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Szigetkoz in DALIA:
A Long-Term Rehabilitation Story

Szigetkoz is one of the Danube’s most distinctive floodplain
landscapes and Demonstration Pilot Site 1 of the Horizon
Europe DALIA — Danube Region Water Lighthouse Action pro-
ject.

Over more than a century, river regulation, flood protection,
navigation, hydropower development, and changing land
use progressively transformed the relationship between the
Danube and its floodplain. Today’s landscape reflects a long
sequence of natural processes and human interventions
rather than a single period of change.

Early water-management measures addressed navigation,
flood safety, and drainage, while later interventions increas-
ingly responded to declining river levels, weakened connec-
tions between channels, and ecological degradation. The
diversion of the Danube in 1992, implemented as part of
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the start-up of the Gabcikovo Hydropower Plant, intensified
many of these problems and led to major new efforts to re-
turn water to the active and historical floodplains.

This publication tells the story of these long-term rehabilita-
tion efforts: how different interventions were planned, im-
plemented, tested, adjusted, and extended as conditions and
priorities changed in response to both natural processes and
emerging challenges. Particular attention is given to the in-
teraction between technical solutions, ecological objectives,
and the needs of people living and working in the region.
Within DALIA, the Szigetkdz experience provides a long-term
case study of large-scale floodplain rehabilitation in a heavily
modified and transboundary river system, while recognizing
that approaches developed here can be adapted to the spe-
cific conditions of other rivers.

The lesson learned is that rehabilitation is not just about fixing
rivers; it is about reconnecting people and processes. Success
requires collaboration, technical expertise, local stakeholder
involvement, and long-term commitment.

Figure 1: DALIA meeting in Szigetk6z, autumn 2023.
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Why this story matters

A rehabilitated floodplain is not a return to the past, but an
attempt to restore important ecosystem functions and servic-
es under changed conditions.

The story of Szigetkdz spans centuries of river transforma-
tion, from a shifting multi-channel floodplain through suc-
cessive phases of river regulation, flood protection, drainage,
and hydropower development. The 1992 diversion — 34 years
ago was decisive because it rapidly intensified problems that
had been developing for decades. Many branches lost their
water supply, groundwater levels declined, wetlands and for-
ests were affected, and the connection between the Danube
and its floodplain weakened. The response had to address
both an immediate water shortage and the longer-term con-
sequences of an already heavily modified river system.

This booklet follows four central questions: What changed
in Szigetkdz and why? Why did large parts of the floodplain

What has improved, what remains unresolved, and what
can other river rehabilitation projects learn from the expe-
rience?

The wider story unfolds through 34 short tales. You can read
the booklet from cover to cover to see the whole picture or
begin with any account and follow the numbered links be-
tween related topics. Story numbers such as #21 allow read-
ers to trace themes and connections through the booklet.

Szigetk6z matters beyond its region because it shows how
rehabilitation can proceed when a return to former natu-
ral conditions is no longer possible. Its experience demon-
strates the need to combine hydraulic engineering, ecological
knowledge, monitoring, stakeholder cooperation, and adap-
tive management over decades. The individual structures are
specific to Szigetkoz, but the wider approach, understanding
causes, working within constraints, testing solutions, moni-
toring results, and adjusting management, can inform reha-
bilitation elsewhere.

lose water? How does the replenishment system work?
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Figure 2: Active floodplain branch after rehabilitation
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CHAPTER 1

A river landscape between two Danubes




DALIA DANUBE REGION WATER LIGHTHOUSE ACTION

#1 The land between the Danube and
Mosoni-Danube

Szigetkéz developed where the Danube slowed, deposited
gravel, and divided into a changing network of branches.

Downstream of Bratislava, the Danube leaves the confined
Alpine—Carpathian corridor and enters the flatter Danubian
Lowland. As the river’s gradient decreases, its capacity to car-
ry coarse sediment also declines. Over thousands of years,
gravel and sand accumulated in a broad alluvial fan. The river
repeatedly divided, rejoined, shifted sideways, and built is-
lands between its branches.

Szigetkoz lies between the Old Danube, which now forms
much of the border between Hungary and Slovakia, and the
Mosoni-Danube, the southernmost major branch.

With a land area of approximately 375 square kilometers,
Szigetkoz is generally described as Hungary’s largest river
island. Across the Old Danube, the larger Csallékoz or Zitny
Ostrov forms part of the same transboundary alluvial and hy-
drological system (Jakus et al., 2024).

The term inland delta describes the wider multi-channel
landscape. It is not a coastal delta, but it behaves similarly:
water and sediment are distributed among many channels,
creating a mosaic of flowing reaches, backwaters, wetlands,
islands, and floodplain forests (#2).

Flood-protection levees (#7) divide Szigetk6z into two main
zones. The active floodplain lies between the levees and re-
mains directly exposed to high Danube flows. In contrast, the
historical floodplain lies behind the levees and no longer re-
ceives regular direct flooding from the river.

s A -
— Mosonl Danube
= Oild Danube

Figure 3: Location of Szigetkéz along the Danube and within the Rhine—Main—Danube Waterway
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#2 Alandscape built by water

Surface water, groundwater, soil, and vegetation are closely
connected in Szigetkoz.

Water shaped Szigetkdz both above and below the sur-
face. The Danube once supplied a dense network of flowing
branches, shallow channels, wetlands, and seasonally inun-
dated areas. At the same time, water moved through the
thick layers of gravel and sand beneath the floodplain, link-
ing river levels with groundwater conditions across the land-
scape (#12).

These different water pathways created a varied mosaic of
habitats. Frequently inundated areas supported wetland veg-
etation and softwood floodplain forests, while higher and
less frequently flooded surfaces developed different plant
communities and land uses. Local conditions depended on
land elevation, gravel depth, the character of the overlying
soil, and the strength of the connection to nearby channels.

River regulation gradually reduced this natural variabili-
ty. Some branches became less connected to the Danube,
seasonal inundation became less frequent, and water lev-
els declined in parts of the floodplain. After the 1992 diver-
sion (#10), these changes intensified: several channels lost
most of their flow, wet habitats contracted, and vegetation
increasingly reflected drier and more stable conditions. The
later rehabilitation focused on bringing water back (#20) into
the branch system and restoring a more varied pattern of
flowing, standing, wet, and periodically inundated habitats
(Guti, 2020).

Figure 5: Flora and fauna of Szigetkéz: a) wet meadow; b) floodplain branch
with reeds and forest; c) fox in floodplain vegetation; d) great egret in the active
floodplain branch system
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#3 Life centered around water

Nature conservation, farming, forestry, settlements, and
recreation share one connected floodplain.

Szigetkoz is neither untouched wilderness nor simply an en-
gineered countryside. Behind the levees, arable fields occupy
much of the landscape, but meadows, pastures, forest strips,
canals, oxbows, marshes, reedbeds, and open water remain
woven through the cultivated areas. Between the levees, the
active floodplain contains river branches, natural floodplain
forests, and managed poplar stands.

Water also shaped the cultural landscape. Pumping stations,
sluices, embankments, settlement patterns, traditional live-
lihoods, and local customs reflect generations of living with
the Danube. The rehabilitation of Szigetkdz influenced more
than habitats. It affected a landscape in which nature, infra-
structure, land use, and community history remain closely
connected.

The Szigetkéz Landscape Protection Area was established in
1987, and much of the wider floodplain later became part of
the Natura 2000 network. Legal protection, however, could
not preserve these habitats on its own. Their condition con-
tinued to depend on water levels (#29), water quality (#30),
connections between channels (#31), seasonal inundation
(#28), and surrounding land use (Fert6—Hansag National Park
Directorate, n.d.).
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Figure 6: An overview map of the Szigetkéz area
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#4 A floodplain that supports people

The same water system sustains ecosystems, settlements,
farming, tourism, and regional identity.

Water in Szigetkodz has always shaped both the landscape and
the lives built around it. The river and its branches supplied
drinking water, supported farming, forestry, and fishing, and
created places for recreation and tourism. Wetlands, forests,
fields, settlements, and waterways formed parts of the same
changing landscape and became closely linked to the region’s
identity.

