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The floodplains of many rivers have been modified 
by various anthropogenic influences, and recently there 
has been a growing awareness of the need for floodplain 
restoration, primarily for better flood protection, climate 
change mitigation and improvement of the ecological 
status of streams. The initiative of many European Union 
bodies has significantly contributed to the development 
of strategies and the creation of many projects related to 
the floodplain restoration.

This paper provides an overview and development of 
floodplain restoration research over the last 25 years related 
to floodplain delineation, which has evolved from simple 
models to hydrological-hydraulic models, and more recently 
to complex models that include multi-criteria analyses. It 
also provides an overview of approaches related to assessing 
the suitability or potential of floodplain restoration, where 
it has been determined that a combination of multiple data 
sources is most often used to eliminate uncertainties and 
more accurately define the condition and suitability for 
floodplain restoration. The direction of movement and 
development of restoration is moving towards integrated 
approaches with multidisciplinary teams. 

Key words: floodplain restoration, assessing potential, 
delineation, hydromorphology, European Union

Poplavne ravnice mnogih rijeka izmijenjene su 
raznim antropogenim utjecajima, a u novije vrijeme 
jača svijest o potrebi restauracije poplavnih ravnica 
prvenstveno radi bolje zaštite od poplava, ublažavanja 
klimatskih promjena, poboljšanja ekološkog stanja 
vodotoka. Inicijativa mnogih tijela Europske unije 
značajno je doprinijela razvoju strategija i izradi 
mnogih projekata povezanih uz restauraciju poplavnih 
ravnica.

Ovaj rad daje pregled i razvoj istraživanja o restau-
raciji poplavnih ravnica u zadnjih 25 godina vezanih za 
delineaciju poplavnih ravnica koje su se razvijale od jed-
nostavnih preko hidrološko-hidrauličkih a od nedavno 
prema kompleksnim modelima koji uključuju višekrite-
rijske analize. Također dan je pregled pristupa vezanih 
za procjenu pogodnosti za restauraciju poplavnih ravnica 
gdje je utvrđeno da se najčešće koristi kombinacija više 
izvora podataka kako bi se uklonile nepoznanice i što 
točnije definiralo stanje i pogodnost za restauraciju po-
plavne ravnice. Smjer kretanja i razvoja restauracija ide 
prema integralnim pristupima s multidisciplinarnim ti-
movima. 

Ključne riječi: restauracija poplavnih ravnica, određivanje 
pogodnosti, delineacija, hidromorfologija, Europska unija 
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Uvod

Poplavne ravnice (katkad naplavne ili aluvijalne 
ravnice) općenito su zaravnjena područja nepo-
sredno uz tekućice koje su nastale pretežno kom-
pleksnim fluvijalnim akumulacijskim procesima, a 
njihov izgled rezultat je snage vodotoka i obilježja 
sedimentacije (Nanson i Crooke, 2002). Na njima 
se mogu nalaziti različiti fluvijalni morfološki obli-
ci (rukavci, otoci, grede i sl.), dok bočno mogu biti 
omeđene terasnim odsjecima (obrežja), što ovisi o 
sedimentacijskoj evoluciji. Potrebno je istaknuti 
da je tijekom proteklih 100 godina regulacijskim 
i hidrotehničkim radovima značajno degradirana 
morfologija tekućica, a time su izmijenjena i pri-
rodna poplavna područja (Moss i Monstadt, 2008; 
Dufour i Piégay, 2009). Prirodne su tekućice kana-
lizirane i skraćene, a poplavna su područja melio-
rirana, ispresijecana ocjednim kanalima te su uve-
like izgubila prirodni obuhvat i ulogu (Buijse i dr., 
2002). Provedenim radovima znatan dio prirodnih 
poplavnih ravnica prenamijenjen je u poljoprivred-
ne površine. Šume, prirodne vlažne livade i mo-
čvare koje se nalaze na prirodnim poplavnim rav-
nicama uvelike su nasipima odvojene od tekućica, 
što onemogućuje njihovo plavljenje. Prema procje-
nama (Tockner i Stanford, 2002) antropogeni za-
hvati rezultirali su prenamjenom 90 % poplavnih 
područja u Europi i Sjevernoj Americi. Za prostor 
Hrvatske malo se podataka nalazi u literaturi, npr. 
za poplavnu ravnicu rijeke Save objavljeno je da 
je 70 % njezine poplavne ravnice prenamijenjeno 
(WWF, 2006), ali nije precizno definirana granica 
te poplavne ravnice.

S obzirom na klimatske promjene i ekološku 
ulogu vlažnih područja u novije doba jača svijest o 
potrebi očuvanja i, gdje je to moguće, obnovi po-
plavnih ravnica (Ramsarska konvencija, Okvirna 
direktiva o vodama 2000/60/EZ i Direktiva o po-
plavama 2007/60/EZ).

Hidrološka uloga poplavnih ravnica posebno 
je važna jer pomaže u održavanju zaliha vode 
tijekom cijele godine prirodnim skladištenjem 
vode u vlažnom dijelu godine i polaganim ot-
puštanjem u sušnijem dijelu godine (Schneider, 
2010). U poplavnim ravnicama tipično dolazi 
do infiltracije podzemne vode i u odgovaraju-

Introduction

Floodplains (or alluvial plains) are generally flat 
areas along rivers that have been formed mainly by 
complex accumulation of fluvial processes, and their 
appearance is the result of the strength of water flow 
and characteristics of sedimentation (Nanson and 
Crooke, 2002). Various fluvial morphological forms 
(side arms, islands, ridges, etc.) can be found upon 
them and can be bounded by terraced sections, 
which depends on sedimentary evolution. It should 
be noted that within the past 100 years, as result of 
river training regulations and hydrotechnical pro-
jects, river morphology has heavily degraded and 
natural floodplains have significantly altered (Moss 
and Monstadt, 2008; Dufour and Piégay, 2009). 
These rivers have been subject to training works 
and shortened in length while the natural flood-
plains have been drained and reclaimed, intersected 
by drainage channels, and largely lost their natural 
extent and functionality (Buijse et al., 2002). With 
such interventions, parts/areas of the former flood-
plains have been converted to agricultural land, 
while floodplains such as forests, natural wet mead-
ows and wetlands have been disconnected from 
watercourses by levees, which prevents their natural 
flooding. According to estimates (Tockner & Stan-
ford 2002), this has resulted in the conversion of 
90% of European and North American floodplains. 
There is some data in the literature for the area of 
Croatia, for example, for the floodplain of the Sava 
River it was reported that 70% of its floodplain has 
been modified (WWF, 2006), but the boundary of 
its floodplain is not precisely defined. 

Regarding to climate change and the ecologi-
cal role of wetlands, awareness of the need to pre-
serve and, where is possible to restore floodplains 
(Ramsar Convention, Water Framework Directive 
2000/60/EC and Floods Directive 2007/60/EC) is 
growing in recent times.

The hydrological role of floodplains is par-
ticularly important because it helps maintain 
water supplies throughout the year by naturally 
storing water during the wet part of the year 
and slowly releasing it during the drier part of 
the year (Schneider, 2010). Floodplains typical-
ly infiltrate surface water to groundwater under 
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ćim sedimentacijskim uvjetima poplavne ravnice 
mogu znatno poboljšati kvalitetu podzemne vode 
(Serra-Llobet i dr., 2022.). Aktivne poplavne rav-
nice smanjuju troškove vezane za sivu infrastruk-
turu, kao što su nasipi za zaštitu od poplava, bra-
ne i crpne stanice (Browder i dr., 2019). Poplavne 
ravnice skladište poplavne vode i snižavaju razine 
poplava, čime se potencijalno smanjuju troškovi 
i/ili poboljšava otpornost izgrađenoga rješenja 
(Browder i dr., 2019). One pružaju ekološke us-
luge i mogu omogućiti rekreaciju stanovništva 
(Opperman 2013).

