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Summary: Sea Level Rise (SLR) has been widely acknowledged as a long-term challenge that threatens large numbers of
coastal areas. Yet, extreme sea-level rise (ESLR) often has an even more immediate impact on planning local coastal de-
fense infrastructure. This is also the case for the German North Sea islands, including Norderney and Borkum. Existing
studies often lack detailed localized projections and comprehensive assessments, creating a gap in precise impact estima-
tion and stakeholder engagement. Understanding stakeholder perceptions of urgency is critical for informed decision-
making. This article aims to address this gap by providing high-resolution ESLR projections and examining the percep-
tions and priorities of different stakeholder groups on these islands. A hybrid modeling approach, integrating physical
and geostatistical components, was employed to project ESLR for the years 2050 and 2100 under various Representative
Concentration Pathways. Furthermore, semi-structured interviews with stakeholders from tourism, politics, administra-
tion, and environmental management were conducted to capture the range of attitudes and concerns regarding ESLR
and related adaptation measures. The results indicate a potential sea level rise of more than 2 meters for Norderney and
Borkum by 2100. Yet, stakeholder interviews reveal a wide disparity in perceptions; environmental actors express high
urgency, while others, particularly among those in the tourism sector, see ESLR as a more distant concern, leading to
a reduced motivation for immediate action as other, more pressing short-term challenges are prioritized. Our findings
highlight the need for policy strategies that integrate economic and environmental goals, ensuring effective adaptation

measures that address both current and future challenges.
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1 Introduction

Coastal risks rank among the most severe nat-
ural hazards and are expected to escalate, increas-
ing pressure on coastal populations (Kopp et al.
2014, Vouspoukas et al. 2018). Since around 1900,
global sea levels (GSL) have risen by approximately
20 cm (HAUER et al. 2020). Currently, sea levels are
rising at a rate of 3 to 4 mm per year on a global
average (ABLAIN et al. 2019, ViTousexk et al. 2017).
Sea level projections vary depending Representative
Concentration Pathways (RCPs): under RCP 2.6, an
increase of 0.35—0.56 m by 2100 is anticipated; RCP
4.5 estimates a rise of 0.45—0.67 m; RCP 6.0 predicts
0.46—0.71 m; and the most severe scenario, RCP
8.5, forecasts a rise of 0.65-0.97 m (INAUELS et al.
2017). As might be expected, uncertainties in these
projections increase with the severity of the scenario
and over time (BUrGESss et al. 2023). However, even
if greenhouse gas emissions are drastically reduced
and global average temperatures stabilize, sea levels
will continue to rise due to the inertia of the system.
Deep-ocean warming and ice sheet melting will con-
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tinue, resulting in sea levels remaining elevated rela-
tive to pre-industrial sea levels for thousands of years
(LEE et al. 2023).

While SLR poses a significant long-term chal-
lenge, extreme sea-level rise (ESLR) is often of much
more immediate relevance for planning local coastal
defense infrastructure. The term extreme sea level
(ESL) refers to the highest recorded sea levels during
extreme weather events, such as storms, that affect
coastal regions (JEVREJEVA et al. 2023, VOUSDOUKAS
et al. 2017). These events result from a combination
of factors, including mean sea level (MSL), tides, and
climate-induced increases in wave energy (VITOUSEK
et al. 2017, Vouspoukas et al. 2017).

ESL events can drastically exceed mean water
levels. They can lead to significant morphological
changes, coastal erosion, defense failures, and sub-
sequent flooding (BOETTLE et al. 2016, Korp et al.
2014, Vousboukas et al. 2017). Moreover, they pose
serious risks to infrastructure and, in extreme cases,
to the loss of human lives, making them a critical en-
vironmental threat to many low-lying coastal regions
(GANSKE et al. 2018). For risk assessment and coastal
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defense planning, understanding extreme events and
their development is crucial, as coastal defenses are
typically designed to withstand ESL events of spe-
cific intensities tied to their frequency of occurrence
or return periods (GANSKE et al. 2018, Kopp et al.
2014, Vouspoukas et al. 2018).

Rising sea levels elevate the baseline for ESL, and
with extreme weather events becoming more fre-
quent and intense, both the occurrence and magni-
tude of ESL events are projected to increase (BOETTLE
et al. 2016, Bouwmis et al. 2023, GANSKE et al. 2018,
JEVREJEVA et al. 2023, PauLIK et al. 2020, VITOUSEK
et al. 2017). Along European coastlines, present-day
100-year events are projected to occur as frequently
as every 1 to 10 years by the year 2100. At the regional
level, the intensity of extreme events is also likely to
rise. For instance, in Northern Europe, the height of
extreme events under RCP 8.5 could increase by neat-
ly 20 cm (Vousboukas et al. 2018). Furthermore, high
tide water levels are expected to increase over time
and under higher RCP scenarios (VOUSDOUKAS et al.
2018). Coastal risks, already among the most severe
natural hazards, are expected to escalate significantly,
placing immense pressure on coastal populations,
settlements, and infrastructure. Without additional
measures, the current coastal defense infrastructure
will likely become largely inadequate.

Nonetheless, projections of sea-level rise often as-
sume that factors contributing to ESL. — such as tides,
waves, and storm surges — remain roughly constant
over time (VOUSDOUKAS et al. 2018, WaHL et al. 2017).
This assumption fails to account for the complex in-
teractions between these elements and their potential
variations due to climate change, which could lead to
an underestimation of future ESL risks (VOUSDOUKAS
et al. 2017). This is problematic, as extreme events
pose the greatest risk to coastal areas, with the poten-
tial for significant economic damage and loss of life
(JevrEjEVA et al. 2023, LaM-GoNzALEZ et al. 2021,
Morss et al. 2024, PycrorT et al. 20106). In any case,
the protection infrastructure must be designed to
withstand all conceivable extreme events.

The necessary and efficient adaptation of the in-
frastructure requires the willingness of local and re-
gional actors, and in particular their adequate percep-
tion of future challenges. The prevention of hazards
has to be high enough up on their list of preferences
to enable adequate action to be taken. This applies
equally to larger-scale technical and structural pro-
tection measures, such as raising dikes, and spatial
development and infrastructure planning by the gov-
ernment, as well as to small-scale individual adapta-
tion strategies. Preference systems and the insight into

necessary action strategies also depend on the poten-
tially affected economic values, the specific local or
regional economic base, or other important problem
constellations in a particular region or locality.

When dealing with sea-level rise and associated
extreme events, a short-term feeling of (still) rela-
tive security can arise, or the issue can be overshad-
owed by more pressing challenges, so that the ur-
gency to act is not sufficiently perceived (HORNSEY
& FIELDING 2020). Moreover, positive illusions, cog-
nitive dissonance, in-group/out-group biases, and
other psychological biases can restrict unbiased and
rational assessment of future challenges (JOHNSON &
LevIN 2009). This study, therefore, aims to link the
localized modeling of local ESLR with the percep-
tions and assessments of local actors. To this end,
we have empirically selected two East Frisian islands
in the Wadden Sea in the northwest of Germany —
Norderney and Borkum — that may be severely af-
fected by an increase in extreme sea levels in the
coming decades. Both islands are strongly shaped by
tourism in terms of economy and settlement patterns
but differ markedly in form: Borkum’s artificial land
connection sets it apart from the barrier island shape
of Norderney and the other Fast Frisian Islands, en-
abling a comparison of ESL impacts under slightly
different morphological but comparable socio-eco-
nomic conditions. The strong focus on tourism — ac-
cording to our thesis — leads to a situation in which,
despite the considerable pressure of rising sea levels,
the shorter-term interests of tourism development
could have a significant impact on perception and
the willingness to act.

Against this background, our study has two
main objectives: Firstly, we present ESLR projections
for Norderney and Borkum, which significantly im-
prove existing larger-scale projections for 2050 and
2100. To achieve this, our projections are carried out
at a higher resolution of 1 m x 1 m. Moreover, the
results of site inspections and ground checks are in-
corporated into the projections to include small and
mobile protective infrastructure. Secondly, the prob-
lem perception, willingness to act, and prioritization
of action by various local and regional stakeholders
are examined based on semi-structured interviews.

