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Abstract

Riverine and floodplain habitat types listed under the
European Habitats Directive are among the most threatened
ecosystems in Germany. Their poor conservation status and
regulatory requirements create an urgent need for restoration
and efficient monitoring. Conventional field surveys are often
limited by cost, time, and accessibility. This study presents
‘Google4Habitat’, a remote sensing tool implemented in Goog-
le Earth Engine for large-scale supervised vegetation classi-
fication using satellite and aerial data. Applied to multiple
Danube catchment sites, results demonstrate its strong po-
tential for habitat mapping, change detection, and restoration
planning, despite limitations in species-specific differentiation.

Habitat classification in floodplains
by remote-sensing techniques

Rivers and their floodplains belong to the most dynam-
ic and biodiverse ecosystems in Central Europe, provid-
ing important ecosystem services such as flood retention,
nutrient cycling, and habitat connectivity. At the same time,
these systems are among the most threatened landscapes in
Europe. Over the past centuries, river channelization, bank
stabilization, hydropower production, and flood protection
infrastructure have substantially altered natural hydromor-
phological processes and reduced the spatial extent and eco-
logical integrity of floodplains (Ward et al. 1999; Tockner &
Stanford, 2002; Nilsson et al. 2005).

To conserve remaining near-natural habitats, many riverine
landscapes have been designated as protected areas within the
European conservation network Natura 2000 under the EU Habi-
tats Directive. Along the Danube corridor, 60% of the total area of
9985 km? are protected by law (Frank et al. 2025). Effective man-
agement of these areas requires up-to-date and spatially explicit
information on the distribution and conservation status of habi-
tats, particularly habitat types listed in Annex | of the directive.
Such mapping must follow standardized criteria and be spatially
precise to support monitoring and conservation planning.

Traditionally, habitat mapping relies on detailed field surveys
conducted by experts. Although these surveys provide de-
tailed and valuable ecological information, they are strongly
dependent on seasonal vegetation development and often
require access to remote or difficult terrain. Consequently,
field mapping can be time-consuming and costly, especially
in large and dynamic riverine landscapes.

Remote sensing approaches offer promising opportunities
to complement field surveys by enabling large-scale, con-
sistent observations of vegetation patterns and landscape
structures (Pettorelli et al. 2014; Corbane et al. 2015).
One recent development is the supervised classification
tool Google4Habitat, which was developed and successfully
applied in alpine environments to delineate habitat types
using satellite imagery (Sentinel-2), orthophoto and environ-
mental variables (Egger et al. 2024).

Within a project funded by the German Federal Environmental
Foundation (DBU), this approach is currently being adapt-
ed to river floodplains (https://www.dbu.de/en/projektdaten
bank/39546-01/). Methodological improvements include the
integration of additional spectral indices such as the norma-
lized difference water index (NDWI), a more detailed consi-
deration of surface textures, and the possibility to restrict the
temporal range of satellite imagery used for classification.
These adjustments aim to better capture the dynamic vege-
tation patterns typical of floodplain ecosystems.

The improved methodology is currently being tested in
several river landscapes across Germany. This article pre-
sents three study areas located within the Danube River
catchment: the Litzauer Schieife on the Lech River, the Upper
Isar between the Krlin weir and the Sylvenstein reservoir, and
the confluence of the Brigach and Breg rivers creating the
Danube River in Donaueschingen (fig. 7).

Study sites

Here, we will present the vegetation maps for three study
sites in the Danube River catchment (fig. 7).

Danube headwaters
(confluence of the rivers Brigach and Breg)

The Danube River originates in Donaueschingen at the
confluence of the Brigach and Breg rivers. Historically, both
rivers were heavily modified there through channel straigh-
tening and morphological degradation, resulting in the loss
of typical riverine habitats. In 2022, a large-scale restoration
project was implemented to improve the ecological condi-
tions of the confluence area (State of Baden-Wiirttemberg,
2022; fig. 2). The study site includes the last 1.1 km of the
Brigach River and about 2.3 km of the Breg River. After the
confluence, the modeled Danube reach extends approxi-
mately 4 km. The mean discharge at the confluence is about
8.93m3 s (Schneider et al. 2023).

Litzau Loop at the Lech River

The Litzau Loop represents the last free-flowing river sec-
tion of the Bavarian Lech between the Forggensee reservoir
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Figure 1. Location of the three study sites in the Danube River catchment analyzed in detail here, and all study sites
of the DBU-funded project for which vegetation maps are being created using the Google4Habitat tool.

and its confluence with the Danube. The study area covers
a river stretch of approximately 7.5 km south of Schongau,
extending from the Dessau hydropower plant at river kilom-
eter 140.0 to the backwater of the Dornau hydropower plant.
It includes the characteristic 180° river meander known as
the ‘Litzauer Schleife’ (fig. 3). The mean discharge of the Lech
in this reach is 71.1 m3 s-'. However, since the construc-
tion of the Dessau hydropower plant in 1967, hydropeaking
operations have caused pronounced daily discharge fluctu-
ations between 10 m3 s (minimum residual flow) and 160
m3 s~ (maximum peak discharge) (Schneider et al. 2016).
Because this section represents the last free-flowing reach

within a chain of impoundments and still contains many hab-
itats characteristic of the original Lech River landscape, it is
considered of high conservation value. Additionally, in recent
years several morphological restoration measures have been
implemented along the riverbanks to mitigate the impacts of
hydropeaking on juvenile fish habitats.