Restauracija poplavnih ravnica daje više prosto-
ra za meandriranje vodotoka i zdravih poplavnih 
područja, omogućuje očuvanje ili obnovu šuma i 
močvarnih staništa koja skladište vodu i smanju-
ju nizvodnu sedimentaciju (Green Infrastructure, 
2014). Unazad 30-tak godina dolazi do raznih ini-
cijativa vezanih za restauraciju vodotoka, a sve više 
i za restauraciju poplavnih ravnica.

Glavni razlozi pokretanja restauracije poplavnih 
ravnica mogu biti različiti, a često su i kombini-
rani. Pojedini projekti restauracije ili rehabilitacije 
poplavnih ravnica tako su pokrenuti radi poboljša-
nja ili oprirodnjavanja režima otjecanja vodotoka, 
poboljšanja ekološkoga stanja površinskih voda 
(Habresack i dr., 2015), zatim radi poboljšanja ko-
ličinskoga stanja podzemnih voda (Serra-Llobet 
i dr., 2022.) ili smanjenja rizika od poplava usli-
jed ekstremnih hidroloških situacija i klimatskih 
promjena zajedno s poboljšanjem stanja staništa 
(Blackwell, 2006; Boughton i dr., 2013; Opper-
man i dr.; 2009; Smith i dr., 2017), katkad radi ne-
adekvatne postojeće zaštite od poplava (Blackwell 
i dr., 2006; EEA, 2016), zatim poboljšanja lošega 
stanja voda (Blackwell i dr., 2006) i poboljšanja 
usluga ekosustava (Thorpe i dr., 2006; Gilvear i dr., 
2013).

Uz restauraciju poplavnih ravnica vezana je i 
inicijativa o integralnom i održivom upravljanju 
vodama s višenamjenskim korištenjem zemljišta 
kao što je povremeno plavljenje prirodnih vlaž-
nih livada kao potpora u održivoj bioraznolikosti 
(Pahl-Wostl, 2006; Schindler i dr., 2014) te višena-
mjenske koristi kao što je ekološka obnova i zaštita 
od poplava (Leyer i dr., 2012).

appropriate sedimentation conditions, flood-
plains can significantly improve groundwater 
quality (Serra-Llobet et al., 2022). Active flood-
plains reduce costs associated with grey infra-
structure, such as flood protection levees, dams 
and pumping stations (Browder et al., 2019). 
Floodplains store floodwaters and lower flood 
levels, potentially reducing costs and/or im-
proving the resilience of human-built solutions 
(Browder et al., 2019). They provide ecological 
services and can provide recreation for the pop-
ulation (Opperman, 2013). 

Floodplain rehabilitation provides more space 
for meandering watercourses and healthy flood-
plains, allows for the preservation or restoration of 
forests and wetlands that store water and reduce 
downstream sedimentation (Green Infrastructure, 
2014). In the last 30 years, there have been various 
initiatives related to the restoration of streams and, 
increasingly, the related restoration of floodplains.

The main reasons for initiating of the flood-
plain restoration can be different and are often 
combined. Floodplain rehabilitation or restora-
tion projects have been initiated in order to im-
prove or renaturalize watercourse flow regime, 
improve the ecological status of surface waters 
(Habresack et al., 2015), improve the quanti-
tative status of groundwater (Serra-Llobet et 
al., 2022.), decrease flood risk as a result of ex-
treme hydrological events and climate change 
along with the improvement of habitat quality 
(Blackwell, 2006; Boughton et al., 2013; Op-
perman et al., 2009; Smith et al., 2017), some-
times because of inadequate existing protection 
against floods (Blackwell et al., 2006 EEA, 
2016,), poor water state (Blackwell et al., 2006), 
or ecosystem services (Thorpe et al., 2006; Gil-
vear et al., 2013).

Restoration of floodplains is also related to 
the initiative on integral and sustainable water 
management with multi-purpose land use such 
as temporary flooding of natural wet meadows as 
support in sustainable biodiversity (Pahl-Wostl, 
2006; Schindler i dr., 2014), and multi-purpose 
benefits such as ecological restoration and flood 
protection (Leyer et al., 2012.)
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In recent times, many integral approaches have 
also been designed related to flood protection, i.e. 
how to live with floods and organise space in a more 
sustainable way, and the following stand out:Room 
for rivers (Rohde, 2006), Flood pulsing concepts 
( Junk et al.,1989), Natural Flood Management 
(Wren et al., 2022), Nature-based solutions (EEA, 
2015; Jakubínský, 2021), Natural water retention 
measures (Strosser, 2015)

In practice, the first restorations began in Western 
Europe and North America and they were related 
to large rivers, for example, the Rhine, Danube and 
their tributaries (Buijse et al., 2002; Stoffers et al., 
2021), and initially the restoration of streams and 
riverbeds was in the foreground, and in connection 
with this, partial connections to the floodplain were 
also carried out. The review article by Szałkiewicz 
et al. (2018) showed that in recent times (between 
2000 and 2015) more attention was paid to the 
restoration of floodplains, while more recently pro-
jects have been approached integrally to restore the 
stream and floodplain. According to Szałkiewicz et 
al., 2018, the growth of integral restoration projects 
can be predicted in the future, which will include 
the restoration of riverbeds, floodplains, but also the 
catchment. From the carried out restorations and 
monitoring, it can be concluded that it is difficult to 
carry out a successful and sustainable restoration of 
a watercourse without including at least partial res-
toration of its floodplain, primarily due to retention 
of the water wave, reduction of water speed in the 
riverbed and reduction of the risk of floods (Palmer 
et al., 2005; Habersack et al., 2015). Which means 
that a precondition for successful river restoration is 
the encompassing the floodplain.

The role of the EU in floodplain 
restoration

Many European Union institutions (both inter-
ested scientists and scientific institutions co-funded 
by the EU), and primarily the European Environ-
ment Agency, through various projects and imple-
mentation of directives (Dworak, 2008) encourage 
the restoration of rivers and the use of floodplains 
or floodplains in them to reduce the risk of floods. 
This means that competent authorities are being 

U novije vrijeme osmišljeni su mnogi integral-
ni pristupi koji se odnose na zaštitu od poplava, tj. 
kako živjeti s poplavama i organizirati prostor na 
održiviji način, a ističu se: Prostor za rijeke (Ro-
hde, 2006), Flood pulsing concepts ( Junk i dr., 
1989), Natural Flood Management (Wren i dr., 
2022), Nature-based solutions (EEA, 2015; Jaku-
bínský, 2021), Prirodne mjere za zadržavanje voda 
(Strosser, 2015).

U praksi su prve restauracije počele u zapad-
noj Europi i Sjevernoj Americi, a odnosile su se 
na velike rijeke, primjerice na Rajnu, Dunav i 
njihove pritoke (Buijse i dr., 2002; Stoffers i dr., 
2021), a isprva su u prvom planu bile restauracije 
tokova i korita, a povezano s tim provodile su se i 
djelomično i povezivanje s poplavnom ravnicom. 
Pregledni rad Szałkiewicza i dr. (2018) pokazao je 
da se u novije doba (u razdoblju 2000. do 2015.) 
veća pažnja poklanjala upravo restauraciji poplav-
nih ravnica, odnosno da se u novije vrijeme preko 
projekata integralno pristupa i obnovi toka te po-
plavne ravnice. Prema Szałkiewiczu i dr. (2018), 
u budućnosti se može predvidjeti rast integralnih 
projekta restauracije koji će uključivati restauracije 
korita, poplavnih ravnica, ali i područja porječja 
u cjelini. Iz provedenih restauracija i monitorin-
ga može se zaključiti da je teško izvesti uspješnu 
i održivu restauraciju vodotoka, a da se ne uključe 
i barem djelomične restauracije naplavne ravni-
ce, prvenstveno zbog zadržavanja  vodnoga vala, 
smanjenja brzine vode u koritu te smanjenja rizika 
od poplava (Palmer i dr., 2005; Habersack i dr., 
2015). Valja zaključiti da je preduvjet za uspješnu 
restauraciju korita vodotoka uključivanje poplavne 
ravnice. 

