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Abstract: In the Anthropocene, climate impacts are expected to fundamentally change the way we
live in, and plan and design for, our cities and landscapes. Long-term change and uncertainty re-
quire a long view, while current planning approaches and policy making are mostly short-term
oriented and are therefore not well suited to respond adequately. The path-dependency it implies
causes an irresolvable dilemma between short-term effect and long-term necessities. The objective
of the research is to investigate an alternative planning and design approach which is able to over-
come the current constraints and take a holistic long-term perspective. Therefore, the methods used
in the study underpin a creative process of future visioning through backcasting and finding a dy-
namic equilibrium in the past as a primer for long-term climate adaptation. This way, the individual
vulnerabilities of current sectoral policies can be leapfrogged and integrated into one intervention.
This design-led method is applied to the northern landscape of the Groningen region in the Neth-
erlands. This intervention is positioned as a re-dynamization of the landscape by re-establishing the
exchange between the land and the sea. The findings in the study show that a long-term perspective
on the future of the regional landscape increases climate adaptation and enriches the opportunities
for viable agriculture, increased biodiversity, and a raised land that is not only protected against
possible storm surges, but benefits from the sediments the sea brings. The economic analysis shows
that a new perspective for farming within saline conditions is profitable on a fraction of the land,
the biodiversity can be enriched by more than 75%, and the ground level of the landscape can be
raised by one meter or more in the next 50-100 years. Moreover, the study shows how a long-term
perspective can be implemented in logic stages that comply with the natural step-changes occurring
in climate change.

Keywords: climate adaptation; long-term planning; holistic future; Groningen; food; ecology; sea
level rise

1. Introduction

It is widely substantiated that global climate change is taking place [1], and this is, at
least for an important part, caused by the way humans live in the so-called Anthropocene
[2]. This change impacts on a range of aspects that even further compromise a sustainable
existence on the planet. The impact on land use, productivity and food security [3], ecol-
ogy [4], livability [5-7], and safety under pressure as result of a potential accelerated sea
level rise [8,9], is claimed to even move beyond the planetary boundaries [10]. In this re-
search, it is investigated whether current policy responses sufficiently deal with this un-
certain and potentially dangerous future. The need to adapt to the impacts of climate
change is evident [11,12].
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Existing planning approaches tend to focus on the recent past, repeating how policies
responded to what has been experienced before, and formulating copies of policies for
new or unknown problems [13,14]. Generally, this is counterproductive, as one cannot
solve new problems with the solutions that are rooted in the cause of the problem. Re-
search has shown that current policies for the Groningen region tend to ‘muddle through’
[15], as these focus on the near future and well-understood problems [16,17].

Instead, a climate adaptative future requires an innovative plan, which is capable of
bypassing the short term to overcome the path-dependency of recent history. In this arti-
cle, we focus on three aspects that are profoundly under pressure as a result of climate
change in the Groningen context, e.g., the growth food, the protection of the coast and its
Hinterland, and ecology. Each of these are vulnerable in themselves, however, when in
combination, stacked vulnerabilities lead to complexity, even wickedness, hence to un-
precedented interactions and uncertain outcomes. Coping with uncertainty [18] is there-
fore essential, and the focus in this research emphasizes the longer term and looks holis-
tically at future developments. This gives reason to replace short term spatial policymak-
ing by applying the art of the long view [19] and introduces forms of unsafe planning [20],
which allows for the courage to leapfrog existing policies, to dive into uncharted territo-
ries, and to dare to dream the future. Leapfrogging implies jumping over the next availa-
ble policies and overcoming the constraints of the near future by inventing long-term so-
lutions that solve current and future problems at the same time. A good example is the
increase of connectivity in many African countries by shifting to mobile telephones with-
out first constructing a landline network. In this study, backcasting methods are used to
imagining the solutions of the future, overcoming the solutions that were to be imple-
mented to deal with current problems.

