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RESILIENT FUTURE

This master thesis explores how to design and plan for
flooding caused by sea level rise and climate change.
With a focus on improving current design practices
for flood protection and implementing a phase-based
approach, the thesis presents how a series of local
interventions can work in tandem at a larger scale to
improve the level of protection and efficacy.

The project revolves around the Limfjord, located in
the Northern part of Denmark, which is a large hydro-
logical system spanning from the Western Sea to the
Kattegat Sea. Due to its large size and the complexity
of designing for such an area, a multiscalar approach
is introduced. By analysing the entire system and the
local areas of intervention, the multiscalar approach
acts as a bridge between the strategic knowledge
gained form the large-scale analysis and the designs
which are adapted for the local landscape.

The development plan illustrates how protective in-
terventions can be implemented at critical areas
along the Limfjord system to ensure important land-
scapes and communities, while allowing flooding in
selected areas to mitigate flooding further along the

Abstract

system. By aligning with the three pillars of sustain-
ability and certain eco-urbanism principles, the de-
sign will also support the ecosystem while providing
new opportunities for income and for building resil-
ient communities.

While the proposed design is adapted for the Limfjord
system, the thesis also includes a toolkit of strate-
gies and interventions. The toolkit is to be used by
stakeholders, lawmakers, and planners in order to
ease the process of planning and designing for flood
protection in other large-scale projects. Likewise, the
thesis uses the categories - strategic, environmental,
social, and economic - to better select which areas
are beneficial to protect and where flooding can be
advantageous. These categories and the adjacent
methodology are also proposed as a tool to be used
in other similar projects, intended to facilitate the de-
cision-making processes and the stakeholder’s work.



Preface

The idea behind this thesis first came in the form
of conceptually abstract ideas of working with an
imminent future with more water dominating our
landscapes. Having collaborated before, we had dis-
cussed overarching topics previously, and our discus-
sions would frequently end up in one way or another
on the importance of designing for co-habitating with
the water.

Initially, when throwing around ideas for our joint
thesis, we'd mention mostly localised, small-scale
interventions such as aquaculture farming facilities
and green infrastructure acting as both protective
measures and public space (subsequently, both of
these ideas were incorporated into the final result of
this thesis as parts of a more extensive water sys-
tem).

However, the more we discussed, the more we re-
alised that water cannot simply be considered at a
limited, small scale. As a part of nature, water knows
no human-made bounds; it comes from above, from
below, from the sea, from the sky, from the ground, in
parts, or all at once. It is, in its own right, a force of
nature, and in our aspirations to work with it as de-
signers and planners, we cannot simply consider it as
a controlled mass within limits. Instead, we ought to
anticipate the changes that might happen over time,
and to do so we could look at the broader picture:
namely, at the entire system to which the body of wa-
ter belongs.

With this in mind, we shifted our focus to the entire
system of the Limfjord in Northern Denmark, enlarg-
ing our project boundaries to a truly large scale, en-
compassing two national regions, a large number of
municipalities, and a multitude of settlements under
the influence of the waters of the Limfjord. As both of
us lived in Aalborg at the time, the system's most ma-
jor city, the Limfjord constituted a daily presence in

our lives, and our witnessing of the changes it would
go through over time was an additional motivation for
its selection as our case study.

Such a large scale brought with itself the need for
a different approach to our work as designers and
planners. We had to implement a multiscalar meth-
odology, often shifting between the limited view of
the localised and the overarching perspective of the
entire system in order to achieve the most optimal
results in first our analysis, and then our proposed
interventions. We then developed a methodology in-
volving four categoric values (strategic, environmen-
tal, social, and economic) to facilitate the process of
selecting which locations along the entire system
would be most beneficial for the entire system to
intervene at, as designing strategies for each single
square metre along the Limfjord system was unfor-
tunately beyond the time-frame of this work. And this
resulted in the creation of a toolkit summarising the
proposed interventions, allowing for it to be utilised
by all involved stakeholders in the planning process-
es of other projects focusing on flood management
in various locations in order to facilitate the decision
making and ensure the best results possible.

Despite this thesis being a highly ambitious endeav-
our, we believe that the results achieved are an im-
portant step towards the creation of a more resilient
future of co-habitation with water. The interventions
and processes as presented within this thesis are in-
tended to be re-analysed and re-adapted once again
in the far future, as the natural environment and
the socio-economic conditions will likely be vastly
different from the current ones and would require
a new approach to planning and designing for flood
management at the time. Nevertheless, this thesis is
meant to constitute a foundational basis for this fu-
ture planning to be built upon, and we look forward
to taking part in the creation of this resilient future.
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AND WHAT OF THE TIDES?..

As global warming continues to reach new highs, the
threat of climate change and extreme weather inci-
dents becomes more pressing (World Meteorological
Organization, 2024). Increased periods of drought and
record amounts of rainfall will become more frequent
and storms more intense due to increased evapora-
tion (IPCC, 2023). The polar ice caps will melt further
causing sea level rise and higher rates of flooding
(IPCC, 2023). For a low altitude country like Denmark,
which is defined by its vast coastline and many bod-
ies of water, climate change and water poses a par-
ticular problem (CONCITO, 2024). The threat of rising
sea levels, storm surges, and increased downpour in
addition to near-surface groundwater, results in the
country struggling to manage water from multiple
directions (CONCITO, 2024). The results are already
seen in multiple reports of flooding and destruction of
property, the need for pumping groundwater, moving
housing further and further away from the coastline
and rivers, and months of waterlogged areas - with
more incidents happening each year (CONCITO, 2024).
Thereby, people’s lives and livelihoods are tragically
displaced, causing massive economic losses for the
whole country (CONCITO, 2024).

To manage this threat and the uncertainty of the fu-
ture, it is necessary to learn; to protect people and
what can be protected, to manage the situation es-
pecially in case of extreme weather situations and
emergencies, to coexist with the increased water in
the future and benefit from it. Such is the important
topic that will be explored in this thesis. Many helpful
interventions already exist, however there is a press-
ing need for more sustainable and resilient options
that will add to the ecosystem and human experience.
Denmark is in great need of national and regional
strategies and collaboration between human-made
municipal borders when dealing with extreme weath-
er emergencies, as well as long term protective mea-
sures which can adapt to the increased amounts of
water that might be seen in the future. To aid in the
investigation of this complex topic, a problem state-
ment is formulated to focus the project and guide the
theoretical frame and topics of analysis. The goal is to
develop several protective interventions at key areas
along the hydrological and ecological system of the
Limfjord, which will protect locally and work in tan-
dem to mitigate large scale flooding.

ill. 07 Water level measuring, Ostre Anlaeg

WATERS ON THE RISE




WAIST-DEEP IN THE WATER

Problem & Motivation

The most common notion when engaging with design
and architecture, is to design for the site. This means
analysing and understanding the site in depth while
being mindful of the context. However, the consider-
ation for the context often ends at the sites neigh-
bourhood or city the site is located in. Rarely does
the concept of the context extend regionally or na-
tionally. This becomes problematic when designing
for flood protection, as a lack of understanding of the
bigger context can mean ineffective or failing struc-
tures as water rushes in from a critical point located
outside the local context. Especially when designing
with long timeframes does the larger context become
key, as the flow of water through a system chang-
es as areas become affected by flooding. Therefore,
this thesis works with flood protection, through the
tools of urban design and planning, with a focus on

Method

The integrated design process, IDP, was the main
method used through the duration of the project. A
holistic method meant to create a sustainable ap-
proach to design (Hansen and Knudstrup, 2005). By
emphasizing collaboration between involved par-
ties and especially interdisciplinary collaboration
and communication, the method is used to achieve
more innovative and sustainable design solutions
(Hansen and Knudstrup, 2005). As this master the-
sis has a focus on improving sustainability of coastal
and flood protection, the IDP method was essential to
implement sustainable practices and concepts from
interdisciplinary fields and effectivity of the internal
collaboration in the group. Thus, ensuring the project
meets the protective criteria while being as sustain-
able as possible and minimizing impact (Hansen and
Knudstrup, 2005).

The IDP method is phase-based split between the
phases of: Problem, analysis, sketching, synthesis,
and presentation (Hansen and Knudstrup, 2005).
Each phase governs a specific stage in the design
process, where the design solution and knowledge of
the problem becomes more specific as the process
nears the presentation phase, however the method is
circular meaning there is room to return to previous
phases and further iterate as a result of progress and
new knowledge (Hansen and Knudstrup, 2005). This

sustainability and resilience with a multiscalar ap-
proach, where both the local and regional context are
of equal importance. An emphasis is placed on the
dynamic nature of the system and thus need for dy-
namic planning and interconnected interventions that
improve the possibility of benefitting from flooded ar-
eas and increased water levels. These considerations
have been condensed to the problem statement:

How can the threat of increased water and extreme
weather caused by climate change, be managed
through urban design and planning? How is a dynam-
ic system, such as the Limfjord, impacted by multi-
scalar and interconnected interventions? And how
can it be possible to live with water and benefit from
the flooded areas in innovative ways?

project is similarly using Lawson’s non-linear mod-
el which has enabled a multidirectional approach,
where multiple scenarios and design interventions
were investigated simultaneously (Lawson, 2005).
Thereby testing new interventions and strategies
parallel to the analysis resulting in more suitable
design proposals (Lawson, 2005). Without a fixed
start and end point, the method contributed to a more
dynamic process, where each step led to new dis-
coveries and questions as each phase was revisited
(Lawson, 2005).

Due to the structure of writing the master thesis, the
problem phase was started before the project pe-
riod began. Thus, the project quickly progressed to
the analysis phase where the system of the Limfjord
and context was investigated while the theoretical
frame was being formed. Initial sketching and design
solutions followed and overlapped with the in-depth
analysis conducted at the end of the analysis phase.
Sketching led to the synthesis phase but also prompt-
ed new analysis and reassessment of the problem
and problem statement. Likewise, the synthesis
phase sparked new concept evolution, sketching,
and expansion of the theoretical frame. Finally, the
presentation phase sought to present the acquired
knowledge and showcase the current most efficient
design solutions and strategies.

WATERS ON THE RISE

Mind map \
Climate change \
Internship experience f
Pa Discussions /
\
~ /

ANALYSIS

Site visits

SYNTHESIS

Reflection

Exam

Different e -~
scenarios

WATERS ON THE RISE ill. 02. Method 15



AS FOR LEGISLATION...

From the point of view of governance, three levels
are to be observed in Denmark: national, regional (5
regions), and local (98 municipalities). Each of these
levels are responsible to a varying degree for the
development and implementation of strategies re-

garding flood management (Sgrensen et al, 2016). Yet,
there is continuous collaboration between all levels
at various points of the strategic processes, addition-
ally supported by EU funds and directives on occasion
(Sorensen et al, 2016).

2016/
2017

2018/
2022

At a national level, the government is tasked with
developing overarching policies and legislation re-
garding climate adaptation and flood management,
with coordinating implementation processes across
regions and municipalities, with implementing inter-

national agreements related to flood management,
with conducting nationwide risk assessments, and
with developing nationwide climate adaptation plans
(Gram-Hanssen et al, 2023).

ill. 03. Timeline of adaptation policies at a national level
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The main responsibilities of the five regions regard-
ing flood management are the coordination and sup-
port of municipalities in their application of climate
adaptation strategies (Gram-Hanssen et al, 2023).
Their role also extends to the provision of technical
and financial assistance, and the monitoring and
evaluation of the already implemented measures
(Gram-Hanssen et al, 2023).

It is at the municipal level where the body of gover-
nance has the highest responsibility for the imple-
mentation of flood management strategies lies. By
law, each municipality is obliged to plan for climate
risks, flooding and coastal erosion when adapting
their local plans (Gram-Hanssen et al, 2023). Follow-
ing the DK2020 initiative, by 2021, 96 out of 98 munic-
ipalities had developed their local plans with a con-
sideration for climate adaptation and flood mitigation
(IEA, 2023).

Furthermore, the municipalities are responsible for
the delegation of the actual implementation works
and their realisation by local wastewater utility ser-
vices and private landowners (IEA, 2023). Being the
body of governance which is tasked with the direct
carrying out of the policies and strategies in the
physical sense, the local municipalities take on a ma-
jor part of the responsibility when it comes to climate
resilience (Gram-Hanssen et al, 2023).

Having taken this into account, however, a more ex-
tensive role of the regional bodies of governance is
either severely limited, or non-existent. This leads to
the question whether a development of a toolkit pre-

senting adaptive strategic proposals for flood man-
agement strategies to facilitate their applications at
multiple levels would contribute substantially to the
climate resilience state of Denmark. Within this the-
sis, this question will remain as a foundational stone
throughout the elaboration of the strategic proposals
and will serve as a criterion of the resilience of the
given proposals from a strategic point of view.

