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Abstract
Rivers and floodplains are the most intensely used elements of European landscapes, while in some places they
still fulfil important functions of «green and blue infrastructure», and represent hotspots of biodiversity of national
importance. The multiple societal uses of rivers and floodplains are reflected by various sectoral legal frameworks
and political objectives that apply to rivers and floodplains.
Regrettably, the implementation of these legal objectives
has hardly been harmonized or prioritized. In addition,
water management needs to consider local socio-economic
interests e.g. urbanization, tourism or agriculture. In order

to establish a rationale for inter-sectoral decision making,
the research project «River Ecosystem Service Index» (RESI)
has developed an integrated approach quantifying multiple
ecosystem services (ES). A first practical application of the
RESI has been performed for an 80  km long section of the
Danube River in Bavaria (Germany), where the RESI is used
as additional support for decision-making in regional planning aiming to increase flood retention in floodplain areas.
Introduction
River banks have always been preferred sites for
human settlements, as river corridors provide a wide array
of ecosystem services (ES) supporting human livelihoods
and wellbeing (Fig. 1). Most rivers have thus been used for
fisheries as well as travel, transport and trade along the
river, and the floodplains for agriculture, which benefitted
from accumulation of fine sediments and nutrients in soils
during floods (Nützmann et al. 2011). In order to intensify some of these uses, rivers and their floodplains have
been historically profoundly modified (Tockner et al. 2010,
Stammel et al. 2018). In Central Europe, most rivers have
been channelized, which means that the river channel was
narrowed and straightened and river banks were artificially stabilized. This facilitated navigation, the construction of
hydropower plants, as well as agriculture in the floodplain
areas which were then flooded less frequently or even
protected by dykes. In many places this transformation has
resulted in undesirable ecological effects over time, as river
incision, sagging of floodplain surface due to peat decomposition, decrease and pollution of groundwater resources,
increase of flood probability, decline of fisheries, and dis
appearance of biodiversity (Tockner et al. 2011).
Hence, rivers and floodplains represent sites that
offer a broad array of benefits for humans but have been
thoroughly modified in many places. The combination of
high ES availability and strong human uses and alterations
has made historic shifts in the availability of abiotic and
biological resources especially apparent in river corridors
(Postel & Carpenter 1997; MEA 2005, Collen et al. 2014).

Figure 1. General illustration of ecosystem services available
in water-related ecosystems. Please note that supporting services
are now often included into regulating services.

Page 6

Thus, recently more balanced and sustainable ways
were sought to manage rivers and floodplains (e.g. Pusch &
Hoffmann 2000). Such integrative approaches should serve
the objectives of several important legal frameworks, as the
Habitats Directive, the EU Water Framework Directive, the EU
Flood Risk Management Directive, and at the same consider
major economic interests, as e.g. hydropower or agriculture.
Thereby, management practitioners are often faced with
the challenge of harmonizing and prioritizing these various
societal goals (Schindler et al. 2014, 2016).
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The RESI approach
In order to establish a rationale for inter-sectoral
decision making in complex management planning in
river corridors, the collaborative research project ‘River
Ecosystem Service Index’ (RESI) has developed an integrated
approach quantifying multiple ecosystem services (ES). For
the assessment, a catalogue of ecosystem services provi
ded by rivers and floodplains has been elaborated including
all three categories of ES according to CICES (Common
International Classification of Ecosystem Services; HainesYoung & Potschin 2013), such as provisioning services
(e.g. food production), regulating services (e.g. flood regulation) and cultural services (e.g. water related activities).
All ES are assessed using spatial data which is processed in
Geographical Information Systems (GIS), as e.g. the value for
the provisioning services of agricultural land and pastures
is calculated combining land use, soil quality and flooding
frequency data. Hydromorphological data were used to
calculate indicators for several ecosystem services. For river channels, hydromorphological data are relevant as well
as water quality data for assessing the retention of organic