The perspective is taken to view climate adaptation as a spatial challenge [21] and
positioning ‘design’ as the primer for finding holistic solutions [22-24]. This way, by de-
sign, the implications of an adaptive landscape are exemplified for the northern Gro-
ningen area in the Netherlands. The Groningen area is chosen as the area of study because
here many actual problems collide, from sea level rise and salinity, the risk of flooding
and degrading agriculture, and loss of biodiversity, to declining economic and social well-
being. Additionally, the Groningen area has to deal with soil subsidence as a result of gas
extractions, and a large body of knowledge is available on agriculture, climate adaptation,
energy, and ecology. Moreover, the Global Centre on Adaptation is located in the City of
Groningen, on the University campus, and this research project has been part of the so-
called design-manifestation of the Climate Adaptation Week Groningen (https://klimaa-
tadaptatiegroningen.nl/en/climate-adaptation/week), in which the task is to conceive a de-
sign for a long-term future with a 100-years perspective.

This article digs into the process and methodology of how to leapfrog current stacks
of vulnerabilities in order to overcome path-dependency, how a long-term perspective
can be conceptualized, and what the benefits of such a holistic viewpoint hold.

2. Problem Definition

The northern part of the Groningen landscape can be divided in a couple of typical
zones (Figure 1). In the north, the area bounds the intertidal landscape of the Wadden Sea
and the salt marshes. The area behind the northern dikes is a relatively large-scale and
open, efficient landscape used for agriculture. It is, for the Dutch context, a little higher
above sea level than the southern part, at maximum 1.5 m above current mean sea level.
The southern zone, just north of the relatively urban area of the City of Groningen, is a
landscape of cultural heritage, middle to small scale, and also in use for agriculture. This
zone is relatively low-lying and in a process of subsiding, at current sea level or below.
The main crops in the landscape are wheat (in the north), sugar beet, and grassland. The
focus of the research presented here relates to the entire landscape, from the city to the
sea.
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Figure 1. The northern Groningen landscape.

2.1. Problem Exploration

In the Groningen landscape, specific problems related to ecology, agriculture, and
the protection against flooding are identified. These themes play a major role in the cur-
rent existence of the functionalities of the landscape, however, they are also vulnerable
each in their own right. Climate change exaggerates the problems on the long term, and
the interplay of these three themes is therefore taken as the context for the research project.

2.1.1. Ecology

In the Groningen landscape, as in the entire country, the vulnerability of nature in-
creased over time. The worldwide decrease of biodiversity, up to 68% [25], has also be-
come apparent in the north of the Netherlands, increasingly solely consisting of grassland,
arable land, ditches, and roads needed for transportation of agricultural products. The
loss of diversity [26] has a negative impact on the health of the soil and water quality. This
eventually causes difficulties for all kinds of natural processes to function as they should
or could. In general nature reserves are too small to keep biodiversity up to minimal lev-
els, and water management and nutritional flows are servicing agriculture, which means
their precisely controlled dewatering and fertilizing stands in the way of natural processes
self-regulating.

In the Netherlands, the populations of the black-tailed godwit, redshank, oyster-
catcher, and lapwing were, in 2007, 10-60% lower than in 1990 [27]. Although a range of
measures were implemented in the 1990s, the decrease in open farmland birds has not
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stopped (Figure 2). For instance, the reduction in numbers of black-tailed godwit of ap-
proximately 40% is of international importance, since the Netherlands is the major area
for the breeding population in Europe [28]. This is strongly related to agricultural prac-
tices. In particular, after 1960, the trend continuously went downward as result of inten-
sified farmland and cattle farming. Moreover, breeding grounds are reduced due to ex-
pansion of urban areas, infrastructure, and traffic [27].
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Figure 2. Trends in bird populations open farmland in the Netherlands (in blue) (adapted from: [27]).

Can nature still be saved? The loss of biodiversity since the second half of last century
is staggeringly high. Furthermore, this umbilical cord cannot be severed, as our own lives
are dependent on the natural system. Instead of trying to protect nature, it should be given
more space in the form of larger ecosystems with humans as part of nature as opposed to
vice versa.