These activities did not always demand the same water con-
ditions. Seasonal inundation supported wetlands and flood-
plain forests, while settlements and infrastructure relied on
effective flood protection.

Figure 7: Examples of land use and water-related recreation in Szigetkéz
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Agriculture benefited from sufficient soil moisture but could
be damaged by prolonged waterlogging. Fish depended on
connected habitats and changing water levels, while recre-
ation often favored safer and more predictable conditions.

As the river became increasingly regulated, these differences
became more visible. Decisions about where to retain water,
where to drain it (#23), and how quickly water levels should
change affected both the floodplain and the people who
used it. The rehabilitation of Szigetkdz developed through re-
peated efforts to balance ecological needs with the everyday
requirements of settlements, land users, and local communi-
ties (#15) (Chappon et al., 2024b; Tatai and Pap, 2023).
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CHAPTER 2

How regulation transformed the floodplain
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#5 History of transformations

The development of Szigetkéz can be divided into five main
phases:

1. A dynamic river landscape — before 1800

Before large-scale regulation, the Danube flowed through a
shifting network of branches, islands, and floodplain chan-
nels (#6). Early navigation works, including towpaths built
during the seventeenth and eighteenth centuries, adapted to
a river whose branches frequently changed after floods.

2. Regulation, levees, and drainage — 1800-1959

During the nineteenth century, river engineering increasing-
ly concentrated flow into a principal channel, reshaping and
stabilizing what is now known as the Old Danube. Navigation
works, branch closures, and flood-protection levees pro-
gressively reduced the area directly influenced by the river.
During the early twentieth century, levees, drainage canals,
pumping stations, and the Rajka control structure further
changed how water moved through the active and historical
floodplains (#7).

3. Declining water connections — 1960-1992

From the 1960s onward, closures of active floodplain branch-
es, dredging, reduced gravel supply from the upper Danube,
and continued riverbed incision increasingly weakened water
flow between the Danube and its floodplain branches. As the
riverbed deepened, water levels in the Old Danube declined,
and progressively higher Danube discharges were required
for water to enter the branch system (#8).

4. The 1992 diversion

The Gabcikovo—Nagymaros project (#9) culminated in the im-
plementation of Variant Cin 1992. Approximately 80% of the
Danube’s flow was diverted into the power canal (#10).

Water levels in the Old Danube fell sharply, many branches
in Upper Szigetkoz dried out (#11), and groundwater, forests,
wetlands, agriculture, and fisheries were affected (#12).

5. Emergency action and long-term
rehabilitation — 1992 to the present
Emergency measures began soon after the diversion (#13).

Building Constructions of Diversion of the
towpaths for flood-protection Danube towards
towing ships levees the Gabcikovo HPP

{— 4 -

River regulations

as main riverbed

creating the Old Danube

Construction of| |Water replenishment
excess water of active and
drainage canals| |historical floodplains

Figure 8: Timeline of the most significant anthropogenic alterations in the Szigetkéz floodplain, 1700-2023. (Chappon et al., 2024b)
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In the historical floodplain, water returned to parts of the
Upper Szigetkdz branch system by spring 1993, producing
rapid, visible improvement. Emergency measures in the ac-
tive floodplain had more variable results: temporary pump-
ing and localized interventions provided short-term relief but
could not maintain stable water levels. The 1995 Hungari-
an-Slovak agreement (#19) subsequently enabled regulated
water supply, test operation, and joint monitoring. Over the
following decades, rehabilitation expanded through control
structures, fish passages, permanent operating rules (#26),
controlled floodplain inundation (#28), and later projects in
the Lower Szigetk6z (#32) and in the Mosoni-Danube (#33).
The Szigetk6z Operating Committee (#27) oversees system
operations.

e /
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#6 Before large-scale regulation

The pre-regulation Danube was a moving network of branch-
es rather than a single fixed riverbed.

The Danube in Szigetkoz did not follow a single, stable chan-
nel. It moved through a wide network of branches that
changed after floods. Channels widened, narrowed, divided,
or gradually filled with sediment, while islands and gravel
bars formed and disappeared. Eighteenth-century records
describe a river landscape shaped by frequent flooding and
continuous change.

i 5

Figure 9: Extent of regularly flooded areas along the Szigetkéz reach before large-scale river regulation, reconstructed from the First Military Survey conducted between 1763
and 1785. Source: Feasibility Study: The Rehabilitation of the Szigetk6z Reach of the Danube (2010), based on material from the collection of the Danube Museum
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The earliest engineering works did not yet attempt to control
the entire river system. Local dykes provided limited flood
protection, while towpaths were built to support navigation.
Because the river’s course could shift after major floods,
these routes and structures had to be repeatedly adjusted to
changing conditions.

During the nineteenth century, the purpose of river engineer-
ing began to change. Instead of continually adapting naviga-
tion to a moving river, regulation increasingly aimed to con-
centrate flow and stabilize the Danube as the main channel
(#7). Levees and channel works gradually reduced the area
regularly reached by floods and began to separate the active
floodplain from the land behind the flood-protection system
(#1). The shift marked the beginning of a more fixed river cor-
ridor and prepared the ground for later transformations (SEA,
2010).

#7 A main channel, levees, and drainage

Nineteenth- and twentieth-century works improved naviga-
tion and flood safety but reduced lateral connectivity.

Nineteenth- and twentieth-century works improved nav-
igation and flood safety, but they also changed how water
moved across the floodplain.

As regulation progressed, the Danube became the principal
channel and many side branches were closed, narrowed, or
only intermittently connected. Flood-protection levees then
divided the former floodplain into two distinct zones: the ac-
tive floodplain between the embankments and the historical
floodplain behind them.

16

The levees reduced direct flooding of settlements and farm-
land (#4) but did not eliminate seepage, high groundwater, or
excess inland water behind them. During the twentieth cen-
tury, drainage canals and pumping stations were built across
the historical floodplain (#23) to remove excess inland water.
Parts of this network incorporated former oxbows and inac-
tive river branches, and water was generally conveyed south-
eastward toward the Mosoni-Danube.

In July 1954, a major Danube flood caused severe flooding
and exposed failures in the existing flood-defense system,
demonstrating the need for stronger and more consistent
protection. Subsequent works raised and reinforced the lev-
ees, improved sections affected by seepage, and introduced
a more systematic approach to flood-defense planning (SEA,
2010; Jakus et al., 2024).

Figure 10: Flood event on the Danube in Szigetkéz, in September 2024



/I:;;_Llh -

#8 Sediment imbalance and riverbed
incision

Upstream barrages and dredging reduced the gravel supply
reaching Szigetkoz.

The Danube naturally transports gravel and other sediment
downstream. During the twentieth century, barrages in Ger-
many and Austria trapped much of the coarse material. Es-
timated bedload supply at Rajka, where the Danube enters
the Szigetkodz reach, fell from about 650,000 cubic meters
per year in the 1960s to about 200,000 cubic meters per year
around 1990 (Rakoczi, 1989).

A river that still has enough energy to move sediment but
receives less material often begins to erode its own bed. In-
dustrial gravel extraction intensified this imbalance. As the
Danube deepened, water levels during low and average flows
declined (#16). The beds of floodplain branches did not low-
er, so water entered them less frequently and only at increas-
ingly high river discharges.

At the same time, fine suspended sediment continued to set-
tle in low-velocity floodplain areas during floods. As a result,
the system experienced two contrasting processes: incision in
the main channel and sediment accumulation in side branch-
es. Together, the two processes weakened hydraulic connec-
tivity between the Danube and the floodplain branches even
before the diversion of the Danube in 1992 (#10) (Rakdczi,
1989).

z—l-.__H _.'I
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Figure 11: Water level and morphological changes after the 1950-s

Figure 12: Old Danube in Szigetkéz during low flow conditions
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The 1992 diversion and its consequences
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#9 The Gabcikovo-Nagymaros project

Hydropower, navigation, flood safety, and floodplain water
supply were planned as one international system.