The following sections of this paper are organ-
ized as follows: In section 2, we briefly discuss the
state of previous projections of sea level rise for the
East Frisian coast and their limitations, before mov-
ing on to the existing research on the perception of
the processes and the barriers for the willingness to
act in section 3. Section 4 presents our methods of
investigation and data sources, Section 5 presents
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our results, first our ESLR projections for 2050 and
2100 (5.1), then our findings from the stakeholder in-
terviews (5.2). The paper concludes in Section 6 with
a summarizing discussion of our empirical findings.

2 Modeling ESLR on the German North Sea
coast and its limitations

Accurate and spatially explicit projections of
ESLR are essential for effective coastal defense infra-
structure planning (BOETTLE et al. 2016, VITOUSSEK
et al. 2017). Various modeling approaches are used
to project ESLR, each with strengths and limitations.
The existing ESLR projections are typically devel-
oped on a global or continental level (e.g., Boumis
et al. 2023, PycrorT et al. 2016, VOUSDOUKAS et al.
2018, WaLsH et al. 2012). The components contrib-
uting to ESLR, and consequently its impacts, vary
considerably by region, with parts of Europe, the
North American east coast, the West African coast,
parts of Southeast Asia, and South Asia being partic-
ularly vulnerable (PYCROFT et al. 2016). Furthermore,
global or continental projections often lack the pre-
cision needed to assess the consequences for specif-
ic coastal regions, such as the German North Sea
coast, and to inform tailored mitigation measures.
While there are already comprehensive studies on
SLR and current ESL for the coasts of Germany
(see e.g. HaruNciTy UNIVERSITAT HAMBURG 2020,
NIEDERSACHSISCHES ~ MINISTERIUM ~ FUR ~ UMWELT,
ENERGIE UND KrLimascHuTz 2020), research specifi-
cally addressing ESLR in the particularly vulnerable
East Frisian islands region remains rather limited. At
the European level, however, the LISCOAST project
provided critical analyses and projections of extreme
sea levels (EurorEAN ComMIssION 2018), constituting
the foundation for the model applied in this study.

Opverall, since the early 2000s, three major proj-
ects have assessed ESL along the German North Sea
coast: the MUSE project (Modellgestiitzte Untersuchungen
zuSturmfluten mit sehrgeringen Eintrittswahrscheinlichkeiten/
Model-based Investigations of Storm Surges with
Very Low Probabilities of Occurrence; JENSEN et al.
2006, RuporrH et al. 2019), the XtremRisK project
(Exctremsturmfluten an offenen Kiisten und Astuargebieten/
Extreme Storm Surges on Open Coasts and Estuary
Areas; Ruporpn 2012), and the EXTREME-NESS
project (Extreme North Sea Storm Surges and Their
Conseguences; HZG et al. 2019, RupoLrpH et al. 2019).
These projections of potential extreme events of-
fer valuable insights into rare maximum scenari-
os, which are critical for coastal defense planning.

However, these predictions are limited to individual
gauge stations and therefore do not offer a compre-
hensive view of the broader regional impacts, such
as the extent of affected land in a region. Moreover,
existing models of the North Sea coast and the FEast
Frisian Islands have a relatively low spatial resolution
and are mainly designed to address larger sections of
the coastline. This makes them prone to errors when
applied to smaller areas, such as specific East Frisian
Islands. The integration of statistical extreme value
analyses with highly data-intensive physical models
also makes adapting these findings to other regions
challenging and resource-intensive. To address these
limitations, this study uses a hybrid modeling ap-
proach, combining physical, statistical, and geosta-
tistical components, to enable more precise, small-
scale predictions and impact assessments. Our model
approach has the advantage that the necessary data is
relatively easy to obtain, and the calculations do not
require excessive resources, even with high spatial
resolution. This makes it relatively easy to replicate
for different time horizons and/or study areas.

3 Perception and valuation of ESLR risks

An understanding of local perceptions of change,
of adaptation to this change, and of existing con-
flicts is key to gaining deeper knowledge on how
local communities adapt or do not adapt to climate
change (Krock 2019). Reasons for maladaptation
are, for example, psychological distancing in terms of
space, such as perceptions of distant climate change
impacts as more serious than local ones (SPENCE
& PibGeoN 2010), or temporal aspects, such as the
perception of SLR still being distant in time (SHAO
et al. 2020). While an increase in the awareness of
causes for climate change is often seen as a prereq-
uisite for enhancing public support to adaptation
policies, a higher awareness does not necessarily lead
to higher risk perceptions due to a process of ‘risk
normalization’, wherein “individuals more exposed
and aware of hazards minimize their risk perception
to psychologically cope with hazards” (Luis 2018: 1).
Yet, this effect is moderated by the individuals” en-
vironmental concern (Luis 2018). Although risk per-
ception is widely regarded as essential for motivating
preparedness, experiencing natural hazards and per-
ceiving high risk do not necessarily result in great-
er preparedness (CISTERNAS et al. 2024). Yet, identi-
fied priorities, needs, and values may vary within a
community and in comparison to assessments from
external actors (Krock 2019). Also, understanding
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the social construction of individually perceived risk
through shared ideas and representations proves to
be essential in the case of risk perception (BERTOLDO
et al. 2021). Three strategies of optimistic argumenta-
tion when describing vulnerability to coastal risks by
local inhabitants have been identified: social compar-
ison (other geographical locations are seen as more
vulnerable), risk comparison (other risks being more
pressing) and so-called fatalism (the problem is per-
ceived as too challenging to solve on an individual
or local level; BERTOLDO et al. 2021). A better undet-
standing of factors and motivations influencing how
individuals perceive threats and deal with risks is seen
as one key for policymakers in order to generate ef-
fective responses in cooperation with the community
(PARREIRA & Mouro 2023). Studies on anticipatory
coastal adaptation suggest that expanding an individ-
ual framing by applying, e.g., an intergenerational jus-
tice narrative might be a useful way for policy-makers
to enhance sensitization for a collective preparation
of transition plans regarding future coastal change
(CotToN et al. 2024).

Regarding the Wadden Sea region, a reaction to
emerging challenges such as conflicting uses and an
expected increasing vulnerability to environmental
and societal risks makes a shift away from the preva-
lent technical risk management paradigm towards an
understanding of risk management as a social pro-
cess necessary (GERKENSMEIER et al. 2018). For the
North Frisian part of the Wadden Sea islands, con-
troversies regarding climate adaptation have been
identified in terms of human-environment-relations
(e.g. sometimes diverging aims of protecting natural
versus cultural habitats), the role of different actors
and knowledge types (e.g. regarding local knowledge
versus ‘expert’ knowledge from the mainland) and
the objectives of adaptation measures (e.g. regarding
questions of the social desirability of technical fea-
sible adaptation options; Krock 2019). Similar con-
troversies and discussions exist on the East Prisian
islands, which are elaborated on in this article.

4 Study areas, data, and methodology
4.1 Study site selection: Borkum and Norderney

Norderney and Borkum were selected for this
study for multiple reasons. The East Frisian Islands
form a highly dynamic and complex system, influ-
enced by strong tides and their predominantly san-
dy composition. Consequently, they are significant-
ly impacted by tidal forces, currents, and related

processes of sand erosion and sediment transport.
Before the existing coastal defense infrastructure
was introduced, sediment transport caused the is-
lands to gradually shift eastward (ERDMANNN et
al. 1995, NIEDERSACHSISCHER ILANDESBETRIEB FUR
WASSERWIRTSCHAFT, KUSTEN- UND NATURSCHUTZ
2010). As a result, the necessity of coastal protection
measures is well recognized by local inhabitants.
Additionally, the East Frisian Islands act as natural
barriers, shielding the main coastline from wind and
waves, which predominantly come from a northerly
and northwesterly direction (KERBER 2018).

In terms of size, population, and tourism,
Borkum and Norderney are the most important
among the German East Frisian Islands. Borkum, the
westernmost of the German Frisian islands, is also
the largest at 35.9 km? while Norderney, covering
26.2 km?, has the highest population, with approxi-
mately 5,900 permanent residents (LANDESAMT FUR
STATISTIK NIEDERSACHSEN 2024, WASSERSTRASSEN-
UND SCHIFFFAHRTSVERWALTUNG DES BUNDES 2013).