Uloga Europske unije u restauraciji poplavnih 
ravnica

Razna tijela Europske unije (i zainteresirani 
znanstvenici i znanstvene ustanove koje sufinan-
cira EU), a na prvom mjestu Europska agencija 
za okoliš, kroz razne projekte i provedbe direkti-
va (Dworak, 2008) potiču restauraciju tekućica i 
primjenu poplavnih ravnica odnosno poplavnih 
područja u njima radi smanjenja rizika od po-
plava. U tom smislu educiraju se nadležna tijela 
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educated, the interested public is being informed, 
and public awareness is being raised so that the lo-
cal population is interested and sees the potential 
benefits of restoring streams and floodplains.

The FLOBAR2 project (Hughes, 2003) syn-
thesised previous knowledge in understanding the 
processes and importance of floodplain forests. One 
important work was the Ecoflood Guidelines: How 
to use floodplains for flood risk reduction (Blackwell 
et al., 2006). In the first part of this document, an 
introduction to flood protection is given, flood risk 
is defined, and natural processes and functions on 
floodplains are described. The second part of the 
document is designed as a guide with restoration 
guidelines for flood risk reduction using floodplain 
properties.

With the publication of A Blueprint to Safe-
guard Europe’s Water Resources, 2012 the EU “struck” 
guidelines for the further development of “good wa-
ter status” and emphasised the need to restore and 
return natural floodplains to the function of water 
protection, i.e. improvement of water status.

In the following years, important reports 
were published that promoted the restoration 
and rehabilitation of rivers, such as: Natural 
measures for water retention (Strosser, 2015), 
which describes how natural floodplains play 
an important role in storing water and reducing 
flood risk, and where the restoration and man-
agement of natural floodplains is listed as one 
of the main measures. Reports on the topic of 
green infrastructure and flood risk (EEA, 2015 
and EEA, 2017) are being produced with the 
aim of promoting cost-effective flood risk re-
duction through green infrastructure, as well as a 
published methodology (according to Alfieri et 
al., 2014) for the delineation of potential flood-
plains. The synergy between natural floodplain 
restoration and flood risk management was also 
promoted (EEA, 2016). 

Among the first documents that listed possi-
ble measures and benefits from the restoration of 
floodplains is the document Floodplains: a natural 
system to preserve and restore (EEA, 2019). It also 
contains several case studies that are listed as exem-
plary examples of completed projects.

i upoznaje zainteresirana javnost te se podiže 
javna svijest kako bi lokalno stanovništvo bilo 
zainteresirano i uvidjelo potencijalne koristi od 
restauracija tekućica i poplavnih ravnica. 

Projektom FLOBAR2 (Hughes, 2003) sin-
tetizirana su dotadašnja znanja u razumijevanju 
procesa i važnosti poplavnih šuma. Sljedeći va-
žan dokument bio je Ecoflood Guidelines: How to 
use floodplains for flood risk reduction (Blackwell 
i dr., 2006). U prvom dijelu ovoga dokumenta 
dan je uvod u zaštitu od poplava, definiran je 
rizik od poplava te su opisani prirodni procesi i 
funkcije na poplavnim ravnicama, dok drugi dio 
dokumenta koncipiran je kao vodič sa smjer-
nicama za restauraciju za smanjenje rizika od 
poplava koristeći se prirodom poplavne ravnice.

Objavom Nacrta zaštite europskih vodnih resursa 
Europska je komisija 2012. godine „udarila” smjer-
nice prema daljnjem razvoju „dobrog stanja” voda i 
naglasila potrebu za restauracijom i vraćanjem pri-
rodnih poplavih područja u funkciju zaštite voda, tj. 
poboljšanja stanja voda. 

U idućim godinama nastaju bitna izvješća 
koja promiču restauracije i rehabilitacije te-
kućica, a to su: Prirodne mjere za zadržavanje 
voda (Strosser, 2015), u kojemu se opisuje kako 
prirodna poplavna područja imaju bitnu ulogu 
za spremanje voda i smanjenje rizika od popla-
va i gdje je restauracija i upravljanje prirodnim 
poplavnim područjima navedena kao jedna od 
glavnih mjera. Na tematiku zelene infrastruk-
ture i rizika od poplava (EEA, 2015; EEA, 
2017) nastaju izvješća s ciljem promicanja troš-
kovno učinkovita smanjenja rizika od poplava 
putem zelene infrastrukture, ali i objavljena 
metodologija (Alfieri i dr., 2014) za delineaciju 
potencijalnih naplavih nizina. Također je pro-
movirana sinergija između obnove prirodnih 
poplavnih područja i upravljanja rizikom od 
poplava (EEA, 2016).

Jedan od prvih dokumenata koji je popisao 
moguće mjere i koristi od restauracije poplav-
nih ravnica jest Floodplains: a natural system to 
preserve and restore (EEA, 2019). U njemu je i 
primjer nekoliko studija slučaja koje su navede-
ne kao ogledni primjeri izvedenih projekta.
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The European Union has systematically moved 
towards restoring degraded ecosystems, both 
through the newly-adopted EU Biodiversity Strat-
egy for 2030 and the Nature Restoration Regulation 
(EU, 2024) which, among other things, aims for 
the restoration of freshwater ecosystems, primarily 
by restoring the longitudinal connectivity of rivers 
by moving and/or replacing transverse structures 
to enable fish migration, restoring floodplains and 
wetlands for flood protection and the establish-
ment of natural forest functions, water purification, 
etc.

So far, not a single project focused on the res-
toration of the floodplain has been made in the 
Republic of Croatia, but several projects have been 
developed with the aim of defining the natural/
morphological floodplain (of the Danube, Drava 
and Sava rivers) that was geomorphologically and 
hydrologically active before significant anthropo-
genic interventions (WWF, 1999; Schwarz, 2010; 
2013; 2016; Marojević i Šustić, 2025).

In light of the aforementioned, there is a need 
for a systematic presentation of the methods that 
can be used to determine flood areas and to think 
about the possibilities of evaluating the suitability 
of floodplains for restoration in order to be able to 
help in the implementation of such projects, and ul-
timately in accordance with the goals of the Water 
Framework Directive, 2000 and the Nature Resto-
ration Regulation, 2024.

Methods for floodplain delineation

Usually, the first obstacle when defining scope 
of the restoration or rehabilitation of the floodplain 
itself, is defining the boundaries of the natural flood 
zone before certain anthropogenic measures that 
caused the loss of active floodplains were imple-
mented. With active floodplains, the question aris-
es of determining the boundaries of today’s active 
floodplain and its condition.

To define areas that could be restored in litera-
ture, terms with a similar or close meaning are of-
ten used, e.g. former floodplain (Eder et al., 2022; 
Serra-Llobet et al., 2022), potential flood-prone 
areas (Samela et al., 2018; EEA, 2020), and some-

Europska unija sustavno je krenula prema 
obnovi narušenih ekosustava i putem novodo-
nesene EU Strategije bioraznolikosti za 2030. 
i Uredbe o obnovi prirode (EU, 2024) koje 
među ostalim imaju za cilj obnovu slatkovodnih 
ekosustava od kojih je na prvom mjestu obno-
va longitudinalne povezanosti tekućica mica-
njem i/ili izmjenom poprečnih građevina da bi 
se omogućila migracija riba, obnova poplavnih 
područja te močvarnih područja radi zaštite od 
poplava i uspostave prirodnih funkcija šuma, 
pročišćavanja voda i dr.