Using the Limfjord system as a case study, an op-
portunity to suggest a trans-regional collaborative
approach to design interventions are investigated.
Located between the regions of North and Central
Jutland, the Limfjord system's management falls into
both regions’ jurisdiction. Therefore, any policies re-
garding the entirety of the system must be a result
of a collaborative agreement, as any interventions
made at one point within the system would impact
the entire system as a result, as investigated further
in this thesis.

As such, this thesis operates with the idea of advo-
cating for a further development of the legislative
system when it comes to cross-regional large-scale
projects, such as in the case of the Limfjord. Not only
would collaboration lead to the benefit of all regions
involved, but would also allow for a fairer process
where regions with more resources collaborate with
those with less for the benefit of the society and the
nature in not only the regions involved, but in the
extended surrounding areas as well, if not even at a
nation-wide or global level.

WATERS ON THE RISE
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A DYNAMIC SYSTEM

This project has chosen to work with the hydrological
system of Limfjorden located in northern Denmark,
stretching from the western sea and Thyborgn in the
west to the Kattegat Sea and Hals in the east, splitting
the landmass of Jylland in two.

The system transports vast volumes of water a day
and serves an important role in both the surround-
ing ecosystem, landscape, human culture and logis-
tics. Unfortunately, it also poses the risk of flood-
ing, threatening habitats and settlements - a risk
which becomes more pressing at the pace of climate
change.

Being students at Aalborg University, the Limfjord has
been part of our lives for multiple years, and we have
become aware more of its challenges and potentials.
We have seen the incidents of flooding and how new
protective measures have occasionally been ineffec-
tive due to being limited to a single site. Therefore,
we chose the whole system of the Limfjord as our
project site, as we believe it is exceedingly important
to consider the whole context, even when designing
for the local.

Cities

Many cities are located near or right on the coast of
Limfjorden and thus in high risk of flooding and water
damage. The cities range from small villages to mid-
sized villages with important industry to cities, with
the largest being Aalborg with about 225.000 inhabhi-
tants (Aalborg Kommune, 2025).

ill. 05. Analysis map: Cities
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Infrastructure

Mapped are the most important systems of infra-
structure; the international E45 motorway, the na-
tional main roads, and train connections.

The E45 connects north to south, with the main roads
connecting major and mid-sized cities across. The
train connections are more sparse near the Limfjord,
and only comes near or crosses the fjord at Thyboron
in the west, Oddesund 45km further east, and Aalborg
to the far east.

When compared to maps of predicted flooding due to
sea level rise, it is generally seen that the majority
of the important infrastructure will remain, as it is
not located near the shores. However, Thyborgn, large
areas of Jammerbugt municipality, and Aalborg see
risk to the infrastructure.

At Thyborgn, the issues are in relation to the train
connection to the city, as the city faces severe flood-
ing, the train tracks will be lost. As the city is the end
station for the train line, the issue is not deemed to
cause issue for the remaining train connections.

In Jammerbugt municipality, the flooding is locat-
ed between the smaller cities and therefore mainly
affects the connecting main roads in the area. This
could potentially harm the connection between the
bigger cities of Thisted and Aalborg and affect the
people living in Jammerbugt and commuting through
the area. The main road may be moved, or a reliance
be put on the smaller local roads in order to preserve
connectivity.

Aalborg is the main area of concern, as much infra-
structure coalesces there, and the area sees much
flooding. Both the E45 and train connections cross
the Limfjord at this location and serve as the main
connection point between the areas north and south
of the fjord. Much traffic also passes through every
day as many people live and work on different sides
of the fjord. Therefore, the infrastructure in this area
must be protected or adapted to future water chal-
lenges, to ensure the connectedness of the country.

With future flooding, many connections and bridges
across the Limfjord may be threatened. The tradi-
tional solution may be to build taller and more robust
bridges, but if the water levels continue to rise, it may
be a futile endeavour. Instead, it is suggested to rely
more on ferry connections, which are already pres-
ent at certain points of the Limfjord, such as between

Hou and Hals to the far east. Ferries could be a more
adaptable solution and provide a safe connection be-
tween flooded areas and allow adaptable expansion
or adaptation of the ferry routes with the subsequent
changes of the landscape due to increasing water
levels at lower costs compared to constructing or re-
structuring heavy infrastructure.
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Nature

Multiple areas of habitat and species protection are
located along the Limfjord, which should be secured
and protected in the future. These areas have been
defined by the EU as part of the NATURA2000 map-
ping of Europe (Styrelsen for Gron Arealomlaegning
og Vandmiljp, 2025). This means that nature areas of
particular importance to species of flora and fauna
have been registered and are to be protected and not
to be disturbed (Styrelsen for Grgn Areaomlaegning of
Vandmiljo 1, 2025).

However, as these are natural systems, it may not be
advisable to protect them from flooding but instead
expand their areas so the specific habitat can devel-
op on the new areas next to the new shoreline. This
way, the prior habitat can exist, albeit slightly moved,
while new unique habitats can emerge from the now
flooded areas. Furthermore, this provides areas for
allowing flooding, which can help mitigate some
flooding further along the system, as the water has
more space.

ill. 07. Analysis map: Nature
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Sea Level Rise

Sea levels are on the rise globally and will likely
continue to rise as humanity continues to emit large
amounts of CO2, resulting in areas near rivers and
coasts being at an increased risk of flooding, coast
erosion, and inundation due to increased groundwa-
ter levels (Schiermeier, 2018). This describes many
areas in Denmark and along the Limfjord. As the fu-
ture is uncertain and how much and how fast the sea
level rise is coming is unknown, this thesis will rely
on the different scenarios and predictions presented
by the Intergovernmental Panel on Climate Change
(IPCC) regarding carbon emissions and global warm-
ing (IPCC, 2023). The worst-case scenario of RCP 8.5,
which represents emissions remaining at a current
high value, is utilized at critical points along the
system, as the DMI suggests appropriate for highly
sensitive projects (DMI, 2018). In relation, the mid-
dle scenario of RCP 4.5, which represents a limited
but still high amount of emissions, can be applied to
less affected areas of the site, though it still assumes
more extreme weather. The thesis does not work with
the best-case scenario of RCP 2.6, which represents
a limit on carbon emissions that does not exceed cur-

2m

At a 2m sea level rise major flooding is already seen
in the Jammerbugt area around Lggstor and Nibe
Bredning. This causes some areas to become islands,
and wetlands to expand. Most of the affected areas
are open land nature or agricultural plots, with a few
cities being at risk of flooding. While sea level rise
is at this height, little action is required but it would
be advisable to educate inhabitants and implement
temporary protective measures for 10-20 years while
relocating and compensating the residents in affect-
ed areas.

rent levels for more than a few years, as it is a very
optimistic scenario, and it has been deemed better to
design for more hazardous scenarios.

Considering these factors, it is necessary to analyse
multiple flood risk scenarios to assess the areas at
risk at the necessity for different strategic interven-
tions. Especially as most Danish cities currently only
protect and plan for a 1.5m sea level rise, even as
new studies suggest the design standard should be
3m (Dahl-Jensen et al., 2025).

ill. 08. Analysis map: 2m flooding
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3m

At a 3m sea level rise an expansion of the flooding in
Jammerbugt is seen as more of the flooding reaches
further inland. New areas of major flooding are seen
in the west cutting of Thyboron, and in the east around
Langerak. At this level many coastal cities begin to
face risks and flooding, especially in Jammerbugt
and along Langerak. Furthermore, the flooding iso-
lating Thyboron will be detrimental to the city, as its
infrastructure becomes inaccessible, and resources
would not be able to reach the city. Therefore, the
cities that become isolated or located at areas that
have become islands will need to be supported, and
resources shipped to them. It would be most advis-
able to vacate such cities, as new transportation
system would take time, resources, and money to set
up, though areas cut off by slim bodies of water may
benefit from new bridge constructions or ferry con-
nections. Any existing protective structures can be
expanded to accommodate the increased water lev-
els, but careful consideration for their lifetime should
be made as water levels may continue to rise.

ill. 09. Analysis map: 3m flooding
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5m

At a bm sea level rise, which is a worst-case scenar-
io with current emission rates, the flooding reaches
a point where the region becomes unrecognizable.
The flooded areas from before have expanded fur-
ther, and new affected areas have opened up as many
streams begin to experience the sea water push up
their deltas. The northern part of Aalborg, Norre-
sundby, will also be cut off from the rest of the area
north of the Limfjord, which will cut off the entire re-
gion due to the important infrastructure in the area
becoming inaccessible. Large new bridges or vast re-
liance on boats and ferries will become a necessity to
support inhabitants in the northern region, as many
conventional protective structures may not be viable
or become too grand and expensive at this level of
flooding.

ill. 10. Analysis map: 5m flooding
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10m

At a10m sea level rise, the absolute worst case which
may only happen if carbon emissions accelerate and
natural systems breaks down, the flooding is vast and
would cause multiple islands to form in the north-
ern region. This would isolate many communities and
challenge resource distribution unless a transpor-
tation system relying on water vessels is in effect.
Furthermore, many cities will have been lost to the
water masses, and the landscape greatly altered as
the east coast is moved a great distance inland. Such
a scenario would require far more resources and in-
terventions to make the area habitable and should be
avoided for the sake of both the population and the
environment.

Implications

There exist both an immediate and future risk of
flooding due to sea level rise in multiple locations
along the Limfjord, especially at Thyborgn, Jammer-
bugt, Aalborg and along Langerak. These areas will
be part of the main areas of intervention which this
thesis will work with.

While cities currently protect and plan for a 1.5m sea
level rise, new research suggest we should plan for
a 3m increase instead (Dahl-Jensen et al., 2025).
Regardless, both the 2m and 3m sea level rise sce-
narios see major flooding and put cities and people
at risk. Some flooding can be protected against with
protective structures, while open areas benefit more
from allowing the flooding to minimize the impact
further downstream. However, it is more advisable
to focus on relocating people and industries for their
long-term safety, especially as sea levels may con-
tinue to increase as long as the ice caps continue to
melt. While the bm sea level rise scenario is unlikely
to occur in the next 100 years, it can become reali-
ty further in the future and considering the flooded
areas at this sea level should be taken into account
when placing protective interventions as they may be
expanded upon at a later date.

While the flooding in some areas is major and will
alter the landscape, it luckily will not happen imme-
diately but rather gradually increase over the span
of multiple years, maybe decades. This means that
there is time to plan and enact new policies and
strategies to properly protect important areas, cities,
and infrastructure, as is the aim of this thesis.

ill. 11. Analysis map: 10m flooding
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Flow

The flow map shows how many smaller streams,
rivers and water structures are part of the greater
system of the Limfjord - these will also be impacted
by the flooding and increased water levels in the Lim-
fjord. Therefore, it will be important to consider their
deltas and catchment areas. These areas also carry
great potential for aquatic agriculture as the salinity
level will be far less in the streams and rivers, in ad-
dition to where they meet the Limfjord.

Waterflow in the Limfjord flows from the Vester-
havet to Kattegat, meaning a west to east direction
(Styrelsen for Gron Arealomlaegning og Vandmiljg 2,
2025).

ill. 12. Analysis map: Flow

20km
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Ecological State

As stated by the EU law, Water Framework Directive
boradly enforced since 2020 (European Parliament,
2024), it is mandatory to evaluate the water quality
of bodies of water and coastal waters, with the goal
to improve the conditions for challenged areas. This
is determined by certain indicators categorized into
ecological and chemical factors (Styrelsen for Grgn
Arealomlaegning og Vandmiljo 2, 2025).

The ecological condition is based on measurements
of concentration phytoplankton, bentick inverte-
brates, macroalgae and angiosperms - the biodi-
versity in the body of water, and is rated: High, good,
moderate, poor, or bad, with the factor rating the low-
est determining the overall rating (Styrelsen for Grgn
Arealomlaegning og Vandmiljo 2, 2025).

The chemical condition is based on the presence and
concentration of 21 chemicals, appointed environ-
mentally harmful by the EU, and is rated: Good or not
good (Styrelsen for Gron Arealomlaegning og Vand-
miljo 2, 2025).

The mapping of the water quality data shows wide-
spread poor and bad conditions, as seen on illus-
tration 13. The central part of the Limfjord, around
Thisted Bredning, Logstor Bredning, Skive Fjord, in
addition to Nibe Bredning, is evaluated to the worst
water quality of bad conditions meaning that flora
and fauna will struggle to survive in these areas.
The western and eastern ends of the system are of
poor quality, which provides marginally better sur-
vivability. While the bad water conditions are high-
ly problematic and will require much consideration
when implementing interventions as to not further
the problem, they also provide a substantial potential
for improving the conditions while planning for sea
level rise and flood risks.