Since 1986, the Wadden Sea along the North Sea
coast of Lower Saxony has been designated as a na-
tional park. Covering approximately 3,450 square kil-
ometers, it ranks as the second-largest national park
in Germany. It is recognized as a UNESCO biosphere
reserve and is included in the UNESCO Wadden Sea
World Heritage Site. These different designations in-
fluence how the relationship between nature and soci-
ety, including land use developments and conflicting
interests on the islands of Borkum and Norderney,
is negotiated between different stakeholder groups
(NATIONALPARK WATTENMEER 2023).

4.2 ESLR modeling

To assess how Norderney and Borkum could
be affected by ESLR in the future, a multi-layered
modeling approach was applied for the RCP 4.5 and
RCP 8.5 scenarios through 2050 and 2100. This
was a two-step process: First, the ESLR was mod-
eled for two gauge stations on each of the islands,
Norderney and Borkum, based on a hybrid model.
Second, these results were used in a geostatistical
model and spatially extrapolated across the islands
of Norderney and Borkum.

In the first modeling step, the LISCOAST pro-
jections by Vouspoukas et al. (2018) were used as a
database. These projections used hourly data from
about 5000 gauge stations along the European coast
and the Mediterranean coast of Africa to estimate
future MSL and ESLR (EUROPEAN COMMISSION
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2018, Vouspoukas et al. 2018). This was done with
a Monte Carlo simulation to estimate the different
likelihoods of ESL events of varying severity for the
scenarios RCP 4.5 and RCP 8.5, assuming a normal
distribution of the variables, as is common in cli-
mate projections (see also Vouspoukas et al. 2018).
With the Monte Carlo simulation, three levels of oc-
currence probability for an ESL event were calculat-
ed: the fifth percentile, the 50th percentile, and the
95th percentile. The fifth percentile represents the
least severe outcome, with only a 5% chance that fu-
ture ESLR will be smaller or equal to this value. The
50th percentile reflects a moderate severity, with a
50% chance that future ESL will be smaller or equal
to this level, making it the most likely scenario. The
95th percentile predicts the most severe ESLR, but
there is a 95% chance that the actual future ESL will
be smaller than or equal to this value. Therefore,
the 50th percentile is considered the most probable
scenario (IBM n.d., Vouspoukas et al. 2018).

Since the projections are based on data from
gauge stations, the results are limited to individual
coastal points, leaving the impact of ESLR on spe-
cific land areas unclear. To address this limitation,
the second step of the modeling process involves
spatially extrapolating the point data to estimate im-
pacts on broader regions. This spatial extrapolation,
which is the primary focus of this study, follows
the methodology outlined by MARTELLOZZO et al.
(2024a), who applied it to all European coastlines
(excluding Scandinavia) and the Mediterranean
coast of Africa at a 30m x 30m resolution. Similar
geostatistical approaches have been widely used in
coastal and environmental studies (e.g., ANDERSON
et al. 2018, MARTELLOZZO et al. 2024b, Wu et al.
2014), which demonstrates the robustness of this
method in handling large-scale spatial datasets. This
stage of the model uses geostatistical techniques,
specifically the Thiessen polygon interpolation.
Thiessen polygons are geometrical constructs that
define areas of influence around each sample point,
ensuring that any location within a polygon is clos-
er to its corresponding sample point than to others
(ESRI, n.d.). This approach is effective for convert-
ing point data into spatial data, enabling more com-
prehensive analyses, such as assessing the effects
of rising ESL on entire coastal regions rather than
isolated measurement points. While this approach is
comparatively simple and results in a rather coarse
spatial representation, it has the advantage of being
transparent, reproducible, and free from additional
assumptions that more sophisticated interpolation
techniques (e.g., kriging) would require. For the

large-scale coastal application of this study, these
characteristics are particularly valuable, as they en-
sure that uncertainties stem primarily from the in-
put data rather than from the interpolation proce-
dure itself.

The resulting Thiessen polygons now show the
effect of ESL events on coastline sections instead
of just gauge stations. To determine the affected
land area, the polygons must be combined with data
on the coastal geomorphology. For this, a Digital
Elevation Model (DEM) for Norderney and Borkum
with a 1 m x 1 m resolution, provided by the Federal
Waterways and Shipping Administration, was used
(WASSERSTRASSEN- UND  SCHIFFFAHRTSVERWALTUNG
DES BUuNDEs 2013). The high resolution of the DEM
ensures that coastal defense infrastructure, which is
very important for the estimation of the expected
flooding during an ESL event, shows up in the pro-
jections. To ascertain that all important defense in-
frastructure was considered in the model, additional
field studies were conducted on the two islands. For
Norderney, all coastal defense infrastructure showed
up in the DEM. For Borkum, however, a mobile
floodgate was found during the field study, which
was not included in the DEM data. The floodgate
was added manually in the DEM data. As Figure 1
shows, this led to a significant difference in the pro-
jections of the flooded area for Borkum depending
on whether the floodgate is included in the model
or not. Additionally, the General Plan for Coastal
Defense (INIEDERSACHSISCHER LLANDESBETRIEB FUR
WASSERWIRTSCHAFT, KUSTEN- UND NATURSCHUTZ
2010) was referenced to identify planned improve-
ments to protective structures. While no further
clevation of the defenses is planned for Borkum,
an elevation of the dikes on the southern side of
Norderney is scheduled. Given that these adjust-
ments are expected to be completed by 2050, the
affected areas were updated in the DEM to reflect
the planned changes in height.

The adjusted DEMs and the Thiessen polygons
were then combined to identify areas affected by
ESL events. This calculation results in a raster with
values of 0 and 1, where 1 represents flooded areas,
and 0 represents non-flooded areas. Consequently,
the raster does not say anything about the flood
height. Furthermore, in this step, any area with a
DEM value below the ESL for the respective scenar-
io was considered flooded, even if there was no way
for the water to reach this area. To improve accura-
cy, pixels without a possible hydrological connection
to the coast were subsequently excluded, resulting in
the final set of projections.
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A. Potentially flooded area without floodgate

B. Potentially flooded area with floodgate

Borkum Island — Flood scenarios

[ potentially flooded area

Sources: Lawrenz 2024,
Copernicus Sentinel data 2024

Draft: C. Lawrenz
Cartography: U Schwedler

Fig. 1: Potentially flooded area on Borkum with and without consideration of a floodgate

In total, this modeling process was done five
times for each island: the baseline scenario for the
year 2015 and projections for RCP 4.5 and RCP 8.5
for the years 2050 and 2100. For each scenario, the
three different occurrence probabilities were mod-
eled, resulting in 15 different projections overall.

Although the model includes various physical
components, it does not account for future changes
in North Sea currents and sediment transport. This
affects the maintenance of protective dunes and
beaches. Without countermeasutes, this could even
lead to the island’s relocation. These complex pro-
cesses, however, lie beyond the study’s scope.

Here, this dynamic process is treated as static,
with the protective dunes representing a snapshot.
However, since they are crucial for storm surge de-
fense, they are regularly maintained through sand
replenishment, planting, and other stabilizing mea-
sures. As this practice is expected to continue, the
snapshot remains valid for future scenarios — unless
extreme storm surges compromise the dunes, ren-
dering the model ineffective and possibly leading to
the island’s abandonment. Whether this occurs can-
not be determined without integrating current and
sediment modeling.

