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PREFACE
The Gemenc Floodplain Rehabilitation Study is set up as a combined effort of the Netherlands and
Hungarian authorities to come to a sound planning policy in the Gemenc floodplain area, with the
emphasis on water management. It is executed as a joint project of D E L F T H Y D R A U L I C S , RWS-RIZA
and V I T U K I . Annex a list of the team members is presented.

This Inception-report of the Gemenc Floodplain Rehabilitation Study concludes the Identification
Phase and provides a working plan for the next study phase. It describes the problem of 'floodplain
rehabilitation' in its context and proposes policy objectives for the various interests as the study team
has perceived it. It also identifies a number of possible measures which should be studied in the next
phase for their effectiveness and side-impacts. Although this report has been conceived after studying
as many references and information sources as possible in the short time available, we realize that we
nevertheless may have overlooked aspects or potential measures, which should be included in the
study. Therefore this report should be considered as a working document which presents a 'snap-shot
picture' of a study in progress. By writing down what we know we hope to stimulate reactions on
what we are unaware of: any misinterpretations and lacks in our knowledge on the local situation.
The

editors.
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Executive Summary
This Inception Report presents a problem description and study approach of the Gemenc Floodplain
Rehabilitation Study. The Study is set up as a combined effort of the Netherlands and Hungarian
authorities to come to a sound planning policy in the Gemenc floodplain area, with the emphasis on
water management. It is executed as a joint project of D E L F T H Y D R A U L I C S , RWS-RIZA and V I T U K I .
The Gemenc Landscape Reserve, established in 1977, is a Danube floodplain area of outstanding
natural beauty and important natural resources, but with seriously conflicting interests. In the Gemenc
Floodplain, which is for the largest part under forest, still remnants of the former natural river fringe
hardwood and softwood forests are present. It is an important game reserve and a unique habitat for
several species of wild animals.
Due to human interventions in the last century, of which river training works, forestry activities and
recreation are major factors, the nature values of the area have declined significantly.
The present status of the Gemenc area as a Landscape Reserve and the plans for the creation of a
National Park incorporating the Gemenc Forest Landscape Reserve leads to the need for a critical
assessment of the present nature conservation situation and to possible measures to improve this
situation. Increased awareness on environmental matters over the last years has stimulated new ideas
on integrated water management. This development has created a new perspective for the
improvement of the Gemenc area. For this study the main problem can therefore be defined as: 'How
to create proper conditions for regeneration and restoration of the natural ecosystems of the Gemenc
floodplain area in such a way that the remaining functions of the area are not affected unduely'.
Aim of the project is to carry out a policy analysis for the design of an integrated plan for the water
management of the Gemenc area, including measures that lead to better and sustainable conditions
for natural ecosystem development.
The Report presents a description of the tasks which together form the backbone of the
interdisciplinary approach of the project. It gives an initial set of planning objectives and related
possible measures. Finally it concludes with a working plan for the different phases of the project.

DELFT HYDRAULICS / RWS-RIZA / VITUKI

July 1992

Gemenc Floodplain Rehabilitation

1

Inception Report

1 Introduction and background
1.1 Main objective
A i m of the project is to carry out a policy analysis for the design of an integrated plan for the water
management of the Gemenc area, including measures that lead to better and sustainable conditions
for natural ecosystem development. Strategies and alternatives to be taken into consideration for the
plan should have a sound basis agreed upon by the parties and authorities involved. Consequences of
the plan alternatives should be described as impacts on all relevant functions of the area. Impact
prediction should be based on the morphological and ecological development of the area.
This Inception Report is meant as a first inventory of the problem field, of the possible solutions and
of the effects of measures that might be taken. It is based on a preliminary analysis only, and
delineates the lines of thought for the research and analyses to be carried out.

1.2 History of the project
Within the framework of the Memorandum of Understanding (MOU) on Water Affairs a seminar on
river management was held in 1989 at Baja, Hungary. During this seminar the Gemenc area was
visited and initial ideas about a joint cooperation between Hungary and the Netherlands with Gemenc
as a pilot study under the M O U emerged.
The Government of the Netherlands carries out a plan for the restoration of the river Rhine, with
special emphasis on the prevention of pollution and rehabilitation of its floodplains. The major part
of the floodplain of the rivers in the Netherlands are in agricultural use. Plans are being made to
strenghten the natural values of the floodplains by means of habitat restoration as for instance the
revitalization of lateral channels and floodplain forests.
Since 1989 several studies on the waterquantity, waterquality and vegetation of the Gemenc area were
carried out in the framework of the cooperation of Hungary and the Netherlands. Besides its local
relevance, the experience gained in the Gemenc project can be of great importance for the Ministry
of Transport, Public Works and Water Management in its new approach of river management in the
Netherlands. For the Hungarian counterparts, gaining experience in the policy analysis approach of
the project forms a major goal beyond the study objectives itself.
Because of the complexity of the problem, and the different interests involved, it was decided to start
the restoration of the Gemenc Floodplain with a Policy Analysis. The advantages of this policy
analysis approach are: an objective description of the problem situation and possible solutions, insight
in the most effective and efficient measures and an unbiased descriptions of their side-effects. This
information should enable the competent authorities to make a well-based decision on the future of
the Gemenc area. The study itself does not decide: the purpose of policy analysis is to support policy
decisions, not to replace the decision-makers.
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1.3 International value of Gemenc.
The Gemenc area is of international value as an example of a European floodplain forest. Unlike
many other floodplains the Gemenc area has not suffered from major dams and deforestation. Due
to its large amount of older trees (especially Populus and Quercus) situated in a suitable feeding
habitat, birds as White-tailed Eagle, Black Stork and Black Kite are breeding in Gemenc. Throughout
the entire breeding period many Night Herons of nearby colonies use the area for feeding. Without
exception all these species are mentioned as target organisms in rehabilitation plans for European
rivers and thus can be qualified as indicators of high ecological floodplain values. Although relatively
little is known of the smaller animals and especially the invertebrate fauna, recent visits of (foreign)
ecologists all confirmed that, according to their first impressions, the forest looks faunistically rich.
One should also realize that the area still has its more or less original morphological habitat structure
of former riverbranches and levees. This morphological diversity combined with the relatively large
size of the area offers ample opportunities for the development of a more diverse floodplain
ecosystem.
The Gemenc floodplain was qualified as an area of national importance and its protection was
declared in 1977 by the president of the National Office for Nature Conservation in his resolution No.
14 (Zsuffa, 1991). The international value of Gemenc is also acknowledged by the plans for the
establishment of a joint Yugoslav-Hungarian Danube-Drava National Park (Buzetzky et al., 1991)
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2 Project set-up
The project approach is characterized by an identification phase, a development phase, a selection
phase and a presentation phase. In the Identification phase the problems are identified and an initial
analysis is made of the cause-effect relationships for the decision situation. In the Development phase
solutions are developed to solve the identified problems. The Selection phase comprises analysis and
evaluation of possible solutions, followed by selection of a single or several acceptable solutions.
A decision process is not a simple sequence of steps. Inherent in a decision process are factors
causing the decision-makers to return to earlier phases of the decision process. Similarly, the policy
analysis is characterized by the occurrence of cyclic processes: comprehension cycles to improve the
understanding of the problem, and feedback cycles, when solutions fail to meet minimal standards
and new solutions need to be designed or found.
In Figure 2.1 a schematic presentation of the policy analysis is given. The three elementary phases
are distinguished and the interaction with the decision maker, which is essential throughout the
process is indicated by a bar at the bottom of the scheme. The identification phase is generally
referred to as the inception phase of the policy analysis study. In this phase distinction is made
between the initial analysis, leading to a problem definition, and the set-up of the approach. The
output of this phase is the Inception Report, the one you are reading right now.