Za sada na području Republike Hrvatske 
nije izveden ni jedan projekt koji bi bio usre-
dotočen na restauraciju poplavne ravnice, ali je 
napravljeno nekoliko projekta kojima je bio cilj 
definirati prirodnu/morfološku naplavnu nizinu 
(u rijeke Dunav, Drava i Sava) koja je prije zna-
čajnih antropogenih zahvata bila geomorfološ-
ki i hidrološki aktivna (WWF, 1999; Schwarz, 
2010; 2013; 2016; Marojević i Šustić, 2025).

S obzirom na navedeno, javlja se potreba 
za sustavnim prikazom metoda koje se mogu 
koristiti u određivanju poplavnih područja te 
promišljanjem o mogućnostima ocjenjivanja 
pogodnosti poplavnih ravnica za restauraciju 
kako bi se moglo pomoći u implementaciji ta-
kvih projekata, a u konačnici u skladu s ciljevi-
ma Okvirne direktive o vodama, 2000 i Uredbe 
o obnovi prirode, 2024.

Metode određivanja poplavne ravnice

Obično je prva prepreka pri definiranju obu-
hvata zahvata same restauracije ili rehabilitacije 
poplavne ravnice definiranje granica prirodne po-
plavne zone prije nego su provedene antropogene 
mjere koje su uzrokovale gubitak aktivnih po-
plavnih područja. Kod aktivnih poplavnih ravnica 
postavlja se pitanje utvrđivanja granica današnje 
aktivne poplavne ravnice i njezina stanja.

Za definiranje područja koja bi bilo moguće 
restaurirati u literaturi se često koriste pojmo-
vi slična ili bliska značenja, npr. bivša poplav-
na ravnica (Eder i dr., 2022; Serra-Llobet i dr., 
2022), potencijalna poplavna područja (Samela 
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times potential floodplain (EEA,2019) which is 
more often used in terms of how much a particu-
lar anthropogenically altered and partially or fully 
inactive floodplain has potential for restoration 
based on chosen indicators (Eder et al.,2022). 
Most often, it is determined that the potential 
floodplain is a part of the former (original, un-
altered) floodplain that has been separated from 
the watercourse by certain works and is no longer 
flooded.

The first significant study to determine the nat-
ural floodplain for a large area was carried out in 
1999 under the leadership of WWF, Evaluation of 
Wetlands and Floodplain Areas in the Danube River 
Basin. This project covered the Danube River and 
its five major tributaries. The document is divided 
into defining the historical floodplain before an-
thropogenic interventions and assessing the suit-
ability for restoration. The data used to define the 
historical floodplain are: historical maps, recent 
topographic maps and geomorphological, pedo-
logical and geological maps depending on availa-
bility and area. For land cover analysis, the Corine 
Land Cover 1990 database and remote sensing, 
specifically data from the Landsat 5 satellite plat-
form, were used. The maps were used to create an 
ecological classification of the area and bioindi-
cators, and available hydrological data and data 
on protected areas, including Ramsar sites, were 
used. This approach with upgrades is taken over by 
Schwarz (2010) is making a basis for the Danube 
River, 2013 for the Drava River and 2016 for the 
Sava River. 

Examples of studies from Germany are impor-
tant, where research has been conducted for the 
needs of the Federal Nature Protection Agency, 
which aimed to determine the morphological state 
of the active and formerly active floodplains on the 
bodies of water that are more than 1000 km2 in 
area. Determination and assessment methodology 
is divided into three groups: 1. Morphodynamics, 
floodplains and water surfaces; 2. Hydrodynamics, 
drainage and flooding; and 3. Vegetation and use 
of land (Koenzen, 2005, Brunotte et al., 2009 ac-
cording to Koenzen et al., 2020) is important to 
define the benefits/potential for the restoration of 
floodplains. 

i dr, 2018; EEA, 2020) te potencijalna poplavna 
ravnica (engl. Potential floodplain) (EEA, 2019), 
koja se češće koristi u smislu koliko određena an-
tropogeno izmijenjena i dijelom ili u potpunosti 
neaktivna poplavna ravnica ima potencijala za re-
stauraciju na temelju odabranih pokazatelja (Eder 
i dr., 2022). Najčešće se određuje da je potenci-
jalna poplavna ravnica dio bivše (izvorne, neiz-
mijenjene) poplavne ravnice koja je određenim 
radovima odvojena od vodotoka te više ne plavi.

Prva važnija studija u kojoj se određivao obu-
hvat prirodne naplavne ravnice za jedno veliko 
područje načinjena je 1999. godine pod vodstvom 
WWF-a, Evaluation Of Wetlands And Floodplain 
Areas in the Danube River Basin. Ovim projektom 
bio je zahvaćen tok Dunava te pet njegovih ve-
ćih pritoka. Dokument je podijeljen na definira-
nje povijesne poplavne doline prije antropogenih 
intervencija te ocjenu pogodnosti za restauraciju. 
Korišteni podatci za definiranje povijesne poplav-
ne ravnice su: povijesne karte, novije topografske 
karte te geomorfološke, pedološke i geološke karte 
ovisno o dostupnosti i području. Za analizu po-
krova zemljišta korištena je podloga Corine Land 
Cover 1990 te daljinska istraživanja, točnije po-
datci satelitske platforme Landsat 5. Pomoću ka-
rata napravljena je ekološka klasifikacija područja i 
bioindikatori, korišteni su dostupni hidrološki po-
datci i podatci o zaštićenim područjima uključivo 
i područja Ramsar. Ovaj pristup s nadogradnjom 
preuzima Schwarz (2010) te izrađuje podlogu za 
rijeku Dunav, 2013. godine za rijeku Dravu te 
2016. godine za rijeku Savu (Schwarz, 2016).

Važni su primjeri studija iz Njemačke, gdje su 
za potrebe Federalne agencije za zaštitu prirode 
Njemačke provedena istraživanja kojima je bio 
cilj utvrditi morfološko stanje aktivne i nekada 
aktivne poplavne ravnice na tekućicama kojima je 
porječje veće od 1000 km2. Metodologija određi-
vanja i ocjenjivanja podijeljena je u tri grupe: 1. 
Morfodinamika, reljef poplavnih ravnica i vodnih 
površina, 2. Hidrodinamika, odvodnja i poplav-
ljivanje, 3. Vegetacija i korištenje zemljišta (Ko-
enzen, 2005; Brunotte i dr., 2009; prema Koen-
zen i dr. 2020), što je poslije bitno za definiranje 
pogodnosti/potencijala za restauraciju poplavnih 
ravnica.
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A representative approach to floodplain de-
termination using hydrological and hydraulic 
analyses is the PRO_Floodplain project (Haber-
sack, 2008), which aimed to reduce flood risks via 
floodplain restoration. The project was divided 
into three units according to which the benefits 
of restoration were later assessed: 1. Hydromor-
phology in terms of identifying and determining 
flood risk reduction with floodplain restoration; 
2. Ecology through floodplain enlargement for 
flood risk reduction and restoration on large riv-
ers; 3. Sociology: perception of flood risk and 
flood risk management. The basic variables used 
for hydromorphology are slope, bankfull width, 
average full water depth, floodplain roughness 
coefficient and floodplain width, and as a result 
measurable values such as water wave peak re-
duction, water wave transformation, etc. were 
used.

The following project assessed the suitability of 
the area for retaining large waters, the hydraulic 
and hydrological benefits of restoration, and the 
ecological and sociological aspects, whereby each 
of these elements was given a score (Habersack et 
al., 2015; Habersack and Schober, 2020). The final 
sum of scores serves to compare areas that could be 
restored to achieve good ecological status and water 
potential in accordance with the Water Framework 
Directive.

An important study in which a potential flood-
plain was determined at the level of almost the 
whole of Europe, and a preliminary assessment of 
changes in the processes and structure of flood-
plains in Europe was conducted (Globevnik, et al., 
2020); this is a prime example of determining a 
natural floodplain using a combination of hydraulic 
modelling, GIS, and remote sensing of land cover.