Any intervention is required to either keep the water
quality the same or improve it, which the Vandom-
radeplan for Limfjorden defines as reducing nitrogen
in the system. The plan includes some focus areas
which can improve water quality in the Limfjord, if
used strategically (Styrelsen for Gron Arealomlaegn-
ing og Vandmiljp 2, 2025). The main focus area is to

reduce agricultural runoff containing nitrogen origi-
nating from fertilizer use. This runoff can physically
be limited, blocked or diverted, but it is also suggest-
ed to improve biodiversity on agricultural land and in
the edge-zones in order to soak up excess nitrogen
(Styrelsen for Grgn Arealomleegning og Vandmiljp
2, 2025). Other strategies include limiting wastewa-
ter runoff and establishing more forests to secure
groundwater purity (Styrelsen for Grgn Arealom-
leegning og Vandmiljg 2, 2025).

1

Chemical state: Not good
Ecological state: Poor

¢
™

2
Chemical state: Good
Ecological state: Poor

ill. 13. Analysis map: Ecological state

20km
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Focus sites

The analysis of future flooding showed several im-
pacted areas, which are both at great risk of flooding
and are important for the system as a whole. There-
fore, these areas have been chosen as focus sites,
where the design and planning interventions will
be concentrated. In order to investigate these focus
sites, they were visited on different occasions. The
visits explored the landscape and current impact of

Thyborgn Kanal

The first site visit was to Thyborgn Kanal, located on
the west coast marking the entrance to the system of
Limfjorden. The channel is bordered by the city of Ag-
ger to the north and Thyborgn to the south, connected
by a ferry line. When driving to Thyborgn, either by
car or by train, water is visible on either side of the
road, with the west sea to the west and the Limfjord
to the east. The fact that this area is already heavily
affected by coastal erosion and flooding (currently
due to intense wind and tall waves) is quite apparent
as extensive protective structures are visible along
the western coast. Both tall sand dunes, large wave
breakers and long corridors of revetments are visible

ill. 14. Thyboron harbour

the systems water on the sites, while assessing the
local communities and experiencing the sites at a
human scale. These observations are crucial in the
process of choosing what areas to protect and where
to let nature be, in addition to design process for each
site and the relation to the whole system. Each fo-
cus site will be described and showcased through the
photos taking during the visit.

and clearly weathered. These structures culminate at
the northern part of the city, where the harbour is
located, and here the city is further protected by a
seawall, estimated to reach 3 m above sea level. Like
the coastal protection, the local community was ro-
bust and centred around their connection to the sea
as many inhabitants worked in the sailing or fish-
ing industry and many houses were decorated with
items related to boats. Multiple sea related attrac-
tions were also present, such as multiple museums,
an aquarium, seal safari boat trips, and local seafood
restaurants, which underlined this city as a destina-
tion, especially during summer vacation.

ill. 15. House with boat motif, Thyborgn
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ill. 16. Thyboron's weathered coastal protection

ill. 18. Thyboron's revetments

ill. 17. Thyborgn’s coastal protection

ill. 19. Thyboron's wave breakers
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Lovns Bredning

Next visit was to Lovns Bredning, one of the inner-
most reservoirs of the Limfjord situated between
Skive Fjord and Hjarbak Fjord. This site is located
east of the city of Skive, in a relatively sparsly popu-
lated part of the country. Instead, this site is place to
much open farmland and nature, with many aquatic
and semi-aquatic plant species present. The sur-
rounding landscape is perceived as flat with visual
points of interest being the water, trees, and small

settlements, especially as it is possible to see across
the body of water to the opposite bank. Likewise, the
seabed is experienced as rather flat and shallow as it
is possible to see the bottom for a long distance. This
area sees little flooding due to its sheltered location
so far inland, but it has the valuable characteristic
of having lower salinity making it a prime location
for establishing aquafarms. The area already values
bivalves as they hold yearly mussel festivals.

ill. 20. Access to water at Lovns Bredning
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ill. 21. Low terrain at Lovns Bredning

ill. 23. Semi-aquatic plants at Lovns Bredning

ill. 22. Other coast visible at Lovns Bredning

ill. 24.

Vast nature at Lovns Bredning
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Logstor Bredning

The following visit was to Logstor Bredning, located
at the largest section of the Limfjord system. Part
of Jammerbugt Kommune, this site sits between the
fjord and the Western Sea. The especially flat terrain
enables the area to flood easily and the landscape to
vary depending on the tide. As the land use is focused
around agricultural plots and unused natural habi-

tats, the flooding is not of great concern. The sparse
population, except for a few bigger villages located
far inland, also means the flooding poses less risk to
human life. The natural and protected habitats may
even benefit from flooding as it contributes to the lo-
cal species adapted way of living.

ill. 25. Coast at Logstor Bredning
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ill. 26. Inland stream at Logstor Bredning

ill. 28. Varied landscape at Logstor Bredning

ill. 27. Coastal erosion at Logstor Bredning
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ill. 29. Nature at Logstor Bredning
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Nibe Bredning

Another visit was made to Nibe Bredning, which is
part of a narrowing of the Limfjord system. This site
is found just west of the city of Aalborg and its largest
city is the city of Nibe. The areas low topography and
vast fields of farmland define the landscape, which
is split by the body of water. Nibe Bredning marks a
pocket of the fjord with a shallow seabed, making it
possible to wade a distance into the water, and an

area with lower salinity due to the streams ending in
the bay. The site is occasionally affected by flooding,
both due to storms pushing water into the system and
due to noticeable tide fluctuations cause by the low
seabed. Therefore, some smaller protective struc-
tures are seen along the coasts of seaside cities such
as Nibe. These structures are usually revetments and
small dikes.

ill. 30. Water activities at Nibe Bredning
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ill. 31. Other coast visible at Nibe Bredning

ill. 33. Shallow seabed at Nibe Bredning

ill. 32. Revetment at Nibe Bredning

ill. 34. Dike with path at Nibe Bredning
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Hals Havn

The last site is Hals Havn located on the eastern shore,
at the junction between the Limfjord and the Kattegat
Sea. This site is defined by the cities of Hals to the
north and Egense to the south, which are connect-
ed by a ferry line - much like Thyborpn and Agger.
Due to the narrowness of the fjord in this area, it is
possible to easily view the other shore. When stand-
ing in Hals it is noticeable that the southern shore’s
terrain is lower and flatter, with several areas where
flooding has been allowed. On the contrary, Hals is
rarely affected by flooding, both due to the slightly

higher terrain and the protective structures in place.
Multiple areas with revetments and wave breakers
are seen, as well as a sea wall in place to protect
the industrial harbour. The biggest threat of flooding
for this area does not come from flooding earlier in
the system, but rather from storms where the wind
direction is from east to west, which pushes water
from the Kattegat Sea into the cities. However, due
to the offshore landmasses of Nordmandshage and
Korsholmene, which act as natural wave breakers,
impact is fairly limited.

ill. 35. Cut-through dike at Hals Havn
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ill. 36. Other coast visible at Hals Havn

ill. 38. Wave breaker at Hals Havn

ill. 37. Shallow seabed at Hals Havn

ill. 39. Ferry at Hals Havn
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DEFINING IMPACT AREAS

As any dynamic system, the inner workings of the
Limfjord are greatly influenced by its composite
pieces: the settlements along the coasts and their
surrounding areas. And, although a common practice
in the field of urban planning is to look at isolated
places when developing projects, in the case of com-

However, due to the urgency of implementing mea-
surements against the rising threat of climate change
and the resulting floods, developing an overarching,
detailed strategy for the whole Limfjord would be
greatly resource- and time-consuming; to the point
where the impacts would be beyond the point of no
return before any of the solutions could be put to
practice. As such, the most sensible course of action
would be to develop a catalogue of adaptable poli-
cies and strategies that can be translated to multiple
locations along the system while working cohesive-
ly towards the overall resilience of the system. This
thesis attempts to achieve precisely this, with the
main goal being a robust framework which, after ad-

posite systems such as the Limfjord, any change in
conditions in a certain point along the system would
subsequently affect all other points throughout the
entire system. Therefore, when designing interven-
tions in such a case, a strategy with consideration for
the entire system must be devised.

ill. 40. Effects within the Limfjord system

aptation, could be utilised to strengthen the climate
resilience of any similar area under threat.

To achieve this goal, the strategies must be able to
perform well in a realistic situation and must be de-
veloped in a way which allows their further adapta-
tion. As this is only a theoretical work at the time of
its creation, such in situ testing is impossible. In order
to go around this limitation, a simulative approach
was taken in which five specific points of the system
were chosen as “reality inserts” where the perfor-
mance of the proposed strategies can be evaluated
in @ more realistic setting. Those five points are the
Thyborpen Kanal, Lovns Bredning, Logstor Bredning,
Nibe Bredning, and Hals Havn.
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Although it seems like this approach is no different
from the typical “isolatory” one in the field, here the
proposed interventions are not necessarily meant to
represent a unique solution only applicable to that
one specific site. Rather, the specific sites have been
selected as the “reality inserts” after a careful con-
sideration in relation to how representative each of
them is of conditions that are applicable to multiple
sites throughout the whole system. Additionally, all
of the selected sites are at high risk of future floods,
at both 3m and 5m sea level rise, which gives them
a status of high-risk areas, and therefore in urgent
need of a risk mitigation strategy.

Furthermore, in order to select these specific sites,
a more in-depth survey on the basis of the following
four values has been conducted: strategic value, en-
vironmental value, social value, and economic value.
So that misinterpretations are avoided, all of these
values have been precisely defined and described as
understood in this thesis.

Perceptively the most tangible out of the four, the
economic value is usually the main focus of the vast
majority of involved stakeholders when it comes to
decision making regarding development projects.
Generally presented in a numerical, mostly monetary
format, it is easily understood, measured against,
calculated, transformed into graphs and numeric ta-
bles, subdivided into components (commonly labour
and resources), and seen as the “deciding factor”
when it comes to the final decision regarding a new
project. Concentrating before all else on profitability,
most stakeholders understand the economic value of
a project within the frame of a catalyst of “return on

THE LIMFJORD CASE

ill. 41. Locations of “reality inserts”

investment” (Santha, 2023). In such a case, the proj-
ect is a means-to-an-end; and the deciding factor
is often the disparity between cost (preferably the
lowest) and profit (the highest for the shortest time
possible) (Christiansen, 2020).

This understanding, however, could be considered as
progressively outdated, as the importance of resilient
and robust practices becomes more and more urgent.
As our available resources diminish, the insatiable
drive towards economic growth must be reconsid-
ered with the goal of stability at the forefront. That is
not to say that economic growth must be completely
disregarded, but instead approached in a more viable
way, as suggested by E. B. Barbier in his fundamental
theory on sustainable economic development (Bar-
bier, 1987), which serves as the basis of the “Three
pillars of sustainability” concept, later fundamental
in the formulation of the UN's 17 Sustainable Develop-
ment Goals (UN, 2015).

As per Barbier, economic sustainability is in place
when economic growth, social equity, resource effi-
ciency, and financial stability are in balance, and all
economic activities are conducted with the scope of
facilitating long-term economic well-being (Barbi-
er, 1987). Subsequently, in this thesis, the economic
value of a given site is understood as: a place with
a capacity for efficiency and innovation of econom-
ic systems and businesses; a place where resources
can be managed responsibly; a place with a potential
high level of partnerships between the private and
the public sectors; and a place with a capacity for the
stable provision of workplaces.
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Following a similar approach, the definition of social
value as understood in this thesis has been formulat-
ed with the concept of social sustainability in mind.

In the practice of urban planning and development,
social sustainability is often a fundamental aspect in
the project conceptualisation process from the point
of view of professionals in the field. With a primary
focus on the well-being of societies, a socially sus-
tainable approach aims to promote equity and human
rights, create inclusive communities, and ensure ac-
cess to healthcare and education (Basiago, 1998).

Translated to the context of this thesis, the notion of
a social value when it comes to a given site is defined

ill. 42. Economic values
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as follows: a place with a secured equitable access to
resources and opportunities for all; a place incorpo-
rating a beneficial environment for people’s mental
and physical health; a place which has adopted prac-
tices to foster the inclusion of all individuals; and a
place where local communities have the opportunity
to thrive.

Often colloquially referred to as simply “sustainabil-
ity”, the concept of environmental sustainability for-
mulates the basis of the environmental value in this
thesis.

In the academic field, environmental sustainability
commonly refers to the maintenance and safeguard-
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ing of the natural environment over time through ef-
fective practices and policies, ensuring that current
needs are met without compromising future resource
availability (Dryzek, 2005). Although much harder to
concretise as tangible metrics than the economic
value, the integrity of the environmental sustainabili-
ty can be seen as influenced by several factors which
in turn affect the ecological balance of the planet.
Some of these indicators are: the loss of biodiversity;
the pollution of air, water, and soil; the overexploita-
tion of natural resources; the excessive amount of
greenhouse gas emissions leading to climate change;
and the economic models based on unsustainable
consumption (Moldan et al, 2012).