carbon, phosphorus and nitrogen capacity of a river
section, as retention is particularly associated with sediments (Fischer & Pusch 2001). Retention processes, which
result in the so-called self-purification of rivers, are favoured
by diverse hydromorphology at all scales in the river channel
(Wilczek et al. 2004, Gücker & Pusch 2006), in the riparian
zone (Pusch et al. 1998) and in the floodplain (Craft et al.
2002). Cultural ES were assessed e.g. based on available
surface waters, experienceable parts of landscape, and
the number of protection categories present. All ecosystem services included are assessed in a non-monetary way
by scoring them from 1 (very low) to 5 (very high). Scores
are assigned for 1-km segments of the morphological
floodplain, separated into river channel, active parts and
non-active parts of the floodplain. This uniform scaling of
ES availability allows the elaboration of uniform maps for
various ES, and an integration of various ES through the
River Ecosystem Service Index (RESI) (Fig. 2). The de
velopment steps of the RESI were accompanied by repeated
interaction with stakeholders in several case studies, which
helped to optimize the final RESI design.

Figure 2. Conceptual approach of the River Ecosystem Service Index (RESI)
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Figure 3. Exemplified representation of the RESI for a 16-km long section of the Danube river and floodplain area for the status quo and two
scenarios of improved flood management. The grey shading of the 1-km segments of the Danube floodplain (incl. inactive floodplain area)
represents the RESI as sums of assessment scores for 13 ecosystem services, as listed in the legend. In the scenarios, coloured dots indicate
the changes of the RESI per segment compared to the status quo. Assessment scores (levels 1 very low - 5 very high) for individual
ecosystem services are shown as polar graphs for selected 1-km segments, with colours referring to the respective ecosystem services in
the legend. Thereby, upper polar charts refer to the status quo, lower ones to the respective scenario.
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Results for the Danube section downstream of Ulm
Being one of the case studies of the RESI project, this
assessment approach has been applied to an 80-km long
section of the Danube River located downstream of the city
of Ulm (Germany). For this section, as for the whole Bavarian
section of the Danube, the Bavarian State Ministry of the
Environment and Consumer Protection (STMUV) strives to
increase the flood retention capacity of the river section,
since the 2013 century flood of the Danube has shown
significant need for improvement of flood protection. Therefore, a concept to establish three regulated polder areas and
up to six unmanaged flood retention areas was developed.
However, such plans will always interfere with other key
uses of the river and its floodplains, as hydropower, forestry
or agriculture, and in this case with a planned national
project of floodplain restoration and nature conservation.
In such a complex decision-making situation, the RESI
concept was appreciated by the regional water management
agency (WWA Donauwörth) to contribute to a cross-sectoral
and transparent comparison of planning options for the
design and site prioritization for new flood retention areas. Hence, two different management options (scenarios)
were defined and compared with each other and with the
status quo. By the use of available data, 13 ecosystem
services could be assessed for every floodplain segment of this
80-km long section. Thereby, scenario 1 reflects an integrated planning where especially the requirements of
nature conservation and of agriculture were respected: the
flood retention areas, which will be flooded by a 100-year
flooding event, cover only the land use types forest, wetlands and water bodies, but no agricultural fields; following
requests of nature conservation these areas will be additionally flooded regularly, approximately 3 times per year, which
is comparable to natural floodplain conditions. In contrast,
scenario 2 maximizes flood protection in a larger area also
including crop fields, which will be flooded solely at extreme
flooding events (> 100 years return time) without further
ecological compensation. For both scenarios, ES assessments were performed for all affected 1-km segments.
Results for the individual ecosystem services in the
five score levels were presented both in maps and in polar
charts (Fig. 3). As a first result, the status quo of each of the
13 ES was represented so that the location of high and low
value sites could be identified. Second, the effects of the two
scenarios for individual ES were compared, as illustrated in
Tab. 1 for three different ES in one retention area.
For a more integrative assessment of scenarios, the
sum of available ecosystem services was calculated, too,
and this River Ecosystem Service Index (RESI) was visualized by different shades of the respective 1-km segments
of the river corridor (Fig. 3). Dark segments represent areas
with high values for many ES (maximum sum in the area
50 out of 65). Based on the assessment scores, planning
scenarios could be additionally assessed in terms of their
multifunctionality, in terms of ES improvement, and of the
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minimization of trade-offs between several major uses in the
area. For the given example, improvements up to 9 points
could be observed for scenario 1. In contrast, scenario 2
showed some deterioration or improvements of ES, while
in total no effect was noticed. Hence, the more multifunctional scenario1 appears as the better planning option.
These results of the RESI were introduced into the planning
process of the flood retention program of the regional water
management agency (WWA Donauwörth). The agency used
them as a communication tool between agencies, planners,
stakeholders and the general public, in order to provide
adequate and comparable insights in the various effects of
specific measures to be implemented.
Conclusions
Our experiences show that the ecosystem service concept may establish a uniform platform for the communication
and cooperation among stakeholders from various sectors.
Accordingly, the newly developed River Ecosystem Service
Index (RESI) may be used as a transparent cross-sectoral
communication and visualization tool for the management
of riverine landscapes, which enables an integrative comparison of several management scenarios, as e.g. for flood
retention along a river section. The RESI summarizes data
from various sources, integrating methods from different
disciplines and shows effects on the whole array of ecosystem services. Based on this, RESI supports the identification
and decision-making for more balanced and sustainable
planning and management options.
Acknowledgement
We are grateful for the funding of this work within the
collaborative research project ‘River Ecosystem Service
Index’ (RESI) sponsored by the German Ministry for Education and Science (BMBF) (FKZ 033W024) within the framework programme FONA3 in the funding measure ReWaM.
References
Collen B, Whitton F, Dyer EE, Baillie JEM, Cumberlidge N, Darwall WRT,
Pollock C, Richman NI, Soulsby A-M, Bohm M (2014): Global patterns
of freshwater species diversity, threat and endemism. Global Ecology and
Biogeography 23, 40–51.
Craft JA, Stanford JA, Pusch M (2002): Microbial Respiration within a Floodplain Aquifer of a Large Gravel-bed River. Freshwater Biology 47, 251–262.
Fischer H, Pusch M (2001): Comparison of bacterial production in sediments,
epiphyton and the pelagic zone of a lowland river. Freshwater Biology 46,
1335-1348.
Gücker B, Pusch MT (2006): Regulation of nutrient uptake in eutrophic lowland streams. Limnology and Oceanography 51 (3), 1443-1453.
Haines-Young R, Potschin M (2013): Common International Classification of
Ecosystem Services (CICES): Consultation on Version 4, August-December
2012 (download at www.cices.eu or www.nottingham.ac.uk/cem).
MEA (2005): Millenium Ecosystem Assessment. Ecosystems and Human
Well-being: Synthesis. Washington, D.C.
Nützmann G, Wolter C, Venohr M, Pusch M (2011): Historical Patterns of
Anthropogenic Impacts on Freshwaters in the Berlin-Brandenburg Region.
Die Erde 149:,1–22.