In 1977, Hungary and Czechoslovakia signed a treaty to
construct and operate the Gabcikovo—Nagymaros system
of locks. The project envisioned a barrage at Dunakiliti, the
Gabcikovo Hydropower Plant, and a downstream barrage
and power station at Nagymaros. Water would be diverted
through an artificial canal for hydropower generation and
navigation (Hungarian People’s Republic and Czechoslovak
Socialist Republic, 1977).

The original concept also included water supply to the Szig-
etkoz floodplain. A reservoir upstream of Dunakiliti would
have created the water levels needed to feed the side-branch
network. The planned arrangement was never completed as
designed.

During the 1980s, environmental concerns and political op-
position grew in Hungary. Work at Nagymaros was suspended
in 1989. Czechoslovakia then developed Variant C (#10), an
alternative configuration that allowed the upstream part of
the project to operate without the Hungarian Dunakiliti and
Nagymaros structures (International Court of Justice, 1997).

T b
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Figure 13: Design Concepts and Plans: Photograph of a 3-dimensional raised relief map of the impacted area of the Gabcikovo-Nagymaros Barrage Project (a).
Axonometric computer drawing of Gabcikovo HPP (b). Artistic representation of the Nagymaros Barrage (c)
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#10 The 1992 diversion

Variant C redirected most of the Danube’s flow into the power
canal.

In October 1992, Czechoslovakia implemented Variant C, an
alternative configuration developed to operate the Gabciko-
vo Hydropower Plant without the originally planned Hungar-
ian structures at Dunakiliti and Nagymaros. Instead of using
the planned Dunakiliti Barrage to control and divert the river,
the Danube was diverted at Cunovo, on Czechoslovak territo-
ry, upstream of Szigetkoz.

ey |
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Approximately 80% of the Danube’s flow was diverted into

the artificial canal serving the Gabcikovo Hydropower Plant.

The natural channel downstream of Cunovo—the Old Dan-

ube—received only a fraction of its former discharge (Inter-
national Court of Justice, 1997; Jakus et al., 2024).

The change was immediate. Near Rajka, at the upstream end
of the Hungarian section of Szigetkdz, mean annual discharge
fell from roughly 2,000 cubic meters per second to about
200-400 cubic meters per second. Water levels in the Old
Danube declined by approximately three meters on average.
The floodplain water-supply system originally associated with
the international project was incomplete (#9), so the branch
network (#11) and the whole water system (#12) could not
safely adjust to the new regime (Jakus et al., 2024).

Figure 14: a) Layout of Variant “C” and its principal structures. b) The Cunovo Barrage was built to take the place c) of the Dunakiliti Barrage

in diverting water from the Old Danube towards d) the Gabcikovo Hydropower Plant
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Czechoslovakia dissolved at the end of 1992, and Slovakia
became the successor state involved in the dispute. Hungary
and Slovakia jointly submitted the case to the International
Court of Justice in 1993. The Court’s 1997 judgment required
both states to negotiate in good faith but did not prescribe
the river’s detailed hydraulic operation (#19) (International
Court of Justice, 1997).

#11 When the branches dried

The upper floodplain experienced the most rapid and visible
damage.

After the diversion of the Danube (#10), many branches in
Upper Szigetkoz lost their surface-water supply. Because the
planned water-replenishment system had not been com-
pleted, branches in both the active and historical floodplains

dried out, and some aquatic habitats were lost entirely. The
decline in river levels also reduced groundwater levels and
affected agriculture, forestry, and water-dependent habitats
(#4) (KvWM, 1996; Guti, 2020).

Lower Szigetkdz was initially less affected. Its condition de-
teriorated more in the following decades, as riverbed inci-
sion (#8) lowered water levels in the Danube downstream
of Gabcikovo and reduced the amount of water entering the
downstream branch systems. These changes later required
further rehabilitation in Lower Szigetkoz (#32) (Kertész, 2017).

The Mosoni-Danube, which forms the southern boundary of
Szigetkoz, experienced a different immediate change. Before
1992, its water supply had sometimes been insufficient dur-
ing low-flow periods. Under the modified operating regime,
it received a continuous discharge of approximately 20 cubic
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Figure 15: Hydrological impact of the Danube diversion in the Szigetkéz between 1992 and 1993
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meters per second from Cunovo, providing a more reliable
basic water supply (#22). This more reliable supply was one
benefit within a wider pattern of severe hydrological decline
across Szigetkoz (Jakus et al., 2024).

#12 Beyond the dry channels

The fall in the Old Danube changed water conditions across
the floodplain, both in the channels and below the surface.

The drying of the branch network was the most visible effect
of the 1992 diversion (#10), but it was not the only one. Be-
fore the diversion, groundwater levels across much of Szig-
etkoz broadly followed the Danube’s seasonal rise and fall.
Water moved through the thick gravel deposits beneath the
floodplain, connecting the river with surrounding soils and
water bodies.

When water levels in the Old Danube fell by approximately
three meters, this relationship changed. Monitoring recorded
groundwater declines of about 30-150 centimeters in many
areas, with the strongest effects close to the Old Danube.

[

In some locations, the lower river stage altered or locally re-
versed the former direction of groundwater flow, drawing
water toward the river rather than supplying the surrounding
floodplain. Seasonal groundwater fluctuations also became
smaller (Bardossy and Molnar, 2004; KvWM, 1996).

The consequences varied across Szigetkoz. They affected wa-
ter-dependent habitats, floodplain forests, and agricultural
areas. However, the scale of the change depended on dis-
tance from the Old Danube, local channel connections, and
soil and geological conditions (#29). The loss of surface water
and the decline in groundwater were not separate problems.
They were connected effects of the same change in the river
system.

The most urgent damage was visible in the dry branches,
where aquatic habitats had been severely reduced or lost in
some reaches. The first interventions (#13) concentrated on
returning water to these channels. The emergency response
became the starting point for the larger replenishment sys-
tem (#20), (#34) (KvWM, 1996; Dunai, 1995).

Figure 16: Dry active floodplain branches following the diversion of the Danube—source: Ferté—Hansdg National Park Directorate
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#13 Emergency actions

The first goal was simple: return water to channels that had
dried only months earlier.

The immediate response had to work with the existing in-
frastructure. Water released from Cunovo toward the Mo-
soni-Danube passed through a supply channel and a toe-drain
system (#22). Local water managers proposed connecting
this route to the historical floodplain branch network (#23).

The plan was approved as an emergency measure. A side
spillway and a short feeder channel allowed 2-5 cubic me-
ters per second to enter the Zatonyi-Danube—an upper his-
torical-floodplain branch—and nearby channels. About six
months after the diversion, water had returned to sections of
the Upper Szigetkoz historical floodplain (Dunai, 1995).

Emergency measures in the active floodplain included die-
sel-powered pumping and localized distribution works. These
actions provided short-term relief but were too costly and
unreliable for continuous operation. The experience estab-
lished a central design principle for the permanent system:
use gravity wherever possible (#21) and avoid dependence
on continuous pumping (Dunai, 1995).
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Figure 17: Dry conditions in the Zdtonyi-Danube near Doborgazsziget in November
1992 (a) and after the return of water in May 1993 (b)



#14 Open planning and trust

Visible improvement created space for negotiation about the
floodplain’s long-term future.

The return of water to historical floodplain channels (#13)
showed residents that practical damage mitigation was pos-
sible. It also increased confidence in the water-management
authorities at a time when the barrage project’s history had
weakened public trust. Public trust, differing perceptions, in-
ternal conflicts, and stakeholder compromise remained im-
portant challenges throughout the following phases (Chap-
pon et al., 2024b).

The county government office initiated an open planning
process and carried it out under the supervision of the
North-Transdanubian Water Directorate (EDUVIZIG). Local
governments, regional economic actors, environmental or-
ganizations, and community groups were invited to define
their needs. A neutral expert team facilitated the discussions,
helped manage conflicts, and ensured that technical experts
participated as impartial advisers (Janak et al., 2014).