THE LIMFJORD CASE

ill. 43. Social values
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Transferring this understanding of environmental
sustainability to this thesis, the environmental value
of the given site can be defined as: a place with a
potential for energy production by renewable sourc-
es; a place where policies and practices to conserve
biodiversity can be implemented; a place where sus-
tainable practices in agriculture can be adopted; and
a place with opportunities for promoting a circular
economy.

However, analysing the sites only according to these
three values ends up posing the same issue that is
so common in the field of urban planning: perceiving
places as isolated points, unaffected by their sur-
roundings. As already explained, this approach is not
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suitable for the scope of this work, which aims to op-
erate with the entirety of the Limfjord as a dynamic
system, instead of picking off individual points along
its flow.

Therefore, the criterion of the strategic value is intro-
duced, where each of the sites is evaluated based on
the sum of its impacts on the entire system.

To facilitate the understanding of what constitutes
the strategic value, one might start with its most ev-
ident component: infrastructural systems and logis-
tics. With their main feature being that of establishing
physical connections between specific points along a
defined route, infrastructural systems are a prime
example of an important element of the strategic

ill. 44. Environmental values
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value of a location. In order to be of a particular value
strategically, a location must at the very least be part
of the points along the route comprising the infra-
structural system, and ideally be a focal node along
that route. It being a focal node could then be related
to its importance in relation to logistics of goods (be it
labour, resources, or both), and therefore its strategic
value would increase in relation to the entire system
of which it is a part.

However, the current reliance on long-range shipping
of goods (and services) has been found to be progres-
sively more damaging to the environment, despite the
multitude of research done on the subject of carbon
performance and management in relation to the lo-
gistics industry conducted in the last two decades
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(Herold & Lee, 2017). Spurred by the increasing trade
competition due to globalization, the logistics indus-
try has shifted its focus towards the global supply
instead of the local (Mart) et al, 2017). This has led to
a growing out of the locally based systems, and thus
has severed the relationship between the individual
and the resource, thus concealing the actual impact
that the access to this resource has on both the envi-
ronment and the society (Plumwood, 2008).

In the advance towards a more resilient society, con-
tinuing to adhere to such practices would only result
in further damaging the environment and all the
communities related to the trade industry at a lesser
or larger extent (Roth & Kaberger, 2002). As such, the
scale of the logistics networks must be reconsidered,
and the focus must shift towards the local communi-
ties within the range of a system which can be sup-
plied primarily through self-sufficiency in order to
obtain resilience (Roth & Kaberger, 2002).

Looking back towards the case of the Limfjord as
a dynamic system, the approach towards logistics
within it could be rethought to adapt a more tradi-
tional manner of trade: namely, the exchange of
goods and services between the communities, con-
stituting the given system. As such, the Limfjord itself
becomes a part of the infrastructural network via the
(re-)establishment of local trade routes between the
interrelated communities. This would, in turn, lead to
the designation of specific points (settlements) along
the system as “trade hubs”, consequently increasing
their strategic value within the system.

In this thesis, the strategic value of a place is partial-
ly constituted by the prospects of the given place to
be considered either a “trade hub” along the localised
logistics system of the Limfjord, an “infrastructural
node” composing an important point within the labour
and resource mobility along the system of the Lim-
fjord, or both.

Another constituent element of the strategic value of
a place as understood in this thesis, is the nature and
biodiversity factor.

Similarly to the interconnected and constantly flow-
ing system of the Limfjord itself, nature (as in, flora
and fauna) is also perpetually dynamic, and any small
change at one point within its system would cause
effects on the entire system (Amendolare, 2022). The
Limfjord itself is, of course, also a part of the natural
system, and it is subsequently affected by any shift in
it (the opposite is, evidently, also true).

As such, areas along the system of the Limfjord with
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previously established natural environments or ar-
eas with the potential of establishing new natural
environments are considered as places with a high
strategic value in this thesis.

Seemingly counterproductive at first in relation to
the strive towards preservation and resilience, a se-
lective flooding allowance in some areas along the
system of the Limfjord is also a composite element of
the strategic value in this work.

It might, at first glance, appear as if the proposed
strategies might not be functional in the scenario
where certain areas are allowed to flood, while oth-
ers are not. However, as multiple studies have shown
over the last decades, at this point in time, flooding
is inevitable, and the only truly sustainable course of
action is to successfully mitigate it in areas where
it is of the highest benefit, while allowing it in other
areas where it would either be also beneficial, or of
the least impact to the continued functioning of the
system.

But how can a flood be beneficial? In the scope of
this work, this has been observed on two different,
yet related scales: in relation only to the impacted
area itself, and in relation to the consequent impact
on the entire dynamic system.

Firstly, there would be a localised impact within the
area itself once flooded in relation to the local pop-
ulation, be it in regard to housing, or to land own-
ership from an agricultural standpoint. A completely
flooded area would most likely lead to the land no
longer being of use for these purposes, and therefore
to a migration of the population to a different area.
Of course, strategies as aquaculture and inhabiting
water-based settlements could be implemented, but
even in such a case a shift in the population is to be
expected. Yet, the benefit in this case would be the
development of new approaches of inhabiting such
areas (such as the examples given here), which could
later be of advantage at other points along the sys-
tem (or elsewhere) once (and if) those other points
are also impacted by floods.

A benefit observed at both the local and the sys-
tem-wide scale would be the establishment of new
natural habitats in the newly flooded areas. As al-
ready discussed, nature itself is a dynamic interre-
lated system, and any change along it would cause
adaptations to the entire system. Thus, if some lo-
calised areas are allowed to flood, this would in turn
be of an advantage to the local flora and fauna, as it
would either expand their habitats, or designate new
habitats along the system, sequentially contributive
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to the entire system.

Similarly related to the interconnected effects with-
in systems, allowing a certain area to flood would
in turn mitigate or entirely prevent the flooding of a
different area along the system. In such a case, the
flooded area would act as a vessel for the additional
water now present within the system, and so would
prevent the flow’s need to make itself space further
along the system. This, while not entirely beneficial to
the local area itself, does bring an advantage to the
entire system instead, by effectively enhancing the
resilience of the overall system.

In an analogous way to flora and fauna being part of
the natural system, the population is also a constit-
uent element of the flow within the entire dynamic

ill. 45. Strategic values
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system related to the Limfjord. As such, the potential
of locations as population centres along the system is
another aspect of the strategic value of specific plac-
es. This is taken to also include the areas perceived
as the hinterland of other settlements, as that is a
factor of attractiveness in relation to the quality of
settlements as seen by settlers (Vasicek et al, 2014).
Therefore, places that could be considered as popula-
tion centres are also of high strategic value.

To summarise, the strategic value of a place as un-
derstood in this thesis is such: a place that is a pro-
spective “trade hub” or an “infrastructural node” in
relation to the system of the Limfjord; a place with
the potential of establishing new natural habitats
or expanding existing ones; a place whose allowed
flooding would be beneficial to the overall system of
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the Limfjord; and a place which could constitute a
population centre.

Within the scope of this thesis, the investigation of
the sites has been approached via a ranking of these
four values, created on the basis of each value's im-
portance for and effect on the overall system of the
Limfjord. In this ranking, the strategic value is placed
first as the one bearing the most significant influence
on the system. Then, the environmental value is seen
as second, as the Limfjord itself is a part of nature,
and to be able to continue co-existing with it, the
approach towards inhabiting the areas surrounding
it must be reconsidered. Third comes the social val-
ue, as the local communities are not only those who
would be co-existing with the system of the Limfjord,
but are also a composite part of the system itself.
Lastly, and perhaps most controversially, the eco-
nomic value has been ranked below the other three
values.

ill. 46. Categories ranking
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As pointed out earlier in this thesis, one of the main
challenges which stakeholders face during the deci-
sion-making process of development projects is the
ability to prioritise non-monetary values. More often
than not, this leads to a focus on short-term or imme-
diate (financial) gain, rather than long-term aspects
which would be beneficial to not only the stakehold-
ers, but also the environment and the local commu-
nities (Rochell et al, 2021). According to research, the
main cause of this lies in the lack of tangible metrics
when it comes to the other, non-monetary values
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(Rochell et al, 2021). Unlike financial returns, values
such as environmental sustainability and community
resilience are not measured via standardised met-
rics, and therefore pose a challenge when it comes
to assessing their impact on a project (Jayasena et
al, 2019). As such, one of the aims of this thesis is to
facilitate the understanding of the four values (stra-
tegic, environmental, social, and economic), and thus
allow stakeholders to make more informed decisions
regarding resilient development that are based on
more than just financial quotas, but rather on com-
prehensive benefits for both population and environ-
ment.

Another challenge when it comes to prioritising val-
ues by stakeholders, is posed by the competing prior-
ities that the variety of involved stakeholders might
have regarding a project. A simple example would
be the discrepancy between the interests of the local
community versus those of the involved institutions
and political representatives. Often, projects are ap-
proved simply because they are a means-to-an-end
of fulfilling short-term political goals, usually also
seen as being an immediate source of revenue, rath-
er than because of their significance in benefiting the
long-term needs of the local community (Rochell et
al, 2021). Analogously, the priorities of the involved
institutions frequently end up competing against one
another, which prevents the reaching of a consensus
in regard to the specific project, leading to either a
re-drafting of the entire project (costing even more
time, labour, and resources), or a complete abandon-
ment of the given project (Jayasena et al, 2019).

In order to address these challenges, and aid in the
prioritising of the values in project development
beneficial to all stakeholders involved (including the
local communities and the environment), this thesis
presents a comprehensive explanation of those val-
ues and applies them to a proposed project to illus-
trate their future utilisation by the stakeholders. This
explanation, combined with the subsequent specific
strategies for flood mitigation, are meant to serve as
the basis for the discussions taking place during the
decision-making processes, and to contribute to the
creation of a more resilient environment for the in-
habiting communities of the future.

57



58

UNDER THE LENS

In the context of the Limfjord system’s dynamic and
interconnected nature, it is essential to carefully ex-
amine the potential sites where interventions would
be suggested before their selection. This is done with
the scope of choosing locations with a potential that
is the highest when it comes to exemplifying the four
values discussed above (strategic, environmental,
social, and economic), and such that would best ben-
efit the entire system of the Limfjord, not only the
isolated surroundings of the given sites. Each of these
sites, with its distinct characteristics and challenges,
serves as a ‘reality insert” where the proposed strat-
egies can be tested, evaluated, and adapted to con-
tribute best to the overall resilience of the Limfjord
system.

The selection of Thyborgn Kanal as a “reality insert”
site within the Limfjord system is based on its multi-
faceted significance, which aligns with the four val-
ues delineated in this thesis: strategic, environmen-
tal, social, and economic.

Thyborgn Kanal occupies a pivotal position within the
Limfjord system, serving as a vital infrastructural
node that facilitates the mobility of both labour and
resources. Its strategic importance is exemplified by
its role as a focal point in the local logistics network,
which is essential for the establishment of resilient
trade routes. The canal’s location enables it to func-
tion as a “trade hub,” connecting various communities
and fostering the exchange of goods and services.
This interconnectedness is crucial for enhancing the
overall resilience of the Limfjord system, as it pro-
motes self-sufficiency and reduces reliance on long-
range shipping.

Furthermore, Thyboron Kanal's role as the “entry
point” towards the system from the West, the loca-
tion where more water is initially introduced within
the system, makes it of utmost importance when it
comes to regulating flooding throughout the entire
system. By additionally securing Thyborgn Kanal, the
amount of new water let into the rest of the system is
controlled, and thus floodings further along the Lim-
fjord are either lessened or entirely avoided.

The environmental value of Thyborpn Kanal is evident
in its potential to support biodiversity conservation
and sustainable practices. The canal's proximity to
diverse natural habitats makes it an ideal site for

implementing policies aimed at preserving and en-
hancing local flora and fauna. Additionally, the area’s
suitability for renewable energy production, such as
wind and tidal energy, aligns with the principles of
environmental sustainability. By adopting sustain-
able agriculture practices and promoting a circular
economy, Thyborgn Kanal can serve as a model for
environmentally responsible development. The se-
lective flooding allowance in certain areas along the
canal can also contribute to the establishment of new
natural habitats, further enhancing its environmental
value.

Despite Thyborpn Kanal's social value not being as
clearly evident as the other value, it is still to be seen
in its capacity to foster resilient communities. The
canal’s strategic location and economic possibilities
can attract a diverse population, promoting equitable
opportunities and a sense of belonging. By ensuring
equitable access to resources and opportunities, Thy-
borpn Kanal can become a place where local com-
munities thrive, and individuals’ mental and physical
well-being is prioritized. The implementation of in-
clusive practices and the provision of healthcare and
education services can further enhance the social
value of the site, creating a beneficial environment
for all residents.