Page 9

Postel S, Carpenter S (1997): Freshwater ecosystem services. In: Daily GC
(ed.) Nature’s Services: Societal Dependence on Natural Ecosystems. Island Press, Washington, DC, 195–214
Pusch M, Fiebig D, Brettar I, Eisenmann H, Ellis BK, Kaplan LA, Lock MA, Naegeli MW, Traunspurger W (1998): The role of micro-organisms in the ecological connectivity of running waters. Freshwater Biology 40, 453-494.
Pusch M, Hoffmann A (2000): Conservation concept for a river ecosystem
(River Spree, Germany) impacted by flow abstraction in a large post-mining
area. Landscape and Urban Planning 51 (2–4), 165–176.
Schindler S, Sebesvari Z, Damm C, Euller K, Mauerhofer V, Hermann A, Biró
M, Essl F, Kanka R, Laawars SG, Schulz-Zunkel C, van der Sluis T, Kropik
M, Gasso V, Krug A, Pusch M, Zulka KP, Lazowski W, Hainz-Renetzeder
C, Henle K, Wrbka T (2014): Multifunctionality of floodplain landscapes:
relating management options to ecosystem services. Landscape Ecology
29, 229–244.
Schindler S, O’Neill FH, Biró M, Damm C, Gasso V, Kanka R, Laawars S,
Sebesvari Z, van der Sluis T, Krug A, Pusch M, Baranovsky B, Ehlert T,