identification

development

I

data collection
and modelling

selection

analysis

• problem
statemen t
• analysis
conditions
• analytical
approach
• workplan

•

preliminary analysis

final
report

decision makers /

representatives

T6J5 OOJA

Figure 2.1. Schematic presentation of the steps in a policy analysis.
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The development phase comprises two blocks of project activities: data collection and modelling; and
a preliminary analysis of measures and strategies. The interaction between the two blocks is cyclic,
to emphasize that the analysis has to be tuned to the development of management strategies. The
interaction with the decision maker is structured, discussions will be based on the presentation of
interim reports.
In the selection phase a limited number of strategies will be selected for detailed analysis. Strategies
are a combination of promising measures, which together are supposed to be able to fulfil one or
more planning objectives. Strategies will of course only be defined after consultation of the parties
involved. The effects of the different strategies will be assessed under various scenario and system
assumptions. This will result in a matrix of strategies versus environmental and other side-effects. For
example, a strategy could be analysed in the supposed absence of any recreation, commercial forestry
or fisheries in the area. Or a strategy could be analysed under the assumption that commercial
recreation facilities like hotels will expand in the future. On the basis of such a matrix the competent
authorities can decide on the desired development and consequently on the measures to be taken.
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3 Description of Gemenc area and problem analysis
3.1 Introduction
The Gemenc Landscape Reserve, established in 1977, is a Danube floodplain area of outstanding
natural beauty and important natural resources, but with seriously conflicting interests. In the Gemenc
Floodplain, which is for the largest part under forest, still remnants of the former natural river fringe
hardwood and softwood forests are present. It is an important game reserve and a unique habitat for
several species of wild animals.
Since last century river training works have aimed at flood protection, better navigability and
prevention of ice-jams. Lower stream velocity in the abandoned side arms and cut-off bends have led
to siltation and temporary eutrophication of the side arms. Higher stream velocity in the main channel
has lead to its deepening and consequently to dessiccation of the whole floodplain area.
Besides, the forestry and hunting practices in the Gemenc area have imposed pressure on the natural
floodplain ecosystems and associated water management. Also recreation and commercial fisheries
play a role in the area.
The present status of the Gemenc area as a Landscape Reserve and the plans for the creation of a
National Park incorporating the Gemenc Forest Landscape Reserve leads to the need for a critical
assessment of the present nature conservation situation and to possible measures to improve this
situation. Increased awareness on environmental matters over the last years has stimulated new ideas
on integrated water management. This development has created a new perspective for the
improvement of the Gemenc area. For this study the main problem can therefore be defined as: 'How
to create proper conditions for regeneration and restoration of the natural ecosystems of the Gemenc
floodplain area in such a way that the remaining functions of the area are not affected unduely'.

3.2 Description of the problems
The problems in the Gemenc floodplain can be grouped according to the components of the
hydrological system, i.e.: the main channel (including the lateral channels), the backwaters (ancient
stream beds and oxbows) and the floodplain proper. Besides there is a number of related problems,
which do not directly relate to the hydrological system. In figure 3.1 the main problems, which have
been identified so far, are presented.
Riverbed
degradation:
In the interest of flood control flood levees were build and meanders were cut-off along large stretches
of the Danube, thus shortening the mean waterbed of the river. The higher flow velocities resulted
in the accelerated scouring of the mean waterbed along the trained river reaches. Due to this effect
the training projects failed to meet the requirements of navigation. This raised the need of training
the mean- and low-water channels as well. These training works concentrated exclusively on the main
channel and consisted of the construction of parallel and transverse structures and of implementing
additional cuts. This resulted in the creation of uniform navigation channels, but induced further
scouring as well, especially in the alluvial bed, producing not only obstacles to navigation, but also
the lowering of the groundwater table in the floodplain areas (Hajds, 1991).
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Figure 3.1: Gemenc floodplain problem analysis
MAIN CHANNEL

riverbed degradation (increased stream velocities due to river
training)
lateral channels (near islands) obstructed
potentially polluted sediments

BACKWATER SYSTEM

degraded water quality
siltation
habitat loss for fish

F L O O D P L A I N PROPER

groundwater lowering / dessication of forest
obstruction of floods by bunds, dykes and railway

RELATED PROBLEMS

uncontrolled recreational activities
forestry activities
excessive game stock

Long term time series of the lowest annual waterlevels at all the gauging stations between
Dunafoldvar and Mohacs indicate a decreasing trend of about 1.5 - 2.0 cm/y. This indication of
riverbed degradation has been induced by former river training works, as decribed in the previous
paragraph, and in the last decades by gravel mining activities (VITUKI, 1991).

Obstruction of lateral channels in the main channel:
In the Gemenc stretch of the Danube, a number of small islands are present, of which KddSr Island
is the major one. The water flow in the lateral channels (such as K£d$r Duna) along these islands
is hampered by dam structures.

