitieshe Dravaarea in OsijekBaranja

County Figure10), and Dravam 2 f S 060S(i6SSy . 20202 | yyRRAWSOD
County,Figurell1). There are extensive hydropower projects planned on both sections of the river
(for reference see Section 3.2.2) Both floodplain areas contain segments of fregulated main

river bed, oxbows, wetlands and land cover adaptegéeriodical inundation.
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Figure 10: Drava River in teection where HEPP Osijslbeing planned
Finally the PSA Dravidlolve has been selected for the following reasons:

1. DravaMolve is more diverse then Dra@sijek in terms of land cover (moretphy structure
of terrestrial ecosystems)it represens a wider variety of agdulture and forestry
managemen{different types of pastures, arable land, both hard and soft floodplain forest).

2. Higher slope of the river at DraaMolve enabls erosioraccunulation processes to form
structures like gravel barsshich arevaluable and typical for preserved rivénsDSDF.

3. The shorter distance makethe area better accessihl@nd can result in savings omavel
cost.

4. There is no limitation in access to thealaMolve locality, unlike the DravaOsijekarea,
where mindields prevent accesto the left bank of theDravaRiver

5. The proximity of existing HEPP S NJ | N} ORAY Yl & KStLJ (i2 dzy RSNJ
proposed HERbn the floodplain ecosystem.

6. DravaMolve is also a pilot study area fdhe international SEERver project andthe
proposed LIFProject, which means that a certain level of syggran be expected.

Demarcation and description

PSA Dravdolve covers the aredetween 192rkm and 230rkm, creating asection of 3&km. The
surface of the area 801 knf; it is approximately 30 km long and 7 km widgiurel11). Politicallyit
is sivated in Koprivnic? NA OS @OA / 2dzyded t{! A& +y AyadSanNrt LI
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Figure 11: Lation and extent of PSA DraWolve with the extent of the inundation zonéwidth ranges from
1.5 to 3 km) andaith the position of dykegSourceSINP2013).

Character and state of the rar

Longterm average discharges ltwer Drava Table2) point to a decreasing trend in the period
20082012, whercomparedwith the 1963-2012period.

Table 2 Discharge ofthe lower Drava river Bue colour indicateghe profiles on inlet and outlet of A.
(Source: Croatian Waterg013)

Period:
1963 Period:
2012 20082012 Period: 20022012
Q average | Q average Qmax- Date Q Q min Date Q
Profile Period m3.st m3.st m3.st max m3.st min
DRAVA Donja
Dubrava 1983- 2012 323 2061 |7.11.2012 23,1 20.4.2003
1926- 1943

DRAVA Botovo 1946- 2012 496 487 2071 |[7.11.2012 85,4 14.1.2002
DRAVA Novo Virje
Skela 1977-2011 491 1790 |25.8.2005 111 9.1.2002
DRAVA Terezino
polje 1961- 2012 511 503 1680 |22.9.2010 111 21.1.2002
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DRAVA Donji 1926- 1943

Miholjac CS 1946- 2012 525 511 1590 |23.9.2010 167 14.2.2002
1962- 1993

DRAVA. St A O 2003-2012 522 1425 |24.9.2010 197 29.9.2003

TheDravaRiverin the PSAas the slopef 00 n :and its originally high potential fahe transport

of bed bad haulages (coarse and mediamarse gravel and coarse san@}urally corresponds to a
transitional type between the anastomosing (furcation) and the meandering type (Michor.,et al
2013). The main river channel is accompanied by numerous side branches and oxbows with rich
macrophyte flora and fish communitieEigue 12). Islands and gravel bars stilinstitute a typical
feature of this section of the riveF{gurel3).

Figure 12: Side branch tife DravaRiver with macrophyte standNymphaea alba, Myriophylluisp.)
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Figure 13: Gravel bars in PSA

Although thecharacter of the river remained relatively naturathen comparedwith most of the
western European ocentral European rivers, it has changed remarkabigr time, ascan be seen
from Figuire 14. Due taiver regulationover the last 250 yearsmost meandes have been cut off

and the river trace has been straightened and shortened; the width of the river dropped remarkably.
Bank stabilisationg={gurel5) are extensive; most banks have remained unsecuredever(Figure

16).

e i
ok
L ‘g i )

Figure 14: The second militasurvey map ofhe AustreHungarian Empirén the period18651869 (Croatia
and Slavonia)The dd extent of theDravaRiver overlapswith the current watercourse (dark bluel,SA borders
are indicated byhe red line.
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Figure 15: River banks protectbg rip-rap structures

Figure 16: Natural river bank with gravel deposits in PSA
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Figure 17: Dam disconnectiregriver oxbow from the active river bed’he Croatian Waters plan to remove
some of these dams.

