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ØØ tthe studyhe study waswas carried out in order to definecarried out in order to define hhyydrodrotehnical,    tehnical,    
ecological and other measures for the sustainable flood ecological and other measures for the sustainable flood protectionprotection and and 
improvement of ecological status of wetlands on the Drava river flood improvement of ecological status of wetlands on the Drava river flood 
plain on the most downstream river reachplain on the most downstream river reach

CONTENTSCONTENTS OFOF THETHE STUDYSTUDY::
1)1) HHIISTORICALSTORICAL OVERVIEWOVERVIEW OFOF THETHE DEVELOPMENTDEVELOPMENT OFOF DRAVADRAVA

FLOODFLOOD PLAINPLAIN
2)2) ANALYSISANALYSIS OFOF POSSIBLEPOSSIBLE MEASURESMEASURES FORFOR EFFICIENTEFFICIENT FLOODFLOOD

PROTECTIONPROTECTION
3)3) RESTRESTOORATIONRATION OFOF WETLANDSWETLANDS ININ DRAVADRAVA FLOODFLOOD PLAINPLAIN
4)4) CONCLUSIONSCONCLUSIONS
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HYSTORICAL OVERVIEW OF THE DEVELOPMENT OF DRAVA 
FLOOD PLAIN

TheThe analysisanalysis includedincluded::
ØØ ggeomorphologiceomorphologicalal changeschanges ofof DravaDrava riverriver bedbed andand floodflood plainplain
ØØ overviewoverview ofof oldold mapsmaps andand longitudlongitudinalinal profilesprofiles
ØØ existingexisting conditionconditionss ofof thethe floodflood plainplain
ØØ expectedexpected changeschanges ofof thethe floodflood plainplain accordingaccording toto thethe futurefuture plansplans forfor

buildingbuilding twotwo hydroelectrichydroelectric powerpower plantsplants onon thisthis riverriver stretchstretch
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HHIISTORICAL OVERVIEW OF THE DEVELOPMENT OF STORICAL OVERVIEW OF THE DEVELOPMENT OF 
DRAVA FLOOD PLAINDRAVA FLOOD PLAIN

MainMain findingsfindings ofof thethe analysisanalysis areare::
ØØ morphologmorphologiicalcal changeschanges ofof observedobserved riverriver sectionsection withoutwithout
antanthhropogenicropogenic influenceinfluence tilltill thethe endend ofof 1188thth centurycentury
ØØ length of the most downstream river branch was reduced by almost length of the most downstream river branch was reduced by almost 
11000 kilometers 0 kilometers during during 19th century with regulations works19th century with regulations works
ØØ Drava river also on this stretch was most regulated river in Europe in Drava river also on this stretch was most regulated river in Europe in 
the past the past –– navigable up to Mura’s river mouthnavigable up to Mura’s river mouth
ØØintensive regulation works, excavation of gravel and sand from river intensive regulation works, excavation of gravel and sand from river 
bed and building of dykes during 20th centurybed and building of dykes during 20th century
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HHIISTORICAL OVERVIEW OF THE STORICAL OVERVIEW OF THE 
DEVELOPMENT OF DRAVA FLOOD PLAINDEVELOPMENT OF DRAVA FLOOD PLAIN

Results of the analysis Results of the analysis –– significant changes of the flood plain significant changes of the flood plain 
were observed:were observed:

ØØ259259 kmkm ofof dykesdykes waswas buildbuild (mostly(mostly preventionprevention fromfrom
floodingflooding 100100 yearsyears returnreturn period)period) -- reductionreduction ofof floodflood plainplain
forfor 4748047480 acresacres (before(before thethe dykedyke constructionconstruction floodedflooded areaarea
waswas 6940069400 acresacres–– mainlymainly forestforest andand arablearable land)land)
ØØbetweenbetween thethe riverriver bedbed andand dykesdykes todaytoday stillstill remainremain 1723017230
acresacres ofof floodflood plainplain whichwhich isis coveredcovered byby forestforest withwith 6363 %% ––
causecause:: reductionreduction ofof areasareas withwith waterwater bodiesbodies andand grasslands)grasslands)
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ANALYSIS OF POSSIBLE MEANALYSIS OF POSSIBLE MEAASURES FOR EFFICIENT SURES FOR EFFICIENT 
FLOOD FLOOD PROTECTIONPROTECTION

ØØ TakingTaking intointo accountaccount resultsresults ofof previousprevious analysisanalysis inin thethe nextnext stepstep ofof studystudy
thethe transportationtransportation capabilitycapability ofof extremeextreme floodflood waveswaves isis investigatedinvestigated andand
efficiencyefficiency ofof existingexisting floodflood protectionprotection systemsystem