Degraded water quality of the backwaters:
The Gemenc area is interwoven by 15 ancient stream beds, which represent five different water types
(Hajds, 1991; Rademakers, 1990):
1)
ancient stream beds of the Danube with flowing water at mean river discharge (GnJbeci Duna
(North); Rez&i Duna; Ven Duna)(see figure 3.2)
2)
periodically dry stream beds which seasonally carry water at moderate highwaterlevels (Gf&reci
Duna (south); Keselyiis Duna; Csertai Duna)
3)
dry stream beds which receive water only on occasions when the entire floodplain is inundated
(not every year) (Kaposztas Duna; Ny6ki Holt Duna)
4)
ancient stream beds with permanent water, which normally is stagnant, but may be slowly
flowing during floodplain inundation; waterlevel fluctuations are induced by groundwaterflow
and evaporation (Decsi Nagy Holt Duna; Decsi Kis Holt Duna; Malom teleld; Kaposztas Duna
and Szeremlei Duna)
5)
isolated ancient stream beds (and excavated waterbodies) with permanently stagnant water;
waterlevel fluctuations are induced by groundwaterflow and evaporation (Decsi Kis Holt Duna;
Kis Rez&i Duna and KoppSny Td).
Water quality measurements in two of the stream beds of the Gemenc area, the Rezeti and Ven Duna,
show that nutrient concentrations (N and P) are high, (above 1 and 0.1 mg/l, for total N and P,
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respectively). These concentrations evidently lead to eutrophication and the excessive growth of algae
in periods of low flow (VITUKI, 1991).

Siltation of backwaters:
During the past decades many of the stream beds, including the large Rez&i and Ven Duna, have
started to silt up. The inflow of water became more and more restricted, esp. in dry seasons.
Concurrently river engineering works were executed, including cutting off of a number of meanders.
Factors involved in the siltation process include: the river training works, the lowering of the river
bed, occasionally filling and natural processes. For the Rezeti Duna, for instance, the fact that the
length ratio between the inlet/outlet and the branch length is 3:14 km implies a very small slope,
which greatly enhances the settling of any sediments from the Danube. At the moment the relative
share of human induced factors of the ongoing siltation process is unknown. For another branch, the
Ven Duna, however, siltation is obviously caused by the design of a cross-dam at the upstream side.
Over-flowing of the dam only occurs at river discharges exceeding 2300 m /s.
3

In general, the consequence of the siltation is a reduced water flow, leading to water quality problems
and even periodically drying out of some backwaters.
Restoring the waterflow in these backwaters should not result in changes in the low water conditions
in the main channel, as in the interest of international navigation, channel conditions must fulfil the
requirements, formulated as the 'proposals' of the International Danube Commission. The dimensions
of the shipping route are related to the levels of the navigational low-flow ( N L F L ) , where Q = 1040
m /s at Baja (VITUKI, 1991).
3

Groundwater lowering I dessication of forest:
Due to the riverbed lowering also groundwatertables are supposed to become lower. There is some
confusion, however, whether or not this has resulted in adverse effects on the forest vegetation.
Richnovsky (1989) reported the disappearance of several aquatic plant species and the appearance of
drought-resistance species (viz. Lamiumpurpureum,
Solidago virgaurea and Asclepias syriaca) which
might indicate dessication problems. Although at some places the forests seem to suffer from
dessication, this might be attributable to the fact that tree species (viz. poplars) are being planted on
higher (and drier) grounds where they would not occur under natural circumstances. There might also
be a possibility that the planting of poplars has induced a certain lowering of the groundwater table.
Other possible activities influencing the groundwater table, such as groundwater extraction for human
purposes and drainage activities are currently not taking place. Unfortunately, time series of
groundwater levels are largely lacking.

Obstruction of floods:
The construction of floodcontrol dykes, roads and the railway hampers the free flow of water during
inundation. Some parts of the floodplain thus became isolated and at other parts the flooding
frequency is changed.

Uncontrolled recreational activities:
Recreational activities in the past 20 years have led to uncontrolled and often illegal building of
weekend-cottages. Centres of activities are on the right bank, but also along the Rez6ti and opposite
of Baja, on the left bank summer-cottages have been build. From an ecological point of view the
problems related to these areas are mostly local (disturbance along the access road, rubbish dumping,
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Decsi Nagy Holt Duna
Decsi Kis Holt Duna
GWbeci Duna (North)
Gibreci Duna (South)
Keselyus Duna
Malom telelo
Rezeti Duna
Kis Rezeti Duna
Kaposztas Duna
Ven Duna
Csertai Duna
Nyelri Holt Duna
Koppany T<5
Szeremlei Duna
Kadar Duna

Baja

14,

Szeremle

L-^l road

•ft

EE3 railway
B B I urban area
2 km

Figure 3.2. The Gemenc floodplain
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wastewater discharge, visual hindrance). Further expansion of these resorts has been stopped by the
competent authorities, but a satisfactory improvement of the situation has not been reached yet.
From the viewpoint of nature conservation, angling has reached an intensity where it threatens the
ecology. No less than 2500 to 3000 angling licences have been released for the area. Disturbance due
to motorized access to angling sites and the littering at these sites calls for stricter supervision and
regulation. (Buzetzky, 1991)

Forestry activities:
From an ecological point of view, forestry activities with purely productive objectives have quite a
number of negative impacts. Most evidently, the replacement of natural forest cover with
monocultures of poplars and other fast-growing trees, causes a major decrease of the ecological value.
Tree species diversity has gone down, inducing a reduction of animal habitat diversity. In addition
the age distribution of the forest became also unfavourable. 20 year old stock is dominating, while
80-90 year old forest parts became very rare (Buzetzky, 1991). Hence, old and large trees are
virtually absent, which reduces nesting and resting opportunities for birds like the Black Stork and
Cormorant, and for cavity-dwelling birds and bats.
Furthermore, the forestry activities like cutting and transportation cause a disturbance. The
infrastructure needed for the transport (roads and dams) hampers the flow of inundation water. And
finally the fences around newly planted plots form an artificial barrier for animals other than Deer.

Excessive game stock:
Presently, game stock (Red Deer, Wild Boar etc.) has reached levels which are not in equilibrium
with the carrying capacity of the Gemenc forest. The Red Deer of the Gemenc forest is a natural
component of the floodplain ecosystem, but, due to hunting practices and changes in the forest
ecosystem, there is currently a situation of serious overpopulation. (Buzetzky, 1991, Petkd-Szandtner,
1990). The effect of the high wildlife density is clearly visible from the lack of natural forest
rejuvenation at many places.