4.3 Qualitative interviews
In relation to Krock (2019), we understand

risk management as a social process with impacts
on different knowledge types and adaptation ob-

jectives for different actor groups. To gain further
insights into the perception of ESLR, existing con-
flict lines, and perceived problems in these contexts
among different actor groups, 28 semi-structured
qualitative interviews (cf. Tab. 1) were analyzed.
The data were collected in two rounds. The first set
of interviews consisted of 19 expert interviews on
land use conflicts in the context of tourism, climate
adaptation, and governance aspects conducted be-
tween March 2023 and June 2024 (online and in
person). Interviewees included stakeholders from
the island of Borkum (8 interviews), the island of
Norderney (7 interviews), and representatives from
the mainland who provided a superordinate view,
either knowledgeable of both islands or from the
district level (4 interviews). In particular, seven
respondents came from the political and adminis-
trative sphere (local and regional level), seven from
the tourism sector (both services and administra-
tion, and marketing), and five from environmental
organizations (national park administration, coastal
protection, environmental education, etc.). To as-
sess the consequences of ESLR for the livelihood
and economic situation on the islands, in the sec-
ond set of interviews, consisting of nine interviews
with tourism actors, the sea level rise projections
for the most probable scenario (50" percentile)
were shown and explained to the respondents at
the beginning of the interviews. This was done to
assess whether the ESLR projections change the
perception of SLR and ESLR - presumably negative-
ly - and to see how the increase in extreme events
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Tab. 1: List of interviews

Interview code Date Place

Borkum - Interviews without projection shown

Interview 1 21.03.2023 Borkum
Interview 2 21.03.2023 Botkum
Interview 3 22.03.2023 Botkum
Interview 4 22.03.2023 Borkum
Interview 5 23.03.2023 Borkum
Interview 6 23.03.2023 Borkum
Interview 7 23.03.2023 Botrkum
Interview 8 30.03.2023 online

Norderney - Interviews without projection shown

Interview 9 09.10.2023 Norderney
Interview 10 10.10.2023 Notderney
Interview 11 10.10.2023 Notderney
Interview 12 10.10.2023 Norderney
Interview 13 11.10.2023 Norderney
Interview 14 11.10.2023 Norderney
Interview 15 02.11.2023 online

Regional level - Interviews without projection shown

Interview 16 01.06.2023 online
Interview 17 29.02.2024 online
Interview 18 01.03.2024 online
Interview 19 10.05.2024 online

Borkum — Interviews with projections shown

Interview pro_1 04.06.2024 online
Interview pro_2 20.06.2024 online
Interview pro_3 23.07.2024 online
Interview pro_4 14.08.2024 online
Interview pro_5 22.08.2024 online
Interview pro_6 03.09.2024 online
Interview pro_7 11.09.2024 online

Regional level — Interviews with projection shown

22.05.2024
05.09.2024

Interview pro_8 online

Interview pro_9 online

Main stakeholder area

Politics & administration

Politics & administration
Environment

Touristic services

Tourism administration & marketing
Tourism administration & marketing
Touristic services

Politics & administration

Politics & administration
Environment

Touristic services

Tourism administration & marketing
Politics & administration

Touristic services

Environment

Environment
Environment
District level Aurich (Norderney)

District level Leer (Borkum)

Tourism administration & marketing
Environment & Tourism services
Touristic services

Touristic services

Politics & administration

Touristic services

Touristic services

Tourism management

Tourism management

could affect tourism. Furthermore, the projections
helped to make ESLR a less abstract topic. The sec-
ond set of interviews was conducted between June
and September 2024. Respondents for both sets of
interviews were selected through purposeful sam-
pling, identifying key stakeholders from different
sectors through desk research and stakeholder map-
ping. Since not all of the potential interviewees re-

sponded to the authors, a potential response bias
might exist. This was addressed in the research pro-
cess through snowballing and recommendations of
further respondents by interviewees, after building
trust in the research team. One respondent of the
first set of interviews also took part in the second
set. All respondents were informed about data pro-
tection and guidelines regarding good scientific
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practice and gave their written consent to be part
of the study. Most interviews lasted around an hour
and were recorded and later transcribed using F4X
and analyzed with MaxQDA.

Qualitative content analysis of all interviews was
conducted according to the framework of KuCKARTZ
and RADIKER (2023). In general, the first set of in-
terviews covered a relatively broad range of topics,
including positive and negative aspects of island life,
governance issues such as transparency, planned
and already implemented measures, decision-mak-
ing processes, level of participation, as well as tour-
ism-related issues such as tourism acceptance or past,
present, and future tourist development. A further
important topic was climate change adaptation, in-
cluding the general perception of the issue, perceived
present and future impacts of climate change, the
personal assessment of measures, and questions of
responsibility for their implementation. Additionally,
conflicts of use (mainly concerning the limited avail-
ability of space on the islands) and positive inter-
actions between the described thematic fields were
identified. Within this frame, the specific text pas-
sages dealing with SLR and coastal protection were
identified and analyzed in the specific context of risk
perception and valuation of the issue in comparison
to other mentioned problems and challenges, both
within the context of climate change adaptation and
a broader problem definition taking into account

Tab. 2: ESL height for each scenario

other negative aspects listed by the interviewees.
Topics regarding SLR concern, e.g., the perception of
urgency, the evaluation of past and present measures,
and questions regarding who bears responsibility to
act. The second set of interviews specifically focused
on the perception of SLR and ESLR and their impor-
tance for the tourism industry. The coding scheme
for the qualitative content analysis is summarized in
Appendix A. Anchor examples for tendencies of risk
perceptions among different actor groups are shown
in Appendix B.

5 Results

5.1 ESLR projections for Borkum and Norder-
ney

Table 2 shows the projected heights of ESL
events. Due to the use of Thiessen polygons, there
are slight variations in the maximum water levels be-
tween the northern and southern sides of Borkum,
as well as between the western and eastern sides of
Norderney. However, these differences are minimal.
The slightly higher values on Borkum’s northern side
and Norderney’s western side reflect the actual flow
conditions. When compared to historical records,
the measured level for Norderney is 4.09 m, which is
slightly lower than the projected maximum water lev-

Borkum Norderney

Scenario Percentile North South West East
5th 4.02m 4.02 m 421 m 421 m
Baseline 50th 420 m 4.20 m 441 m 441 m
95th 451 m 451 m 475 m 441 m
5th 433 m 432 m 4.55m 455 m
RCP4.5 2050 50th 4.69 m 4.69 m 4.86 m 4.86 m
95th 510 m 510 m 537 m 537 m
5th 4.64 m 4.64 m 4.90 m 490 m
RCP4.5 2100 50th 495 m 495 m 524 m 524 m
95th 549 m 549 m 5.83 m 5.82m
5th 432 m 432 m 452 m 4.52m
RCP8.5 2050 50th 4.57 m 4.57 m 4.79 m 4.79 m
95th 5.00 m 5.00m 524 m 524 m
5th 4.87 m 4.87m 519 m 517 m
RCP8.5 2100 50th 525m 525m 552 m 552 m
95th 6.38 m 6.39 m 6.68 m 6.66 m
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el of 4.208 m for the current Sth-percentile extreme
event. For Borkum, the highest recorded water level
of 3.86 m is also below the projected maximum of
4.02 m for the fifth percentile. By 2100, under an RCP
8.5 scenario, the maximum projected water levels are
6.391 m for Borkum and 6.681 m for Norderney. In
total, the ESL is expected to increase by at least 84
cm on Borkum and 92 cm on Norderney, and could
rise by as much as 2.36 m on Borkum and 2.47 m on
Norderney by 2100. Consequently, the current dike
height of SI. + 6 m on the islands’ eastern sides may
no longer provide sufficient protection by 2100.

In the baseline scenario for Borkum, even
during a 95th percentile ESL event, the developed
arcas of the island are fully protected by the coast-
al infrastructure in the southern part of the island.
Minor variations in the affected areas can be seen
around the harbor and at the edges of the protective
dunes across all three probability levels. 16.04 km?
(44.7%) are affected in a fifth percentile event, 16.42
km?* (45.8%) in a 50th percentile event, and 16.93
km? (47.2%) in a 95th percentile event (see ig. 2).