Expectations differed sharply. Some environmental organi-
zations initially favored extensive renaturalization, including
removing hydraulic structures and even flood-protection lev-
ees (#6). At the same time, farmers and foresters emphasized
protecting cultivated land and suitable groundwater condi-
tions. The competing proposals were compared through a
structured value-analysis process (#15) (SAVE International,
2015). Flood protection emerged as a non-negotiable priori-
ty: all groups accepted that the levees had to remain in place.
Once that boundary was established, attention could focus
on ecological rehabilitation and other water-use interests
(Jandk et al., 2014; Chappon et al., 2024b).

Figure 18: Stakeholder meeting during the planning of the rehabilitation system

#15 Value analysis: making conflicts visible
Functions were defined before solutions were selected.

Value analysis organized the needs of nature conservation,
environmental protection, forestry, hunting, agriculture,
fishing, tourism, and water management (#3). Rather than
starting with individual structures, stakeholders (#14) first
identified the functions the system needed to provide. The
main functions were then ranked using a pairwise compar-
ison matrix, allowing competing priorities to be compared
systematically and incorporated into the evaluation process
(SAVE International, 2015; EDUVIZIG 2000a).

Function trees were prepared to connect broad objectives
with the practical tasks and measures required to achieve
them. Read from objectives toward measures, the function
tree answered, “How can this goal be achieved?”
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Read in the opposite direction, it answered, “Why is this In the historical floodplain, for example, water retention and
intervention needed?” The function-based approach also drainage could not both be maximized at the same time. Ad-
helped reveal where objectives supported one another and justable structures, residence-time limits, seasonal opera-
where conflicts had to be managed by separating functions tion, and designated storage zones allowed the two functions
in space, time, or operation (Dunai, 1995; Jandk et al., 2014). to coexist within one network (#23) (Tatai and Pap, 2023).
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Figure 19: Function tree for the historical floodplain
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#16 Looking to a functioning past

Once the objectives were agreed, planners needed a realistic
picture of the water conditions they wanted to achieve.

Continuous hydrological records from Dunaremete, a Danube
gauge in central Szigetkéz on the channel now known as the
Old Danube, have been available since 1901. Planners com-
pared these records with Danube discharge data from Brati-
slava (Dévény), historical information, ecological knowledge,
and the experience of older residents. The 1950s emerged
as a useful reference period, when the active floodplain still
maintained a strong connection with the Danube and water
levels varied more dynamically than in later decades.

l/ I:;#LI A
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The choice did not mean that the 1950s represented an un-
touched or pristine floodplain (#6). Flood-protection levees
and earlier river regulation were already in place (#7). The
period was selected because it was well documented and
because the relationship between the Danube and its flood-
plain branches was still functioning in a way that stakeholders
considered favorable.

The reference period provided a realistic direction rather
than a historical state to be recreated exactly. Rehabilitation
could aim to recover important characteristics of the 1950—
1959 water regime—particularly water levels, flow relation-
ships, and variability (#18) —while recognizing that the river
landscape had already changed (#17) (Pannonhalmi, 1999).
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Figure 20: Long-term water level at Dunaremete and Danube discharge at Bratislava (Dévény)
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#17 The river had changed

Historical flows could not simply be copied because the Dan-
ube no longer produced the same water levels.

Comparing historical records revealed an important compli-
cation. The relationship between Danube discharge at Brati-
slava (Dévény) and water level at Dunaremete had changed
considerably between the 1950s (#16) and the years immedi-
ately before the 1992 diversion (#10). Rating curves—graphs
showing the relationship between river discharge and the
corresponding water level—made this change visible (Pan-
nonhalmi, 1999).

At lower Danube discharges, water levels at Dunaremete
were lower in 1989-1992 than in the 1950s. At higher dis-
charges, however, they could be higher. Riverbed incision
(#8) had lowered low-water stages, while changes in the reg-
ulated river corridor and floodplain (#7) influenced water lev-
els during larger flows (SEA, 2010).

Because the relationship between Danube discharge and wa-
ter level had changed, the same Danube discharge no longer
produced the same water level at Dunaremete as it had dur-
ing the reference period. The river and floodplain had physi-
cally changed. Rehabilitation had to combine an appropriate
water supply with structures capable of raising, retaining,
and distributing water through the branch network (Janak et
al., 2014).
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Figure 21: Relationship between Danube discharge (Q) at Bratislava (Dévény) and water level (H) at Dunaremete during 1950-1959 and 1989-1992 period (a)

Dunaremete gauge (b)
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#18 Turning ecological needs into water
targets

The goal was not one fixed water level, but a varied and
changing floodplain.

Historical records showed that water levels in the 1950s
changed frequently, often by one to two meters. These fluc-
tuations influenced shallow habitats, connections between
branches, and water movement through the floodplain. The
rehabilitation system was intended to create changing condi-
tions (#31) rather than maintain one permanent water level
(Pannonhalmi, 1999).

How quickly water moved through the branches was also im-
portant. Earlier hydrobiological assessments indicated that
the risk of eutrophication increased when water remained in
the branch system for more than about four days (#30). In the
main branches, an average flow velocity of at least 0.3 meters
per second was used as a practical target to reduce fine-sedi-
ment deposition and bed clogging (Pannonhalmi, 1999).

Hydrodynamic modeling indicated that approximately 20-50
cubic meters per second was needed to support these ba-
sic low-flow conditions in the active floodplain, while around
60—-150 cubic meters per second was required to approach
average water levels from the reference period. The objec-
tive, however, was not to create the same conditions every-
where. The desired floodplain was a mosaic of flowing chan-
nels, slower branches, backwaters, and partly isolated water
bodies (#2). The planning process translated the broader
rehabilitation objectives into practical water-level, flow, and
ecological targets. With these targets defined, the next chal-
lenge was to secure enough water (#19) and develop a sys-
tem capable of distributing it across Szigetkoz (#20).

Water bevel jLm)

Water fewel fom)

Figure 22: a) Daily water-level variation and b) monthly minimum, mean, and
maximum water levels at Dunaremete during 1950—-1959.

Figure 23: From left to right: Active floodplain branch —Fish Passage and the Old
Danube
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#19 The 1995 water-sharing agreement

International cooperation provided the water needed to
begin regulated operation.

After the 1992 diversion (#10), the discharge remaining in
the Old Danube was too low to maintain both the main river
channel and the intended water levels in the Szigetkoz active
floodplain. A long-term solution depended not only on new
hydraulic structures, but also on agreement between Hunga-
ry and Slovakia over how much Danube water would remain
in the Old Danube and how much could be supplied to the
Hungarian floodplain.

In April 1995, the two governments signed an interim agree-
ment establishing seasonal discharge ranges for the Old Dan-
ube. During winter, 250-400 cubic meters per second was to
remain in the river, increasing to 400—-600 cubic meters per
second during summer.

Up to 150 cubic meters per second could be directed into the
Hungarian floodplain systems. The agreement also increased
the supply to the Mosoni-Danube and toe-drain system to 43
cubic meters per second (Agreement, 1995).

The agreement also enabled construction of a submerged
weir near Dunakiliti (#21). By raising the upstream water lev-
el in the Old Danube, the weir created the water-level dif-
ference needed to supply the active floodplain branches by
gravity. Together with the Dunakiliti Barrage, it made it pos-
sible to regulate water levels and divide the available flow
between the Old Danube and the floodplain system.

Joint Hungarian—Slovak environmental monitoring was also
established, providing shared measurements and data (#24)
to evaluate the new water regime and support later opera-
tional decisions (#26). Although the interim agreement did
not resolve the wider legal dispute, it created the water-shar-
ing and hydraulic framework that made regulated operation
of the Szigetkdz Water Replenishment System possible.
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Figure 24: Relationship between Danube discharge at Bratislava (Dévény) and the flow entering the Szigetkéz reach at Rajka (EDUVIZIG, 2001). More water was made
available during the biologically active summer period, while actual releases continued to respond to changing Danube discharge at Bratislava (Dévény)
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#20 How the replenishment system works

Water is raised, divided, retained, redistributed, and, when
necessary, drained.