3.3 Description of the socio-economic and institutional situation
3.3.1 Nature Conservation Administration.
The Gemenc floodplain is one of the 36 Landscape Protection Areas in Hungary. Landscape
Protection Areas serve to protect the most characterisitc features of selected areas, aiming to maintain
the balance between natural values and economic activities. In general, construction and mining
activities and most industrial enterprizes are restricited. Economic activities are allowed only to the
extent that they maintain the quality and unuque characteristics of the landscape (Rakonczay, 1989,
in Zsuffa, 1991). On a national level, nature conservation is the duty of the Ministry of Environment
Protection. The operational and authority right for the Gemenc Landscape Protection Area (GLPA)
was given by the Minister of Environment Protection to the South-Transdanubian
Nature
Conservation Authority in 1990.
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3.3.2 Adminstration of the Forestry and Wildlife Management activities.
The Gemenc forest is owned and operated by the State through State Companies. On a national level
the Forestry is administered under the Agricultural Ministry. The Ministry has a Forestry Head
Department, locally represented by the Forest Planning Offices. The Gemenc forest belongs to the
Forest Planning Office of Pics. This Planning Office produces Forestry Plans for Gemenc, which
contains the present composition, ages and sizes of trees in every forest unit. It also prescribes the
character of the forestry activities fo each forestry unit. There are two kinds of functions: nature
conservation and wood production. According to the Forestry Plan for Gemenc, over 80 % of the
forest is allocated for wood production, 15% for nature conservation and 3% for other purposes. The
Forestry Plan should be in accordance with the Landscape Protection Status of Gemenc, as controlled
by the South-Transdanubian Nature Conservation Authority.
Forestry activities are controlled by the Forest Inspectorate of Pics, as a prime authority, but they
need the consent of the South-Transdanubian Nature Conservation Authority. The economic utilization
of the Gemenc forest, as a state property, is done by the Gemenc State Forest and Wildlife Estate
(GFWE), a state company. G F W E is divided into two functional units: the Forestry and the Wildlife
Management. The forestry activities are carried out by 15 Forestry Production Units under a central
management. The forestry has a management staff of 250, including 63 forestry, mechanical and
agricultural engineers and economists, and 1600 production workers (Papp, 1990, in Zsuffa, 1991).
The Estate carries out intensive silviculture, producing an annual quota of 230,000 m . 185,00 m of
this is produced by clear cutting of 650 ha. It is required to reforest 600 ha a year, of which 150-180
ha is reforested in a vegetative way (root-offset). The rest is artificially reforested. The samplings are
produced in four large nurseries. About 20 ha is reforested annually in a natural way with the help
of seeds of oaks and ashes. The forestry activities of the G W F E are rather profitable. The income in
1985, before the accelerated inflation, was 500 million forints (5 million E C U ) , with a net profit of
8-10%. (Zsuffa, 1991)
3

3

The wildlife management and hunting activities cover the complete Estate. G F W E receives hunter
guests who pay much money for hunting and for the accomodation in one of the 9 hunting lodges.
The main game animals are Red Deer and Wild Boar.
3.3.3 Administration of the water management.
As the Danube water travels across a number of international boundaries, the need for bilateral or
multilateral effort for coordinated action on watermanagement plans is clear. Already in 1955,
Hungary and Yugoslavia founded the Hungarian-Yugoslavian
Water Management
Committee
( H Y W C ) . The river reach between Dunafoldvar and Vukovar (Y) was declared as a Danube reach
with common interest. According to the resolution of the H Y W C , the river regulation and flood
control activities in this reach are executed on the basis of co-ordinated plans.
On a national level the water management of the Danube is administered by the Ministry for
Transport, Communication and Water Management. The operative direction and official duties of the
water management is performed by the National Water Authority (OVF) and its regional bodie« under
the minister's control. Regional management is exectuted by 12 water authorities. The Gemenc
floodplain is administratively divided between the Lower Danube Valley District Water Authority
(headquarter: Baja) and the
Central
Transdanubian
District
Water
Authority
(headquarter:Sz6kesfeh£rvdr). The floodcontrol dike system on the left bank, the Danube itself, the
Old Danube backwater, the Veranka backwater and the Greb6c backwater belong to the sphere of
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operation of the Lower Danubian D W A . The dike system on the right bank as well as the lakes and
backwaters close to this dike system are controlled by the Central Transdanubian D W A .
3.3.4 Other authorities involved in the Gemenc area.
The Lower Danube Valley Environmental Protection Authority is in charge of the measurements of
the water quality in the Danube reach. However, the responsibility of the water quality management
is at the regional water authorities.
Local Governments have a major role in the planning and control of the recreational facilities. The
local Government of Baja for instance issues the building permits and finances the infrastructural
investments.
In 1991 a Coordination Committee was founded to ensure the survival, protection and the utilization
of the Gemenc floodplain. It co-ordinates the activities of the different organizations and is a platform
for public participation. The members of the committee are representatives of the following authorities
and interest groups:
- Local Government of Szeksz4rd
- Local Government of Baja
- South Transdanubian Nature Conservation Authority
- Central Transdanubian D W A
- Lower Danube Valley D W A
- Central Transdanubian Environment Protection Authority
- Lower Danube Valley Environment Protection Authority
- Gemenc State Forest and Wildlife Estate
- Angler Club of Baja
- 'New Life' Fishery co-operative
- Town Protection Organization of Baja
- Forestry University of Sopron
- Water Management Faculty of the Technical Institute of Baja
At present the status of the Committee is unclear. It seems that there have not been any meetings
recently. It should be investigated in which way this Committee can be revitalized. For the Gemenc
Floodplain Rehabilitation Study it could serve as a major public body for exchange of ideas and public
participation.
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4 Analysis conditions
4.1 General
For the analysis of the impacts of possible measures, a systematical description of the physical reality
will be made. This system description consists of a GIS (for the topographical information), a 1dimensional hydraulic and morphological model of the river and its side-arms and backwaters, a
vegetation response model (which predicts potential vegetation on the basis of inundation frequency,
topography etc.), and a water quality model. Clearly, this system description is an abstraction of
reality, which implies a number of assumptions and simplifications. These system assumptions will
be explicitly described after the model schematizations have been set-up and they will be tested by
means of sensitivity analysis.
Besides the system assumptions, which are basically the result of the need for simplification, the
analysis also uses scenario assumptions. These assumptions emerge from the fact that not all relevant
physical and socio-economic factors are included in the system. Present conditions and future
developments of those factors which are beyond the control of the Water Management and Nature
Conservation Authorities are described in terms of scenarios. Scenarios will be made for the future
developments regarding e.g. tourism and recreation, forestry, population increase and upstream water
quality of the Danube.
For the analysis a time horizon of 30 years will be used, with 1991 as a base-year. This period is long
enough to account for morphological and vegetation development processes and still short enough to
exclude long-term climatic changes. Appropriate time-intervals will be used to give an insight in the
development of the water system.
4.2 Geographical boundaries
The area to be studied principally comprises the Gemenc Landscape Protection Area on both sides
of the Danube. The border of the protected territory follows the floodcontrol dykes on both sides of
the Danube (see Figure 3.2). The effect area may comprise a larger area if significant effects beyond
the study area is envisaged, e.g. with respect to surface- and groundwater flow and quality. Also
functional and spatial interrelations through wildlife and flora dispersion passing the boundaries of
the Gemenc area will be taken into consideration.