Looking at future projections for Borkum, the
current coastal defenses appear to offer sufficient
protection for the time being. In the RCP 4.5 sce-
nario up to 2050, the island remains secure during
both the 5th and 50th percentile events. However, in
a 95th percentile event, the southern infrastructure
would prove inadequate, resulting in flooding of the

developed areas. Notably, the RCP 4.5 projection for
2050 seems to contradict other projections, as it pre-
dicts higher water levels than the RCP 8.5 scenario
for the same year. Although sea level rise is gener-
ally higher under RCP8.5, projections for extreme
sea levels around 2050 may locally appear higher
under RCP4.5. This is due to the nonlinear nature
of extreme sea level events, which depend not only
on mean sea level but also on short-term factors like
storm surges and waves. These components intro-
duce statistical variability, meaning small differenc-
es in conditions can lead to disproportionately large
shifts in projected extremes. By 2100, in the RCP 4.5
scenario, the coastal defense infrastructure would
still be sufficient for events up to the 50th percentile.
However, during a 95th percentile event, the defens-
es would no longer provide adequate protection, and
31.30 km? (87.2%) of the island would be flooded
(see Fig. 2). The remaining areas without flooding
would mostly consist of the protective dunes above
the flood level, though these dunes would also be
susceptible to overwash, affecting the freshwater
lenses. The projected dike height of at least 6.2 me-
ters would still be sufficient against an ESL event of
5.49 meters. The main vulnerability would be the
southern dunes, which could become weak points.
In the RCP 8.5 scenario up to 2050, Borkum’s
settlements and infrastructure remain well protected
in all ESL events considered. However, by 2100, the
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Fig. 2: Flooded area for different RCP scenarios — Borkum
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island would no longer be adequately protected, even
during a 50th percentile event. In the case of a 95th
percentile ESL event, between 30.83 km? (85.9%)
and 33 km? (91.9%) of the island would be flood-
ed (see Fig. 3). The freshwater lenses would again
be impacted by overwash in both cases. To protect
Borkum in these future scenatios, reinforcement of
the southern dunes would be necessary, and the dikes
would need to be raised to withstand an ESL event
possibly reaching 6.39 meters in the RCP 8.5 scenar-
io. It is also important to note that the frequency of
ESL events is expected to increase dramatically, with
events potentially occurring annually by 2100. In
these scenarios, the effectiveness of the protective
dunes could be compromised due to erosion from
repeated overwash. While dunes can be replenished,
the available time to do so will decrease. In the later
scenarios, consideration should be given to whether
the islands can be better protected with harder pro-
tection measures like a ring dike, and whether the
livelihood can still be secured on these islands.

In the baseline scenario for Norderney, where the
existing dikes on the southern side of the island
are considered, these structures effectively protect
the settlement areas. For all three probability per-
centiles, the affected area ranges from 12.37 km? to
12.66 km2 However, by 2050, this level of protection
will no longer be sufficient except for a 50th-percen-
tile ESL event. In both the RCP 4.5 and RCP 8.5 sce-
narios, large portions of the settlement area in the
southwest will be flooded during a 50th-percentile
ESL event, with 15.84 km? (60.4%) flooded in the
RCP 4.5 scenario and 15.8 km? (60.2%) in the RCP
8.5 scenario (see Fig. 4). By 2050, ESL events would
also start to affect Norderney’s freshwater supply. In
the case of a 95th-percentile ESL event, 22.02 km?
(83.9%) would be flooded in the RCP 4.5 scenario,
and 21.88 km? (83.4%) in the RCP 8.5 scenario. Apart
from large portions of the protective dunes, almost
the entire island would be submerged. The problem
is not that the dikes, with a minimum height of 5.75
meters, are too low — since the ESL events would
only reach about 5 meters (see Tab. 2) — but rather
that the southern protective dunes appear to be the
weak points (see Fig. 5).

By 2100, in both the RCP 4.5 and RCP 8.5 sce-
narios, the coastal infrastructure will still provide
adequate protection for a 5th-percentile ESL event.
However, during a 50th-percentile ESL event — the
most likely scenario —21.88 km? (83.4%) of Norderney
would be flooded in the RCP 4.5 scenario, and 22.17
km? (84.5%) in the RCP 8.5 scenario. The flooded area
would increase only slightly during a 95th-percentile
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Fig. 3: Borkum - Flooded areas according to different RCP
scenarios



Unseen Urgency? Projections of extreme sea level events and stakeholder perception ...

event (see Fig. 5). To fully protect Norderney in these
scenarios by 2100, the dikes would need to be raised
to at least 5.9 meters in the RCP 4.5 scenario and to
at least 6.7 meters in the RCP 8.5 scenatrio, as the cur-
rent lowest dike height is 5.75 meters. Additionally,
the protective dunes would need reinforcement or
replacement with a sufficiently high dike.

5.2 Results of stakeholder interviews

This section will first present results from the
interviews with local stakeholders on both islands,
pointing to differences and similarities within and
between actor groups and islands. These results are
then complemented by findings from our interviews
with representatives on the regional (district and
state) level.

5.2.1 Borkum and Norderney

One of the stakeholder groups interviewed on
Borkum was people working in the environmental
sphere. These actors stress the need to create good
harmony between nature, tourism, and the local
population. Climate adaptation is regarded as highly

necessary despite the fact that resources for funding
might be limited. The islands are considered to be the
first who be affected by climate change due to ris-
ing sea levels in Germany. Consequently, respondents
see the need for a rising awareness that things can-
not continue in the way they used to be. At the same
time, the awareness of already implemented coastal
protection measures is high among this actor group.
They are also very clear on the question of who is re-
sponsible for funding respective measures, since the
small island communities are not seen as capable of
carrying protection costs alone. In this context, the
importance of the East Frisian islands as a coastal de-
fense bulwark for the mainland, as well as the respon-
sibility of the state and federal levels to contribute to
its maintenance, are emphasized. On Norderney, this
view is complemented by environment-related inter-
viewees who draw a larger picture around the need
to give up the privileges of a society profiting from a
rather consumerist culture to avoid collapse. Yet they
are rather pessimistic that these changes will happen
voluntarily and at a time when worse consequences
can still be prevented.

For the actors from the political and administra-
tive sphere on Borkum, the issue of SLR is framed as
leading to insecurity and fear on the one hand, and
something not yet readily perceptible and an issue
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NORDERNEY ISLAND

Probability of flooding Sources: Lawrenz 2024,
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Fig. 5: Norderney - Flooded areas according to different
RCP scenarios

that is momentarily far away from the islanders’ daily
realities on the other hand:
“So, of course it will become an issue at
some point. But as I said, so far I think other
issues are more important to us than climate
change.” (Interview 2, translated by authors
from German original)

On Norderney, the building plans for the beach-
es developed by the municipality in cooperation with
the district and the coastal protection authority to
mitigate conflicts between recreational use, coastal,
and environmental protection are mostly seen in a
positive light. Yet, similar to Borkum, questions
regarding financial issues evolve. Usually, there is
a strict distinction between measures needed for
coastal protection and those merely securing attrac-
tiveness to tourists.

This view is rather similar among the actors in the
local tourism sector, who display a diverse range of
urgency perceptions. On the island of Borkum, espe-
cially, a possible intrusion of salt water into the sweet
water lens, an increase of storm surges, and necessary
changes of the infrastructure stabilizing the island
against the consequences of SR are major concerns.
One interviewee from the tourism sector stated:

“When you replace a protective dune with
a concrete wall, like we've done on the west
side of the island, it may secure the area, but
it risks making the island less appealing to
visitors. People come here expecting to ex-
perience nature, not to be faced with con-
crete structures. This concern is something
that really matters to me. Honestly, I can't
imagine how life here will continue as it is
now by the year 2100. I just don’t see how it
could work.” (Interview 5, translated by au-
thors from German original)

For other actors in the tourism industry, the
problem of SLR is important, yet based on their opin-
ion, it is hard to fully assess the situation and notice
ongoing changes in the natural system. Hence, they
see the necessity to trust in institutions and people
dealing with the issue of SLR professionally. Another
factor making the issue difficult to grasp is the fact
that severe impacts are expected by interviewees to
happen in a distant future. Yet on Borkum, the ques-
tion of intergenerational justice is also touched upon
as a motivator to act. e.g., through reflecting on the
need to think about coastal protection measures for
the sake of future generations, even if one might not
experience severe events in one’s own life span.
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The rather unconcerned perspective on extreme
sea level rise (ESLR) remained largely unchanged,
even when interviewees were presented with projec-
tions at the outset of the interviews. Although aware-
ness of rising sea levels and the potential for more
frequent ESL events is growing, the expected time-
line for significant impacts on the tourism sector was
perceived as too far in the future to warrant imme-
diate action. Since ESL events are projected to have
only relatively minor effects by 2050 — and tourism
planning typically operates on a 15- to 20-year ho-
rizon — the anticipated increase in such events is not
currently viewed as a pressing issue. Consequently,
this diminishes the urgency to take proactive meas-
ures. Overall, tourism stakeholders who reviewed
the projections maintained a positive outlook on the
future of Borkum, as well as tourism development
on the island. There was a high level of trust in the
authorities responsible for coastal protection. This
optimistic perspective is also linked to the expecta-
tion that, at least in the short to medium term, the
East Frisian Islands may benefit from climate change
— particularly due to investments in the energy transi-
tion (e.g., wind turbines) and a possible shift of tra-
ditionally Mediterranean-oriented beach tourism to
northern Europe. Such developments could enhance
the economic viability of tourism, supporting its con-
tinued growth. However, the most frequently men-
tioned concern remained the risk of drinking water
salinization.