The Szigetkdz Water Replenishment System is not a single
channel or structure. It is an interconnected network linking
the Old Danube, the active floodplain branches, the historical
floodplain channel system, and the Mosoni-Danube. Water
moves through this network using a combination of gravity
and adjustable control structures (Dunai, 1995; EDUVIZIG,
2000a).

In the Old Danube, the submerged weir near Dunakiliti (#21)
raises the water level sufficiently for water to enter the active
floodplain branch system by gravity.
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The Dunakiliti Barrage and a series of weirs, sluices, culverts,
and branch-end structures then help distribute and retain
water within the network.

Behind the flood-protection levees, the historical floodplain
works differently. Former riverbeds and drainage canals, orig-
inally used mainly to remove excess water, were adapted to
supply and retain water as well. The same network can serve
two opposite purposes: bringing water into the landscape
during dry periods and draining it when excess water threat-
ens land or settlements (#23).

The Mosoni-Danube receives water through a separate sup-
ply channel and toe-drain system from Cunovo (#22). Togeth-
er, these three parts of the system allow water to be distrib-
uted according to the different needs of the active floodplain,
the historical floodplain, and the Mosoni-Danube.

Figure 25: a) Dynamic control of the active floodplain; b) overflow weirs to supply the active floodplain, c) submerged weir, and Dunakiliti Barrage
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#21 Raising and retaining water in the active
floodplain

The system uses gravity and adjustable structures to bring
water into the branches and keep it there.

The Dunakiliti submerged weir raises the water level in the
Old Danube by about four meters relative to the local river-
bed, creating the conditions needed for water to enter the
active floodplain branches by gravity. Built mainly from stone,
gabions, and gravel rather than conventional reinforced con-
crete, the structure creates a backwater upstream without
forming a large reservoir (Dunai, 1995).

The Dunakiliti Barrage works together with the submerged
weir to regulate the upstream water level and divide the
available flow between the Old Danube and the floodplain.
Its gates and navigation lock allow operators to fine-tune wa-
ter levels (#26) while maintaining flow along the main river
channel.

Getting water into the branches is only part of the task. In
several reaches, water levels in the replenished branch sys-
tem are maintained one to three meters above the adjacent
Old Danube (#17). Without branch-end closures and other
control structures, much of this water would quickly drain
back into the main channel. These structures retain and re-
distribute water while still allowing controlled flow through
the branch network.

The aim is not to create the same conditions everywhere.
Main branches maintain flowing water, while other parts
of the floodplain include slower branches, backwaters, and
temporarily connected water bodies.

Where control structures would otherwise interrupt aquat-
ic movement, fish passages help maintain connections be-
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a)

Figure 26: The submerged weir: a) after construction and b) in 2025.

tween the floodplain branches and the Old Danube (#32).
The long, gentle downstream slope of the submerged weir
also dissipates energy and limits erosion, while its coarse
surface can permit fish movement under suitable flow condi-
tions (Kertész, 2017; Jakus et al., 2024).
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Figure 27: Examples of complex hydraulic structures used to distribute and retain
water within the active floodplain: a) “Szent Kristof” Bridge and water level control
structure; b) “Denkpdl” branch-end closure and fish passage
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#22 Keeping the Mosoni-Danube supplied

The southern branch receives regulated water through the
supply channel and toe-drain system.

The Mosoni-Danube had received controlled water through
the Rajka structures since the early twentieth century. As the
bed of the Danube gradually deepened, however, its water
levels fell, and gravity-fed intake at Rajka became increasingly
difficult. By the late 1980s, the supply could cease altogether
during prolonged low-water periods (Jakus et al., 2024).

After the 1992 diversion, water released from the Cunovo
reservoir was conveyed toward the Mosoni-Danube through
the supply channel and toe-drain system. The 1995 agree-
ment (#19) increased the available discharge and allowed
water to be divided between the Mosoni-Danube, the Zato-
nyi-Danube route supplying the historical floodplain (#13),
and, under certain conditions, the active floodplain (Agree-
ment, 1995).

This regulated supply provided the upper Mosoni-Danube
with a more reliable basic flow, particularly during prolonged
low-water periods. Together with the active-floodplain and
historical-floodplain systems (#23), it became the third main
component of the wider Szigetkéz water-replenishment net-
work.
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Figure 28: (a) Rajka Sluice Gate in 1991, (b) Mosonmagyardvdr Barrage in 2025; (c) Mosoni-Danube supply channel at the Cunovo reservoir; and
(d) flow in the supply channel and toe-drain system near the Rajka Sluice Gate.
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#23 A two-way network behind the levees

The historical floodplain must retain water during dry periods
and remove it during wet periods.

Behind the flood-protection levees, the historical floodplain
no longer receives regular direct flooding from the Danube
(#7). During the twentieth century, many former river chan-
nels were incorporated into a drainage network designed
mainly to remove excess inland water toward the Mo-
soni-Danube. After the 1992 diversion, this existing network
also offered a practical way to bring water back into the land-
scape (#13) (Dunai, 1995; Tatai and Pap, 2023).

Using the same network for both replenishment and drain-
age created a new challenge. Water needs to be retained
to support wetlands, fisheries, wet meadows, and other
water-dependent landscape functions. During periods of in-
tense rainfall, or when floods cause seepage beneath the lev-
ees and high groundwater levels, excess water must instead
be drained to protect agricultural land and settlements.

[

These needs can place conflicting demands on the system,
making the construction of numerous control structures that
allow flexible operation particularly important.

Adjustable structures built during different phases of rehabil-
itation (#32) allow the direction and purpose of water man-
agement to change with conditions. Water can be supplied
and retained in suitable low-lying areas when it is needed,
while the drainage function remains available when condi-
tions become too wet. The historical floodplain network op-
erates in two directions: it can bring water into the landscape
and, when necessary, carry excess water away (Dunai, 1995;
Tatai and Pap, 2023). The replenishment system did not be-
come fully developed in a single step. As structures were in-
troduced and operation expanded, their performance was
tested, monitored (#24), and adjusted under real river con-
ditions (#25).

Figure 29: A channel used for both water replenishment and drainage in the historical floodplain in Upper Szigetkéz (a) and Lower Szigetkéz (b)
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CHAPTER 6

Learning through operation
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#24 Testing the system in practice

Between 1995 and 2000, the system was operated, moni-
tored, and adjusted as experience accumulated.

Before permanent operating rules (#26) were adopted, the
replenishment system operated under a test regime for sev-
eral years. During this period, water levels and discharges
were measured alongside groundwater, soil moisture, water
quality, forest condition, aquatic vegetation, fish, macroin-
vertebrates, and other biological indicators. Hungary and Slo-
vakia also exchanged monitoring data and prepared annual
joint reports (Agreement, 1995; Mucha and Lisicky, 2006).

Monitoring was part of the test operation itself. Measure-
ments showed how the floodplain actually responded to dif-
ferent water levels and flows and where this differed from
the original design assumptions (#18).

Legend
& Instrumented gauge of the core monlioring'nets
@ Instrumentsd gauge of the operational network
O Operational gauge, without instrument

L 10 km ]

Looking at hydrological, chemical, and biological conditions
together was important: a branch could have acceptable
chemical water quality but still provide poor ecological condi-
tions (#31) if flow was too slow or too fast, connections were
weak, or fine sediment accumulated (Pannonhalmi, 2005;
Ordog and Koltai, 2008).

During the test period, measurements were used to compare
planned and observed conditions, identify local problems,
and determine where further adjustment was needed. Mon-
itoring therefore became not simply a record of environmen-
tal change, but a necessary tool for testing and managing the
replenishment system (#27) (EDUVIZIG, 2000a; Jakus et al.,
2024).

Figure 30: Locations of surface-water level gauging stations in Szigetkéz. a) Gauging stations are monitoring points where river or channel water levels are measured
regularly or continuously to track changes over time (Sziics, 2018 ); b) Old Danube gauge at Doborgaz
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#25 Lessons learned from test operation

Operating experience led to seasonal settings, smoother day-
to-day adjustments, technical corrections, and more targeted
water distribution across the branch network.