4.3 Thematical boundaries
Based on the description of the problem analysis and main study objective (see para 4.1) the main
fields of interest in the project are: nature conservation and rehabilitation. A l l possible relevant
measures which modify the water regime in the broadest sense will be taken into account. The
intended impacts and side-effects of these measures on the following interests and functions will be
studied:
- nature conservation
- river management (navigability of the Danube, flood protection, etc.)
- forestry
- game management
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- fisheries, angling
- recreation
- local and regional economy
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5 Generation of planning objectives and measures
5.1 Introduction
'Restoration' implies the reconstruction of a past situation: i.e. before major river training works have
altered the waterflow drastically. Hence, as a starting point for the formulation of planning objectives,
an accurate description of this past situation in ecological terms is necessary. This so-called 'reference
situation' is an ideal situation from an ecological viewpoint. However, many things have changed
since then, which makes the complete return of the Gemenc area from say 100 years ago unrealistic.
Therefore we should aim at developing a feasible set of planning objectives: the restoration plan.
The main objectives of the restoration plan, related to the watermanagement, are:
- improving the ecological equilibrium of the ecosystem
- improving the water quality in the floodplain waterbodies
- reversing the dessication of the floodplain forests
- restoration of the natural alluvial processes and original riverine habitats.
Other plan elements, but which are beyond the competence of the watermanager, should be taken into
account as scenario variables, viz.:
- reducing the adverse impacts of forestry
- optimization of the recreational activities and reducing its adverse impacts on the ecosystem.
Development of the restoration plan will be based on an analysis of the reference situation and on a
description of the current problems. Up till now there have been a number of ideas proposed to
intervene in the current hydrological and landuse situation. These ideas range from bringing water
from the Sio into one of the side arms to ousting the forestry activities from the area. As the policy
analysis study focuses on the watermanagement of the area, the possible measures which are beyond
the competence of the watermanager will be taken into account in the form of scenario and system
assumptions (see Chapter 4)
Planning guidelines can help in finding the right kind of measures and interventions. Table 5.1
presents a number of these guidelines which by no means should be regarded as a complete and
coercive list. On the contrary it should trigger new ideas, it should enhance creative thinking.
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Table 5.1 Planning guidelines for the Gemenc floodplain (adapted from Marchand & Udo de
Haes, 1989).
PLANNING

EXPLANATION

GUIDELINE

zoning

environmental zoning (e.g. to separate multiple use
areas and nature core areas) may be advisable in
order to reconcile the different forms of use and
conservation.

participatory
planning

participatory planning includes the involvement of
local people and organizations in all phases of the
planning process, starting from a shared analysis
of the problems up to the implementation and
management measures.

working with nature

for reasons of efficiency and minimizing adverse
impacts, optimal use should be made of the natural
forces at work. This implies that it is often better
to select measures which have to be performed
only once, than on a recurrent basis.

monitoring

monitoring of the effectivity of the executed
measures and watermanagement is crucial and
should be an integrated part of the management
process.

acknowledging
potential conflicts

in the management process an awareness of
potential conflicts between conservation and
utilization aims and between different types of
utilization aims is essential and should be
acknowledged by the use of sound procedures. A n
important instrument for solving conflicts can be
found in agreements between the interest groups
involved.

5.2 The Reference situation
Describing a Reference Situation is a difficult task. Basically two methods for describing the original
situation can be used: a) historical research and b) a comparative study between the Gemenc
floodplain and a similar floodplain area which is less disturbed than Gemenc. Historical research is
often hampered by a lack of sufficiently detailed data. Information sources are scarce and scattered,
and often difficult to access. Sometimes, paleo-botanical (pollen) analysis is used, but this is a costly
exercise, which falls beyond the scope of this project.
Another difficulty is the choice of a point or period in history which can be regarded as representative
for the original situation: especially river ecosystems are dynamic and constantly changing. For
Gemenc the natural conditions could be defined as those occuring when the Danube was still
unregulated. Although the first flood control plans were made already in 1773 by Ferenc Bohm,