Upper Isar

The Upper Isar represents a typical Alpine river system and
belongs to the river type 'Alpine and Alpine foreland rivers.'
Upstream of the Sylvenstein Reservoir, the Upper Isar is con-
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Figure 2. The confluence of the Brigach and Breg rivers in Donaueschingen was restored a few years ago. The area is dominated by reeds and willow
thickets along the water’s edge, with narrow Strips of riparian forest adjacent to them (left). After the confluence, the newly formed Danube flows through
a landscape dominated by grassland, bordered by willow shrubs and softwood riparian forest (right).

sidered the last larger near-natural braided river landscape in
Germany. Despite several hydrological modifications includ-
ing water diversion, its floodplains still belong to the most val-
uable conservation areas in the northern Alpine region (Binder
etal. 2011; Juszczyk et al. 2020).

The study area is located in the upper course of the Isar bet-
ween the Krlin weir and the Sylvenstein Reservoir, which was
completed in 1959. It comprises approximately 17 km of river
channel and the adjacent floodplain (fig. 4). The hydrological
regime of the Upper Isar is characteristic of Alpine rivers, with
low discharge in winter and peak flows during summer due to
snowmelt and precipitation (Speer, 1977). Downstream of the
Kriin weir, discharge is influenced by impoundment and water
diversion. In the bypass reach, the RiBbachdiiker gauge records
amean discharge (MQ) of 4.69 m3 s-' (GKD Bayern, 2025).

Methods

For each study site a set of frequent and river-type-
specific vegetation types was defined. These types were
characterized based on habitat structure attributes, par-
ticularly the cover and height of the herb, shrub, and
tree layers. Where possible, the defined vegetation
types were assigned to corresponding biotope types

and habitat types listed under the EU Habitats Directive
(Annex I).

For the collection of reference data and their field verification,
approximately 50 reference points per vegetation type were
placed using high-resolution aerial imagery (e.g., Google
Satellite) within the respective study area.

For each vegetation type, approximately 50 reference points
were placed using high-resolution aerial imagery (e.g., Google
Satellite) within the respective study site. For vegetation types
occurring only in very small patches, 25 reference points
were used. Each reference point was placed within a homoge-
neous vegetation covering a radius of approximately 10 m.
This ensured that vegetation types could be clearly defined
and distinguished even within the coarser spatial resolution of
satellite imagery.

The predefined vegetation types and reference points were
verified in the field. During field surveys, vegetation types were
checked and adjusted if necessary to ensure that the classi-
fication scheme accurately reflected the vegetation conditions
in the study areas.

In addition to field verification, the entire study area or selec-
ted representative sections were surveyed using a DJI Mavic
3 Multispectral UAV equipped with a multispectral camera

Figure 3. The Litzau Loop of the Bavarian Lech is a free-flowing river section located between two hydropower plants. The river development and
vegetation succession at the valley bottom are near-natural and framed by the steep valley slopes with mixed forests.
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Figure 4. The Upper Isar in the project area between the Kriin Weir and the Sylvenstein Reservoir is a diversion channel but hosts one of the most
natural vegetation types including endangered species like Myricaria germanica in the German alpine region.

and an RTK positioning module. The UAV flights produced
both true-colour imagery and multispectral datasets. The
aerial images were processed using the Structure-from-
Motion (SfM) approach implemented in Agisoft Metashape. This
workflow generated a georeferenced high-resolution orthophoto,
adigital terrain model (DTM), and a digital surface model (DSM).

Vegetation types were classified using the Google4Habitat tool
implemented in Google Earth Engine. The reference points for
gach vegetation type were characterized using the available
input datasets, including drone imagery, orthophotos, and
satellite data. The classification primarily relied on the spectral
profiles of vegetation over the course of the year, derived from
Sentinel-2 satellite imagery, as well as surface texture infor-
mation. The following datasets were used as input variables:
UAV imagery (1-3 cm spatial resolution, resampled to 1 m for
segmentation), orthophotos (DOP20, 20 cm spatial resolution)
and Sentinel-2 satellite imagery (10 m spatial resolution).

Additional environmental variables derived from the terrain
models were also included, such as vegetation height classes,
surface roughness, slope exposure, and elevation. The output
of this classification step was a vegetation type map at the
spatial resolution of the Sentinel-2 pixels.

To improve the spatial delineation of vegetation types, the or-
thophoto (resampled to 1 m resolution) was segmented into
homogeneous surface structures based on texture using the
i.segment tool in QGIS (version 3.40.10). The resulting seg-
mented polygons were then intersected with the classified
vegetation structure type map. Each polygon was assigned the
vegetation type with the largest proportional coverage within
the polygon. Adjacent polygons belonging to the same vege-
tation type were subsequently merged. This workflow resulted
in a spatially refined and high-resolution vegetation type map
for each study area.

Vegetation type map for the Danube headwaters

Today, only remnants of near-natural floodplain vegetation
remain in the confluence area close to Donaueschingen, while
managed forests, conifer plantations, and grassland dominate
the surrounding landscape. Within the study area, eleven vege-
tation types were distinguished and categorized in the succes-

sion phases: (i) aquatic phase: water (FFH habitat type 3260),
(i) geomorphic phase: sand banks (3220), (iv) biogeomor-
phic phase: willow shrubs (3240), forbs and reed (6430), (v)
ecologic phase: willow forest (with poplars; 91E0) especially
as gallery forest stripes along the running waters, black alder
forest (91E0*), deciduous forests, and (vi) no succession phase
(due to human influence no part of the natural succession):
grassland, spruce mixed forest, agriculture and infrastructure.

The resulting vegetation map had a validation accuracy of 0.72
with a Cohen’s kappa of 0.68 (fig. ). There was only one Alnus
glutinosa (Black alder) stand in the study site which was not
very well classified whereas the water bodies and the grassland
had very high classification accuracies.