The economic value of Thyborgn Kanal is multifac-
eted, encompassing its potential for efficiency and
innovation in economic systems and businesses. The
canal’s role as a trade hub and infrastructural node
can stimulate economic growth by facilitating the
movement of goods and services. This, in turn, can
lead to the creation of stable workplaces and the
development of partnerships between the private
and public sectors. By managing resources respon-
sibly and promoting sustainable economic practices,
Thyborpn Kanal can achieve long-term economic
well-being. The canal’s economic value is further en-
hanced by its potential to attract investment and fos-
ter innovation, contributing to the overall prosperity
of the Limfjord system.

Following the selection of Thyborpon Kanal, the dis-
course extends to Lovns Bredning, another site within
the Limfjord system. The choice of Lovns Bredning is
similarly predicated on its alignment with the four
values that construct the framework of this thesis.
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Lovns Bredning holds a significant strategic position
within the Limfjord system due to its partial seclusion
from the main flow of the Limfjord. As it is located
more inland, the chemical composition of its waters
differs from that found in the rest of the system, thus
allowing for another type of intervention to be im-
plemented, and namely that of aquacultural facilities.
As aquaculture requires waters with a mixed salin-
ity level (neither too high, nor too low), and waters
which are not as disturbed by large scale seafaring
transport, the location of Lovns Bredning composes
an ideal opportunity for the establishment of such fa-
cilities. Furthermore, the establishment of an aqua-
culture plantation would have the added benefit of
purifying the water and naturally producing nutritive
sources, which would ultimately benefit the entire
system by spreading throughout it via the waterflow.

As a subsequential result of the potential for aqua-
culture plantations, the environmental value of Lovns
Bredning is evident in its potential to not only sup-
port but also contribute to biodiversity conservation
and sustainable practices. The area’s proximity to the
diverse natural habitats within the waters makes it
an ideal site for implementing policies aimed at en-
hancing local flora and fauna and contributing to the
water quality in the entire system of the Limfjord. By
adopting sustainable agriculture practices and pro-
moting a circular economy, Lovns Bredning can serve
as a model for environmentally responsible develop-
ment.

Lovns Bredning's social value is reflected in its prox-
imity to the border between the two regions of North
Jutland and Central Jutland. This location, combined
with the potentials of aquaculture farming, can at-
tract a wider population to the area. The multitude
of smaller settlements around the water allows for
the creation of a cohesive community, founded on the
principles of self-resilience through sharing and be-
longing. This, in turn, would immensely contribute to
the physical and mental well-being of the population
in this area, leading to a higher social value of the
area.

The economic value of Lovns Bredning stems mainly
from its cross-regional location and the potentials
that come with the establishment of aquaculture fa-
cilities. This can lead to the creation of stable work-
places for the communities not only in the local area,
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but also from elsewhere, and the development of
partnerships between the private and public sectors.
There also exists the opportunity to then further in-
vest in the area’s development, thus contributing to
the overall affluence of the entire Limfjord system.

Building upon the analyses of Thyborgn Kanal and
Lovns Bredning, this chapter extends the examina-
tion to Logstor Bredning. The focus of Logstor Bred-
ning is similarly based on the four values illustrating
how it embodies the principles of systemic resilience
and sustainability essential to the overarching objec-
tives of this study.

Logster Bredning represents one of the areas along
the Limfjord systems that is most significantly im-
pacted by floods, even at current sea rise levels. Its
landscape is home to a multitude of water bodies
(lakes, rivers, and streams) which, combined with
its relatively flat terrain, are the main reason for the
frequent floods in the area. Furthermore, Logstor
Bredning is located precisely before the Aggersund
Channel, which acts as the inlet towards the Eastern
part of the Limfjord system. Therefore, if the area of
Logstor Bredning is allowed to flood in a controlled
manner, this would subsequently lessen the flooding
in the Eastern part of the system. This would ben-
efit the rest of the system by lessening the impact
on important locations such as Aalborg as the most
major city along the system, and its hinterland in the
Jammerbrugt municipality.

The environmental value of Logstor Bredning is of an
essential importance, as it currently houses sever-
al Natura 2000 natural habitats. This fact, combined
with the opportunity of controlled flooding, compris-
es the exceptional significance of the area when it
comes to the possibility of not only enhancing the
current ecosystems in the area, but also creating new
ones. As the chemical composition of the soil in the
area would change due to the floods, new ecosystems
would be established, and with them new and more
life would be brough to the area, benefitting the en-
tirety of the Limfjord system by bringing more biodi-
versity to it. Additionally, the area’s proximity to the
Thy National Park would allow for the extension of
the protected natural areas, thus contributing to both
human and environmental well-being in the area.
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Logster Bredning's social value is reflected by pre-
cisely this proximity to thriving nature. It has been
consistently proven that individual mental and phys-
ical well-being is dependent on the frequency and
quality of the contact which one has to nature (Ne-
jade, Grace & Bowman, 2022). With the extension of
the natural areas at Lggstor Bredning, there will be
more nature in the vicinity of other more populated
areas, which would facilitate the direct contact that
people throughout the Limfjord system have to na-
ture, thus enhancing the social value not only of the
location itself, but of the entire system.

The economic value of Logstor Bredning is to be seen
in the potential establishment of a research centre
within the extended flooded natural area. This insti-
tution could be a branch of the Aalborg University,
as the largest higher educational institution in the
area, and thus act as an attractor of investment of
both labour and resources, leading to the increase
of economic value in the area. This research centre
would not only create stable workplaces but would
also establish the opportunity for an extension of the
centre in the future throughout more of the system,
thus leading to the economic benefit of the entire
Limfjord system.

Continuing the comprehensive analysis of interven-
tion sites within the Limfjord system, the selection of
Nibe Bredning as an intervention site is also ground-
ed in its alignment with the four values that exemplify
its importance to the entirety of the Limfjord system.

Nibe Bredning’s strategic value is distinguished by its
unique geographical and logistical attributes. Unlike
other sites within the Limfjord system, Nibe Bredning
is characterized by its proximity to both urban and
rural areas, making it a critical junction for integrat-
ing diverse economic activities. As Aalborg's hinter-
land, it is of high importance when it comes to it being
a population centre, therefore also establishing its
importance when it comes to connectivity. However,
due to the very low terrain of the area, the danger
of floods is high compared to other locations along
the Eastern part of the Limfjord system. In order to
safeguard the nearby population centres of Aalborg,
Norresundby, Aabybro, Brovst, Pandrup and Nibe, it is
essential to allow for an occasional controlled flood-
ing in the low parts of the Nibe Bredning area. This
would then further enhance its strategic value, by

contributing to the protection of other locations along
the Limfjord system.

The environmental value of Nibe Bredning is particu-
larly notable for its potential to act as a pilot site for
innovative environmental conservation strategies.
The area’s diverse ecosystems, including wetlands
and coastal habitats, provide a unique opportunity
for implementing and testing aquafarming facilities
and biodiversity conservation measures. Additionally,
Nibe Bredning's location offers significant potential
for the development of an interactive centre focusing
on aquaculture and water farming. The implementa-
tion of selective flooding strategies in this area can
also contribute to the creation of new habitats, there-
by enhancing the ecological value and resilience of
the entire Limfjord system.

Nibe Bredning's social value is primarily based on its
proximity to the large population centre of Aalborg,
and the role it plays as its hinterland. As the cost of
living in large cities continuously increases, more
and more people choose to instead move to the sur-
rounding areas outside of the cities and commute to
work as frequently as needed (Eliasson & Westerlund,
2023). The area of Nibe Bredning hosts a multitude
of “commuter settlements”, which in turn vastly in-
creases its importance regarding the social value of
the area.

Further coming as a consequence from the proximity
to Aalborg, the economic value of Nibe Bredning is
relatively high. Not only is there an economic boost to
the area due to the vast available workforce as com-
pared to that in the rest of the Limfjord system, but
also the amount of goods and resources brought to
the area due to the population is higher. Furthermore,
the proximity to Aalborg as an industrial hub would
play a major role in the potential of attracting invest-
ments of businesses and industry to the area of Nibe
Bredning as resources and workforce is more spread
out, further increasing the overall economic value of
the area, and thus contributing to the economic value
of the overall system.

Extending the analysis of intervention sites within
the Limfjord system, the selection of Hals Havn as an
intervention site is also in tune with the four values
showcasing its importance to the entirety of the Lim-
fjord system.
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Hals Havn's strategic value is uniquely defined by
its role as a gateway between the Limfjord and the
broader North Sea region. This positioning not only
enhances its importance as a logistical node but also
amplifies its potential to facilitate international trade
and cooperation. The strategic importance of Hals
Havn is further strengthened by its capacity to inte-
grate maritime and inland transportation networks,
thereby fostering a more resilient and interconnected
trade system. By leveraging its unique geographical
advantages, Hals Havn can serve as a catalyst for re-
gional economic integration and sustainable devel-
opment. Additionally, its potential to act as a centre
for maritime innovation and technology can further
enhance its strategic value, contributing to the over-
all resilience of the Limfjord system.

The environmental value of Hals Havn is particularly
notable for its potential to serve as a model for sus-
tainable coastal management and marine conserva-
tion. The area’s diverse marine ecosystems, includ-
ing seagrass beds and coral reefs, provide a unique
opportunity for implementing and testing innovative
conservation strategies. Furthermore, Hals Havn's
location offers significant potential for the develop-
ment of marine renewable energy projects, such as
offshore wind farms and tidal energy systems. By
harnessing these natural resources, Hals Havn can
contribute to the transition towards a more sustain-
able and low-carbon energy system.

Hals Havn's social value is based in the opportunities
that come along with it becoming an important trade
hub and maritime transport location. These develop-
ments would lead to the attraction of a wider popu-
lation to the area, thus contributing to the societal
development at the location. With the flow of goods
and transport, the necessity of establishing services
would also arise, and thus contribute to the founda-
tion of a resilient society in the area. Furthermore, as
a maritime port, the continuous flow of people would
contribute to the diversity in the area, thus leading to
a more inclusive and open society, further enhancing
the social value of the area.

The economic value of Hals Havn encompasses its
potential for fostering innovation and entrepreneur-
ship in the maritime sector. The area’s strategic lo-
cation and diverse economic base provide a fertile
ground for the development of new businesses and
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industries, particularly those focused on sustainable
maritime practices and technologies. By promoting
responsible resource management and sustainable
economic practices, Hals Havn can achieve long-
term economic well-being. The area’s economic
value is further enhanced by its potential to attract
investment and foster innavation, particularly in the
fields of marine biotechnology and renewable ener-
gy. By leveraging these opportunities, Hals Havn can
contribute to the overall prosperity of the Limfjord
system and serve as a model for sustainable eco-
nomic development.

To summarise, this comprehensive analysis of the
selected intervention sites within the Limfjord sys-
tem exemplifies in depth the critical importance of
strategic, environmental, social, and economic con-
siderations in planning for systemic resilience and
sustainability. Each site, with its unique attributes and
potential, serves as a crucial “reality insert” where
proposed strategies can be effectively tested and
adapted. By carefully selecting and evaluating these
sites, the interventions not only address localized
challenges but also contribute significantly to the
holistic enhancement of the entire Limfjord system.
The integration of these multifaceted values ensures
that the interventions are robust, adaptable, and ben-
eficial to the entire interconnected system, thereby
promoting a resilient and sustainable future for the
Limfjord and its communities.