D E L T HYDRAULICS / RWS-RIZA / VITUKI

July 1992

Gemenc Floodplain Rehabilitation

16

Inception Report

organized water regulation activities started not before 1810. The first bend cut-offs were made in
the period between 1820 and 1852. (Buzetsky, 1991) Hence, the Reference situation should ideally
describe the patterns and processes which existed at the beginning of the 19th century.
A complete reconstructed description of the reference situation w i l l , however, not be possible. Here,
an impression of that situation is given through a citation from the work of A . E . Brehm of 1866,
'Excursions on the Danube' (citated from Buzetsky, 1991 and translated from Hungary into English
by P. Bakonyi):
'...flowing over wide unrestricted plains, flooded at high flows, the Danube forks into innumerable
branches. Exuberant forest covers the banks and the islands and dense bank line bushes prevent the
sight into the wetland beyond the main channel, which later extends for miles towards the
horizon... Willow trees, Aspen, Black Poplar Elm and Oak trees can be found in the forest, the former
being more abondant than the latter. Vegetation on the levees mostly consists of Willow trees, with
some old trees emerging above the lower ones. Deep within the forest, extending far into the plains,
giant White and Black Poplar trees rise their crown over the rest of the forest. Gnarled old oak trees
raise their wide spreading branches towards the sky. A single sight can identify all stages of tree life,
from the sprouting buds of Willow trees to the decaying giants...There is almost no access to this
forest as it is nothing else than a vast marshland.'
What we can learn from this description is that for instance the age composition of the forest was far
more diverse than it is at present. It also seems that the floodplain consisted of vast stretches of
marshland inaccessible by foot. Unfortunately, it is only an impression cf the floodplain at a certain
stage of flooding. No insight can be gained into the seasonal variations in appearance.
Comparison of the Gemenc area with undisturbed floodplains along the Danube is difficult, as
virtually no area exists where human influence has been absent. However, information on the growth
and composition of floodplain forests can be extracted from studies in Austria and Hungary (e.g.
Karpati & Karpati, 1991; Lazowski & Loffler, 1991; Wendelberger, 1973; Margl, 1973). Other
relevant information can be obtained from a study of the natural vegetation stands in Gemenc itself,
conducted in 1990 (Rademakers, 1990).
With respect to the present hydrobiological conditions, the study of V I T U K I entitled ' A Synbiological
survey in the side arms of the Gemenc Protected Landscape Area' (part one of V I T U K I , 1991)
provides valuble information. In addition, a recently conducted reconnaissance study by Klink along
the Hungarian Danube, yielded comparative information. A report of this study is expected to be
completed in August this year.
The past conditions with respect to the fisheries may be deduced from historical data on fish landings.
With respect to the sturgeon, the article of Pint6r is of interest. (Pinter, 1991)
5.3 Generation of planning objectives and measures
Taking the problem analysis as a starting point, solutions are generated as a step-by-step procedure.
First for each problem a planning objective is formulated. For example, the problem of 'riverbed
degradation' leads to 'stabilization of the riverbed' as a planning objective. This planning objective
is translated in terms of improvements in the physical system conditions. In other words: how should
the system be improved in order to reach te planning objective? For the stabilization of the riverbed
two different approaches can be used. The riverbed itself can be fixed (effect-oriented) or the flow
velocity of the river can be reduced (cause-oriented). Of course a combination is also possible. Finally
the measures are identified which lead to the actual improvement of the physical system conditions
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iproving the throughflow
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removing
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dredging

additional interventions
in the main channel
(e.g.: reshaping
upstream groynes)

Figure 5.1. Planning objectives and related measures: main channel.
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Figure 5.2.
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Planning objectives and related measures: backwaters.

DELFT HYDRAULICS / RWS-RIZA / VITUKI

July 1992

Inception Report

19

Gemenc Floodplain Rehabilitation

groundwater lowering
dessication of forest

problem

restoration of
original groundwater conditions

planning
objective

improvement
of physical
system
conditions

incr«;ase of
grou ndwater
rec harge

reduction
of e v a p o transpiration

increase
areas of higher
groundwater evels

reduction
of poplars

excavation /
removing of
top soil

improved
flooding
(see fig. 6 . 6 )

measures

obstruction
of floods

problem

increase
increase

planning
objective

in

inundation
frequency

improvement
of physical
system
conditions

improved
waterflow
through
oxbows and
side—arms

water
available
for
flooding

measures

dredging In
side—arms

divert
water from
Sio canal to
floodplain

increase

or/and

in total
flooded
area

increase
Danube
water
levels

restore
original
flooding
pattern

increase

through
flow
openings

remove
dykes
and
walls

Figure 5.3. Planning objectives and related measures: floodplain proper.
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and satisfies the planning objective. In Figures 5.1 to 5.3 a first attempt to the generation of planning
objectives and related measures is presented which are within the competence of the river manager.
It should be stressed that the generation of possible measures does not imply that choices have already
been made! Indeed, the formulation of the final planning objectives depends on the different views
on the development and restoration of the floodplain as a whole, which finally has to be decided upon
by the proper regional and national authorities. But having decided on the planning objectives, the
related measures and their effects are identified and analyzed objectively and consequently.
In order to perceive the consequences of the different views and standpoints, the different planning
objectives have been grouped accordingly. In Table 5.2 a preliminary interpretation is given of the
priority given to the different planning objectives by the groups involved.

Table 5.2 Preliminary priority ranking of planning objectives according to the different interests
involved.
stabilization of
river
bed

restoration
of lateral
channels

improvement of
water
quality

restoration
and maintenance of
backwaters

restoration
of the
original
groundwater
conditions

increase
flood
frequency /
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inundation
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-
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-
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0
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-

+
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-
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angling

0
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++

++

0

++

recreation

+

+

+

+

0

-

planning
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Legend:
+ + = high priority
-I= medium priority
0
= insignificant, low priority
= possible negative influence
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6 Impact analysis
6.1 Introduction
The primary analysis of the impacts of the different measures leads to a first selection (scoping).
Evidently, measures which do not work properly, that are technically or economically unrealistic or
have major effects on other important functions should be disregarded in an early stage. This analysis
will consist of the following components:
a) screening of measures on their effectiveness (do they work?)
b) screening of measures on their efficiency (related to costs)
c) initial screening of impacts on other system components and related functions
The remaining measures will be analyzed more thoroughly and in relation with each other. In contrast
to the primary analysis, during which the measures are screened individually, the final analysis takes
into account different sets of measures, together forming a strategy. Also spatial and temporal aspects
are taken into account: an alternative consists of a clearly defined set of measures, inclusive of their
location and phasing.
A first inventory of measures and related effects is presented in Table 6.1. A n example of a more
complete cause-effect network is tentatively designed in Figure 6.1. Of course these figures will have
to be updated, using information from the local parties, and of the modelling experts.
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Table 6.1. Tentative inventory of effects from proposed measures.
MEASURES

EFFECTS O N PHYSICAL
S Y S T E M CONDITIONS

ECOSYSTEM EFFECTS

river bed fixation
- groynes
- bottom layer

- more frequent inundations
- wetter habitats
- possibly decrease river depth

-

more vegetation types and
animal species of dynamic river
systems

sills or weir
construction in
main river bed

- more controlled (less natural)
inundations
- wetter habitats
- less natural fluvial processes

-

more biomass production
slight changes in ecosystem
characteristics

removal obstructions / increasing
throughflow in
floodplain

-

more natural inundation pattern
better drainage of floodplain
some dessiccation in floodplain
possibly decrease river depth