Vegetation type map for the Litzau Loop
at the Lech River

In the Lech study area, twelve vegetation types were distin-
guished and categorized in the succession phases: (i) aquatic
phase: water (FFH habitat type 3220), (ii) geomorphic phase:
gravel banks (3220), (iii) pioneer phase: pioneer vegetation
(3220), (iv) biogeomorphic phase: Canarygrass (Phalaris
arundinaceae) reed (6430), forbs and reed (6430), willow
shrubs (3240), willow forest (3240), young spruce forest, (v)
ecologic phase: grey alder forest (91E0*), and (vi) no succes-
sion phase: spruce forest, mixed hillside forest and extensive
grassland.

The resulting vegetation map had a validation accuracy of
0.63 with a Cohen’s kappa of 0.59 (fig. 6). Water and the two
grassland types had very high classification accuracies (see
Table 2) whereas there were misclassifications between the
different forest types and between pioneer vegetation and the
gravel banks.

Vegetation type map for the Upper Isar River

Within the Isar study area, 14 vegetation types were distin-
guished and categorized in the succession phases: (i) aquatic
phase: water (FFH habitat type 3220), (ii) geomorphic phase:
open dynamic bars (3220), (iii) pioneer phase: dynamic pioneer
vegetation (3220), stable pioneer vegetation (3220), willow pi-
oneer shrubs (3240), (iv) biogeomorphic phase: calcareous

Danube News - June 2026 - No. 53 - Volume 28, https://www.danube-iad.eu
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Vegetation types

Il Water
Sand bank

B willow shrub

B Willow forest (with poplars)

[ Deciduous forest

[ Black alder forest
Forbs/reed
Grassland

B Spruce mixed forest
Agriculture
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Figure 5. Vegetation type map created with the Google4Habitat tool in the Danube
headwaters study site.

Vegetation types

I Water

[0 Gravel bank
Pioneer vegetation
Canarygrass reed
Forbs/reed

I Willow shrub

I Willow forest

[0 Grey alder forest

I Young spruce forest

I Spruce forest

Figure 6. Vegetation type map created with the Google4Habitat tool in the Lech study
site.

Vegetation types
Il water
Open dynamic bar
Dynamic pioneer vegetation
Willow pioneer shrub
I Willow shrub
I Willow forest
B Spruce-willow forest
B Spruce forest
Stable pioneer vegetation
Calcareous grassland
B Open pine/willow woodland
B Pine forest
Extensive grassland
I Infrastructure

Figure 7. Vegetation map created with the Google4Habitat tool in the Isar study site.

grassland (6210), willow shrubs (3240), open
pine/willow woodland, (v) ecologic phase: wil-
low forest (3240 or 91E0*), spruce-willow forest
(3240 or 91E0™), spruce forest, pine forest), and
(vi) no succession phase: extensive grassland
and infrastructure.

The resulting vegetation map had a validation
accuracy of 0.69 with a Cohen’s kappa of 0.62
(fig. 7). The vegetation types of water, open dy-
namic bar and the two grassland types were
classified with very high accuracies of more than
82%. There were misclassifications between
types with similar dominant tree species, such
as willow shrubs with spruce-willow forests, and
between calcareous grasslands, where pine trees
grow sparsely, and pine forests.

Succession phases

To compare the three study areas from an
ecologic perspective, the vegetation types in each
area were categorised into succession phases ac-
cording to Corenblit et al. (2007), and the propor-
tions were compared ( 7able 7).

The area shares of the aquatic phase range from
below 3% in the Danube study site to almost 50%
on the Lech River. This is caused by the site con-
ditions of the wide Danube valley and the narrow
Lech valley with small natural floodplain expan-
sion. The vegetation-free geomorphological phase
and the pioneer phase were relatively small in all
areas, but hardly present at all along the Danube,
whereas they accounted for nearly 20% of the area
along the Isar. The biogeomorphic phase covered
about one quarter of the floodplain along the Isar
and Lech River whereas on the Danube it was only
4%. The ecologic phase with stable habitat and
vegetation conditions varied greatly between the
study sites. Reasons are e.g. agricultural use of
the area around the Danube which were no longer
part of the natural succession and were catego-
rized as belonging to no succession phase. On the
Lech River, the steep valley slopes left no space for
extensive floodplain forests. Along the Isar there
are extensive riparian forests that are part of the
ecological phase.

Discussion

The application of the Google4Habitat tool in
different river floodplains demonstrated its con-
siderable potential for semi-automated habitat
mapping, while also highlighting several meth-
odological limitations typical for remote sensing-
based vegetation classification.
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Area (ha) Area (%)
Succession
phase Isar River Lech River | Danuhe Isar River Lech River | Danuhe
confluence confluence

aquatic 97.4 545 20.1 10.4 48.8 2.8
geomorphologic 915 4.4 0.8 9.8 3.9 0.1
pioneer 77.0 42 0.0 8.2 3.7 0.0
biogeomorphic 230.0 30.8 316 24.6 27.6 43
ecologic 366.8 1.2 115.0 39.2 1.1 15.8
no 17.4 16.7 560.7 1.9 14.9 77.0
sum 935.0 111.7 728.2 100.0 100.0 100.0

Table1. Succession phase areas and area shares in the three study sites.