For Norderney, there were no interview part-
ners found for this set of interviews. Since the over-
all outlook on Norderney was less concerned about
SLR and ESLR compared to Borkum, it could be as-
sumed that the perception of tourism development
would not be affected negatively by the projections.
In the first set of interviews, positive examples of
collaboration between tourism and coastal protec-
tion are emphasized, e.g., the new revetment, which
also serves as a promenade. At the same time, actors
from tourism expect conflicts to aggravate through
SLR, e.g., between ground-nesting birds and tourism
under the conditions of decreasing land availability.

5.2.2 Beyond local

Moving beyond the local level, one interview-
ee from coastal protection in the federal state ad-
ministration of Lower Saxony emphasized the fact
that the Lower Saxonian coastal protection strategy
prepares for developments to be expected over the
next 100 years, allowing for a SLR of one meter in

the construction of the massive structures. The is-
sue of nature-based solutions, e.g., through sand re-
plenishment, is expected to play a larger role on the
islands, also in response to an increased perception
of sustainability within society. Future viability is
seen as highly dependent on how the consequenc-
es of climate change will actually materialize, which
is the reason for pursuing a strategy of maximizing
flexibility, including principles of sustainability and
precaution (including risk minimization) as essen-
tial general conditions. A complete change of the
Lower Saxonian coastal protection framework is not
regarded as necessary, also not in the context of cli-
mate adaptation.

The national park authority sees SLR as one of
the main challenges for the Wadden Sea ecosystem,
alongside rising temperatures and a different distri-
bution of precipitation, with the danger of reaching
a tipping point when the Wadden is no longer able
to grow as fast as the sea level is rising. The higher
pressure on coastal and island protection infrastruc-
ture through rising sea levels is seen as challenging
not only natural systems but also the reliability for
human use of the islands in the long term.

At the district level, the interviewee from Aurich
(responsible for Norderney) stated that the topic of
climate adaptation receives relatively little political
resonance due to the perception that the coast is less
affected by climate change impacts than other re-
gions in Lower Saxony. Yet, SLR plays a certain role,
and the district has supported local projects related
to storm surges and SLR. When it comes to the is-
lands” initiatives, climate adaptation is perceived to
mainly play a role concerning tourism. For the dis-
trict of Leer (responsible for Borkum), the issue of
collaboration between different levels is emphasized,
as well as climate adaptation as a cross-sectoral task
with single solutions such as heightening the dykes
not being sufficient, whereas funding is also seen as
a prerequisite to enhance action. In the short term,
the island of Borkum is perceived as benefiting from
climate change compared to other destinations, e.g.,
the Mediterranean.

5.2.3 Summary of interview results

In general, perception and valuation of SLR vary
considerably both between and within actor groups.
On both islands, the range of perceptions regarding
SLR impacts and related urgency is rather wide. While
for some interviewees it is important to stress that cli-
mate change-related issues are not discussed different-
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ly than on the mainland, others emphasize that the
problem of rising sea levels is not being realized or
sometimes even denied by many islanders. This was
explained by the interviewees with expected short-
term positive effects on tourism (e.g., a result of warm-
er summers), economic interests being prioritized over
rather intrinsic ecological values, or a general fear of
change. Still others emphasize the need to adapt to cli-
mate change impacts for the next 20 to 30 years, often
combined with not seeing a real chance for the islands
to survive for the next 100 years or more. The threat
of future non-availability of drinking water through
saltwater intrusion and an accompanying decrease in
quality of life were mentioned, as well as the unnatural
character of coastal protection measures.

In sum, except for environmental and coastal
protection actors, sea level rise is not yet perceived as
the most pressing issue that needs to be addressed ur-
gently on both islands. Trust in technical solutions is
high, and short-term issues (such as affordable hous-
ing for the local population) are perceived as problems
that are more urgent”. These rather contradictory pet-
ceptions also apply to the actors in the local tourism
sector to whom our projections for ESLR were pre-
sented at the beginning of the interview. Although
there is a growing awareness of rising sea levels and
the potential for more frequent ESL events, the time-
line in which they are expected to significantly impact
the tourism industry was deemed too distant. ESL
events are projected to have only a relatively minor
impact by 2050, and with a planning horizon of ap-
proximately 15 to 20 years, the anticipated increase in
ESL events is not currently viewed as a major concern
for tourism planning, dampening the motivation to
take immediate action. Additionally, some interview-
ees even expect that climate change might have a
positive impact on local tourism, as rising tempera-
tures could drive tourists away from increasingly hot
regions, such as the Mediterranean, to cooler desti-
nations like Borkum. This was also the case for the
interviewees outside the local tourism sector, who saw
climate change and SLR as a pressing issue but also
confirmed that it is not the main concern for people
working in the tourism industry.

U Other short-term problems considered urgent included
mobility/connection to the mainland (on Borkum, for example,
monopoly/coopetation with AG Ems), the feeling of not being
able to decide on land use (state-owned land, as national park or
coastal protection infrastructure), effects of seasonality (provi-
sion of infrastructure in winter, weighing up the need for tour-
istic businesses for seasonal expansion in order to continue to
cover costs and maintain jobs versus the need for holidays/recre-
ational breaks for both the local population and seasonal staff).

Finally, we need to acknowledge that our study
only provides insights from two of the affected East
Frisian islands, and our interviews did not include, for
example, voices from civil society, residents, or tour-
ists. We suggest that further research could include
these groups for an even more holistic understand-
ing of perceived SLR urgency. It could also explore
how (perceived) agency to address SLR challenges
can be improved at the local/island community level.
It could build on recent work on anticipatory coastal
adaptation that indicates that policy-makers can im-
prove awareness and collective preparation for future
coastal changes by using broader narratives, such as
intergenerational justice (CorToN et al. 2024). Other
further pathways of research could ask how notions
of degrowth are considered/perceived to be viable op-
tions for island communities for the tourism sector in
light of pressing SLR challenges.

6 Conclusions

Projections of extreme events offer crucial in-
sights for risk assessment and according effective ad-
aptation of coastal protection infrastructure, which
is very likely to become inadequate without addi-
tional measures. However, projections at a global or
continental scale often lack the precision needed for
protecting smaller areas like the islands along the
German North Sea coast. For the East Frisian islands
of Borkum and Norderney, this study therefore em-
ployed a high-resolution hybrid model combining
physical, statistical, and geostatistical components to
increase the precision of small-scale predictions and
impact assessments. Additional semi-structured in-
terviews allow for a better understanding of how lo-
cal and regional actors, particularly in the public and
tourism sectors, perceive the risks of SLR and derive
effective short- and long-term measures. This can
provide more comprehensive insights into effective
mitigation and adaptation strategies for policymakers
(see also PARREIRA & Mouro 2023).

Our SLR/ESLR projections indicate a dramatic
impact on the North Sea islands by 2100. Both Borkum
and Norderney face significant challenges due to pro-
jected rises in ESLs, with potential increases of up to
2.36 meters for Borkum and 2.47 meters for Norderney
by 2100. These increases threaten current coastal de-
fense measures and suggest that the existing infra-
structure may become inadequate, particularly during
high percentile ESL events. For Borkum, the current
defense structures, including infrastructure around the
southern areas, may not withstand events beyond the
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50th percentile by mid-century. The southern dunes
are particularly vulnerable, requiring reinforcement
to prevent erosion that could compromise both land
and freshwater lenses. Similarly, for Norderney, while
present dikes and defense structures are sufficient for
now, they may fail to protect all settlement areas by
mid-century. The dune belts are also identified as weak
points, at risk of overwash and subsequent freshwa-
ter lens compromise. Both islands will need to take
significant protective measures. Borkum may need
to clevate dikes to at least 6.4 meters and consider in-
stalling a ring dike for comprehensive protection. For
Norderney, reinforcing the southern dunes is essential,
and the dikes will need to be raised to a minimum
height of 5.75 meters to maintain the integrity of fresh-
water resources and ensure long-term resilience. The
increased frequency of ESL events poses a common
risk for both islands, likely requiring more sustained
and strategic coastal management efforts in the future.