ØØ ForFor thatthat purposepurpose thethe preliminarypreliminary modelingmodeling ofof observedobserved riverriver stretchstretch isis
carriedcarried outout applyingapplying HECHEC RASRAS modelmodel forfor stationarystationary flowflow statestate ––
calculationcalculation ofof waterwater levelslevels forfor dischargesdischarges withwith differentdifferent returnreturn periodsperiods ofof
occurrenceoccurrence

ØØ ResultsResults byby modelmodel calibrationcalibration andand verificationverification::
ØØ floodflood plainsplains havehave muchmuch largerlarger coefficientcoefficient ofof roughnessroughness thanthan

expected,expected, causingcausing thethe reductionreduction ofof transporttransport capacitycapacity ofof thethe riverriver inin
casecase ofof occurrenceoccurrence ofof extremeextreme floodflood waveswaves

ØØmostmost threatenedthreatened riverriver sectionsection fromfrom thethe aspectaspect ofof floodingflooding isis sectionsection
downstreamdownstream ofof BelisceBelisce upup toto thethe citycity ofof OsijekOsijek ((5252--2424 rkm)rkm) wherewhere
existingexisting dykesdykes (constructed(constructed forfor 100100 yearsyears flood)flood) potentiallypotentially cancan notnot
preventprevent fromfrom floodflood withwith occurrenceoccurrence ofof 2525 yearsyears returnreturn periodperiod
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ANALYSIS OF POSSIBLE MEASURES FOR EFFICIENT FLOOD 
DEFENCE ANALYSIS OF POSSIBLE MESURES FOR EFFICIENT 

FLOOD PROTECTION
Conclusions:Conclusions:

ØØ increased risk from flooding on the most downstream increased risk from flooding on the most downstream 
strestrettch of the river (reduced posch of the river (reduced posssibility for the mitigation of flood ibility for the mitigation of flood 
wawavves in upstream and middle part of Drava river es in upstream and middle part of Drava river –– constructed constructed 
dams, loss of previous floodplains dams, loss of previous floodplains –– existing dykes; present existing dykes; present 
state of flood plain on the observed section of the Drava river)state of flood plain on the observed section of the Drava river)

ØØ proposed measures: enforcement of existing dykes,proposed measures: enforcement of existing dykes,
incincrrease of grassland areas downstream of 77 river kilometre, ease of grassland areas downstream of 77 river kilometre, 
eventualeventuallly opening of new retention areas along the river strey opening of new retention areas along the river strettch ch 
–– expenexpenssive solutions)ive solutions)

ØØ all measures could be applall measures could be appliied until the construction of two ed until the construction of two 
dams dams -- multipurpose hydro system on observed river stretch multipurpose hydro system on observed river stretch 
(according to State space plan 31+200 (according to State space plan 31+200 andand 74+000 rkm VHS 74+000 rkm VHS 
Osijek, 85+200 Osijek, 85+200 andand 159+000 VHS D. Miholjac) as a final 159+000 VHS D. Miholjac) as a final 
prevention from floodingprevention from flooding
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TheThe analysisanalysis includesincludes::
ØØ overovervvieieww ofof existingexisting andand “lost”“lost” waterwater bodiesbodies
ØØidentificationidentification ofof possiblepossible wetlandswetlands forfor restrestoorationration inin orderorder toto establishestablish
“new”“new” valuablevaluable wetwet habitatshabitats
ØØ proposalproposal ofof measuresmeasures andand activitiesactivities forfor thethe rerestorationstoration ofof sitessites withwith
highhigh ecologicalecological potentialpotential inin thethe riverriver bed,bed, inin existingexisting andand formerformer floodflood
plainplain
ØØ measuresmeasures andand activitiesactivities forfor thethe protectionprotection andand improvementimprovement ofof overalloverall
ecologicalecological statusstatus ofof DravaDrava floodflood plainplain afterafter thethe constructionconstruction ofof twotwo
plannedplanned damsdams onon analysedanalysed stretchstretch ofof DravaDrava riverriver

RESTORATION OF WETLANDS IN DRAVA FLOOD RESTORATION OF WETLANDS IN DRAVA FLOOD 
PLAINPLAIN
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Slike ni mogoče prikazati. Morda računalnik nima dovolj spomina, da bi lahko odprl sliko, ali pa je slika poškodovana. Znova zaženite računalnik in nato znova odprite datoteko. Če se bo še vedno prikazal rdeč x, boste morda morali izbrisati sliko in jo na