However, the classification performance was not uniform
across all vegetation types and study areas. One of the main
challenges encountered during the classification process was
the differentiation between structurally or spectrally similar
vegetation types. For example, the separation of willow forest
and grey alder forest proved difficult in some cases, e.g. at the
Lech River (7able 2, vegetation types 2 and 11), because both
vegetation types exhibit comparable canopy structures and

similar spectral signatures in multispectral satellite imagery.
Likewise, distinctions between willow forest and dense willow
shrubland (7able 2 vegetation types 10 and 11) were some-
times ambiguous due to their similar vegetation composition
and structure. These difficulties reduce the overall accuracy of
the supervised classification, even if the succession phases
or species composition are comparable. Such classification
difficulties are common in remote sensing-based vegetation

Validation points (%)
OM[2[3[4[5[6[7[8[9[10%1 7777 CA
0: Young spruce forest 43 0 1 0 ! 0 0i0+i0 0110 0 0 {0 1
f.Spruceforest | 0 74 2 2.0 7. 0 0,0 0 8. 8|06
2. Greyalderforest | 0.0 22 11 0 7 0 0 0 0 0. 0]0s
| s Mednilsideforest | 0 11 0 4 0 0 0 0 0 0 0 o0 /|o0s
S| aFobses |29 0 0 0 6 0 0 10 0 0 & 8 06
2| sbxensiegassiand | 0.5 1 0.0 8 0 0. 0,0 0 0|08
E | 6 Pioneervegetaton | 0.0 0 0.0 0 27 5 3 0 0 0|04
 7- Phalaris arundinaceaereed | 14 0 0 0 (250 0 8 0. 0 23 8 |06
g Gaelbank | 0.0 0 0.0 0 6 0 6.0 0 0|04
C9Wasser | 0.0 1. 0.0 0 9 0 0 100 0 0|08
0:Wilowshwb |14 0 0.0 0. 0.0 0 0 0 238 806
1 wilowforest | 0 1 3% 2 13 0 0 0 0 0 3 69039
Sum (%) 100 100 : 100+ 100 | 100 : 100 : 100 : 100 100 : 100 100 | 100
””””” A |043 074 022 044 063 086 027 086 067 1 023 069|063

Table 2. Error matrix for the Lech River study Site as percentage of the correctly identified validation points per vegetation type. CA:
Consumer’s accuracy, PA: Producer's accuracy.
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mapping, particularly when species composition differs but
structural properties and spectral reflectance remain similar
(Pettorelli et al. 2014; Corbane et al. 2015).

Another factor influencing classification accuracy was the
number of available training points. Vegetation types that
occurred only in small patches often had fewer reference points
available for training the supervised classification model. As
a result, these classes tended to show lower classification
accuracy compared to more widespread vegetation types
with a larger number of training samples. This observation is
consistent with findings from other supervised classification
studies, which show that classification performance strongly
depends on the representativeness and size of training datasets
(Belgiu & Dragut, 2016).

In addition, the current implementation of the tool performs
best when the number of vegetation classes is limited. In
practice, approximately fifteen classes could be differentiat-
ed reliably, whereas attempts to classify a larger number of
vegetation types resulted in reduced accuracy. Furthermore,
individual plant species cannot be directly detected using the
applied multispectral satellite data. Species can only be inferred
indirectly when they dominate a vegetation type and there-
fore determine its structural and spectral characteristics. An
example is lavender willow (Salix eleagnos) shrub commu-
nities typical for dynamic gravel bars in northern Alpine rivers.

Despite these limitations, the results demonstrate that the
Google4Habitat tool is highly suitable for the preliminary
delineation of habitat types, particularly across large areas.
Such pre-classification can substantially reduce the effort
required for field surveys and improve the efficiency of habitat
mapping campaigns. This is especially valuable in remote or
difficult-to-access floodplain environments where traditional
field mapping is time-consuming and logistically challenging.
Similar benefits of remote sensing approaches for conservation
monitoring have been reported in numerous studies (Turner et
al. 2003; Pettorelli et al. 2014).

Ongoing methodological refinements indicate that the perfor-
mance of the model can be further improved, particularly with
regard to the differentiation of structurally similar vegetation
types. Recent test applications in additional study areas, such
as the Elbe floodplain, have demonstrated increased classi-
fication accuracy exceeding 80%. In these cases, the mod-
el was also able to reliably distinguish between ecologically
relevant classes such as flowing and standing water bodies.
These results suggest that, with continued optimization of
input variables, training data, and classification parameters,
the approach has strong potential to enable more detailed and
robust habitat differentiation across diverse riverine landscapes.

Beyond habitat mapping, the derived vegetation maps can
also support other environmental modelling applications.
For example, in all three shown study sites the detailed vege-
tation maps are used to derive spatially differentiated surface
roughness values. These values are subsequently integrated
into existing hydrodynamic-numerical models (HN models),

which previously relied on comparatively coarse vegetation
information derived from land-use maps. The improved re-
presentation of vegetation-related roughness allows for more
precise estimation of hydraulic resistance and water surface
levels during flood events. Such improved model accuracy is
particularly relevant for flood risk assessment and the design
of flood protection measures. Previous studies have similarly
highlighted the importance of detailed vegetation information
for hydraulic modelling in river floodplains (Straatsma & Bap-
tist, 2008; Vargas-Luna et al. 2015).

Overall, the results indicate that remote sensing-based tools such
as Google4Habitat can provide an efficient and scalable approach
for habitat mapping in riverine landscapes. When combined with
targeted field verification and high-resolution UAV data, the
method offers a promising pathway toward more cost-effective
and spatially consistent monitoring of floodplain habitats.
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Abstract

River floodplains and wetlands are among the most
threatened ecosystems worldwide, despite being hotspots
for biodiversity and providing essential ecosystem services.
Their conservation and restoration depend not only on sci-
entific expertise but also on public understanding of their
key functions. However, in current environmental education,
information about the structure and functioning of wetlands
is poorly represented. The Living Floodplains Toolbox aims
to address this gap with an innovative hybrid educational
framework that translates wetland science into intuitive, emo-
tionally engaging, and durable learning experiences for teen-
agers and beyond. By combining inquiry-based pedagogy
with visual and participatory tools, the toolbox supports
awareness, engages diverse audiences and contributes to
strengthening stewardship for wetland restoration.