61



FINI11S3Y
10014 404
IMJOMINVHA

03



64

CURRENT APPROACHES

When deciding to protect the coast and hinterland, an
array of strategies is available to target challenges
related to flooding and erosion. Thus, the strategies
can be categorized into; flood control, erosion con-
trol, and defence strategies. Depending on the spe-
cific landscape and severity of the challenge, some
strategies are more advantageous and thus a careful

Dikes

Dikes are an onshore strategy being both in the flood
and erosion control group and are typically consid-
ered a last line of defence as they are designed to
protect against a certain level of flooding. The shape
and construction can also reduce and protect against
erosion, as they are typically constructed by manip-
ulating the terrain around a reinforced core or se-
cured with stones in especially erosion prone areas
(T. Schoonees et al., 2019). Dikes must be designed
with a certain slope, usually between 1:3 and 1.7, in
order to actively protect against waves, but an even
more gentle slope could be considered in order to
allow the dike structure to assimilate in the land-
scape and not be perceived as an artificial structure
(T. Schoonees et al., 2019). Dikes require more space

selection of the available strategies is key to achiev-
ing adequate protection and balancing the ecologi-
cal concerns and human interaction. To decide what
strategies will be appropriate for this project, and
the landscape around the hydrological system of the
Limfjord, the most common available strategies and
their use cases will be discussed.

ill. 47. Dike with path, Nibe

than other strategies, as the taller they are the wider
they must also be in order to achieve the required
minimum slope (T. Schoonees et al., 2019). However,
dikes are well documented to be highly functional
and can be designed in various ways that also benefit
the ecosystem and be useable by the local commu-
nity (T. Schoonees et al,, 2019). This can be achieved
by a gentle slope, and a green appearance with top-
soil and local flora, while the dike can act be fitted
with pathways and urban spaces making it interest-
ing for human users (T. Schoonees et al., 2019). With
pathways, the dike can also allow for a sustained
connection and accessibility to the water, instead of
separating, being highly attractive to both fauna and
humans (Scheres & Schittrumpf, 2019).
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Seawall

Similar to dikes, seawalls are onshore structures
which function as both erosion and flood control and
are also considered a last line of defence. Usually
located next to the body of water, seawalls can be
designed in various ways and at different heights,
as to adapt to the specific location and flood threat
(Hosseinzadeh et al., 2022). Seawalls are vertical or
curved structures typically constructed of reinforced
concrete or steel and are highly effective but must be
carefully designed as they can produce wave reflec-
tion, which risks structural instability (Hosseinzadeh

ill. 48. Seawall, Hals

et al., 2022). Traditional construction practices result
in seawalls being structures of separation, as they
block access to the water, but modern practices tend
to incorporate openings that can be closed during
storms so the wall can be part of the urban space
(Hosseinzadeh et al., 2022), such as the seawall in
Lemvig (Nielsen et al,, 2025). Modern adaptation to
the structure can also support the ecosystem, with
textures and crevices for aquatic animal to inhabit
(Hosseinzadeh et al., 2022), (T. Schoonees et al., 2019).

Wave breakers & revetments

Wave breakers and revetments are protective struc-
tures that function as erosion control, especially
targeting coastal erosion. Placed either onshore or
offshore, these structures are usually constructed of
concrete or natural stone, with the biggest difference
found in the placement (T. Schoonees et al., 2019).
Wave breakers usually follow the coastline where-
as revetments are placed in long corridors from the
coast into the body of water, but both strategies act
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to reinforce the coast and minimize wave energy in
effect reducing sediment loss (T. Schoonees et al,
2019). These structures can be very beneficial for the
ecosystem as they add many opportunities for plants
to grow and animals to hide (T. Schoonees et al., 2019).
Likewise, if placed with care, they will not reduce the
quality of and accessibility to the coast making them
more favourable for the human experience.
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ill. 49. Onshore wave breaker, Thyborgn

ill. 50. Wave breaker with path, Thyborgn

ill. 51. Revetment, Thyborgn
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i -

FRAMEWORKS FOR FLOOD RESILIENCE

Beach nourishment

Beach nourishment is an onshore strategy targeting
erosion control with a softer approach. This strategy
does not try to limit coastal erosion, instead trying
to restore the coast by periodically adding new sand
and sediment to the beach (Peterson, C. and Bishop,
M., 2005). It can also be used to restore previous-
ly damaged areas, for example places impacted by
storms (Peterson, C. and Bishop, M., 2005). By adding

Pumping

Pumping is an onshore strategy to move water from
an undesirable location to a body of water, to tar-
get flood control (Leake & Barlow, 2013). A series
of pipes and engines pump the water and can also
handle surfacing groundwater. This strategy is costly
and will emit CO2 while the pump is in action, mak-
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more sediment, the coastal zone can be increased to
further protect against waves, as a new slope angle
can reduce wave energy (Peterson, C. and Bishop, M.,
2005). However, this strategy can be expensive due
to maintenance and its temporality, and it even risks
harming the ecosystem if the wrong type of sediment
is used or animals get trapped under the added sand
(Peterson and Bishop, 2005).

ill. 52. In need of beach nourishment, Hals

ing the strategy non-sustainable (Leake & Barlow,
2013). Therefore, pumping is only recommended for
short periods of time, for example in relation to con-
struction of other structures and after storms where
excess water is left in cities.
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Specialized plants

Introducing more specialized plants and increasing
green structures near the coasts can be used for
flood and erosion control, even though it is a limit-
ed strategy. This means that it can only protect to
a certain threshold, that is lower than many oth-
er strategies (T. Schoonees et al, 2019). Onshore,
certain plants will tolerate occasional flooding and
slightly higher salinity levels, where their roots will
protect against coastal erosion (T. Schoonees et al,

2019). Offshore, aquatic plants such as eel grass will
help reduce wave energy and sediment loss, reduc-
ing coastal erosion (T. Schoonees et al., 2019). These
plants and green structures are essential for the
ecosystem in these areas and must be implement-
ed, however it should more so be used in conjunction
with other protective strategies in vulnerable areas
(T. Schoonees et al., 2019).

ill. 53. Specialized plants, Lovns Bredning
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ill. 55. Supporting the ecosyste
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Retreat settlement

Retreating settlements is a defence strategy to be
used in areas where continued habitation proves too
risky to human health (Siders, Hino & Mach, 2019).
Settlements to be abandoned result in a displace-
ment of people and a loss of structures and resourc-
es. This is considered an invasive strategy as commu-
nities are lost and people forced to relocate, requiring

many resources (Siders, Hino & Mach, 2019). However,
this is occasionally necessary and as sea levels rise,
may become more relevant. Therefore, it is important
to plan properly for this strategy, as areas must be
identified early to give inhabitants adequate time to
relocate and be compensated for their loss (Siders,
Hino & Mach, 2019).

Allow flooding elsewhere

Allowing flooding means accepting the flooding,
which can be considered a soft strategy dealing with
flood control. Areas suitable for flooding can be iden-
tified, either by being far from settlements, too dif-
ficult to avoid flooding, or a nature type that would
benefit from the flooding (Lamond and Proverbs,
2009). Through careful planning these areas can be
left alone to naturally flood, and the displaced wa-
ter will be stored and lessen the impact of flooding

on areas further along the water system (Lamond
and Proverbs, 2009). As this strategy can greatly im-
pact the environment where the flooding occurs, it
must be done with caution and be allowed to happen
gradually, so the area has time to adapt (Lamond and
Proverbs, 2009). In effect, the new flooded areas can
benefit the local ecosystem and protect the hinter-
lands without any new built structures (Lamond and
Proverbs, 2009).

ill. 56. Allowed flooding, Hals

Aquaculture/Aquafarming

Aquaculture can be used as coastal protection, spe-
cifically as erosion control, as the structures can
act as wave breakers reducing the wave energy (T.
Schoonees et al., 2019). This strategy can be highly
beneficial as it both protects the coast and provides a
habitat for aquatic species (T. Schoonees et al., 2019).

Implications

A wide array of strategies is available, and each
has different use cases. Many traditional protective
measures are ‘grey’ structures, such as seawalls,
which solely focus on being functional and often have
low useability for both flora, fauna, and humans (T.
Schoonees et al., 2019). Newer strategies, such as
using plants and beach nourishment, focus more
on ‘green’ and ‘soft’ structures, which rely on using
nature as the protective structure and support the
ecosystem (T. Schoonees et al., 2019). Certain hybrid

Especially structures focusing on bivalves are desir-
able as the animals can improve the water quality as
they filter the water and eat algae, while providing
food for the human communities nearby (T. Schoo-
nees et al., 2019).

structures have been developed, which add modifica-
tions to the ‘grey’ structures to better accommodate
flora and fauna. Likewise, modern protective struc-
tures are often designed to be multifunctional and
incorporate urban spaces and function to support the
local community (T. Schoonees et al., 2019). Therefore,
this project will focus more on the green and hybrid
structures, while still designing protective structures
that will be safe for a design period of 100 years, to
accommodate the uncertain future.

ill. 57. Hybrid structure erosion control, Nibe
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Flodbyen Randers

Starting in 2010, with the city council decision to
transform the harbour, Randers Municipality has
been working on a new development plan for the city
centre (Randers Kommune, 2025). The plan focuses
on balancing climate-proofing the city centre and
making space for nature while strengthening urban
spaces and creating stronger connections between
city and water (Randers Kommune, 2025). As the
city is divided by the Gudena, the city has tradition
for being connected to the water and it once served
as the ‘main road’ and this coexistence with water is
a main goal of the plan which has been named Flod-
byen Randers (Randers Kommune, 2025). The plan
serves hoth as a development plan, design manual,
and management tool to sythesize a tanglible and
cohesive strategy for the large area which is robust
and flexible as it developped in stages (Randers Kom-
mune, 2025).

Flodbyen Randers seeks to experiment with city de-
velopment and climate-protection in a balancing act
between water and city (Randers Kommune, 2025).
The vision is to create sustainable urban develop-
ment that encompasses both the dreams of the av-
erage citizen and innovative buisnesses that ensure
economic viability (Randers Kommune, 2025). The
plan works with 6 main strategies meant to steer the
development phases (Randers Kommune, 2025). To
climate-proof the city, there will be made more space
for nature in the city and certain areas will allow
flooding as blue urban spaces, but most importantly
is the inclusion of a dike, called the climate ribbon,
which will protect the city from sea-side flooding and
storm surges while being a new urban room con-
necting the city and water with new paths and rec-
reational spaces (Randers Kommune, 2025). Nature
and water is to be felt and used (Randers Kommune,
2025). Likewise, new urban areas and housing will
invigorate the city and engage the citizen to create
active spaces (Randers Kommune, 2025). As the plan
will take many years to finish, multiple new experi-
ences will gradually open up to the citizen, increasing
the interest in the area.

The plan is developped across 5 main phases, 0-4,
with a few main projects and areas for development
in each (Randers Kommune, 2020). Starting in the
west with phase 0, the plan will progress to the north
for phase 1and 2, and finally move south and east for

Location: Randers, Gudenaen
Established: 2010 - 2025
Expected finish date: 2075
Client: Randers Municipality

phase 3 and 4 (Randers Kommune, 2020). phase 0 is
currently under construction, with 1 out of 2 projects
finished as of 2025 (Randers Kommune, 2025). The
plan is expected to be fully built by year 2075, mean-
ing the plan works with a timeline of 60 years which
is far longer than many other Danish development
plans (Randers Kommune, 2020). The phase-divided
plan creates a more flexible and robust framework
for the development, as there is time and space for
changes (Randers Kommune, 2025). Additionally it
ensures an economy in balance, where the contruc-
tion expenses can be earned back before the onset
of the next phase, as well as time to test new urban
spaces, to ensure quality and efficacy, and create
comprehensive areas which function regardless of
the following phases (Randers Kommune, 2025).

While Randers Flodby is not situated along the Lim-
fjord, many of the challenges and potentials the plan
tackles are comparable. The low-lying landscape
and challenges caused by water are in many ways
alike what is seen in many locations along the Lim-
fjord, and especially the city of Aalborg is similarily
divided by a body of water. As such, the strategies
for climate-protection and urban development can
be adapted to the locations for intervention in this
project. The plans hollistic approach of integrating
urban development and nature is much aligned with
the theoretic frame of eco-urbanism partly employed
in this project, and serves as an example of how it
may be executed in a modern Danish context. By not
thinking of water as a mere challenge and threath,
new valuable recreative and educational spaces may
be created and get citizens more involved and con-
nected to the land. While this project will work with
the entire hydrologic system of the Limfjord, so inter-
ventions may be more spread out, this is neccessary
as no one location can be seen in isolation.

The strategic and phase-based approach of Flodbyen
Randers is highly beneficial when working with large
and complex projects spanning many decades as it
allows for adaptability and time to react. This results
in a certain robust quality as the plan is more likely
to be viable and functional. Therefore, such a method
of planning and design will form the foundation of this
project's logic and be utilized to form a comprehen-
sive strategy and design interventions.

FRAMEWORKS FOR FLOOD RESILIENCE

SpacE TR NATURE

ConnwECTTON
ary
- WATER

Analys S Phase Sta—t+ Phase

ACTIV

T VAN STAES

ill. 58. Strategy approaches for Flodbyen Randers

Bulding Phase [

I ]

]

2000  20i5 20} 204 2000 2026 2030 2000 2035
N NS Ny NE NS N N/ NN/
ANEANEATIANA 7N VAN AT
New  Towsr- S(enano Compten New W cl : . 4
Tlan  ijuhon W Fan 1 V;Sfmmk 'lW\ﬂbr\'-Ul. 1235 N oo
noosSe
S(enano

FRAMEWORKS FOR FLOOD RESILIENCE

ill. 59. Timeline for Flodbyen Randers
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Eco-Urbanism

Originating in the 1960’s and 70's, the idea and initial
concept of Eco-Urbanism sought to restructure the
way cities are planned and built in order to improve
living conditions in the industrial cities. However, it
was not until the 1980's that the architect and envi-
ronmental activist, Richard Register, coined the term
‘Eco-City’ and formally defined it as: “an urban envi-
ronmental system in which input (of resources) and
output (of waste) are minimized” (Register, 1987). As
this definition is rather open, the concept has seen
many uses through time and such lack one concise
and accepted definition to date (Rapoport, 2014).