Some braided river channels were disconeecfrom the main river Kigure17), whereasother
channelsremain active The ative inundation zone ipartly bordering thedyke systemKigurel on
page 10 and Figure11 on page 23 in areas wheredykes have not been buijlthe extent of
inundation islimited bythe natural elevation ofhe terrain.

Land cover, habitats and management

The ore zone ofthe floodplain inthe PSA is a mosaic structure of floodplain forests, aquatic
habitats, wetlands, meadows and arable lakadg(rel on page 1) The dommnant and typical land
cover types irPSAnclude the following

Softwood floodplain forest.This type of ecosystem is adjacent to the river and its inundation zone.

Willows and poplarare dominating, and providingpme extensively harvestdiatewood (Figure 18).
Side arms and permanently flooded oxbows make the accessibility for management difficult.
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Figure 18: Extensive harvest of firewood in soft floodplain forest

Hardwood floodplain forest This type of forest is dominated by oaks or ashégurel9), and it is
located at larger distances from the river in ardhat areless frequently inundatedA well-known
localtyA d GKS wSLI O ®asebpaid of the/PSANOBadays? st df the forest is
behind the dykesso the frequency of floding dropped since theonstruction ofdykes.

CA3dzNB mMapY ! aK R2YAY!Il ( SR-LikgishiddpitsfF f 22 RLJX | Ay FT2NBad ySI
Floodplain hay meadowsHigure20). Most of the areawith this meadw type has been replaced by

abandoned meadows during thprevious decades due to the decling interest of farmes to
cultivate floodplain areas.
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Abandoned floodplain meadowsHigure 21) are in different state of degradatigrand they have
been overgrowingvith woodland, including invasive speciésr(orpha fruticosa

Figiure 21: Abandoned hay meadow overgrowing with invasive spRoigisia pseudoacacia.

Wetlands.Paradoxically, xd@ensive wetlandgan also be found otine outer side of dykes~gure22),
which indicateghe possibility of extending thactive inundited floodplain and enhancingts flood

mitigation effect.
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Figure 22: Oxbow lake disconnected from the active river, Bad consequently silted up with sediments and
overgrown by reedRhragmites communjsKomatnica.

Arable land.Arable land insidéhe inundation zone (between the dykes and the rivieigure23)
indicatesthat the inundationin some parts is not so frequesb asto prevent this type of land use.

Figue 23: Arable land othe inner side of dykes
Impact of hydropower accumulatios onthe DravaRiver onthe PSA andhe lower Drava section

Existing three HPson the DravaRA @S NJ | NB & A (0 dzl ( SedRween 942 rknh addi30RA Y [ 2 ¢
rkm. The reservoira NY 2 O 6 = I NI} ORA y 0 Z(Figule2d;2o@t&ctinical parrmeiedeaeNt O |

Table 2on page 49 were built in the period from 1975 to 1989. They are componentshef

Production Area Hydropower Plants Noglthe PAHPP Nortbystem.
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Turbines and generators are situated on derivation canals, which outflow fewh eeservoir; this
arrangement makes it possible tmcreasethe head of turbines and consequently the electricity
production.In its peak regime,he water level and outflow of the AHPP North systeoscillatesin
the range of 0.61.6 m per day(SchneidetJacoby2004).Theold Dravariver bed gets the minimum
biological throughflow; during the flood wateri gets the surplus of throughflow which exceeds the
throughflow capacity othe derivation canal.

CAIdzZNBE HnY 2112080 6fSTi0 | yR NI oMy OérivadoNdaals gebthel 9t t | C
majority of Drava discharge.

Variousimpactson the environment, ecosystem services, and local community have been described.

Some of these impacts are consequences of all upstream HEPPs in Slovenia andhawstrar, the

access of impact has mostly limited reach, becafsthe factthat the river processes (erosion and
accumulation) are gradually restoret a certain distance from the accumulatiomherefore the

strongest impact on the lower Drava sectimposed byli KS | 9tt b2 NI K dmeadSy |
details are explained in the continuation.

Detected impacts can be summarized as follows:
Changes ithe underground water regime

Increase of underground water levels in the vicinity of accumulatiobale to the pressre

of aboveground water body in the accumulatioresad permeability ofboth the alluvial
sediments and damshe underground water irtlose vicinity othe reservoirs increased to
adverse levels. It flooded some basement areas of houses in nearby villagesmpensate

for these effects, additional investmentgere therefore needed canals or holes have been
made to drain this surplus water. Along the dams, drainage canals derive the water
permanently leaking through dams, having the dischasfjabout 5mé.s®. Atthe2 I 1 2 S O
reservoir, this permanent ater level increase was about531.2 m; the level of oscillations
alsoORSONBF a SR LI NI A | tafl NAYTBNMROIZY mMdyiR 0¥2 g1 6 SO