1 Introduction

River floodplains and wetlands are among the most
dynamic and valuable ecosystems in the Danube Basin, yet
they are also among the most threatened worldwide (Schind-
ler et al. 2014). Through their natural interaction with rivers,
they regulate water flows, store sediments and nutrients, sup-
port high water-dependent biodiversity, and provide essential
ecosystem services such as water purification, flood miti-
gation, and climate regulation. They also play a key role in
climate mitigation and adaptation, acting as carbon sinks,
reducing flood risks, and increasing resilience to drought.

Despite their importance, many floodplains have been
degraded or disconnected from rivers due to regulation,
drainage, and land-use changes. While restoration efforts
across the Danube Basin are increasing through Na-
ture-based Solutions, their long-term success depends not
only on technical measures but also on public understanding
and engagement. However, knowledge of wetland functioning
remains underrepresented in environmental education and is
rarely communicated in accessible and engaging ways.

To address this gap, the Horizon Europe project Restore4Life
has developed the Living Floodplains Toolbox, an innova-
tive educational framework that translates wetland science
into intuitive, interactive, and emotionally engaging learning
experiences. As part of a broader restoration platform, the

toolbox aims to support students, educators, and commu-
nities in understanding and contributing to the protection and
restoration of resilient river landscapes.

2 Methodological approach — From scientific
knowledge to educational design

The development of the Living Floodplains Toolbox fol-
lowed a structured process combining scientific expertise,
pedagogical design, and collaborative development. The
objective was to translate complex knowledge on floodplain
and wetland ecosystems into scientifically, engaging, and
applicable educational resources across the Danube Basin.

The process began with a systematic review of existing
educational resources related to rivers, wetlands, and aquatic
ecosystems, conducted by project partners in their respective
countries. This analysis covered more than 160 educational
projects and initiatives across Europe and revealed impor-
tant gaps. In particular, educational activities were found to
be unevenly distributed across countries and languages, with
limited emphasis on functional aspects of ecosystems, such
as flood regulation, nutrient retention, ecosystem services,
and climate relevance. Based on these findings, key thematic
priorities and learning objectives for the toolbox were defined.

Building on this foundation, the toolbox was developed
through a co-creation process involving scientists, edu-
cators, and communication specialists within the Restore-
4Life consortium. The pedagogical framework is based on
the 5E Instructional Model (Engage—Explore—Explain—Ela-
borate—Evaluate), an inquiry-based approach grounded in
constructivist learning theory (Bybee et al. 2006). This model
structures learning as a progressive cycle, encouraging
learners to actively explore phenomena, build explanations
from observations, and apply knowledge to real-world envi-
ronmental challenges.

The use of the 5E framework ensures a coherent alignment be-
tween scientific content and learning processes, supporting the
development of inquiry skills, critical thinking, and long-term
understanding. Research has shown that such approaches sig-
nificantly enhance conceptual learning and student motivation
compared with traditional teaching methods (Bybee 2014; Wil-
son et al. 2010; Seker & Koksal 2019).

In addition to the pedagogical structure, the methodological
approach placed strong emphasis on accessibility, usability,
and engagement. Scientific concepts were carefully trans-
lated into formats that support intuitive understanding, in-
cluding visual, interactive, and participatory elements. The
design process followed an iterative, user-oriented approach,
integrating feedback from educators, students, and project
partners to ensure relevance and adaptability in different
educational and cultural contexts.
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Furthermore, the methodology integrates experiential and
participatory learning principles, enabling learners not only
to acquire knowledge but also to reflect on environmental
challenges, explore solutions, and engage with real-world
restoration contexts.

Overall, the Living Floodplains Toolbox was conceived as a
flexible and scalable educational framework, capable of sup-
porting learning, awareness, and engagement in floodplain
and wetland restoration across the Danube Basin and beyond.

3 Living Floodplains Toolbox components

The Living Floodplains Toolbox brings together a set of
complementary educational components designed to sup-
port different learning styles and contexts. Together, they
form an integrated framework that combines visual learning,

inquiry-based teaching, access to existing knowledge, and
participatory engagement.

3.1. Gamified interactive illustrations

A central entry point to each topic is provided by gami-
fied interactive illustrations (fig. 7), that visually introduce
key ecological processes and terminology in floodplains and
wetlands. These illustrations translate complex concepts —
such as flood dynamics, nutrient cycling, or habitat diversity
— into intuitive visual narratives.

By allowing users to explore interconnected elements within
a floodplain system, the illustrations foster curiosity and sup-
port a systems-level understanding of how natural processes
and human activities interact. They are particularly effective
for engaging younger audiences and non-specialists, while
also serving as a starting point for deeper learning activities.

Environment

and low-water periods.

(2025)

Topic Learning focus Authors Access
Floodplain Introduction to floodplains as . ) o
Living dynamic systems shaped by floods Gheorghiu, C.; Costea, G. https://doi.org/10.5281/

zen0do.17494367

Citizen-science mapping of wet-

Like a Sponge

the role of floodplains in reducing
flood risks.

Mikuska, A.; Cerba, D. (2025)

Map Your lands including veaetation species DreSkovic, N.; Radulovic, S.; https://doi.org/10.5281/

Wetland 1ding Vegetation, Species, |y, 's (2025 z6n0do.17476800
water quality, and land use.

Exploring —_ . o

the Habitat Flelq based assessment of river Costea, G.: Pusch, M. (2025) https://doi.org/10.5281/
habitats and ecological quality. zenodo. 17484378

of a Stream

Floodplains Understanding flood retention and htips://doi.org/10.5281/

zen0do.17472524

Climate Carbon storage in floodplain forests
Protection and | and soils and their role in climate
Carbon Sink mitigation.