Abundance of wet habitats in different levels of Abundance of wet habitats in different levels of successuccesssionion with significant with significant 
biodiversity despite antropogenic ifluence during the last 200 years biodiversity despite antropogenic ifluence during the last 200 years –– can be can be 
explained by presence of dynamic processes wich secure the sustainability of explained by presence of dynamic processes wich secure the sustainability of 
ecological river ecosystemecological river ecosystem
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Results of the analysis:Results of the analysis:

ØØpresent overall state of the flood plain besides negative influence on present overall state of the flood plain besides negative influence on 
the flood wave transportation capability is also not acceptable from the flood wave transportation capability is also not acceptable from 
the biothe bio--ecological aspects ecological aspects –– replacement of wet habitats by forested replacement of wet habitats by forested 
areasareas

ØØin the most of existing wetlands hypertrophic conditions are in the most of existing wetlands hypertrophic conditions are 
observed  because of large primary organic production observed  because of large primary organic production –– raising of raising of 
bottom of water bodiesbottom of water bodies

ØØpriorities for restoration of valuable wet habitats are chosen priorities for restoration of valuable wet habitats are chosen 
according to their bioaccording to their bio--ecological characteristics in order to preserve ecological characteristics in order to preserve 
existing biodiversity on analysed river reachexisting biodiversity on analysed river reach

RESTRESTOORATION OF WETLANDS IN DRAVA FLOOD RATION OF WETLANDS IN DRAVA FLOOD 
PLAINPLAIN
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RESTORATION OF WETLANDS IN DRAVA FLOOD RESTORATION OF WETLANDS IN DRAVA FLOOD 
PLAINPLAIN

Proposed measures:Proposed measures:

•• in the Drava river bed:in the Drava river bed:

••restoration of 8 old river branches by removal or lowering restoration of 8 old river branches by removal or lowering 
artificialartificial barriers between old and active river bed barriers between old and active river bed –– entrance entrance 
of fresh water in order to prevent further forestationof fresh water in order to prevent further forestation

••protection of high river banksprotection of high river banks

•

PDF created with pdfFactory trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


Sustainable flood protection and wetland restoration Dr.sc. Stjepan Mišetić, prof.biol.
on the Drava River in Croatia Silvio Brezak, dipl.ing.

RESTORATION OF WETLANDS IN DRAVA FLOOD PLAIN

Proposed measures:Proposed measures:

•• in the existing flood plain:in the existing flood plain:

••restoration of 9 old river branches by fresh water intake together restoration of 9 old river branches by fresh water intake together 
with conrolled removal of high water vegetation and controlled with conrolled removal of high water vegetation and controlled 
draggingdragging

••restoration of 7 swamps also by fresh water intake together with restoration of 7 swamps also by fresh water intake together with 
controlled removal of high water vegetationcontrolled removal of high water vegetation

•• in the former flood plain:in the former flood plain:

•• water intake on 4 locations for the wetland restorationwater intake on 4 locations for the wetland restoration

•• restoration of forest on 9 locations and reestablishment of restoration of forest on 9 locations and reestablishment of 
grassland on 3 locationsgrassland on 3 locations
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. 
CONCLUSIONS

ØØ the results of preliminary analysis show that present state of Drava flood the results of preliminary analysis show that present state of Drava flood 
plain reduce transport capability for extreme flood waves and emphasise plain reduce transport capability for extreme flood waves and emphasise 
need for restoration of wetlands along the most downstream part of the need for restoration of wetlands along the most downstream part of the 
Drava river (further development of the model for unstationary flow state)Drava river (further development of the model for unstationary flow state)

ØØ the analysis of existing biothe analysis of existing bio--ecological values of the Drava river and its ecological values of the Drava river and its 
flood plain shown that this river stretch belongs to the most preserved river flood plain shown that this river stretch belongs to the most preserved river 
ecosystem in Europe thanks to good water management practice and the ecosystem in Europe thanks to good water management practice and the 
presence of dynamic processes such as sediment transport and deposition, presence of dynamic processes such as sediment transport and deposition, 
erosion of river banks, meandering and periodically flooding of inundationerosion of river banks, meandering and periodically flooding of inundation

ØØProposed measures and activities for restoration of wet habitats will lead Proposed measures and activities for restoration of wet habitats will lead 
to the further protection and improvement of biodiversityto the further protection and improvement of biodiversity

ØØconcerning future plans for multipurpose use of this Drava river stretch, concerning future plans for multipurpose use of this Drava river stretch, 
the sustainability principle should be applied in order to preserve and the sustainability principle should be applied in order to preserve and 
improve existing natural values of the area improve existing natural values of the area 
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