Drainage of underground water by derivation camalThe nlet part ofthe derivation canal
leadingthe water into the power plant is made from impermeable concrete and has no
contact with underground waters. Theutlet (or discharge) derivation canéFigure 24),
leading water from power plants to the old river Dravs deepened; water table of the
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power station is 9 mb&d g (G KS 3INRdzy R 0 2 4nd g@sn€abld addidzY dzf | { A
efficiently drains its surroundirsg The ground water levellong the power plant station is

loweredby about 8 m. The influence dropgth distance from the river, bus still detectable

at adistanceof451 Y ODNBlI Y -y RAYEKOEBS@DPH L O

Drainage of underground water arounthe old river Drava.Average discharge dfie Drava

River is 335 mistin the HEPPThe hological minimum discharge which has to be released by

HEPP tdhe old river bed is 8 mis™. This value is far froran ecologically acceptable flow,

GKAOK Kl & yS@SNI 6SSy RIDIOMApSHRrond owd MEP @Onitoringy R h & |
there is no independent monitoring of this biological minimum flow. Such a dramatic
decreaseof discharge resulted in drainage die original floodplain and a remarkable

decrease of wood increment in soft floodplain forests (Seetion 5.2.3).

Bedload and suspended sedimentransport situation

¢KS OKIAY 2F |1 @8RNRLRGSNI tflyda b2NIK Fd =l
FNBSnFE26Ay 3 &l NBeiPSKby Rapping Ke suspaidled sedimeyit load

(Figure 25). This phenomenon is present, of course, onuaktream Drava HEPPsnd

deperds on the length ofthe upstream freeflowing river stretch and other
hydrogeomorphological conditionBue to the construction dfiydro power plants, there is a

deficit of bed load downstream. The bed load input is limited to sideway erosion or to the
transportation of its tributaries (Murdor instance).

Bonacci et al. (1992) & . 2y | OOA | Yy R hateaquadeifidtrGhe deergasenad
ddzaLISYRSR aSRAYSyid f2FR G RAFTFSNBYy:G 5N G LI
different time periods. Athe+ NI ORAY LINRFTAf S 28B3iResantSthel 2 | R
subperiod 19601967 after the constizOG A 2y 2 F %f | (i Figwe?2®.3n theO O dzY dz
same periodthere was no decrease on the Donji Miholofile, showing the limited extent

2T Wt (2t khe &8mehtYegine dthe Bofovo profile suspended sediment load
decreased by 17%fter | 9t t + | NI ORA Yy . Atér dhe dasyustioMNAfHERRS R

211 2 ﬁhﬁs@ort decreased 2.7 timesand, after the construction of theDubravafacility,

another decreaseof 28% hasbeen detected. Todgyonly about 28% of the suspended

sediment med dzZNER RdzZNAyYy3I G(GKS &@SIFNAR wmdpcy magp20 Ff 243
through theDonji Miholjac profile.
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On theleft side of thepicture, one can distinguistthe sediment i the upper part of the lake) and
reflexion ofthe sun.
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Figure 26: Suspended sediment load decrease in three-geiods on the Dad | LINEFAES £ NI
19601981: before the construction of HEPPs. 198F4: afterthe coy & (1 NHzO( A 2 y 1925F  %f | (i 2

1981: after the construction ahe + | NJ- faciity. gource:. 2y OOA YR h&1 dzNHzO 6 H A M)

Drainage of underground waters by deepeningtbg river bed down to HEPPs

This process is caused hypermanentlack of bed loadrapped in accumulationsand
increased erosion potential of river water down the accumulations.In addition, the
narrowing of the river begdand the shortening of its trace due to technical flood protection
and local erosion prevention measurese accéerating the overall erosion. Ithe PSAthe
average deepening of the river bed was approximately 1.7 cm per year between 1926 and
1991, with reference to the mean annual water level, and 2.56 cm with reference to the
minimum annual water level. Overalhe Drava deepened by 1.1 m between 1926 and 1991
at the flood marker in Botovo (Mohl1998 . 2 y I OOA | ,y2810).iMarg 2ededrO
analysesn the downstreamarea, at the flood marker in Terezino Polje at rkm 15286ow

that the deepening of the rivebed since 1875 amounts to about 3 Y dzA LIAf A6 S
2004) degradation processes in ttigravariver bed near the mouth tadhe Danuberesulted

in the deepeningof the river bedby about3 m in the period from 1960nuiil the present

times. The following consequences can be noted

A An incrasing separation othe river and soft alluvial fasts (visible in the
form of river banksthat are unnaturally highin long stretche} deficit of
flood and underground water.

A Deficit of underground water for more distant hard floodplain forests.