Some authors use recorded floods and water lev-
els in a smaller part of the basin to extrapolate val-
ues for a wider area from available data. An example 
of this is a method that uses as a main assumption 
that according to a certain rule, with an increase in 
the catchment area, the water level, i.e. the level of 
flooding, also increases, which is further used to de-
termine the floodplain, for which it was necessary 
to have consistent data on high waters (Děd, 2013; 
De Risi et al., 2017).

Ogledni primjer pristupa određivanja naplavne 
nizine pomoću hidroloških i hidrauličkih analiza 
jest projekt PRO_Floodplain (Habersack, 2008), 
kojemu je cilj bio smanjiti rizike od poplava kroz 
restauraciju poplavnih ravnica. Projekt je bio podi-
jeljen u tri cjeline prema kojima je kasnije i procje-
njivana korist od restauracije: 1. hidromorfologija 
u smislu identifikacije i određivanja smanjenja ri-
zika od poplava uz restauraciju poplavnih ravnica, 
2. ekologija kroz povećanje poplavne ravnice radi 
smanjenja rizika od poplava i restauracija na velikim 
rijekama, 3. sociologija: percepcija rizika od poplava 
i upravljanje rizicima od poplava. Korištene bazne 
varijable za hidromorfologiju su nagib, širina vrha 
korita (eng. bankfull), prosječna dubina punog kori-
ta, koeficijent hrapavosti poplavne ravnice te širina 
poplavne ravnice, a kao rezultat su korištene mjer-
ljive vrijednosti kao smanjenje vrha vodnoga vala, 
transformacija vodnoga vala itd.

Sljedeći je projekt u kojem je rađena procjena 
pogodnosti područja za zadržavanje velikih voda, 
hidrauličke i hidrološke koristi od restauracije te 
ekološkoga i sociološkoga stajališta, gdje je za sva-
ki od tih elemenata dana ocjena (Habersack i dr., 
2015; Habersack i Schober, 2020). Krajnji zbroj 
ocjena služi za usporedbu područja koja bi se mogla 
restaurirati u svrhu postizanja dobroga ekološkog 
stanja i potencijala voda sukladno Okvirnoj direkti-
vi o vodama, 2000.

Važna je studija Globevnik i dr. (2020) u kojoj je 
određeno potencijalno poplavno područje na razini 
gotovo cijele Europe te napravljena preliminarna 
ocjena promjena u procesima i strukturi poplavnih 
ravnica. Ovo je ogledan primjer određivanja pri-
rodnoga poplavnog područja pomoću kombinaci-
je hidrauličkoga modeliranja, GIS-a i daljinskoga 
istraživanja pokrova.

Neki se autori koriste zabilježenim poplavama 
i visinom vode na manjem dijelu porječja da bi iz 
dostupnih podataka odredili vrijednosti za šire 
područje. Primjer je toga metoda kojoj je glavna 
pretpostavka da prema određenom pravilu s pove-
ćanjem slijevne površine raste i vodostaj tzv. razina 
plavljenja, a koja se nadalje koristi za određivanje 
naplavne nizine za što je bilo potrebno imati konzi-
stentne podatke o velikim vodama (Děd, 2013; De 
Risi i dr., 2017). 
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Digital terrain models, or various derivatives cre-
ated by GIS analyses, are commonly used as a basis 
for floodplain delineation (Clubb et al., 2017; De 
Risi et al, 2017; Diehl et al., 2021; Samela et al., 
2018; Stout and Belmont, 2013; Woznicki et al., 
2019; Zaharia et al., 2017) and are often combined 
with hydrological/hydraulic data or flood reach 
models (Děd, 2013; Samela et al., 2018; Zaharia et 
al., 2017).

It has been noticed that hydrological and hy-
draulic data for determining the floodplain, which 
can vary significantly depending on the approach 
(Alfieri et al., 2014 according to Globevnik, et al., 
2020), where the 100-year return period is most of-
ten taken (Eder et al., 2019) as a reference for deter-
mining the floodplain. However, sometimes under-
estimates occur because historical hydrological data 
are used, and in some cases, the hydraulic radius and 
slope of the watercourse bed have been significantly 
changed by river training works. In such cases, for 
example, intense rainfall that once caused floods 
with a 100-year return period would not flood the 
same area today. Also, for example, upstream river 
training works in terms of straightening lead to a 
faster flow of water into some downstream areas, 
so flooding has changed compared to what we can 
expect based on historical hydrological data.

When delineating floodplains, in addition to dig-
ital relief models and hydraulic calculations, many 
projects’ pedological maps were used (regardless of 
whether they were made for restoration purposes or 
not), which largely show the extent to which floods 
have influenced soil formation (WWF, 1999; Děd, 
2013; Schwarz, 2013; Zaharia et al., 2017).

Habitat maps were also used to find at least 
part of the vegetation on the bank that corre-
sponds to the vegetation that existed before the 
regulatory works on the watercourses and to re-
construct the reach of flood waters (WWF, 1999; 
Henle i dr., 2006; Schwarz, 2013). When creat-
ing habitat maps, remote surveys are mainly used 
(Smith, 1997; Theiling i dr., 2012; Steinfeld i dr., 
2013).

Below is an overview of data sources and meth-
ods used so far to define (delineate) natural flood-
plains (Tab 1).

Uobičajeno se kao podloga pri delineaciji po-
plavnih ravnica koriste digitalni modeli reljefa od-
nosno razni derivati nastali GIS analizama (Clubb 
i dr, 2017; De Risi i dr., 2017; Diehl i dr., 2021; Sa-
mela i dr., 2018; Stout i Belmont, 2013; Woznicki 
i dr., 2019; Zaharia i dr, 2017), a te se često kom-
biniraju s hidrološkim/hidrauličkim podatcima ili 
modelima o dosegu poplava (Děd, 2013; Samela i 
dr., 2018; Zaharia i dr, 2017).

Uočeno je da hidraulički proračuni za određiva-
nje poplavne ravnice mogu značajno varirati ovisno 
o pristupu (Alfieri i dr., 2014 prema Globevnik i dr, 
2020), gdje se najčešće uzima stogodišnje povratno 
razdoblje kao referentno za utvrđivanje poplavne 
ravnice (Eder i dr., 2019). Ipak, katkad dolazi do 
podcijenjenih vrijednosti s obzirom na to da se ko-
riste hidrološki podatci iz prošlosti, a u pojedinim 
je slučajevima regulacijskim i hidrotehničkim rado-
vima znatno promijenjen hidraulički radijus i nagib 
korita vodotoka. U takvim slučajevima primjerice 
intenzivna padalina koja je nekada uzrokovala po-
plave 100-godišnjeg povratnog razdoblja danas ne bi 
poplavila isto područje. Također, primjerice uzvodne 
regulacije u smislu izravnavanja dovode do bržega 
dotoka vode u neka nizvodnija područja pa je izmije-
njeno plavljenje u odnosu na ono koje možemo oče-
kivati na temelju povijesnih hidroloških podataka.

Pri delineaciji poplavnih ravnica se, osim digi-
talnih modela reljefa i hidrauličkih proračuna, na 
mnogim projektima (neovisno jesu li rađeni za po-
trebe restauracije ili ne) koriste pedološke karte koje 
većim dijelom pokazuju dokle je dopro utjecaj po-
plava prilikom formiranja tala (WWF, 1999; Děd, 
2013; Schwarz, 2013; Zaharia i dr., 2017).

Također, često su korištene karte staništa da bi se 
pronašao barem dio vegetacije u zaobalju koji od-
govara vegetaciji prisutnoj prije nego što su naprav-
ljeni regulacijski radovi na vodotocima kako bi se 
pomoglo rekonstrukciji dosega prirodnih poplav-
nih voda (WWF, 1999; Henle i dr., 2006; Schwarz, 
2013). Pri izradi karta staništa uglavnom se koriste 
daljinska istraživanja (Smith, 1997; Theiling i dr., 
2012; Steinfeld i dr., 2013).