Operating experience revealed important seasonal differenc-
es. Infiltration and evaporation were greater during warmer
months, so more inflow was needed in summer to maintain
the same target water level. Rapid day-to-day changes in
discharge also caused erosion near some structures. These
findings led to separate seasonal settings and the use of the
two-day mean Danube discharge in later operating rules.

Field measurements showed that the branch network did not
respond uniformly (#29). Channel geometry, vegetation, sed-
iment, closures, and local hydraulic resistance meant that the
same inflow could produce different water levels and veloci-
ties in different parts of the system.

Figure 31: Oxbow lake in the historical floodplain
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A hydrodynamic model helped explain these differences
and test how water was distributed through the connected
branches.

The analysis indicated that low-water conditions generally
required about 20-50 cubic meters per second, while aver-
age water levels required approximately 60—150 cubic me-
ters per second. The existing structures allowed a maximum
operational replenishment flow of about 250 cubic meters
per second (#28), yet even at that discharge, some branches
remained below the intended high-water targets (EDUVIZIG,
2000a).

One of the most important lessons was that simply adding
more water was not always the best solution. In some lo-
cations, redistributing the available flow, modifying control
structures, or improving connections between branches pro-
duced greater benefits than increasing the total inflow.

The test period changed the way the system was managed.
Field observations and modeling were used together to iden-
tify where local intervention was needed and to refine the
rules for distributing water through the network. These les-
sons later became part of the permanent operating system
(#26), linking Danube discharge, monitored conditions, and
day-to-day water allocation (EDUVIZIG, 2000a).
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#26 From test operation to permanent rules

The operating permit converted experience, constraints, and
stakeholder priorities into a formal management framework.

After several years of test operation, the Szigetk6z Water Re-
plenishment System needed permanent rules. Monitoring
and modeling showed what the system could achieve (#25),
but available water remained limited, and different users did
not always need the same conditions (#15).

Stakeholders were involved again in defining the system’s
long-term operation. Water management, nature conserva-
tion, agriculture, forestry, fisheries, local interests, and other
users brought different requirements for water levels, flows,
and timing.

These needs were compared with the amount of water avail-
able and with the technical limits revealed during test opera-
tion (#24). Where objectives conflicted, priorities and practi-
cal compromises had to be agreed.

The resulting operating rules defined how water should be
distributed among the Old Danube, the active floodplain, the
historical floodplain, and the Mosoni-Danube under normal,
flood, special, and emergency conditions. Normal operation
responds to Danube discharge at Bratislava (Dévény) (#19)
and seasonal conditions, while separate procedures apply to
maintenance, controlled inundation (#28), pollution (#30),
ice, structural problems, and other exceptional situations
(EDUVIZIG, 2000a; Tatai and Pap, 2023).

The operating permit did more than formalize technical pro-
cedures. It translated experience from test operation and
competing stakeholder needs into an agreed framework for
sharing the available water.

Figure 32: Developing the permanent operating rules: stakeholders identified their
needs and balanced them against the available water and the system’s technical
limits before the rules were finalized
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Figure 33: a) Mosoni-Danube outflow structure operation control;
b) daily water-level control at Dunakiliti
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#27 A forum for continued adaptation

The Szigetkéz Operating Committee keeps stakeholder partic-
ipation active as part of the system’s long-term operation.

Stakeholder involvement (#14) continued after the first phase
of the water-replenishment system was completed in 1995.
Following several years of test operation, stakeholders met
again in 1999 to discuss long-term management. After the
operating-permit process, the Szigetkéz Operating Commit-
tee was formally established in 2001, creating a permanent
forum for cooperation among water management, disaster
management, nature conservation, forestry, agriculture, lo-
cal government, fishing, and tourism (#4) (Janak et al., 2014).

The Committee meets at least once a year to review the
previous year’s operation, monitoring results, maintenance
needs, and change requests. The North-Transdanubian Water
Directorate (EDUVIZIG) evaluates these proposals and devel-
ops possible technical responses, allowing different sectoral
needs to be considered within the same decision-making
process (Tatai and Pap, 2023).
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Operational adjustments that remain within the existing
permit can be incorporated into the operating instructions,
while larger changes require a separate permitting proce-
dure (#32, #33). The Committee provides a continuing link
between monitoring, stakeholder needs, and adaptive opera-
tion, keeping participation active long after construction was
completed.
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Figure 34: a) Meeting of the Szigetk6z Operating Committee in 2025; b) Process leading to the establishment of the Szigetkéz Operating Committee
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#28 Controlled floodplain inundation

Routine replenishment supplies water continuously; con-
trolled inundation temporarily restores part of the spring
flood pulse.

Routine replenishment (#21) cannot reproduce the tem-
porary rise in water levels that once accompanied spring
floods (#16). To restore part of this seasonal dynamic, con-
trolled floodplain inundation has been carried out in selected
years since 2004. During April and May, when Danube flow
forecasts, water temperatures, and operating conditions
are suitable, releases to the Old Danube can be increased
and approximately 200-250 cubic meters per second can
be directed into the active floodplain for about two weeks
(Kertész, 2017; Tatai and Pap, 2023).

The temporary rise in water levels allows water to spread
across a larger part of the floodplain. It can provide access
to spawning and nursery habitats, support groundwater re-
charge, and supply floodplain forests and wetlands during an
ecologically important part of the year (#31) (Tatai and Pap,
2023).

Controlled inundation does not recreate a natural flood. Its
timing, discharge, duration, and extent are regulated, and the
operation must remain compatible with flood protection and
the safe operation of hydraulic structures. Where possible,
discharge is reduced gradually at the end of the event so that
water levels fall more slowly and the risk of stranding fish and
juvenile fish is reduced. In this way, controlled inundation re-
stores part of the seasonal variability that routine replenish-
ment alone cannot provide (EDUVIZIG, 2000b; Tatai and Pap,
2023).

Figure 35: Controlled floodplain inundation in the Szigetkéz active floodplain
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CHAPTER 7

Recovery and remaining challenges
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#29 Recovery was substantial but uneven

Replenishment refilled many channels, but it did not recreate
the former natural water regime.

Surface-water conditions improved visibly in large parts of
the active and historical floodplains. Previously dry channels
(#11) refilled, and water levels stabilized in many directly sup-
plied branches and water bodies. The greatest improvements
generally occurred close to channels receiving replenishment
water, while the effect weakened farther from the supplied
network (Jakus et al., 2024).

Groundwater (#12) followed a more complex pattern. The
persistently low water level of the Old Danube continued to
influence nearby areas, particularly in Upper Szigetkdz, while
locations closer to replenished branches experienced greater
stabilization. Long-term analysis shows that spring and sum-
mer groundwater levels increased by approximately 20-30
cm in parts of central Szigetkoz, offsetting much of the earlier
decline (Chappon et al., 2024a).

Recovery was also seasonal. While growing-season ground-
water conditions improved in several areas, winter ground-
water levels continued to decline in some upstream locations.
The results show substantial but spatially and seasonally une-
ven recovery rather than a return to pre-diversion conditions
(Chappon et al., 2024a).

Figure 36: Surface water in an active floodplain branch a) before the diversion (1988); b) after the diversion (1993); c) following water replenishment (1995)
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Figure 37: Groundwater response after water replenishment, showing the replenishment network, investigated sections, and groundwater potential patterns across

Szigetkéz (Chappon et al., 2024a)
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#30 Water quality and local ecological risks

Bringing water back was only part of the recovery: its quality
and movement through the floodplain also shaped ecological
conditions.

The recovery of surface water and groundwater improved
conditions across much of Szigetkoz (#29), but the ecologi-
cal response depended on more than water levels alone. The
quality of the incoming Danube water, together with how
quickly it moved through the branch network and how long
it remained there, also influenced the condition of aquatic
habitats (#18).
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Long-term monitoring (#24) in Lower Szigetk6z shows sub-
stantial declines in several forms of organic, nutrient, and
bacterial pollution compared with the more polluted condi-
tions of earlier decades. Improved wastewater treatment in
upstream urban areas and changes in industrial activity con-
tributed to this trend (Pannonhalmi and Varga, 2021; Mucha
and Lisicky, 2006).