A Formatbn of new open gravel bars is reduceahd, due to the larger
contribution of fine sediment, the increased sedimentation rate can be
found in old branches of the river (Michor et,&013). Alspthe dructure of
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gravel bars has changed in favour smhalker fractions which means that
gravel bars can be siltatednd their permeability decreases.

A Decreasing river discharg&his trend has also been provey Bonacci and
h & { dzNXzQ bubiticarmat be attributed solely to the construction of
accumulations causing the deepening othe river bed. Decrease of
discharges started ithe Botovo profile in 1981andit points to astatistically
significant differencébetween theannual average dischargdé 529 mu ding L
the period 19261980 and the discharge leveof 463 nusq in the period
1981-2006. Climate change and other measuresulting in the acceleration
of the outflow of river water are responsible as well.

Changed patterns of groundwater rechargReduction of inundation zondsy limiting the
flood waer in the accumulations causd¢he weakening of this process. The contribution of
regular flooding to groundwater recharge (together with precipitation and recharge from
river beds)is beyond disputeBabtist at al. (2006) estimate thrate of groundwaterecharge

at 1 mm per day inhe Lonjsko poljdlood detention area. Moreover, natural river beds are
more permeablavhen compared with mostly colmatated bottoms of accumulations.

Siltation of accumulations

Suspended loattapped in accumulationg=gure25) causes their siltation, resulting imecrease of
thereservoir volumex NI ORAY | OOdzYdzf F GA2y A& FhhdtickhdssdfKS o6 A 3
sediment is changeable and hatal predict. Thick sediment layers derive the water current towards

the banks form and inner river bed in the accumulatiomjhich enhancegrosion of the banksThe

analysis of sediment thickness is ratailable Every large flood splaskone part of the sediment

(fine particles) out tvardsthe old river Drava.

Discharge oscillations

Due to the daily peak regimia electricity production,oscillations occur irthe discharge of outlet
from HEPPHigure27). Tleseoscillatiors may have an adverse effect on fish populationa NI { 2 @6 A o
et al, 2006) in particularduring the reproduction phases.

The HEPP Dubrava, which is situatgdtream,often operates in a hydropeaking modaeth two
daily peaks. The variations in water levelsdanimpacton discharges ithe PSA.
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Figure 27: Water level oscillations caused by hydropeaking of Dubrava HEPP @@ependhe operation
regime of theentire interconnected HEPP Nortsysten). Data fom: Michor et al, 2013 (Source: Croatian
Waters.

Changes in nutrient transport and cycles

Proper analysis of changes in nutrient transport wordduire a more detailed analysisvhich is
outsideof the scope of tis study. In generdlerms, natural floodplains and river systems can serve as
nutrient sinks (Lair et gl2009) however, during he extreme floodsthey also serves nutrient
sources. As far as phosphorissconcernedthis istrue for reservoirsas well,given the fact that
phosphorus bindsvith suspended solids sediment the bottom, where it canbe resuspended in
the water colunn and cause eutrophication of the water body.

Accordingo the saprobity index, HEP+ | NJ Giguie380 01 YR 21 1 23S0 | NB Sdzii NB L
while5 dzo NI @ A& Y2RSNI (St &, 26061 ANE K VolOndes ia alethie @6 A 6 S
lakes were stable in the period 1928912 6howing a decreasing trergince 2008and an inceasing

trend until 2005). Trophical diatom indeis exhibiting anincreasing trendthe saprobic indexs

stable and theShanon Wienemdexof Diversity has been stablgince2002. These datpoint to a

mildly prevailing eutrophic status of accumulatioraters.

In contrast to standing wat bodies where the nutrients are stored in sedimenthg nutrients in
active floodplain are processed in biofilms covering wet surfaces like gravelasdptants and are
transformed to a much larger extent into pint biomass, which causes relative slovdown of
nutrient transport until the biomass is decomposed aganoie on that in Sectiob.2.2.).
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Figure28: Eutrophic water ithe+ | NI ORA Y |, itD daMuiry talisedby algal biomass.

Changed patters of flood protection

Decrease ofthe old Drava river bed discharge capacitipuring high discharges or flood

N, o oA A w

water (vith thedischargeatHE + | NJ ORA Yy S.& @& [d withThe relpase of
2,000 n?.sY), the capacity ofthe derivation canals exceededand water is released intthe

old Drava river bedFigure29)

Figure29: Overgrowing gravel bedstile2 f R 5 NI @ N & $aduded y theeklite ofthrodghflovik A v
to the derivation canal.

Decrease of retention spaceThe retetion volume of accumulations is limited due to
constant electricity production, keeping the water at the maximum lexa.a rule, this
volume is notargerthan the original extent ofthe floodplain. On the other handissuming
that the flood ispredicted on time, the retention capacity can be enlarged by water

36




























































































































































































































