U nastavku je prikazan pregled dosadašnjih kori-
štenih izvora podataka i metoda za definiranje (de-
lineaciju) prirodnih poplavnih ravnica (tab. 1).
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Assessing the potential for floodplain 
restoration

The area to be restored is often chosen based 
on qualitative argumentation (Lóczy, 2012), i.e. a 
conditionally “free” space is chosen, often without 
intensive use, and at the same time there are certain 
environmental problems that would be desirable to 
remove. These are simply areas whose economic ex-
ploitation is modest or whose more intensive eco-
nomic use has ceased, thus opening an opportunity 
for restoration work.

Procjene pogodnosti za restauraciju poplavnih 
ravnica 

Područje koje će biti restaurirano često je oda-
brano na temelju kvalitativne argumentacije (Lóczy, 
2012), tj. odabran je uvjetno „slobodan” prostor često 
bez intenzivnoga korištenja, a na kojem ujedno pro-
stoje određeni ekološki problemi koje bi bilo poželj-
no ukloniti. Radi se jednostavno o područjima čije 
je ekonomsko iskorištavanje skromno ili je došlo do 
prestanka intenzivnijega ekonomskog korištenja te 
se time otvorila prilika za restauracijske radove.

Tab. 1. Pregled korištenih izvora podataka i metoda za delineaciju poplavnih ravnica
Tab. 1 Overview of data sources and methods for floodplain delineation 

Podatci 
/ Data

Literatura 
/ Literature

karte i tematski kartografski prikazi 
/ maps and thematic cartographic representations

topografske / topographic: (Děd, 2013), WWF 
(1999), povijesne / historical: Baart i dr. (2013), 
Guida i dr. (2015), Schoor i dr. (1999), Schwarz 
(2013), (WWF, 1999), tematske karte / thematic 
maps: geomorfološke, geološke, pedološke / 
geomorphological, geological, pedological: Děd 
(2013), WWF (1999)

daljinska istraživanja 
/ remote sensing

Smith (1997), Steinfeld i dr. (2013), Straatsma 
(2013), Theiling i dr. (2012)

digitalni modeli reljefa i derivirani proizvodi 
/ digital relief model and derived products

Clubb i dr. (2017), Děd (2013), Diehl i dr. (2021), 
Habersack i dr. (2015), Matt i dr. (2023), Rohde i 
dr. (2006), Schwarz (2013), Stout i Belmont (2013), 
Tcherkezova (2015), Theiling i dr. (2012), Yamazaki 
i dr. (2012), Zaharia i dr. (2017)

ekološke klasifikacije zemljišta i zemljišnoga pokrova 
/ ecological classification of land and land cover

Eder i dr. (2022), Henle i dr. (2006), Hughes i dr. 
(2008), Schwarz (2013), WWF (2006)

hidrološki podatci i/ili hidraulički modeli 
/ hydrological data and/or hydraulic models

Alfieri i dr. (2014 prema Globevnik i dr., 2020), 
Děd (2013), Eder i dr. (2022), Guida i dr. (2015), 
Habersack i dr. (2015), Moss i Monstadt (2008), 
Pavesi i dr. (2022), Theiling i dr. (2012), Zsuffa i 
Bogardi (1995)

geomorfološke analize ili istraživanja 
/ geomorphological analyses or research

Děd (2013), Nanson i Croke (1992), Nardi i dr. 
(2006), O’Brien i dr (2017), Tcherkezova (2015), 
Wierzbicki i dr. (2020), Wohl i dr. (2016)

zabilježene poplave 
/ recorded floods Děd (2013), Guida i dr. (2015), Samela i dr. (2018)

hidromorfološki monitoring kao podloga za 
referentno stanje 
/ hydromorphological monitoring as a basis for 
reference condition 

Brunotte i dr. (2009 prema Koenzen i dr., 2020), 
Schwarz (2013; 2016)
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In this context of choosing an area for restoration, 
it is useful to define the state of the floodplain, i.e. 
how much the floodplain has changed with respect 
to the reference state. Hydromorphological method-
ologies for determining the condition of watercours-
es, which have as one of the evaluations the defini-
tion of the interaction of the bed and the floodplain, 
i.e. the degree of lateral connection of the river and 
the connection of the floodplain with the river, de-
fining erosion processes of the riverbed (incision) 
(Schwarz, 2016), also proved useful. in monitoring 
the success of the restoration (Belletti et al., 2017).

In literature, it is sometimes unclear whether it is 
solely about the definition of former floodplains or 
solely about the assessment of suitability for resto-
ration. One such example is the Regio-FEM (Eder 
et al., 2019), which consists of 4 main “steps” related 
to floodplain assessment, the first of which refers to 
the delineation of the floodplain and the next three 
to assessment.

Most often, the first criterion for assessing the 
suitability of a certain floodplain for restoration is 
the land cover in an active or inactive floodplain, 
which is classified as more or less suitable for 
restoration due to its naturalness (WWF, 1999; 
Negri i Casotti, 2008; Baart i dr., 2013; Schwarz, 
2013, 201). Undeveloped areas and areas not used 
for intensive agricultural production are preferred 
for restoration. Areas where residual natural ele-
ments of watercourses still exist, such as residual 
old branches or parts of riverbeds, natural forests, 
remnants of wet meadows, remnants of swamps 
or bogs, are also preferred. To determine the 
above areas, their area and extent, historical data 
analyses are most often carried out, most often 
based on historical maps and records (Baart et al., 
2013).

Furthermore, the narrower area is important in 
relation to the entire area, but also the shape and po-
sition of the area that could be restored, and mostly 
for the sake of possible feasibility and costs of res-
toration, such as the length of excavation of supply/
drainage channels and the relocation and/or con-
struction of embankments further away from the 
river in order to define as compact an area as possible 
(Děd, 2013; Schwarz, 2013; WWF, 1999).

U tom kontekstu odabira prostora za restaura-
ciju korisno je definirati stanje naplavne nizine, tj. 
koliko je promijenjena naplavna nizina s obzirom 
na referentno stanje. Korisne su se pokazale hidro-
morfološke metodologije određivanja stanja vodo-
toka koje za ocjene imaju i definiranje interakcije 
korita i poplavnoga područja, tj. stupanj lateralne 
povezanosti rijeke i povezanost poplavnoga pod-
ručja s rijekom, definiranje erozijskih procesa korita 
(usijecanje) (Schwarz, 2016), također pokazale su se 
korisne u praćenju uspješnosti restauracije (Belletti 
i dr., 2017).

U literaturi je katkad nejasno radi li se isklju-
čivo o definiranju bivših poplavnih područja ili o 
procjeni pogodnosti za restauraciju. Jedan je ta-
kav primjer i Regio-FEM (Eder i dr., 2019) koji 
se sastoji od četiriju glavnih „koraka” vezanih za 
procjenu naplavne nizine, od kojih se prvi odnosi 
na delineaciju poplavnoga područja, a sljedeća tri 
na procjenu. 

Prvi kriterij za procjenu pogodnosti određeno-
ga poplavnog područja za restauraciju najčešće je 
zemljišni pokrov u aktivnom ili neaktivnom po-
plavnom području koji se s obzirom na prirodnost 
svrstava u više ili manje pogodne za restauraciju 
(WWF, 1999; Negri i Casotti, 2008; Baart i dr., 
2013; Schwarz, 2013, 2016). Za restauraciju se pre-
feriraju neizgrađena područja te područja koja se ne 
koriste za intenzivnu poljoprivrednu proizvodnju. 
Preferiraju se i područja u kojima i dalje postoje za-
ostali prirodni elementi vodotoka kao što su zaostali 
stari rukavci ili dijelovi korita, prirodne šume, ostat-
ci vlažnih livada, ostatci močvara ili cretova. Da bi 
se utvrdila površina i doseg navedenih područja, 
rade se najčešće analize povijesnih podataka, ponaj-
prije temeljene na povijesnim kartama i zapisima 
(Baart i dr., 2013).