-

more diversity in vegetation
pattern, in plant and animal
species composition

dredging side
arms

-

better water quality in side arms
better drainage of the floodplain
increase floodplain dessiccation
possibly decrease river depth

-

more natural ecosystem development in side arms
disappearance of moisture dependent vegetation types

channel excavation in floodplain
to derive water
from Danube

- better water quality in side arms
- habitat destruction
- complex consequences for drainage: at some places wetter, at
other more dessiccation

-

artificial wetland
creation at the
upper side of the
floodplain

- better water quality of water
flowing through floodplain in
dry seasons
- sediment trap, being filled up at
shorter or longer term
- habitat destruction

-

reduction of area
under high-production controlled
forestry and game
management

- decrease of disturbance of natural habitats
- improvement of natural processes in the forest
- possibly increase in hydraulic
roughness in floodplain

-

reduction recreational facilities

- decrease of disturbance of natural habitats
- decrease of water pollution

-

more natural ecosystem development both in side arms and
on the floodplain

excavation /
lowering topsoil

- habitat destruction
- disposal of potentially polluted
sediments
- local increase of wetness

-

locally disappearance of valuable communities
temporary increase in opportunistic species
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MEASURES

EFFECTS O N PHYSICAL
S Y S T E M CONDITIONS

ECOSYSTEM EFFECTS

diversion of Siowater to Gemenc
floodplain

- introduction of system-alien
water types into the Gemenc
area
- possible increase of water pollution

-

increase of algal bloom incidences in some side arms
increase of moisture-loving
communities and species

Table 6.1 (Cont.)
6.2 Hydraulic and morphological model.
In accordance with the agreements, made in the working group morphology (dd. 22-4-1992) at
V I T U K I , Budapest, the 1-D model system W E N D Y (DELFT H Y D R A U L I C S ) will be used to forecast the
impacts of different measures on the hydraulic, morphological and quality behaviour of the Gemenc
water system.
It is obvious that 1-D modelling in a strongly 2-D system leads to a relative complex network
schematization. Outside the Danube main channel, on the floodplains and ancient stream beds, the
direction of the stream at high an low water circumstances are completely different. For that reason
a distinction is made between a low water and a high water schematization. The two schematizations
are coupled and together they form the model-schematization Gemenc.
The low-water schematization only consists of the Danube main channel and the side-arms. The highwater schematization only consists of the floodplains with a distinction between the storage- and the
flow-areas. A first global grid is based on the topographical maps of the Gemenc area. The detailed
dimensions of the flow- and storage-areas and the flow- and storage-width of the flow-sections will
be based on information that has been collected in a GIS. This information concerns the topographical
information of the Gemenc area (with the 1 metre levellines). Furthermore supplementary information
is used the levels of dams and dikes, dimensions of culverts and bridge-spans etc.
After finalization of the schematization, calibration runs will be made. The calibration shall be based
on one or more high-water periods of 1965, 1975 or 1991.
For the morphological computation the boundary conditions are taken from bed-level information of
the past twenty years at the Danube boundaries. The calibration of the morphological part of the
model shall be based on the bed-level information of the complete Danube section in the past twenty
years.
6.3 Water quality
One of the aspects which have to be dealt with in the impact assessment of the proposed measures
is the water quality in the backwaters. Presently the water quality in these water bodies is of concern
(see para. 4.2). The hydrobiological status of the Danube and the side-arms is determined principally
by the hydrological regime: periods of inundation are characterized by low algal abundance and low
species richness, while during low water both pytoplankton abundance and species richness increase
(VITUKI, 1991). Lower stream velocities in the abandoned side arms and cutt-off bends have lead
to siltation and temporary eutrophication of the side arms.
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Figure 6.1 Preliminary example of cause-effect network of the measure: dredging of backwaters
DELFT HYDRAULICS / RWS-RIZA / VITUKI

July 1

992

Gemenc Floodplain Rehabilitation

25

Inception Report

This part of the study focusses on the water quality in the side arms in relation to the water flow.
Higher velocities in the side arms will probably improve the waterquality. However, this measure will
decrease the waterlevel in the Danube. Therefore, the water division between the Danube and the side
arms have to be optimized in such a way that both the waterquality in the side arms and the waterlevel
in the Danube are acceptable.
The waterquality can be analysed by waterquality modelling. For eutrophication it is important to
analyse the pathways of nitrogen and phosphorus compounds in the river system. The inflowing
concentrations in the backwaters of algae (chlorophyl-a) has to be known. Also, information about
some environmental conditions, such as irradiance and temperature, has to be available.
In order to evaluate the impact of different flow rates in the backwaters on the ambient water quality,
a studied is proposed based upon available data, a site visit, a desk study, tentative modelling and
expert opinions. The water quality in the backwaters will probably not change if the water residence
time is relatively short (< 5 days). If this is the case for the expected options, the tentative modelling
will not be done.
Changes in the hydrological character of the backwaters, as can be expected as a result of the
proposed measures, will be screened on their effect on the water quality. A balance-account for
nitrogen, phosphorus and chlorophyll-a will be used:
1.
literature analysis of existing water quality parameters of the Danube.
2.
determination of N , P and Chlorophyll-a loads for the various hydrological circumstances, both
at the intake and outflow points of selected backwaters (Rezeti Duna, V6n Duna and possibly
other backwaters occuring in the hydraulic model), and at several points in between. The
hydrological conditions will be derived from the output of the hydraulic model (see para. 6.2).
3.
evaluation of the water quality in the backwaters using tentative modelling.
For this approach the assumption will be made that no significant pollution sources exist within the
Gemenc area. Water quality processes like nitrification and primary productivity are approximated
as first order processes only.
If the outcome of the tentative modelling gives rise to the need for extended water quality modelling,
this will be reported and a proposal for a more in-depth study will be made as a recommendation.

6.4. Geographic Information System
A Geographic Information System (GIS) will be built, consisting of geographically located data of
several categories. The purpose of the GIS is:
- to serve as a basis to present, combine and analyse basic data, strategies, alternatives and effects
related to a topographic reference, which basis can be used for future monitoring purposes as well;
- to make possible a prediction of inundation frequencies, and consequently habitat effects of
changing river discharge characteristics, for the several parts of the Gemenc area, using digitized
elevation information;
- to have a check on flooding pattern, using the elevation information together with information on
obstacles and roughness.
The categories included in the GIS are stored at a 1:10,000 scale basis in about 10 layers. The
categories are:
1.
contour lines 1 m interval;
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land use classes / vegetation types according to forestry maps;
topographic information: water courses, infrastructure, topographical names, administrative
boundaries etc.