Our interview results support previous work by
Krock (2019) in that SLR threats — including their
assessment and prioritization of necessary meas-
ures — are viewed very differently by different actor
groups at community, district, and federal state lev-
els. Interestingly, presenting our projection maps to
interview partners from the tourism sector had very
little impact on their overall assessment of the SLR
risk. Perhaps not surprisingly, we found a higher risk
perception and sense of urgency mainly among en-
vironmental and coastal protection interviewees. At
the same time, our results at the community level re-
vealed that some respondents from both tourism and
the political/administrative sectors perceived SLR as a
distant future concern, pointing to the prevalence of
psychological distancing in temporal terms (SHAO et
al. 2020). while other short-term challenges are per-
ceived to be more pressing at the local level. The lack
of affordable housing for staff and residents (in com-
petition with accommodation for tourists) was clearly
ranked first as the most pressing current challenge. In
patt, this is likely due to the tourism industry’s plan-
ning horizons typically not exceeding 20 years and
communities prioritizing short- to medium-term lo-
cal economic development, anticipating immediate
benefits such as warmer summers boosting tourism
in Northern European destinations. A ‘coolcation’
trend - where tourists deliberately choose cooler des-
tinations such as in Nordic or Baltic countries - is al-
ready starting to emerge as more ‘traditional” holiday
destinations in the Mediterranean experience more
extreme heat waves in the summer months, making
them less attractive (IKARAFERI et al. 2025). We also
found cases of ‘risk normalization’ on the islands, as

interview partners highlighted that many islanders,
particularly on Norderney, do not recognize or some-
times even deny the problem of rising sea levels, at-
tributing this to either a lack of sensitization to climate
impacts or an extreme fear of change in general. This
could support findings that individuals more exposed
to hazards — such as those living on islands — down-
play their risk perception to psychologically manage
their fears (see also Luis 2018). The findings could
also reflect path dependencies, which act as a barrier
to fundamental changes to individual behavior and
institutional structures in climate change adaptation
(e.g., VAN BUUREN et al. 2016). Insights from the dis-
trict level suggest that climate adaptation garners lit-
tle political attention because the coast is perceived as
less affected by climate change than other regions in
Lower Saxony. That said, political programs and their
stance on environmental issues at the district, state,
and national levels can change with the political par-
ties that come into power.

Opverall, even though projections objectively in-
dicate that ESLR poses a serious threat to the liveli-
hoods of the islands, our interview data show that
these threats are not regarded by everyone as an urgent
concern requiring immediate action. The interviewed
actor groups employ all three strategies of optimistic
argumentation when discussing vulnerability to coast-
al risks (cf. BERTOLDO et al. 2021): Social comparison
(other geographical locations are seen as more vulner-
able), risk comparison (other risks being more press-
ing) and even fatalism (the problem is perceived as
too challenging to solve at an individual or local level).
The latter also concerns the question of (perceived)
agency and who is responsible for making decisions
on how to address the obvious threat through future
ESLR on the East Frisian islands (also in the sense
of multi-level governance). We found some evidence
from Borkum, which suggests that the tourism indus-
try is partly driven by a sense of responsibility towards
intergenerational justice. At the same time, while there
are some positive examples of joint endeavors to im-
plement SLR-related-measures between the local tour-
ism industry and the State of Lower Saxony coastal
protection agencies, many actors from the tourism
sector perceive themselves as ‘laypeople’, i.e. incom-
petent regarding SLR and hence refer to overarching
State authorities as ‘experts’ responsible for handling
coastal protection. These authorities, in turn, must
balance the probable SLR risks, financial resources,
economic development opportunities on the islands,
and the islands’ function as a protective barrier for the
mainland, which currently results in a policy of maxi-
mizing flexibility.
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Finally, our study implies that conflicts of interest
related to land use are likely to become more chal-
lenging in the coming decades as SLR pressures in-
crease, particularly where competing economic and
environmental priorities intersect. The medium-term
trajectory of coastal protection appears to rest pre-
dominantly with State-level authorities, since local
community actors — especially those in the tourism
sector — often lack either the perceived capacity or
the authority to meaningfully engage in or influence
higher-level decision-making processes. Recent litera-
ture has argued that adaptation pathway approaches
are popular but insufficiently operationalize path de-
pendencies in climate adaptation contexts (HANGER-
Korp et al. 2022). Drawing on this, future research
could explore how far both entrenched institutional
path-dependencies and dominant risk narratives,
and newer understandings of climate governance in
(coastal) Lower Saxony influence the development
and implementation of more decentralized coastal
management strategies with higher local and regional
participation levels.
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Appendix

Appendix A: Coding scheme for qualitative content analysis

Code

Description

Anchor example

Perception of
climate change

Perceptions of impacts,
urgency, and importance of the
topic.

,»90, there is already a high level of awareness and sensitivity on
Borkum for the issue of climate change. Because I think the vast
majority of people are now aware that scenarios such as the one
presented here can occur.“ — Interview pro_1

Impacts on the
island

Stated examples of climate
change impacts related to
(extreme) sea level rise and its
consequences for human use
(e.g., with regard to sweet water

supply).

“Well, I would see a strengthening of the dynamic. Of course,
terrestrial habitats will most likely be lost. Just as the dunes are now
depicted in the east of Norderney. They won’t stay there.” — Interview
pro_2

,1f you read the word Borkum, on the right-hand side to the east, there
are about 2/3 of our drinking water areas. We have two freshwater
lenses. So we have fresh water everywhere under the island. But we take
our drinking water from two freshwater areas. One is the Waterdelle
drinking water area and the other is the Ostland drinking water area.” —
Interview pro_5

Current situation

Descriptions of recent
developments. E.g,,
regarding coastal protection
infrastructure.

,»Exactly. Yes, the west of the island, roughly where the hook is, has
been stabilized for ages. I don‘t know how long there‘s been a really
massive coastal protection structure there, because that's also the
direction of weather attack from the west, while everything to the
north and south is essentially natural coastal protection, with protective
dunes.“ — Interview pro_1

Measures

Past, present, and future
measures to protect the island
against rising sea levels.

,»What I still know now, what is probably planned: I was talking about
the path on the south beach. There is also a path on the promenade in
the other direction on the upper beach promenade towards Seeblick
and Sturmeck. Thats the side where we have this extremely wide
beach.“ — Interview pro_4

Conflicts of

Conflicts mentioned regarding

,»I know enough people for whom this is a thorn in their side. I also

sector, its development, and the
impacts of climate change.

interest the implementation of know that the city or the NWG has sought contact with the NLWKN
measures, e.g., between different | at this point, but that the reference is quite uncompromising due to this
sectors or actors, or related to high-ranking task of coastal protection at the site. That‘s what I heard,
the (non-) availability of space. | but I wasn‘t involved in the discussions.” — Interview pro_4

Challenges Mentioned challenges L, Yes, yes, I see challenges simply because we can already see that storm
regarding the implementation surges are increasing in frequency and severity. And we are less and less
of measures, communication able to simply say: Well, there was a storm surge. We coped with that
of risks, or strategies to cope quite well.“ — Interview pro_1
with current and future climate
change impacts.

Tourism Aspects related to the tourism ,»1f the island is no longer attractive to tourists, then there will no

longer be any employment opportunities for locals. Then you can
basically give up the island as a location.* — Interview pro_1

Future prospects

Outlooks into possible futures,
e.g., with regard to prioritization
of development perspectives.

,»And I believe that every investment that is made is good and necessary
and must also be pursued in order to simply protect and preserve

these habitats, these tourist areas, and to develop them further in the
best possible way. So that should actually be the goal, that we not only
preserve what is there, but that we also develop it further and make it
better, so to speak.” — Interview pro_8
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Additional codes for interviews with projections

Code

Code description

Anchor example

Accuracy of
projections

Content related to the
accuracy of projections, e.g,,
confirmation, critique, or

suggestions for improvement.

,,It doesn‘t even need a major storm surge for this to be flooded. And
then such a storm surge does not yet come over the edge of the dune,
and in this respect, everything is definitely shown correctly at the top.
Yes, and at the bottom, at the bottom in the south-east, if you like, is
the district of Reede. Exactly whete you are with yout cursor. That
would be interesting again. I think it would work differently there.“ —
Interview pro_1

RCP 4.5 scenatio for the year
2100.