Initially the movement was focused on local projects,
led by citizens and architects trying to improve the
environmental conditions and both old and new sus-
tainable technologies and practices (Rapoport, 2014).
During this time, the focus was on simple and com-
munal living in self-sufficient ‘eco-villages’ which
was in line with the trends and environmental dis-
course of the 1970's (Rapoport, 2014).

The 1990's saw an increased interest and importance
of environmental consciousness with important
progress made towards the modern understanding
of sustainability. Especially the Brundtland report of
1987 was fundamental in shaping sustainability and
linking both the economic, environmental, and social
aspects. This time saw more of a focus on experi-
menting and utilizing new technologies (Rapoport,
2014).

At the time of this report, the movement has seen
increased interest as the climate crisis has progres-
sively worsened. Sustainable practices and interven-
tions, such as solar panels, rainwater management
and cleaning, low carbon emissions, sustainable ma-
terials, and much more, have become a part of the
majority of new urban projects. Multiple large-scale
projects have been planned and begun construc-
tion, with several completely new eco-cities have
emerged across multiple continents (Rapoport, 2014).
Especially across Asia, such large-scale city projects
are emerging as impressive feats of engineering, de-
sign and planning (Caprotti, 2014).

These new eco-city projects are often located on
‘reclaimed’ land which were previously deemed un-
suitable for habitation, such as deserts, swamps,
and flooded land areas (Caprotti, 2014). Advances
in technology has made it possible to alter such ar-

eas and force them closer to a more comfortable
environment for humans, with ready access to re-
sources such as clean water, food, and electricity
(Caprotti, 2014). Projects on a smaller scale focus
more on transforming parts of pre-exiting cities to
improve the quality of life and sustainability of the
area while introducing more greenery and nature -
as modern eco-urbanism is often about thinking the
city and nature in coexistence (Rapoport, 2014). How-
ever, eco-projects can never be seen in isolation as
they will always be part of the larger socio-economic
scale both regionally, nationally, and globally in the
same way as nature is always part of a bigger struc-
ture spanning across human-made borders (Carprot-
ti, 2014).

With the modern focus on new eco-cities and new
technology making it possible to build in previously
unhabitable areas, means a new focus on building
and planning completely new cities where there was
previously only nature (Carpotti, 2014). But is this
truly the most sustainable approach? A large amount
of built environment already exists, and the natural
resources are gradually being depleted - so why are
we using even more resources to build completely
new cities and taking away even more undisturbed
nature? Even in the case of environmental change
and global warming, why must we continue to pro-
tect and create settlements in areas that are becom-
ing dangerous instead of relocating to more safe and
suitable cities? Very critically, it could be speculat-
ed if this is fuelled by money and potential profit as
new modern projects are more attractive and can
be sold at a higher price to future inhabitants when
compared to smaller transformations to old buildings
(Carpotti, 2014).

It is also important to be critical of the condition
under which such projects are being built, as they
require a lot of construction workers who are of-
ten transient workers (Carpotti, 2014). These work-
ers may be working under dangerous conditions for
minimal pay and will never be able to afford to live
in the cities they are building, creating a stark class
division of the rich living in new clean and sustain-
able cities with the poor living in the old and resource
challenged cities (Carpotti, 2014). Such problematic
practices have especially been seen with the con-
struction of several eco-city projects both in China,
with Tianjin eco-city, India and the Middle East, with
Masdar in Abu Dhabi and The Line in Dubai (Human
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Rights Watch, 2024), although the practice is most
likely more common (Carpotti, 2014). While such a
scenario may have improved upon the environmen-
tal and economic sustainability, it will severally harm
the social sustainability and lead to more suffering
(Carpotti, 2014).

“For example, a recent survey uncovered the fact
that while urban climate change experiments are not
confined to any one region of the world, 52% were
located in the global North, while 46% were situat-
ed in emerging economies. Only 2% were located in
the world's least developed states (Castan Broto and
Bulkeley 2013). This opens up real and pressing ques-
tions about the spatial inequalities which are starting
to be constructed in an age of climate change: when
1.2 billion people live in extreme poverty (World Bank
2010), and when it has long been recognised that the
world's poorest will suffer disproportionately as a re-
sult of the impacts of climate change (OECD, 2003),
it is staggering to realise that 98% of the world's ur-
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ban climate change experiments are aimed square-
ly away from the globe’s poorest citizens.” (Carpotti,
2024).

With the eco-urbanism approach, multiple environ-
mentally aware and sustainable interventions along
the natural system of the Limfjord, can benefit both
the people living in the area and support the spe-
cies and nature at the same time. Such interventions
could protect important cities and natural habitats if
placed strategically and designed with an appropri-
ate awareness for the surroundings and landscape.
It will additionally be of importance to design for the
future and ensure an appropriate lifetime of the in-
tervention as less environmental benefit is to be had,
if the intervention has to be re-made every couple of
years. However, this project will advocate for limiting
the amount of completely new built structures and
instead focus on transforming what is already built
and reusing as much as possible in order to further
limit the environmental impact.

ill. 60. The concept of Eco-Urbanism

- —
&Sustalnable materlals/

/ —_ . . -

.

~_  Community J

—_— —_—

75



76

Climate Centre Lemvig

As Denmark is a country defined by the seas, it has a
long-standing connection to the water and living by
and using the coast. As the effects of climate change
has exacerbated the challenges related to water, a
greater interest has emerged regarding the effects
of environmental challenges affecting Denmark and
how new technologies can be used to mitigate them.
A major development in this field was made when the
Climatorium (Danish: Klimatorium) was established
in 2020 in the western city of Lemvig, right at the
harbour where the effects of the sea are clearly vis-
ible and experienced (Klimatorium, 2025). The centre
was built to create a meeting point between the civil
society, private companies, the government, and re-
search and education, where new innovative climate
solutions are created (Klimatorium, 2025). The goal
of the Climatorium is to develop these new solutions
in their defined fields of: Coastal Climate Challenges,
Green Energy, Circular Economy, and Water and En-
vironment - with a focus on multiple scales ranging
from the local, regional, national and international
(Klimatorium, 2025).

The centre acts partly as an educational facility to
visitors and schools, as a research facility to those
working there and visiting scientists and profession-
als, and as an event hall for lectures, seminars, and
other events (Klimatorium, 2025). These functions
combine to educate the people about climate change
challenges and how we may find solutions for them,
in addition to further research and innovation in the
field (Klimatorium, 2025). One particularly interesting
aspect of the centre is their ‘Living Lab" which is an
area of 508 km2 around the centre, where new tech-
nologies and solutions are tested in practice. As the
world's largest area for climate experimentation and
innovation, it also serves to strengthen the interac-
tion between nature and society as it showcases the
challenges and climate solutions in a tangible man-
ner (Klimatorium, 2025).

ill. 61. Climatorium at Lemvig with a seawall
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TOOLKIT FOR REGIONAL STRATEGIC
FLOOD MANAGEMENT

Timeline

With the slow progression of climate change and the
time-consuming process of planning and construc-
tion, it is essential for this project to design with a
long timeframe. Therefore, this project is divided into
3 different phases, with different protective strat-
egies being enacted as they are imagined becom-
ing necessary. This approach is to ensure adequate
protection where needed while being flexible to the

2025-2050

The first phase is targeting areas that need protec-
tion immediately and strategies that should be im-
plemented sooner rather than later. A focus is put on
strengthening the coastal protection in Thyborpn and
establishing a dike on the east coast, as this area is
already affected by floods and erosion. For the re-
maining areas this phase is centred around prelim-
inary work, setting up for future interventions, such
as examining the natural habitat at Logstor Bredning
and the water quality at Lovns and Nibe Bredning.
These assessments will determine the effects of the
future flooding and if the areas are suitable for the
future interventions. Conducting such assessments
sooner allows for more time to improve the situation
and interventions if needed.

2050-2075

This phase is focused on implementing many of the
proposed strategies and structures, as it is expected
that this timeframe is when the effects of sea level
rise will begin to surface and flooding worsen. The
25 years should be adequate time to both plan, at-
tain permits, finance, hold competitions, and finally
construct the interventions before an area is severely
impacted by flooding.

ever-changing climate and uncertain future. As the
timeline nears the year 2100, the strategies become
more vague and open-ended as to allow for adap-
tation and new technologies. Because perhaps the
future is less impacted by climate change than ex-
pected, perhaps it is worse than expected, and even
so perhaps the areas identified in this project will not
be affected in the way analysis show.

2075-2100

The final phase is the most vague and unclear, howev-
er that is on purpose. This phase will focus on adapt-
ing the built structures and strategies to the specific
future scenario. Therefore, it includes the options to
maintain structures or to expand them depending on
what an area needs. Flexibility and room for further
development are key, as the future situation is uncer-
tain and new and better technologies and solutions
may be available.

As the overall strategy is to create a resilient and
multifunctional system of flood protection interven-
tions, to simultaneously embrace the challenges of
the system as a whole and the focus sites’ specific
challenges, a long-term design plan is key. The in-
terventions must protect locally but work together to
protect the whole system in a multiscalar process.
One site's intervention should never simply move the
problem elsewhere, instead lift the challenges in tan-
dem with the remaining system.

ill. 62. Timeline of strategic interventions
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ill. 63. Masterplan
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Thyborgn Kanal

Because Thyborpn Kanal marks the point where the
water from the Western Sea enters the Limfjord sys-
tem, it is very important to protect the area’s land-
scape and prevent more water rushing into the sys-
tem.

As this area is currently heavily affected by strong
waves and wind, a large amount of coastal protection
is already seen there. Therefore, the final design pro-
posal for Thyborgn Kanal mainly focuses on a protec-
tion strategy, where wave breaker and dikes are the
essential interventions. The designed wave breakers
are placed offshore, to act as stony reefs, reducing
potential wave energy while creating new opportuni-
ties for aquatic species to find food and shelter.

With the western coast secured, the flooding will
mostly occur from the fjord on the eastern coast.
To mitigate this flooding, dikes are placed near the
coastline with a maximum height of 3 m. As the area
features much open land, the dikes are designed
with a wide base and thus gentle slope, helping them
blend into to surrounding landscape. With a focus on
green slopes, the plants will help protect the topsoil
from erosion while benefitting the ecosystem of ter-
restrial and aquatic species. To accommodate the
human experience, the dikes are designed to include

ill. 66. Thyborgn Kanal: Plan of interventions
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ill. 64. Wave breakers: technical section

teel reinforcement
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paths and access points to the water, so they can be
used for hikes and relaxing walks in nature, where
the unique landscape and incredible fjord can be
viewed. The new dike paths could also play a role in
the area’s tourism industry, as new scenic routes and I
bike-trails could be established along them.

ill. 65. Dikes: technical section

ill. 7. Thyborgn Kanal: View of interventions
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Lovns Bredning

Lovns Bredning is on the inner most part of the Lim-
fjord system, as it is the delta of several steams, re-
sulting in water with lower salinity. The calm waters
also feature a good chemical condition, but a bad
ecological condition.

Therefore, the final proposed design focuses on im-
plementing multiple aquafarm facilities, where mus-
sels, oysters, and other bivalves would have good
conditions for being grown. These facilities will be
placed near the shoreline, where anchored floating
platforms mark nets adapted for growing bivalves.
The platforms allow for easy access to the nets and
to examine their condition.

The benefits of farming bivalves are twofold: on the
one hand the animals help improve the ecological

state of the water as they filter the water for food,
and on the other hand they will eventually mark a
sustainable source of food for the local communities.

As this type of farming is not as common as other
more widespread types, it would greatly benefit from
further research and innovation. To accommodate
this, the design proposal also includes a research
and innovation centre to be established in the area.
This centre could be placed in the city of Skive, but a
better suggestion is to place it further east closer to
Virksund, as a way to bring more revenue and activity
to the lesser populated areas.

ill. 68. Aquaculture farm: technical section

ill. 69. Lovns Bredning: Plan of interventions

FRAMEWORKS FOR FLOOD RESILIENCE FRAMEWORKS FOR FLOOD RESILIENCE



86

Logstor Bredning

As an area defined by its beautiful nature full of agri-
cultural plots and natural wildlife, Logster Bredning
is full of potential. The present lakes are home to
many species of birds and amphibians, and are des-
ignated NATURA 2000 protected nature areas.

To preserve these qualities, the final proposed de-
sign focuses on allowing the area to remain natural
and to flood. As the local species are adapted to live
in flooded and wetland areas, the gradual flooding
which will occur in the future will benefit them as
their unique habitat expands. As the animals occupy
new areas and their habitat type expands, so should
the borders of their protected zone.