Consequently, water entering the replenishment system had
better chemical quality than during the 1960s—1980s. Con-
ditions within the network, however, were also influenced
by tributary inflows, local pollution sources, floods, and lo-
cal flow conditions. Slow flow, long residence time, fine-sed-
iment accumulation, and high biological productivity could
promote algal growth and large daily variations in dissolved
oxygen (Pannonhalmi, 2007; Ordég and Koltai, 2008).

) Historical chemical oxygen demand load,
2001-2004 (t/year)

Gydr Masoni-Danube Tributaries Other
WWTP mear Gy solFces
W0 B2z W 2000 2004

Figure 38: Main factors influencing water quality in the Mosoni-Danube: a) incoming Danube water and tributary inflows; b) diffuse pollution and accidental events;
¢) floods and local flow conditions; and d) wastewater discharges. Together, these factors influence water quality in the river and connected branch systems

(Pannonhalmi, 2005)
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Monitoring in 2006 and 2007 showed that equally favorable
biological responses did not always match favorable chemi-
cal conditions. Slow-flowing or weakly connected branches
showed the greatest spatial and seasonal variability, confirm-
ing that ecological water quality depended not only on the
water entering the system, but also on how it moved through
the floodplain (Pannonhalmi, 2007; Ordég and Koltai, 2008).

#31 Biological recovery and ecological limits

Rewatered habitats support more aquatic life, but the flood-
plain remains regulated and fragmented.

The return of water (#21) allowed many aquatic and wetland
habitats to recover. Fish returned to rewatered branches, am-
phibians and waterfowl again used floodplain wetlands for
breeding and feeding, and aquatic vegetation developed in
oxbows and slower-flowing channels. Improved soil moisture
also supported floodplain forests close to supplied water
bodies (EDUVIZIG, 2004; Jakus et al., 2024).

Recovery, however, differed among habitats. Flowing
channels, slow-flowing branches, oxbows, and temporar-
ily connected water bodies responded differently, and eco-
logical conditions remained strongly dependent on local
water exchange and connectivity. Some poorly connected or
slow-flowing waters were more vulnerable to algal growth
and other signs of eutrophication (Pannonhalmi, 2006, 2007;
Orddg and Koltai, 2008).

Important characteristics of the former floodplain regime
have not been fully restored. Natural flood pulses remain
weaker, seasonal water-level variation is reduced, and eco-
logical connections between the main river and many flood-
plain habitats remain limited. Some historically characteristic
species are still absent, while invasive species have expanded
in modified habitats (Guti, 2020; Jakus et al., 2024).
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The result is a substantial but incomplete ecological recov-
ery: many floodplain functions and habitats have returned,
but the present landscape remains a managed system rather
than a recreation of pre-diversion conditions (#2).

These limitations, particularly in Lower Szigetkdz and along
the Mosoni-Danube, led to a new phase of rehabilitation
(#32, #33).

Figure 39: a) Lipdt Oxbow Lake (Lipoti-morotva-té) in the historical floodplain;
b) Ontési Lake, representing a slow-flowing or standing-water habitat within the
active floodplain mosaic
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#32 Extending replenishment through Lower
Szigetkoz

The main challenge was retaining and redistributing existing
water farther downstream.

Before 2015, regular active floodplain replenishment ended
near the upper Asvanyi branch system. Several downstream
branch systems periodically dried or lost their aquatic char-
acter as low water levels in the Old Danube declined, and
floodplain branches gradually silted up (#8). Rather than in-
creasing total inflow, the project focused on retaining and re-
distributing water already available within the system (#25).

Water that had previously returned to the Old Danube was
retained and directed through a downstream sequence of
branches. Submerged outlet weirs, dredged feeder channels,
modified closures, and fish passages created a connected
route through the lower active floodplain (Kertész, 2017).

Three siphon-based intakes also expanded water supply to
the adjoining historical floodplain channels (#23). Because
siphons carry water beneath the levee but do not provide
migration routes for larger aquatic organisms, ecological con-
nectivity depends on fish passages at downstream water-lev-
el-control structures near the Mosoni-Danube (#33), togeth-
er with suitable operating rules (Dunai, 2006; Kertész, 2017).
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Figure 40: (a) Replenished river branch in Asvanyrdré; (b,c) Béka-ér Siphon in
Asvdnyrdré supplying water from the (b) active floodplain to the (c) historical
floodplain
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Figure 41: Extension of water replenishment through the lower Asvényi, Bagaméri, and Patkdnyosi branch systems with photos of fish passages. Base map: EDUVIZIG

#33 Rehabilitation of the Mosoni-Danube

Later projects treated the river corridor as an ecological,
urban, recreational, and flood-protection system.

The Mosoni-Danube, the southern branch of the Szigetkoz
river system (#1), flows through Mosonmagyarévar and Gyér
and connects floodplain, urban, and tributary environments.
Its rehabilitation was implemented in two main phases, re-
flecting different local problems along the river corridor that
remained after the first phase of rehabilitation (#22).

The upstream phase, completed in 2015, focused on the
reach upstream of Gyér. It included urban river sections, ox-
bows, wetlands, island branches, and the lower Lajta River,
an important tributary of the Mosoni-Danube. Water-lev-
el-control structures were reconstructed, while fish passages
and boating facilities improved longitudinal connectivity and
public use (Dunai, 2024).

The downstream phase addressed the lower reach near Gyér,
where persistently low water levels had weakened the hy-
draulic connection between the Mosoni-Danube, the Raba,
adjoining side branches, and the urban waterfront. The Mo-
soni-Danube Outflow Structure, completed in the second
phase, was designed to raise and regulate upstream surface
water and groundwater levels while also supporting flood
protection and navigation objectives.
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Taken together, the two phases extended rehabilitation from
individual structures to the wider river corridor. Upstream
and downstream works responded to different local con-
ditions. However, both were coordinated around the same
broader aims: improved water levels, better ecological con-
nectivity, flood management, navigation, and a stronger re-
lationship between the river and surrounding settlements
(Dunai, 2024).

These later projects showed that rehabilitation in Szigetkoz
was not a single completed intervention (#34), but an evolv-
ing regional process that continued as new problems and op-
portunities emerged.

Figure 42: Rehabilitation of the Mosoni-Danube: a) Historical floodplain branch connection to the Mosoni-Danube upstream of Gydr;
b) River landscape in Gydr; c) small boat downstream from Gydr; d) the Mosoni-Danube Outflow Structure
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#34 A rehabilitation that continues

The water-replenishment system substantially improved con-
ditions across a heavily modified floodplain, but its operation
and development remain ongoing.

Water has returned to many branches that dried after the
1992 diversion (#11). Controlled water distribution, fish pas-
sages, and later extensions of the replenishment system have
improved hydraulic and ecological connections while main-
taining flood protection and supporting settlements, land
use, and other human activities (#3).

The floodplain, however, has not returned to its former nat-
ural state (#6). The Old Danube still receives only a fraction
of its former discharge, and its water levels remain low. In
the active floodplain, seasonal fluctuations are smaller than
they once were, and large-scale regulation still influences
groundwater conditions. Some ecological connections and
flood-pulse processes remain only partly restored, and the
benefits of replenishment are uneven across the landscape
(#29) (Chappon et al., 2024a; Guti, 2020).
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At the same time, more than three decades of work (#5)
transformed emergency measures into a system of adaptive
management. Initial measures were followed by construc-
tion, test operation, monitoring, technical adjustments, for-
mal operating rules, and the establishment of the Szigetkoz
Operating Committee (#27). Together, these efforts created
a replenishment system that supports both ecological func-
tions and human uses. Rehabilitation has continued in Lower
Szigetkoz (#32), along the Mosoni-Danube (#33), and through
controlled inundation on the active (#28) and historical flood-
plains.

It is perhaps best to view the story of Szigetkdz not as a com-
pleted rehabilitation project, but as an ongoing relationship
between the Danube, the floodplain, its infrastructure, and
the institutions and communities responsible for its opera-
tion.