The GIS used for digitizing is ILWIS, the GIS used for combining maps is A R C - I N F O .

6.5 Terrestrial vegetation development.

;

The effects of the changing hydrological regime as a consequence of measures to be taken in the
Gemenc Floodplain will be evaluated using the inundation duration of the habitats discerned.
Inundation duration is one of the most important habitat factors of terrestrial floodplain vegetation.
The following steps will be taken:
1.
The relation between inundation duration of the habitats discerned and a number of relevant
vegetation types will be determined on the basis of available research data on the current
Gemenc Floodplain terrestrial ecosystems, available at R W S / R I Z A . Further, local expertise will
be incorporated in the assessment of these relations. The relations will be expressed in classes
of inundation duration, correlated to the presence of vegetation types.
2.
For each set of river discharge data, resulting according to the various strategies for the
rehabilitation of the Gemenc Floodplain, the river level data will be used as the input for a GISoriented floodplain inundation algorithm, developed at D E L F T H Y D R A U L I C S . This algorithm
will be calibrated with current discharge data and vegetation.
3.
The thus predicted new inundation duration, expressed in classes, will be translated in potential
vegetation types for the habitats concerned, and presented in a map.
4.
It will be tried to evaluate the changes thus predicted, compared to ecosystem sustainability and
nature protection standards.

6.6 Economic analysis
The cost/benefit analysis (CBA) of a rehabilitation plan such as envisaged for the Gemenc area has
to deal with a large number of aspects, some of which are difficult to quantify in economic terms.
Nature values and landscape amenity, for instance are intangible variables which are difficult to use
in quantitative calculations. Other aspects, for which in principle an economic value can be attatched,
such as hunting and fishery, are difficult to account for because of the complex relation between these
aspects and the proposed measures. There will be many uncertainties in the prediction of the impact
of a proposed watermanagement activity on the various functions of the area.
Notwithstanding these difficulties, it is of the utmost importance that at an early stage of the analysis,
i.e. the screening of possible measures, the economic implications be taken into account. This requires
the following approach:
1.
collection of data on the economic activities in the region (esp. forestry, hunting, recreation and
fishery);
2.
determination of the capital and recurrent costs of proposed measures;
3.
preliminary assessment of the impact on the local and regional economy of the proposed
measures;
4.
preliminary cost/benefit analysis based on existing data, predictions and expert judgements.
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7. Workplan
Table 7.1 Workplan
TASKS

Period

Days

Persons

DH

RIZA

VITUKI

27

17

25

—

IDENTIFICATION PHASE

March-Apr

DEVELOPMENT PHASE

May-Sept

identification of resources and
activities (incl. economy)

wk 20-35

20

Deczi +
others

data collection

wk 20-35

78

Szekeres,
Konkoly

hydraulic/morphological model
set-up

wk 22-35

5

v. Velzen,
v. Zetten,
Laczay,
Szekeres,
Konkoly

floodplain inundation model set-up

21

pm.*

Water Quality model set-up

wk 32-37

GIS set-up and implementation

wk 20-31

Vegetation Model

wk 31-40

5

p.m.

Pedroli,
Schoor

Analysis of Reference situation

wk 29-33

3

5

Marteijn,
Marchand

Generation of Restoration Plan
alternatives and measures

wk 37-40

8

10

Marchand,
Marteijn,
Pedroli,
Dollee, v.
Velzen

Session in Baja/Budapest

wk 40

15

15

10

team

SELECTION PHASE

Oct-Nov

Calibration Hydraulic and
morphological model

wk 34-38

3

20

v. Velzen,
v. Zetten,
Laczay,
Szekeres,
Konkoly
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Persons

Days

Period

TASKS

DH

RIZA

VITUKI

5

5

10

Marchand,
v. Velzen,
Bakonyi

15

Deczi

10

v. Velzen,
Bakonyi

15

Pennekamp,
Deczi

Description of the screening and
selection of measures

wk 40-42

Costs of measures

wk42

Impact ass.: hydr/morph.

wk 45-48

Impact Ass.: C B A

wk 47-48

10

Impact Ass.: ecology and water
quality

wk 45-48

17

Scenario analysis

wk 45-48

1

Marchand

Sensitivity analysis

wk 45-48

3

Pedroli

Design adaptations of Restoration
Plan

wk 48

5

5

10

Marchand,
Marteijn,
Bakonyi

Monitoring design

wk 45-48

2

2

20

Bakonyi

Presentation and Discussion

wk 48

6

6

10

team

PRESENTATION O F RESULTS

December

15

5

150

team

53

20

14

Marteijn,
Marchand,
Bakonyi

Project Management

3

100

contributions by others
180

TOTAL

Pedroli,
Marteijn,
Sweerts

10

127**

633

Table 7.1 (Cont.)

* NB:
** NB2:

This task will be executed as a separate project by D E L F T H Y D R A U L I C S
Originally the contribution of R I Z A was estimated at 100 days, reckoning that the existing
hydrodynamic model of the Danube near Gemenc could be used without any significant
adaptations. Unfortunately, this was not possible. Hence, extra days are needed for the
development of a new model.
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APPENDIX 1: List of team members
DELFT HYDRAULICS

drs. Marcel Marchand, coordination, policy analysis

dr. Bas Pedroli, landscape ecology
dr. Jean-Pierre Sweerts, water quality
drs. Herman Pennekamp, economy
RWS-RIZA

drs. Eric Marteijn, project management, ecology
ir. Emiel van Velzen, hydraulic modelling
ir. Aad Dollee, hydraulic modelling
drs. Margriet Schoor, ecology
ir. Johan van Zetten, hydraulic modelling

VITUKI

dr P&er Bakonyi, coordination
G4bor Nagy, GIS
K&l man Morvay, GIS
Dr. J&ios Szekeres, hydraulic model, field survey
Dr. Istvan Laczay, hydraulic model
Marta Konkoly, hydraulic model, field survey
Miklds Hegedus, PR-material

VIZIG

Geza Decsi, economic aspects

SZEKESFEHERVAR

DELFT HYDRAULICS / RWS-RIZA / VITUKI

July 1992