Površina je bitna u odnosu na cijelo područje, 
ali i oblik i položaj područja koja bi se mogla re-
staurirati, najviše radi moguće izvodljivosti te troš-
kova obnove, kao što je duljina iskopa dovodnih/
odvodnih kanala te izmještanje i/ili izgradnja na-
sipa odmaknutijih od rijeke u cilju definiranja što 
kompaktnijih površina (Děd, 2013; Schwarz, 2013; 
WWF, 1999).
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The suitability of the area further depends on 
the changes in hydrological characteristics, i.e. how 
much the restoration can lead to an improvement 
in the hydrological situation. Typically, the aim is 
to reduce the peak of the water wave, transform the 
water wave and reduce downstream impacts, then 
improve the low-water regime and maintain wet-
lands and consequently reduce flooding of urban or 
agricultural areas. Furthermore, the hydraulic bene-
fits of restoration are also considered, such as reduc-
ing water depth, runoff velocity or reducing shear 
stress in the watercourse (Habersack et al., 2015).

From what has been read, it is evident that the 
valorisation of hydrological and hydraulic benefits 
of restoration can vary significantly and can be giv-
en a certain subjective weight depending on the 
goal. The most frequent valorization is the reduc-
tion of large flood waters, such as the reduction of 
the 100-year return period if the goal is to reduce 
flood risk (Habersack, 2015), which is often very 
well accepted socially and economically, while less 
importance is given to a more frequent increase in 
flooding of the floodplain, e.g. as with a two-year 
return period, although more frequent flooding 
would mean more to the typical flora and fauna in 
the floodplain. Therefore, Newson (2002) justifiably 
warns and points out the need for fine and detailed 
adjustment of the future system during floodplain 
restoration. Pataki (2013) points out that when se-
lected, it is important to include an analysis of the 
vulnerability of the area to various factors that can 
threaten the ecological component of floodplains, 
such as: cutting of watercourses, the impact of cli-
mate change, reduction of water supplies, etc. Here, 
the risk of sedimentation that can bury the flood-
plain and lead to the disappearance of endangered 
habitats is particularly emphasised (Asselman, 
1999), especially when it comes to mountain riv-
ers with a lot of suspended sediment, or vice versa, 
where risk from the riverbed incision is probably 
the most common problem during the restoration 
of floodplains, followed by the intensity and dura-
tion of floods (Pataki, 2012; Schwarz, 2013). 

When defining the restoration potential, the 
restoration project should have multiple benefits 
from the restoration, and it is necessary to priori-
tise projects (Schwarz, 2010; Schindler et al., 2014; 

Pogodnost područja nadalje ovisi o promjenama 
hidroloških obilježja, odnosno koliko restauracija 
može dovesti do poboljšanja hidrološke situacije. 
Tipično se želi postići smanjenje vrha vodnoga vala, 
transformaciju vodnoga vala te smanjenje utjecaja 
nizvodno, zatim poboljšanje režima malih voda te 
održavanje močvarnih područja i posljedično sma-
njenje plavljenja urbanih ili poljoprivrednih površi-
na. Razmatraju se i hidrauličke koristi restauracije 
kao što je smanjenje dubine vode, brzine otjecanja 
ili smanjenje posmičnoga naprezanja u vodotoku 
(Habersack i dr., 2015).

Iz navedenoga je vidljivo da valorizacija hidro-
loških, ali i hidrauličkih pogodnosti restauracije 
može znatno varirati i može im se dati određena 
subjektivna težina ovisno o cilju. Najčešće se va-
lorizira smanjenje velikih poplavnih voda kao što 
je smanjenje 100-godišnjega povratnog razdoblja 
ako se cilja na smanjenje rizika od poplava (Ha-
bersack, 2015), što je često vrlo dobro društveno 
i ekonomski prihvaćeno, dok se rjeđe i manje daje 
važnost učestalijem povećanju plavljenja naplavne 
nizine, npr. kao što je to kod dvogodišnjega povrat-
nog razdoblja iako bi tipičnoj flori i fauni u po-
plavnom području više značilo učestalije plavljenje. 
Stoga Newson (2002) opravdano upozorava na 
potrebu za vrlo finim i podrobnim podešavanjem 
budućega sustava prilikom restauracije poplavnih 
ravnica. Pataki (2013) ističe da je prilikom oda-
bira bitno uvrstiti i analizu ranjivosti područja na 
razne čimbenike koji mogu ugroziti ekološku sa-
stavnicu poplavnih područja kao što je usijecanje 
vodotoka, utjecaj klimatskih promjena, smanjenje 
zaliha vode i dr. Ovdje se posebno ističe rizik od 
sedimentacije koja može nataložiti sediment na 
poplavnu ravnicu i dovesti do nestanka ugroženih 
staništa (Asselman, 1999), a pogotovo kad su u 
pitanju planinske rijeke s mnogo suspendiranoga 
sedimenta ili, suprotno, gdje je rizik od usijecanja 
korita kao vjerojatno najčešći problem prilikom 
restauracije poplavnih područja, a nakon toga in-
tenzitet i trajanje poplava (Pataki, 2012; Schwarz, 
2013).

Prilikom definiranja potencijala za restauraci-
ju projekt restauracije treba imati višestruke ko-
risti od restauracije te je potrebna prioritizacija 
projekata (Schwarz, 2010; Schindler i dr., 2014; 



M. Plantak 
D. Orešić 

Restauracija 
poplavnih ravnica: 

pristupi istraživanju

Floodplain 
restoration: research 

approaches

17

Serra-Llobet et al., 2022) on several levels (preserv-
ing good water conditions, improving flood pro-
tection, preserving the ecosystem, etc. (O’Brien et 
al., 2017.), but also in terms of the possible order 
of implementation. Multi-purpose solutions are 
particularly useful because restoration means both 
improvement of the condition and the possibility 
of some forms of exploitation such as grazing by 
livestock. A good example is the Yolo Bypass in 
California, where after restoration, farmers use part 
of the areas that sometimes flood to reduce the risk 
of flooding (Serra-Llobet et al., 2022). In Croatia, 
Lonjsko and Odransko poljes are used in a simi-
lar way, although they have never been restored in 
a true sense, but are largely natural retentions that 
additionally absorb or retain flood waters.

An important element when evaluating benefits 
is the comparison of the costs of maintaining the 
current system versus future maintenance of the ba-
sin (Langhans i dr., 2014; EEA, 2017; Smith i dr., 
2017; Samela i dr., 2018).

In order to achieve the successful implementa-
tion of such projects, it is necessary to timely include 
spatial planning in the development of restoration 
projects, which also involve the costs of land acqui-
sition for the purpose of consolidating, i.e. creating 
one functional unit of space that can be purposefully 
restored (Rohde, 2006; Schwarz, 2010).

Furthermore, it is necessary to make an iteration 
in the space during the evaluation of potential for 
restoration (Eder et al., 2019) and approximate the 
following steps: 1. Identification of potentially suit-
able areas for restoration in a larger area; 2. Prelim-
inary assessment of convenience based on available 
substrates; and 3. Detailed assessment of conveni-
ence through hydraulic modelling, presentation of 
costs and benefits and optimisation of solutions.

Below is an overview of the criteria used so far to 
define the benefits for the restoration of floodplains 
(Tab. 2).

The future challenges is to assess how far down-
stream or upstream it is necessary to quantify the ben-
efits of a particular restoration on the transformation 
of flood potential due to flood reduction, how much 
restoration affects groundwater recharge, drought re-
duction, and contributes to aquatic organism drift. 