By allowing this large area to flood as nature sees
fit, less water is expected to flow further along the
system. Therefore, the design proposal expects less
flooding in the system east from Logstor Bredning.
Certain key areas must be allowed to flood for the
benefit of the entire system.

To continue to support the area, the design proposal
implements a research centre placed between the
two new flood plains. This centre should study the ef-
fects of climate change and sea level rise locally, and
use the surrounding areas as cases. The centre could
be an extension of Aalbrog University or another sim-
ilar facility, and is expected to bring new revenue and
activity to the area, along with new job opportunities.

ill. 70. Logstgr Bredning: Plan of interventions
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ill. 71. Logstor Bredning: View of interventions
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Nibe Bredning

Nibe Bredning features a large delta where a stream
meets the fjord, resulting in water with lower salinity
much like Lovns Bredning. Due to this great quality,
the final proposed design focuses on placing several
more aquafarms in this area, with a similar construc-
tion as described on page 84.

As the northern shore of the site is more affected by
flooding, with new islands forming, the design also
focuses on establishing new ferry routes to preserve
the accessibility of these areas and communities. The
new flooded areas will experience very deep water to
the north, and as such it could potentially only be an
occasional flood plain.

However, as this is an unknown, the design propos-
al does implement a few smaller dikes near larger

settlements. These dikes should only be implemented
if or when they become necessary, estimated to be
around the year 2075.

To establish a unique character to the area, the de-
sign places an activity centre near the city of Nibe,
which invites all citizens to see the aquafarms, to
learn about bivalves and help shift the public’s habits
to eat more bivalves and seaweed in the future. As
the area has a far shallower seabed, it will be pos-
sible for people to visit the aquafarms and the im-
proved ecological state will bring more life to the
water, creating good opportunities for fishing for both
children and adults.

ill. 72. Nibe Bredning: PL
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ill. 73. Nibe Bredning: View of interventions
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Hals Havn

Hals Havn marks the point where the Limfjord sys-
tem meets the Kattegat Sea, however this area is not
heavily affected by the waters in contrast to Thyborgn
Kanal.

Hals Havn will mainly experience flooding-affecting
storms, where the wind direction changes to blow
from the east causing water from the Kattegat Sea to
push up into the fjord.

On the southern side, by the city of Egense, the low
terrain means more flooding due to sea level rise,
however this is greatly reduced due to the mitigating
effect of allowing flooding at Logstor Bredning and
Nibe Bredning.

Therefore, the final proposed design for this area is
focused around establishing wave breakers on the
eastern coast and expanding the ferry routes.

Already established due to the operational port at
Hals, the expansion of the ferry routes is meant to
underline marine transportation as the most resilient
form in a water-dominated future. As constantly re-
constructing vehicular- and rail bridges becomes in-
creasingly more costly as the coastal lines shift more
and more inwards due to the increasing water levels,
these modes of transportation are deemed unsus-
tainable in the long term. With a functional network of
seafaring vessels, however, such a problem does not
exist as they do not rely on such expensive and ex-
pansive infrastructure in order to be operational. This
type of transport also allows for the land-based and
air-based logistical networks to be replaced by wa-
ter-based ones, which, by utilising the same routes
as the human transporting ones, would significantly
lower the costs of logistics.

ill. 75. Hals Havn: Plan of interventions
B
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The wave breakers are designed to have a natural
rocky appearance, to support the ecosystem with
new opportunities for food and shelter for aquatic
species while reducing wave energy. The structures
are fitted with a heavy core of repurposed construc-
tion waste, such as concrete rubble and old bricks,
too damaged to be recycled. Around the core is a
membrane which will contain the core and any mi-
nor pollutants there may remain and attach to the
outer layer of irregular rocks and concrete. These
structures will help protect the coast from erosion
while not obstructing the landscape or view.

ill. 74. Wave breakers: technical section

Steel reinforcement
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ill. 76. Hals Havn: View of interventions



ill. 77. Toolkit for regional strategic flood management
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REMARKS & RECOMMENDATIONS

Discussion

As the project period and this thesis comes to a close,
the process of reflection and design continues. Many
contemplations have been gathered throughout the
project which relate to the challenging aspects of
the problem and design solutions both present in the

Process

As a leading approach in concretising locations for
the work in this thesis, the method of formulating
specific categories via which to evaluate locations
and then make a selection was implemented. It fa-
cilitated the process of precise location choice, as
the system of the Limfjord is home to a vast amount
of settlements and natural areas that are all unique
when it comes to their characteristics. The applica-
tion of the four categories - strategic, environmental,
social, and economic - helped narrow down the se-
lection pool, and brought to light the final five focal
locations which would best serve the purpose of rep-
resentative areas for the interventions discussed in
this thesis.

In practice, stakeholders often find the categorisa-
tion of values difficult to understand and to imple-
ment in the planning and design processes due to the
abstract, overlapping, and at times conflicting nature
of the values themselves, particularly when trans-
lated into practice at the local scale. While the four
categories are conceptually distinct, their boundar-
ies frequently blur in real-world contexts, making it
challenging for practitioners to distinguish them in
a way that feels both accurate and actionable. This

Hydrological complexity

Early on in the process, it was decided to focus on
the whole hydrological system of the Limfjord, as it
did not make sense for the project to focus on a more
local site due to the knowledge that a single site of
intervention would still risk flooding in nearby areas.
However, this decision meant increased work to anal-
yse and understand the complex hydrological condi-
tions due to the size and multiple connecting bodies
of water adding to the whole system of the Limfjord.

final design and alternative interventions. The com-
plexity of designing for an uncertain future will also
be discussed, as this thesis experimented with dif-
ferent methods of doing so, which ultimately are not
presented in the final design.

complexity is further convoluted by the differing pri-
orities, expectations, and interpretations that vari-
ous stakeholder groups bring to the table, which can
hinder a shared understanding and thus compromise
the coherence of the planning process. Moreover, the
inherently site-specific character of place-based
values resists easy categorisation, especially when
local knowledge, historical uses, and emotional at-
tachments come into play.

Nevertheless, the process of categorising places
using these four values offers an adaptable method-
ology that could be replicated in other locations to
support more transparent and inclusive approaches
to flood management planning. By providing a struc-
tured yet flexible framework, it can help guide ear-
ly-stage conversations among stakeholders, make
implicit priorities explicit, and create a basis for col-
laborative decision-making. Replicating this process
elsewhere could contribute to streamlining the com-
plex and often contested procedures involved in the
development and implementation of protection strat-
egies, while still allowing for local characteristics to
be acknowledged and integrated meaningfully.

The shift in site also brought a shift in mindset as the
concept of the system became central to the thesis.
Not only acknowledging the fjord as a system but also
seeing the design interventions as working together
as a system meant a more coherent strategy, where
sustainability and multiscalar thinking became im-
portant tools to integrate the natural and constructed
systems.
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Design solution

As the thesis initially explored different design sce-
narios, with different extends of flooding caused by
sea level rise, the intend was to include different
design solutions that were dependent on the degree
of flooding. Yet, as the project progressed and more
analysis was concluded, it became clear that one
scenario was far more plausible than the others and
therefore it was decided to focus on this specific sce-
nario for the thesis. That resulted in the presented
design solution, with the flooding standard of 3 m in
the western region of the Limfjord, and 1,5 m in the
eastern region. By focusing on this scenario, it be-
came possible to investigate how interventions in one
area could affect and mitigate flooding in another,
ultimately leading to more condensed interventions
and room to experiment.

One such experimenting approach is seen in the in-
terventions, where allowing flooding and more soft
protective strategies are suggested alongside tradi-
tional grey structures, which are modified with more
consideration for the ecosystem and sustainability.
Waste materials, such as construction waste or even
plastic waste, are repurposed as structural cores in
both wave breakers and dikes to locally source left-
over materials, reducing cost and climate impact. If
done with care and tested properly, this experimental
proposal could help create more resilient structures

Other solutions

During the design process, multiple alternative design
solutions were discussed and tested but ultimately
cut from the final design. Most notably, the multiple
scenario concept mentioned earlier, was a series of
design solutions aimed at different future scenarios
of flooding. This would see the same interventions as
in the proposed design solution but utilized in differ-
ent manners and to varying extends. As the current
design solution, based on a middle scenario, began to
form, it became clear that this was the most realistic
one, and due to time constraints it was opted to fo-
cus on only this scenario for the thesis. Regardless,
the insights gained from working with alternative
scenarios benefitted the process and contributed to
more developed strategies and interventions for the
current design proposal.
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and reduce the impact of waste materials. Howev-
er, these cores must be encased and prevented from
leaking harmful substances to the environment and
therefore only select waste materials should be used
as to limit the risk of contaminates.

Another experiment was to create a toolbox of strat-
egies, which can be applied to other locations making
the proposed design and strategic formula more uni-
versal in an attempt to ease the process of securing
other high-risk areas in a holistic and sustainable
manner. This toolbox includes key strategies and how
to implement them, so policy makers, stakeholders,
planners, and designers can identify the best inter-
ventions for their area. It is an attempt to transfer
knowledge and solutions in @ more comprehensive
way that saves resources by lessening the task of
analysis and design, by standardizing key implemen-
tation processes. If such a tool could be realized and
proven functional, it would let this project reach be-
yond the Limfjord system. But whether such a toolkit
would be beneficial remains untested and so do its
limitations. Due to this it would be interesting to do
future research into such a tool and how generic or
specific the tools within can be before it loses its ef-
ficacy and ability to be applied more universally or
locally.

Other strategies and designs were not included in
the final design proposal due to not being appropri-
ate for the areas of intervention or scope of this the-
sis. Most notably, the strategy of reforestation which
many municipalities have been focussed on in recent
years. This strategy was not included as it did not
directly pertain to the hydrological system nor flood
protection. Although plants are used to slow flooding
and mitigate erosion, such plants are specialised to
flood prone conditions and do not include the most
common forest plants. It must also be mentioned
that many municipalities already have plans for re-
forestation in works. However, as this thesis empha-
sizes more collaboration, especially across municipal
and regional borders, it could impact these plans and
suggest the systemic thinking of nature as systems in
order to expand the reforestation areas to cross-mu-
nicipal projects.
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Conclusion

This thesis has explored how to design for flood
protection with a focus on sustainability and inter-
connected interventions along a whole hydrological
system. By identifying critical points along the Lim-
fjord system, where the flooding risk was eminent
and the potential to strengthen the area and benefit
the entire system was the highest, the design inter-
ventions work in tandem as a multiscalar strategy
for protection. Through an identification of the cat-
egoric values - strategic, environmental, social, and
economic - the process of deciding where and how
to protect areas was eased and resulted in the sug-
gestion that a similar assessment method could be
utilised by future projects to help make the difficult
decisions. This thesis's strategy and design proposal
has been condensed to a toolbox of processes and in-
terventions, aimed at future projects, policy makers,
designer, and stakeholders, to streamline the many
flood protection projects likely to be crucial in the fu-
ture while stating the need to think systemically and
consider the whole hydrological system instead of a
single local site.

Designing for flood protection is a difficult task, but
designing for flood protection for an entire hydro-
logical system posed a different challenge. While
the hydrological conditions were more complex, the
task of designing the interventions and where to
strategically intervene was eased as the larger un-
derstanding of the system and its components were
the steering factor. Therefore, this thesis advocates
for a paradigm shift to a more multiscalar thinking
where designers and planners put more emphasis on
the larger context and interconnectedness of scales
- especially when designing interventions that can

greatly impact any system. A shift must also happen
in the mindset of policy makers and planners, as cli-
mate change continues to progress and sea levels
rise, we must come to terms with the fact that not all
areas should be protected and some flooding must
be permitted. If we do so, it is possible to mitigate
flooding in other parts of the hydrological systems, in
turn saving more lives, resources and benefitting the
natural ecosystems along the shores.

While the thesis started with the goal of integrating
the large scale and the system-based thinking, it
was clear that the smaller scale was integral to the
ability to design, not just strategize, and that the dif-
ferent scales are uniquely tied. Therefore, the focus
has jointly been to create a large-scale strategy that
incorporates a long timescale, and to place and de-
sign interventions that work across the context. The
strategy is based on the ICPP's RCP 8.5 scenario and
is split in 3 phases, ending in 2100, where each phase
presents new interventions to the focus sites. The
open end allows for assessing the uncertain future
and choosing appropriate measure for the scenario
faced. These interventions are primarily traditional
protective structures, such as dikes and wave break-
ers, but have been carefully designed to improve
their ecological function and sustainability. It is also
proposed to use aquaculture facilities and part of the
protective interventions as they can both function
as wave breakers but also provide a stable source
of food and income for the inhabitants, resulting in
more resilient communities.
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