Neukirchen B, Martin JR, Euller K, Mauerhofer V, Wrbka T (2016): Multifunctional floodplain management in temperate Europe and evidence for
biodiversity effects: an expert consultation. Biodiversity and Conservation
25, 1349–1382.
Stammel B, Amtmann M, Gelhaus M, Cyffka B (2018): Change of regulating
ecosystem services in the Danube floodplain over the past 150 years induced by land use change and human infrastructure. Die Erde 149, 2-3,
145–156.
Tockner K, Pusch M, Borchardt D, Lorang MS (2010): Multiple stressors in
coupled river-floodplain ecosystems. Freshwater Biology 55 (Suppl. 1),
135–151.
Tockner K, Pusch M, Gessner J, Wolter C (2011): Domesticated Ecosystems
and Novel Biotic Communities: Challenges for Water Management. Ecohydrology and Hydrobiology 11, 167–174.
Wilczek S, Fischer H, Brunke M, Pusch MT (2004): Microbial activity within
a subaqueous dune in a large lowland river (River Elbe, Germany). Aquatic
Microbial Ecology 36, 83–97.

Nine countries unite for a common purpose:
the protection of migratory fish in the Danube River Basin

This year nine
countries along
the
Danube
(Germany, Austria, Slovakia,
Slovenia, Hungary, Croatia, Serbia, Romania and Bulgaria)
join forces in an international project to conserve endangered migratory fish species in the Danube river basin by
identifying and improving access to habitats and promoting
the establishment of ecological corridors. Ukraine experts
support the project to enlarge the spatial scope to the nor
thern part of the Danube Delta.

The Danube is home to some of the most important
sturgeon and other migratory fish populations (e.g. shads,
barbel, nase etc.). Bulgaria and Romania hold the only –
still – viable populations of wild sturgeon species in the
European Union. The remaining populations have faced a
dramatic decline in the past decades due to man-made
barriers that prevent their migration and their ability to
spawn, such as dams or hydropower plants. These barriers fragment the natural habitats of migratory fish, making
it impossible for fish to move up or downstream to spawn
or reach feeding grounds. In the long term, these barriers,
along with other anthropogenic human activities such as
overfishing, pollution and habitat destruction, will lead to
the extinction of the species unless action is taken now.

The project under which these states will work over the
next three years to achieve the objectives is called MEASURES (Managing and restoring aquatic ecological corridors for migratory fish species in the Danube river basin)
and officially started in October 2018. Financial support
is provided by the Interreg Danube Transnational Program.

In order to address the problem of migratory fish reaching their habitats, MEASURES will lay the foundation to establish ecological corridors by identifying key habitats and
by initiating transboundary protection measures along the
Danube and its main tributaries. The main actions through
which the project aims to achieve all the objectives are:
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• developing and testing a methodology for mapping
and identifying habitats for migratory fish species;
• design a harmonized strategy for restoring ecological corridors and supporting implementation in future
management plans;
• restocking of two native species to conserve their
genetic pool in Hungary (Acipenser ruthenus) and
Romania (Acipenser gueldenstaedtii), in order to
establish a network for concerted repopulation of
the target species and to compose a manual for the
operation of broodstock facilities that will provide the
offspring needed for future re-population efforts;

Figure 1. Between 17 and 22 September 2018, the Danube Delta National Institute organized a training workshop to discuss and harmonize
sampling methods (© D. Trauner)
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• implementation of the MEASURES Information System
will facilitate the access of relevant information to
experts, decision-makers and the general public.
Concrete input into future drafts of policy- and manDanube News – November 2018 – No. 38 – Volume 20