2050 RCP 4.5 Statements referring to the “So now we have a scenario for 2050 with 4.5 and 8.5. In both
RCP 4.5 scenario for the year | scenarios, this would virtually call into question the habitability of the
2050. Reede district down there, at the bottom right, in the south-east” —
Interview pro_1
2050 RCP 8.5 Statements referring to the ,.If we really have such a massive collapse that the island is flooded
RCP 8.5 scenario for the year | in large areas/so if the protective dunes really break, and you can see
2050. in the 2050 scenario that the layer is already very, very thin/then the
eastern part of the island will be completely flooded.“~— Interview pro_5
2100 RCP 4.5 Statements referring to the ,»Then I can also follow this, because I have the feeling that the left

scenario logically leaves a little more area available, and the area is
already reduced in the 2100 scenario. However, I assume that if the
protective dunes remain stable, then our drinking water supply will also
remain stable.” — Interview pro_5

2100 RCP 8.5

Statements referring to the
RCP 8.5 scenario for the year
2100.

,» Yes, and that's the end of the line. Nevertheless, you have to think
about it; I'm looking at it through my glasses. Residential areas here
would be completely flooded in the one on the right.” — Interview
pro_1

Reactions to
projections

Reactions to and valuations
of the projection, both
positive and negative.

,»1t‘s a bit scary at this point. I'‘m going to say/ it used to be the case,
especially in East Frisia and on the islands, that everyone was always
very aware of it. And the local people mainly took care of coastal
protection themselves. But now that it‘s more or less national history, or
sovereign, and coastal protection has become so good, it's, yes, a story

from the past.” — Interview pro_4
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Appendix B: Anchor examples for tendencies of risk perceptions among different actor groups
on Borkum and Norderney

Borkum
(with projections shown)

Borkum
(without projections shown)

High risk perception/level of urgency

Norderney
(without projections shown)

Respondents
from the

tourism sphere

“It is a bit unsettling at this point.

You know, in the past - especially
in East Frisia and on the islands
- people were always very aware
of the importance of coastal
protection. It was something
very present in their daily lives.
Back then, the local communities

largely took care of it themselves.

But since coastal protection
became a state responsibility and
has improved so much, it has
started to feel like an issue of the
past. However, with rising sea
levels, this reality is catching up
with us again.” (Interview pro_4)

“So, with the island locations,

I would go so far as to say that
the real issue here is whether the
islands will still be viable as a
habitat in 20 or 30 years* time. I
simply assume that there will be
a/ that it won‘t take a rise in sea
level for not a grain of sand to
peek out of the top. It doesn‘t
have to come to that. The central
issue is whether the drinking
water supply, in particular, can
be maintained for so long. All of
the East Frisian islands have a
freshwater lens beneath them.”
(Interview 5)

Low risk perception/level of urgency

“Well, as I said, if you‘re always
talking about rising sea levels,
that’s not exactly favourable for
an island like us. How that really
affects us now/ I don‘t know if
I‘ll even live to see it in the time
I‘m here. I actually don‘t think
so. Of course, it‘s a situation that
you have to think about. For the
next generations. Yes, of course,
I always find that difficult too.
That's why people find it so
difficult: When it‘s so far ahead
of you.” (Interview 7)

“And I think many people have
now realised this, because you can
actually say that there has been
erosion every year due to the
storm surges. Not so much in the
actual coastal protection measures
near the city, but in the eastern
part of the island. Kugelbake near
the Wezfse Diine, for example. 1
think many people are aware that,
at some point, it will become
difficult to absorb all of this. If
you think about it, every two or
three years this has to be flushed
up, at the beach alone.”
(Interview 11)

“You would actually think that

it would be more important for
islanders who live on an island in
the middle of the North Sea and
are perhaps affected differently
than someone who lives in
Bavaria. But I don‘t actually
perceive it in that way. I have to
be fair and say that. This may be
due to the fact that, as islands, we
have, of course, been dealing with
the issue of coastal protection
here for centuries, for as long as
the island has existed, and not
just since climate change was
consciously recognised. And there
is always talk of sea level rise.
This is also one of the core issues
of climate change and the people
of Norderney are relatively

well equipped to deal with it.”
(Interview 12)
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Borkum
(with projections shown)

Borkum
(without projections shown)

High risk perception/level of urgency

Norderney
(without projections shown)

Respondents
from the
political
sphere

“And if you go back and look

at the images for 2050, you can
still clearly say: Hey, there’s still

a chance. And if we now really
tackle the energy transition with
full force and manage to stay

on the RCP 4.5 path instead of
heading toward RCP 8.5 — and
if we actually succeed in making
Germany fully climate-neutral by
2045 — then we still have a real
chance of maintaining a status
quo that allows life on Borkum
to remain viable in the long term,
along with tourism as its main
economic sector.”

(Interview pro_5)

“What does this do to our
drinking water? Protecting the
freshwater lens is certainly also
a major challenge. That‘s not

so urgent now. Everyone says
everything is fine. But if the sea
level rises and we lose dunes,
then this fragile balance, which is
what makes the freshwater lens
physically possible, is quickly
broken. And when it comes to
a mix of fresh and salt water,
then you’re quickly at the end.”
(Interview 1)

Low risk perception/level of urgency

“It’s a recent topic that brings
with it a bit of uncertainty and
also a bit of fear as to whether
something could happen. But I
will say that sea levels are rising,
and we will have problems at
some point. That’s still a long
way off for many people. Maybe
in the back of some people’s
minds. But it’s actually an issue
that doesn’t really affect you.”
(Interview 2)

“Yes, of course it [the topic of
climate adaptation] is of huge
importance. It’s not for nothing
that the dykes here will ultimately
be raised. The only question is:
over what period of time do you
look at the issue? So, if you say
now, for the next 20 or 30 years,
I think it’s enormously important
to adapt in order to protect this
area from a climatic point of
view. Both for us and for the
other species that live here and
need and require this space. And
1 think that sooner or later, of
course, we won’t necessarily make
the effort, and in 100 years’ time,
only the top of the water tower
will perhaps still be peeking out.
I can see that we will have other
coastlines and the islands will
primarily be there as bulwarks for
the mainland, you could almost
say.” (Interview 9)

“I would say we have a climate
problem with sea level rise, which
I think is still denied or not seen
on the island.” (Interview 13)

“I have the impression that

this has not yet been propetly
recognised. Or at the moment,
there are also tendencies to
welcome the fact that, apart

from this summer perhaps, but
otherwise we have had more
[warm] summers in recent years,
or however you want to put it.
This will benefit domestic tourism
and, therefore, also Norderney
tourism, because many guests will
come. I don’t have the impression
that we are seriously thinking
about what a sea level rise of one
metre, one metre ten in eighty
years would mean.” (Interview 13)
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Borkum
(with projections shown)

Borkum
(without projections shown)

High risk perception/level of urgency

Norderney
(without projections shown)

Respondents
from the
environmental
sphere

“That’s true — the eastern end
is outside the protective dunes.
There will be changes there, and
depending on how sediment
transport develops, some areas
might naturally build up again
over time. That’s part of the
process. And since we’re talking
about an extreme event projected
for the year 2100, I don’t find
that particularly dramatic at this
point.” (Interview pro_2)

[Key for future proof Borkum]
“that we create a good harmony
between nature, tourism, and the
local inhabitants, and that there
is an awareness that we also have
to make climate adaptations. So,
that is simply the case. That we
also have to do something with
the limited resources that we
may have available, because as
an island we are of coutse also
the first to be affected by climate
change due to rising sea levels,
etc., and that there is simply an

awareness that things can perhaps
not continue the way they used to

be.” (Intetview 3)

Low risk perception/level of urgency

“I also find this non-inclusion

(of climate-related topics into

the implementation of the living
habitat concept) problematic
because the groups that are active
in nature conservation here are all
warning: ‘People, watch out a bit.
We will experience climate change
directly here on the islands, and
we will experience it very harshly.”
(Interview 10)

“I don‘t think the awareness is
there yet. So, we have a lot of
climate change deniers on the
island who simply say: ‘Sea level
rise is not real. Temperature
changes are not real. There is no
such thing as man-made climate
change. It‘s always been the case
that the climate has changed.” And
I believe that the explosive nature
of the issue or the urgency of the
issue has not yet really reached the
decision-makers.” (Interview 15)