Serra-Llobet i dr., 2022), i to na nekoliko razina 
(očuvanje dobroga stanja voda, poboljšanje zaštite 
od poplava, očuvanje ekosustava itd. (O’Brien i dr., 
2017), ali i u smislu mogućega redoslijeda izvođe-
nja. Višenamjenska rješenja posebno su korisna jer 
restauracija znači i poboljšanje stanja, ali i moguć-
nost nekih oblika iskorištavanja kao što je ispaša 
stoke. Dobar je primjer Yolo Bypass u Kaliforniji, 
gdje nakon restauracije poljoprivrednici koriste dio 
površina koje se katkad plave radi smanjenja rizika 
od poplava (Serra-Llobet i dr., 2022). U Hrvat-
skoj se na sličan način koriste Lonjsko i Odransko 
polje iako u pravom smislu nikada nijedno nije re-
staurirano, već su uvelike posrijedi prirodne reten-
cije u koje se dodatno upušta ili zadržava poplavni 
vodni val.

Važan element prilikom procjene pogodnosti jest 
i usporedba troškova održavanja sadašnjega sustava 
naspram budućega održavanja porječja (Langhans 
i dr., 2014; EEA, 2017; Smith i dr., 2017; Samela 
i dr., 2018).

Da bi došlo do uspješne realizacije takvih proje-
kata, potrebno je pravovremeno uključiti prostorno 
planiranje u razvoj restauracijskih projekata, uz koje 
se vežu i troškovi otkupa zemljišta radi okrupnjava-
nja, tj. stvaranja jedne funkcionalne cjeline prostora 
koji se svrsishodno može restaurirati (Rohde, 2006; 
Schwarz, 2010). 

Nadalje, potrebno je napraviti iteraciju u pro-
storu prilikom ocjene pogodnosti za restauraciju 
(Eder i dr., 2019), a okvirni su koraci: 1. identifi-
kacija potencijalno pogodnih područja za restau-
raciju na većem prostoru, 2. preliminarna procjena 
pogodnosti na temelju dostupnih podloga te 3. de-
taljna procjena pogodnosti kroz hidrauličko mo-
deliranje, prikaz troškova i koristi te optimizaciju 
rješenja.

U nastavku je prikazan pregled dosadašnjih kori-
štenih kriterija za definiranje pogodnosti za restau-
raciju poplavnih ravnica (tab. 2).

Budući je izazov procijeniti koliko je nizvodno 
ili uzvodno potrebno kvantificirati korisne učinke 
određene restauracije na transformaciju vodnoga 
vala uslijed smanjenja poplava, koliko restauracija 
utječe na prihranu podzemnih voda, smanjenje suša 
ili doprinosi driftu vodenih organizama. 
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And when planning the benefits of floodplain 
restoration, it is important to create an indicator of 
the relationship between the size of the watercourse 
and the entire basin, in the form of an index, which 
would show how much the planned intervention 
contributes to the entire basin together with the 
associated parts of the environment.

Conclusion

The floodplains of many rivers have been signif-
icantly altered by various anthropogenic influences, 
and recently there has been a growing awareness of 
the need to preserve and restore floodplains, pri-
marily for better flood protection, climate change 
mitigation and their ecological role.

Prilikom planiranja pogodnosti za restauraciju 
poplavnih područja bitno je stvoriti pokazatelj od-
nosa veličine vodotoka i čitavoga  porječja, u smi-
slu indeksa, koji bi pokazao koliko planirani zahvat 
doprinosi cijelom porječju zajedno s pripadajućim 
dijelom okoliša.

Zaključak
Poplavne ravnice mnogih rijeka značajno su iz-

mijenjene raznim antropogenim utjecajima, a u no-
vije vrijeme jača svijest o potrebi očuvanja i obnove 
poplavnih ravnica, prvenstveno radi bolje zaštite od 
poplava, ublažavanja klimatskih promjena te eko-
loške uloge. 

Tab. 2. Pregled korištenih kriterija prilikom definiranja pogodnosti za restauraciju poplavnih ravnica 
Tab. 2 Overview of criteria used when defining potential for floodplain restoration

Kriteriji  
/ Criteria

Literatura 
/ Literature

korištenje zemljišta u potencijalnoj zoni restauracije 
/ land use in the potential restoration zone

Baart i dr. (2013), Harms i dr. (2018), Negri i Casotti 
(2008), Schwarz (2013; 2016), WWF (1999)

hidromorfološke značajke bivših poplavnih područja 
/ hydromorphological features of former floodplains

Habersack i Schober (2020), Lóczy (2014), Schwarz 
(2013; 2016), Tcherkezova (2015), WWF (1999)

konfiguracija terena radi prikladnosti za restauraciju i 
zadržavanje voda 
/ terrain configuration for suitability for restoration 
and water retention

Děd (2013), Harms i dr. (2018), Schwarz (2013), 
WWF (1999)

položaj u odnosu na zaštićena područja 
/ the position in relation to protected areas Harms i dr. (2018), Schwarz (2013, 2016)

hidrološke i hidrauličke koristi u smislu definiranja 
opsega i volumena poplavne vode 
/ hydrological and hydraulic benefits in terms of 
defining the extent and volume of flood water

Downs i Thorne (2000), Eder i dr. (2019), Guida 
i dr. (2015), Habersack i Schober (2020), Moss i 
Monstadt (2008), Schober i dr. (2015), Schwarz 
(2016)

cijena regulacijskih i restauracijskih radova 
/ price of regulation and restoration works

Guida i dr. (2015), Langhans (2014), Schwarz 
(2013, 2016)

usluge ekosustava i bioraznolikost poplavnoga 
područja 
/ ecosystem services and floodplain biodiversity

Brouwer i dr. (2009), Chovanec i dr. (2003), de 
Nooij (2005), Fischer i dr. (2019), Jakubínský 
(2021), Negri i Casotti (2008), Palmer i dr. (2014), 
Rohde i dr. (2006), Schindler i dr. (2014), Zöckler 
i dr. (2001)

analiza ranjivosti ili sedimentacija 
/ analysis of vulnerability or sedimentation Asselman (1999), Pataki i dr. (2013) 

ograničenja u prostoru 
/ space limitations Harms i dr. (2018)
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The European Union, through legislation and 
funding, has contributed to the development of in-
itiatives related to the restoration of watercourses 
and natural floodplains, and the creation of educa-
tional documentation on the restoration of water-
courses and floodplains.

Floodplain delineation has evolved from simple 
methods using maps and recorded floods to com-
plex models that include multi-criteria analyses and 
hydraulic models in order to determine the flood-
plain as accurately as possible.

By using and combining different available da-
tasets more appropriate results can be achieved in 
the identification and analysis of the suitability of 
areas for restoration. To make floodplain restora-
tion as successful as possible it is important to adapt 
to the research area and the specific problems of 
the area that have arisen from the physical and ge-
ographical characteristic of the area and historical 
circumstances.

Europska je unija donošenjem zakona i financi-
ranjem doprinijela razvoju inicijativa koje su pove-
zane s restauracijom vodotoka odnosno prirodnih 
poplavnih područja te stvaranju edukacijske doku-
mentacije o restauracijama vodotoka i poplavnih 
ravnica.

Metode delineacije poplavnih ravnica razvijale 
su se od jednostavnih npr. pomoću karata i dose-
ga zabilježenih poplava prema kompleksnim koji 
uključuju višekriterijske analize i hidrauličke mode-
le kako bi se što točnije odredila poplavna ravnica.

Korištenjem i kombinacijom različitih dostu-
pnih podloga mogu se postići svrsishodniji rezul-
tati u identifikaciji i analizama pogodnosti pod-
ručja za restauraciju. Kako bi restauracija poplavne 
ravnice bila što uspješnija bitno je prilagoditi se 
istraživanom području i uzeti u obzir specifičnu 
problematiku područja koja je proizašla iz fizič-
ko-geografskih obilježja područja te povijesnih 
okolnosti. 
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