Weigelhofer, G.; Feldbacher, E.;
Rosenberger, C. (2025)

https://doi.org/10.5281/
zenodo. 17463283

(in floodplain forests)
https://doi.org/10.5281/
zen0do.17453839 (in soils)

Self-Purification

Natural filtration of water through
sedimentation and nutrient uptake in

Grabié, J.; Srdevic, Z.; Costea, G.

https://doi.org/10.5281/

of Inspiration

with floodplain ecosystems.

Function (2025) zenodo. 17474269
wetlands.
Constructed wetlands and [li¢ Pauni¢, M.; Srdevi¢, Z.; o

uz;l::‘z:t nature-based wastewater treatment Grabi¢, J.; Langergraber, Qéfgd/ é (1107'40;32;%5281/
systems. G.; Schobert, J. (2025) '

Floodplain Exploring perceptions of .

. . : . Feldbacher, E.; Rosenberger, C.; | https://doi.org/10.5281/
Aeslh_ellcs VS. roodealns and their ecological Weigelhofer, G. (2025) 7en0do 17453699
Functions functions.

Floodplains . . s
as Sources Cultural and creative connections MikIGsové, V. (2025) https://doi.org/10.5281/

zenodo.17478184

People Human pressures on rivers and the
and Aquatic role of Nature-based Solutions in
Ecosystems restoration.

Costea, G.; Dinu, V.; Adamescu,
M.C.; Pusch, M. (2025)

https://doi.org/10.5281/
zenodo. 17477839

Table 1. Overview of the ten Living FloodplainsToolbox topics, their developers, and corresponding Zenodo access links

Page 10

Danube News - June 2026 - No. 53 - Volume 28, https://www.danube-iad.eu




For each topic-
ltiple learning entry points
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Download
RestoredLife
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DOWNLOAD
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existing educational
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Download

=B Vietlond
Edu Repository.

Figure 1. Overview of the Living Floodplains Toolbox components: Gamified interactive illustrations, '5E' Teaching Materials and Repository of existing

educational resources

3.2. '5E' Teaching Materials (Engage—Explore—
Explain—Elaborate—Evaluate)

The core of the toolbox consists of teaching protocols and
student worksheets (fig. 7) structured according to the 5E model,
supporting educators in implementing inquiry-based learning. Each
thematic unit follows the five learning phases and provides clear
guidance for facilitating exploration, discussion, and reflection.

The materials address key aspects of floodplain processes
such as flood protection, nutrient retention, carbon seques-
tration, biodiversity support, ecosystem services, and resto-
ration measures. Activities are designed to be flexible and
can be used in classroom lessons, field visits, workshops, or
environmental education programmes.

All materials are openly accessible via Zenodo, ensuring
long-term availability and enabling users to download, use,
readapt, and cite the resources. An overview of the ten Living
Floodplains learning units and their contributors is provid-
ed in Table 1, together with references to the corresponding
Zenodo entries.

3.3. Repository of existing educational resources

To complement the newly developed materials, the
toolbox includes a repository (fig.7) of curated educational
resources related to rivers, wetlands, and floodplains. The
repository builds on the initial review of over 160 educational
initiatives and provides users with access to a broad range of
existing materials and approaches.

Accessible through the Wet-Edu platform, it functions as a
reference base where educators and practitioners can explore
additional teaching resources and gain inspiration for their
own activities. In the longer term, the repository is intended
to evolve into a dynamic knowledge hub, enriched through
user contributions and feedback.

3.4. Complementary tools

To further enrich learning experiences and extend
engagement beyond the core materials, the toolbox inte-
grates a set of complementary digital and participatory tools
that support interactive learning, stakeholder dialogue, and
citizen involvement in wetland restoration.

The Blue-Green Space4All online game offers a scenario-
based learning experience, in which users explore envi-
ronmental challenges along the Danube and test solutions
through decision-making processes. By linking actions to
ecological outcomes, it helps users understand trade-offs
and cause-and-effect relationships in ecosystem manage-
ment. Its intuitive design makes it suitable for schools, work-
shops, and independent learning.

The Wetland Fresk provides a collaborative workshop for-
mat, in which participants use illustrated cards to reconstruct
relationships among ecosystem services, human pressures,
and restoration actions. This approach encourages systems
thinking and facilitates dialogue among diverse stakeholder
groups, and can be applied in educational, community, and
professional contexts.

The Wetland4Life citizen science app connects learning
with real-world engagement by enabling users to assess
wetland conditions, map restoration opportunities, and
collect standardised data valuable for researchers and prac-
titioners. In this way, it supports both environmental edu-
cation and practical contributions to restoration efforts.

Together, these components create a coherent and multi-
layered learning environment, enabling users not only to
understand floodplain ecosystems but also to engage with
their protection and restoration in meaningful ways.
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LIVING FLOODPLAINS: LEARN, EXPLORE, RESTORE4LIFE TOOLBOX

Climate
protection and
Carbon sink
Floodplains
like a sponge

Exploring
 the habitat
of a stream

Map your

|
i wetland
|
1

Floodplains
living
environment

\&)
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as sources of ’ -
inspiration

Click on each

topic to learn
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CS App

Co-funded by

the European Union

Figure 2. Overview of the 'Living Floodplains: Learn, Explore, Restore4Life Toolbox' dashboard showing all ten interactive topics distributed along the

Danube River course (htps://education.restore4life.ey).