Figure 43: Rehabilitation in Szigetkéz: a) historical floodplain; b) fish passage between the active floodplain and the Old Danube (Asvényrdrd)
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What can other river projects learn?

Szigetkéz offers a method for working with constraints, not a
universal technical blueprint.

The project’s principal achievement is not the recreation of
an undisturbed floodplain. It is the development of an ad-
aptable system that brings water back to a heavily modified
landscape while maintaining ecological functions, flood safe-
ty, and multiple social uses (Dunai, 1995; EDUVIZIG, 2000a;
Tatai and Pap, 2023).

Some conditions are specific to Szigetkoz: it is a transbound-
ary inland delta, overlies a crucial gravel aquifer, lies on a
major European navigation corridor, and must be managed
under significant flood risk.

Figure 44: Present-day Szigetkéz floodplain landscape
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These conditions make the site distinctive and mean that its
structures should not be copied as a universal technical blue-
print (Bardossy and Molnar, 2004; Jakus et al., 2024).

What transfers is the method: identify the problem and his-
torical causes, recognize conflicts, involve affected groups,
translate ecological goals into design criteria, implement in
phases, operate adaptively, monitor results, and evaluate
long-term sustainability. Technical lessons include gravi-
ty-based distribution, dynamic control, and fish-passage de-
sign; institutional lessons include conflict resolution and a
permanent operating committee (Dunai, 1995; Pannonhalmi,
1999; Janak et al., 2014; Tatai and Pap, 2023).

Within DALIA, these lessons are being exchanged with
replication sites linked to LIFE4LAMPREY in Portugal, WA-
TER-GUIDE in Bosnia and Herzegovina, and SMARR in Israel.
The aim is not to duplicate Szigetkoz structures, but to adapt
monitoring, stakeholder participation, decision-making, and
nature-based design principles to local conditions.

Rehabilitation is not only about fixing rivers; it is about re-
connecting people and processes (Water Resources Research
Group, 2025).
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Figure Title Photo/figure credit
DALIA meeting in Szigetkdz, autumn 2023 Photo: DALIA project archive
2 Active-floodplain branch after rehabilitation Photo: Maté Chappon
Location of Szigetkdz along the Danube and within the Rhine—Main— Figure: Klaudia Madarasz
Danube Waterway
4 Floodplain near Asvanyraré in 1965 and 1993 fentrol.hu
Flora and fauna of Szigetkdz: wet meadow; floodplain branch with Photos: (a,b) Jozsef Kertész, (c) Richard P. Ray (d)
reeds and forest; fox in floodplain vegetation; and great egret in the Gergely Amon
active-floodplain branch system
6 Overview map of the Szigetkdz area Figure: Klaudia Madardsz (ESRI basemap; project
geospatial data processed in QGIS)
7 Examples of land use and water-related recreation in Szigetkoz Photos: Maté Chappon
8 Timeline of the most significant anthropogenic alterations in the Chappon et al. (2024b)
Szigetkoz floodplain, 1700-2023
9 Extent of regularly flooded areas along the Szigetkdz reach before SEA (2010), based on material from the collection
large-scale river regulation of the Danube Museum
10 Flood event on the Danube in Szigetkdz, September 2024 Photo: Maté Chappon
11 Water-level and morphological changes after 1959 Figure: Klaudia Madarasz
12 Old Danube in Szigetkdz during low-water conditions Photo: Maté Chappon
13 Design concepts and plans for the Gabc¢ikovo—Nagymaros Barrage EDUVIZIG archive
Project
14 Layout of Variant C and its principal structures Figure: Richard Ray;
Photos: EDUVIZIG archive
https://xpatloop.com/channels/2025/07/decades-
long-danube-dispute-will-a-dam-be-built-at-
nagymaros-in-hungary.html
15 Hydrological impact of the Danube diversion in Szigetk6z between 1992 | Figure: Klaudia Madarasz (ESRI basemap; project
and 1993 geospatial data processed in QGIS) Photos: Jozsef
Kertész, EDUVIZIG archive
16 Dry active-floodplain branches following the diversion of the Danube Photos: Fert6—Hansag National Park Directorate,

Jbzsef Kertész
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Dunakiliti

Figure Title Photo/figure credit
17 Zatonyi-Danube near Doborgazsziget in November 1992 and after the Photos: Jozsef Kertész
return of water in May 1993
18 Stakeholder meeting during planning of the rehabilitation system EDUVIZIG archive
19 Function tree for the historical floodplain Based on Dunai (1995), Al-assisted figure
20 Long-term water level at Dunaremete and Danube discharge at Figure: Klaudia Madarasz
Bratislava (Dévény)
21 Relationship between Danube discharge at Bratislava (Dévény) and Figure: Katalin Bene, Photo: Maté Chappon
water level at Dunaremete during 1950-1959 and 1989-1992
22 Daily water-level variation and monthly minimum, mean, and Figure: Katalin Bene
maximum water levels at Dunaremete during 1950-1959 datasource: EDUVIZIG
23 Active-floodplain branch, fish passage, and the Old Danube Photo: Maté Chappon
24 Relationship between Danube discharge at Bratislava (Dévény) and Figure: Klaudia Madarasz, Katalin Bene
flow entering the Szigetk6z reach at Rajka datasource: EDUVIZIG
25 Dynamic control of the active floodplain Figure: Klaudia Madarasz,
Satellite image: maps.google.com
Photo: EDUVIZIG archive
26 The Dunakiliti submerged weir after construction and in 2025 (a) EDUVIZIG archive, (b) Gergely Amon
27 Examples of hydraulic structures used to distribute and retain water Photos: EDUVIZIG archive
within the active floodplain: (a) Szent Kristéf Bridge and water-level-
control structure; (b) Denkpal branch-end closure and fish passage
28 (a) Rajka Sluice gate in 1991; (b) Mosonmagyardvar Barrage 2025; (c) Photos: (a,c) EDUVIZIG archive;
Mosoni-Danube supply channel at Cunovo reservoir; (d) flow in the (b,d) Gergely Amon
supply channel and toe drain around the Rajka sluice gate
29 Channels used for both water replenishment and drainage in the Photos: Maté Chappon
historical floodplain in Upper and Lower Szigetkoz
30 Locations of surface-water gauging stations in Szigetkoz. a) Gauging (a) Szlics, 2018; (b) Maté Chappon
stations are monitoring points where river or channel water levels are
measured regularly or continuously to track changes over time
(Szlics, 2018); b) Old Danube gauge at Doborgaz
31 Oxbow lake in the historical floodplain Photo: Jézsef Kertész
32 Development of the permanent operating rules Figure: Katalin Bene
33 Operational water-level control: Mosoni-Danube Outflow Structure and | Photo: Maté Chappon
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34 (a) Meeting of the Szigetkéz Operating Committee in 2025 (b) Process | Photo: EDUVIZIG Al generated flowchart
leading to the establishment of the Szigetkdz Operating Committee datasource: EDUVIZIG

35 Controlled floodplain inundation in the Szigetkoz active floodplain Photo: Jézsef Kertész

36 Surface water in an active-floodplain branch before the diversion Dunai (2024)
(1988), after the diversion (1993), and following water replenishment
(1995)

37 Groundwater response after water replenishment across Szigetkoz Chappon et al. (2024a)

38 Main factors influencing water quality in the Mosoni-Danube Pannonhalmi (2005)

39 Lipét Oxbow Lake in the historical floodplain and Ontési Lake in the Photos: Jozsef Kertész
active floodplain

40 Replenished branch and Béka-ér Siphon at Asvanyraré Photos: Maté Chappon

41 Extension of water replenishment through the lower Asvanyi, Photos: Méaté Chappon, Gergely Amon
Bagaméri, and Patkanyosi branch systems, with fish passages Base map: EDUVIZIG

42 Rehabilitation of the Mosoni-Danube Photos: Maté Chappon

43 Rehabilitation in Szigetkdz: historical floodplain and fish passages Photos: Maté Chappon
between the active floodplain and the Old Danube at Asvanyrard

44 Present-day Szigetkoz floodplain landscape Photo: Jézsef Kertész
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