4. Implementation, accessibility and future outlook

The Living Floodplains Toolbox is designed for a broad and
diverse audience, including students, teachers, environmental
educators, NGOs, nature guides, and local communities. Its
flexible structure allows application in both formal education
settings (schools, universities) and non-formal contexts, such
as workshops, training sessions, and community engagement
activities. By combining visual, inquiry-based, and partici-
patory approaches, the toolbox is accessible to both young
learners and non-specialist audiences.

A key priority in its development is accessibility across the
Danube Basin and beyond. The materials are hence being
translated into multiple languages, with the interactive illu-
strations already available in eight languages in addition to
English. Further translations of teaching materials and com-
plementary tools are ongoing. This multilingual approach
supports cross-border use and adaptation to diverse cultural
and educational contexts:

The toolbox is implemented through a dedicated digital plat-
form (https://education.restore4life.eu/) (fig. 2), providing a
single access point to all components, including teaching
materials, interactive illustrations, the resource repository,
and complementary tools. It is actively promoted through
teacher trainings, workshops, stakeholder events, and col-
laboration with networks such as the Danube Nature Guides
and other educational initiatives.

Looking ahead, the toolbox is conceived as a living and
evolving resource. Its modular structure allows the integra-
tion of new topics and learning units, while ongoing user
feedback will support the further development of the platform
into a dynamic knowledge hub. Strong emphasis is placed

on creating synergies with other projects and initiatives, to
foster knowledge exchange, joint activities, and wider dis-
semination.

Beyond the Danube Basin, the toolbox is designed to be
scalable and transferable. It can be adapted to other river
basins and educational contexts by integrating local data and
examples while maintaining its core pedagogical framework.
In this way, the Living Floodplains Toolbox contributes to
strengthening environmental literacy and supporting long-
term wetland restoration efforts across Europe and beyond.
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Abstract

Novi Sad has been awarded the prestigious Ramsar 'Wet-
land City' accreditation, becoming the first city in Southeast
Europe to receive this recognition (Ramsar Convention Se-
cretariat, 2025). The title highlights the city’'s commitment to
balancing urban development with wetland conservation, par-
ticularly in areas such as Kovilj—Petrovaradin Marsh and Be-
gecka Jama. These ecosystems play a vital role in biodiversity
protection, climate regulation, and flood resilience. The desig-
nation also opens new opportunities for education, sustainable
tourism, and community engagement, positioning Novi Sad as
aregional leader in nature-based urban development.

Novi Sad — Ramsar Wetland City

In January 2025, Novi Sad was awarded the prestigious
international accreditation 'Ramsar Wetland City', becoming
the first city in the Balkans and the wider Southeast Euro-
pean region to receive this significant recognition (Ramsar
Convention Secretariat 2025). This title confirms that the

Figure 1. The Special Nature Reserve 'Kovilj-Petrovaradin Marsh' —
Panoramic view. Credit: Nenad Mihajlovic

Figure 3. The Special Nature Reserve ‘Kovilj-Petrovaradin Marsh' —
Black stork (Ciconia nigra). Credit: Nenad Mihajlovic

NOVI SAD
WETLAND CITY

RAMSAR CONVENTION

city is developing in accordance with modern principles of
sustainability, recognizing the exceptional value of its natural
resources , particularly wetlands.

By obtaining the "Wetland City' status, Novi Sad has been
placed among cities that successfully balance urban deve-
lopment with nature conservation. This recognition indicates
that the city not only protects its wetlands but also actively
integrates them into development strategies, climate adap-
tation measures, and efforts to improve the quality of life of
its citizens. Wetlands play a crucial role in climate regulation,
flood protection, biodiversity conservation, and providing
space for recreation and education — roles that Novi Sad both
acknowledges and effectively implements in practice.

The 'Wetland City' accreditation was introduced in 2015
under the Ramsar Convention, an international agreement
dedicated to the protection of wetlands of global importance.
The main goal of this initiative is to encourage cities world-
wide to develop urban systems that do not harm natural eco-
systems, but instead preserve and enhance them (Ramsar
Convention Secretariat 2015). To date, 74 cities around the

Figure 2. The Special Nature Reserve 'Kovilj-Petrovaradin Marsh'.
Credit: Nenad Mihajlovi¢

Figure 4. Morning at The Special Nature Reserve ‘Kovilj-Petrovaradin
Marsh'. Credit: Nenad Mihajlovic
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world have been accredited, and Novi Sad is one of them.
In Europe, it is among 15 cities holding this title, with nine
located in France, and one each in Poland, Belgium, Spain,
Switzerland, Hungary, and Serbia.

The accreditation covers significant natural areas within
the territory of Novi Sad, most notably the Special Nature
Reserve 'Kovilj-Petrovaradin Marsh' (fig. 7—4) and the Na-
ture Park '‘BegeCka Jama' (fig. 5-8), along with other smaller
wetland habitats that contribute to the overall ecological
value of the area.

The Special Nature Reserve 'Kovilj-Petrovaradin Marsh' re-
presents one of the most important wetland areas in Serbia.
This complex of marsh, wetland, and forest ecosystems covers
approximately 5,895 hectares in the floodplain of the middle
Danube. It has been protected by the state since 1998 and is
classified in the highest category of natural assets of exceptio-
nal importance (Lujic et al. 2017; Provincial Institute for Nature
Protection 2015). The uniqueness of this reserve lies in the
preservation of its natural features. The marsh includes diverse
hydrological forms such as river islands, channels, meanders,
and oxbow lakes, which together form a distinctive natural
system. Plant communities are also highly diverse, ranging
from floodplain forests to marshes, meadows, and reed beds,
supporting the survival of a wide range of animal species. The
fauna of this area is exceptionally rich, with birdlife being par-
ticularly prominent. A total of 172 bird species have been re-
corded in the reserve, of which 103 have the status of natural

Figure 5. Nature Park 'Begecka Jama'— Two Common kingfishers
on a branch (Alcedo atthis). Credit: Nenad Mihajlovic

Figure 7. Nature Park 'Begecka Jama' - Blue tit (Parus caeruleus).
Credit: Nenad Mihajlovic

rarities. In addition, the marsh serves as a natural spawning
ground for numerous fish species, including pike, sterlet, and
carp, with a total of 46 fish species identified. These figures
confirm that the reserve is one of the most important biodiver-
sity centers in the region.

The Nature Park 'Begecka Jama' is located on the left bank of
the Danube, near the settlement of Beget, and extends across
a floodplain area between Batka Palanka and Novi Sad over
a length of approximately 7.8 kilometers (Provincial Institute
for Nature Protection 2022). This area is characterized by a
remarkable diversity of geomorphological features shaped by
river activity, resulting in a mosaic of different wetland habitats.
These habitats exist at various stages of vegetation develop-
ment, further enhancing their ecological value. The central fea-
ture of this park is Begecka Jama, a fluvial lake connected to the
Danube via the Begej canal. Thanks to this connection, water is
present throughout the year, enabling the survival of numerous
plant and animal species. This area represents an important
spawning ground for many Danube fish species, as well as a
key breeding site for amphibians, thus playing a crucial role in
preserving the biodiversity of the wider region. The biodiversity
of Nature Park '‘BegeCka Jama' is reflected in the large number
of species inhabiting it. A total of 125 taxa of higher plants have
been recorded, along with around 150 bird species, 14 fish
species, 11 amphibian species, 6 reptile species, and 18 insect
species of national and international importance (Provincial
Institute for Nature Protection 2022). This diversity indicates

Figure 6. Nature Park ‘Begecka Jama' - Great white heron (Ardea alba).
Credit: Nenad Mihajlovic

Figure 8. Sunset at the Nature Park 'Begecka Jama'.
Credit: Nenad Mihajlovic
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the well-preserved state of the ecosystem and its significance
within Serbia’s natural heritage. The area of 'Begecka Jama'
was first placed under protection in 1999. Following a revision
of its status, a new decision was adopted in 2022, expanding
the protected area from 379.4 to 489.5 hectares, representing
an important step toward its further protection and enhance-
ment (Provincial Institute for Nature Protection 2022) .

The Importance of the Accreditation for Novi Sad

Obtaining the '‘Ramsar Wetland City" accreditation opens
new opportunities for the further development of Novi Sad.
This status enables the city to strengthen its relationship with
nature and improve cooperation among institutions, experts,
and citizens in the field of environmental protection (Ramsar
Convention Secretariat 2025). Raising public awareness
about the value of wetlands, as well as actively involving
citizens in planning and decision-making processes, is of
particular importance.

Planned activities in the coming period include the esta-
blishment of educational and interpretation centers within
wetland areas, the organization of guided tours for citizens
and tourists, and educational programs for preschool and
school children. Additionally, the city plans to mark im-
portant dates such as World Wetlands Day through various
media and public events.

Wetlands represent one of Novi Sad’s most valuable natural
resources, and their protection requires continuous invest-
ment, a systematic approach, and cooperation among all
relevant stakeholders. Their role in a modern urban environ-
ment is multifaceted — ranging from ecological and protective
to social and economic. Through the concept of nature-based
solutions, these areas gain a new dimension and importance
in planning the future of cities.

Finally, this accreditation is not only a recognition for Novi
Sad but also for Serbia as a whole. It demonstrates that it is
possible to align economic development with nature conser-
vation, and that a responsible approach to the environment
can serve as a foundation for long-term progress and an
improved quality of life for all citizens.
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IA,-D\/ 46th IAD Conference ‘,

THE SOCIO-ECOLOGICAL FUTURE OF THE DANUBE:
~ INTEGRATING RIVERINE AND TERRESTRIAL SYSTEMS FOR A SUSTAINABLE DANUBE

- 10th-13th August 2026

) Baja, Hungary

From 10 to 13 August 2026, the 46™ IAD Conference will take
place in Baja, Hungary, hosted by the Faculty of Water Scienc-
es of the Ludovika University of Public Service. The central
theme is: 'The socio-ecological future of the Danube: integra-
ting riverine and terrestrial systems for a sustainable Danube.'

The Danube River Basin connects 19 countries and encom-
passes highly diverse aquatic, floodplain and terrestrial sys-
tems. Over decades, hydromorphological alterations, river
regulation, hydropower development, land-use change and
pollution have significantly reshaped ecological processes.
Climate change further intensifies these pressures through
rising temperatures, altered precipitation regimes and more
frequent extreme events. The conference aims to promote
integrated, science-based approaches to understanding and
managing these interconnected systems.

The scientific programme focuses on five main topics:
1. Anthropogenically induced changes

2. Monitoring of aquatic species and habitats

3. Protected areas and biodiversity conservation

4. Climate change impacts
5

. Integrated water management embracing riverine and ter-
restrial systems

Plenary lectures, thematic sessions and poster presentations
will provide a platform for knowledge exchange and interdis-
ciplinary dialogue. A full-day field excursion to the Gemenc
floodplain will offer direct insight into river—floodplain inter-
actions and ongoing restoration efforts along the Danube.

Researchers, PhD candidates and practitioners are warmly
invited to submit abstracts related to the conference topics.
Abstracts (1000—-1500 characters, in English) should be
submitted by 30 April 2026. The conference offers an ex-
cellent opportunity to present new scientific results, share
monitoring experiences and contribute to shaping integrated,
science-based solutions for the future of the Danube River
Basin.

Official conference website:
http://iad2026.uni-nke.hu
Abstract submission and registration deadline: 30 April 2026.
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