2.1.2. Agriculture

The current agricultural system in Groningen relies heavily on a few crops: Potatoes,
wheat and sugar beet, and grassland [29]. In order to make agriculture possible in the
peat-like grounds of Groningen, the landscape needs to be dewatered, causing a substan-
tial carbon emission of approximately 40% of the total Groningen emissions from agricul-
ture [30]. Most of the agricultural production is subsidized by the EU, and because of fu-
ture reduction of these subsidies [31], the income of farmers in Groningen increasingly
comes under pressure. Additionally, the global concerns around food security [32] could
eventually lead to questions around export and transport of agricultural goods. With its
focus on export, the Groningen agriculture is not capable of feeding its own population,
as strange as it sounds, and it must therefore import food from around the globe. Food
safety impacts pose another serious risk [33] for the way food is produced, as it may cause
illnesses, epidemics, or pandemics. Global spread of these impacts may eventually lead to
a more regional focus of food production to be better able to know what and how food is
grown and prevent quality problems from emerging during transport. Due to dewatering
agricultural grounds and relative sea level rise, the Groningen soil subsides and salinity
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increases [34]. Recent droughts [35] increase this problem, which is creating additional
risks for the traditional fresh-water dependent crops.

Over the last century, agriculture in Groningen has undergone a transformation. As
part of general developments in the Netherlands [36], land consolidation in the 20st cen-
tury led to monocultures and larger scale parcels (Figure 3) which are more efficient, but
also more vulnerable for illnesses and economic change.
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Figure 3. Landscape change in the Marne area as result of land consolidation, situation in 1925 and
1975 (source: ].W. van Aalst, www.opentopo.nl).

This continuous “upscaling’ agriculture finds itself at an intersection: Following the
existing pathway of increasing efficiency of production methods, using up all the natural
resources and emaciating the landscape, or establishing agriculture in a way that the crops
grow whilst enriching the soil, so nature remains healthy?

2.1.3. Flood Safety

With an accelerated sea level rise [8,9], there is pressure on the Dutch coast, and also
the northern landscape is in danger. Sea level rise, in combination with the Groningen
soil-subsidence, exaggerates the process of salinification and increases the risk of a poten-
tial flood. The process of embanking the northern coast, started around the year 800AC
[37], has long been seen as the perfect remedy for protecting the Hinterland against flood-
ing, but this also increases risk. Though embankments protect the land, natural processes
are implicitly cut off by the artificiality of increasingly stronger and higher, engineered
infrastructural elements. The change a dike breaks may be decreased, the impact of such
a breech could be catastrophic. In Groningen, this scenario already unfolded in 2006 [38].
The adaptive capacity of the landscape to deal with sudden change, and potential disaster
is very limited due to the inflexible way the land is organized. There is no room for flood-
ing to find its way should a dike breech occur. Therefore, the old adage of building a
higher and higher dike when the sea level rises is no longer sufficient. The way we think
about water safety has progressed, and more and more often makes use of adaptive man-
agement of the water system [39]. Building with nature [40] is an accepted yet incidentally
applied alternative for traditionally building coastal protection structures. It offers contin-
ual adaptiveness and resilience of the land through the self-organizing strengths that na-
ture offers us.

2.1.4. Stacked Vulnerabilities

The interdependencies of flood food and ecology are substantial, yet the sectoral
problems are generally treated in a singular way. This increases the risk of even larger
problems, since stacked vulnerabilities and their interdepence cause a complexity of po-
tential interactions that cannot be solved by responding to one issue on its own. Indeed,
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each of the three topics are currently ‘treated” with a break with the natural process that
established a healthy system initially, formed the landscape as the basis for nature, food
production, and a natural protection against sea level rise and storm surges. These stacked
vulnerabilities increase the risk for each of them, and for the entirety. Should one of the
sectoral strategies fail, it could lead to a chain reaction of undesired developments, prob-
lems, and potentially disasters. For instance, when the ecological quality decreases, the
soil becomes less healthy, which leads to lower agricultural production, which is compen-
sated for by a more efficient water management and fertilization, leading to soil subsid-
ence and higher risk of salinization and eventually flooding. This domino-effect illustrates
an unexpected sequence of occurrences. The example is only one that is relatively predict-
able, but the complex interaction between the three systems may lead to unforeseeable
problems. This process of deep uncertainty [41] is only intensified due to climate change
and linear responses, rather than systemic ones.

Because the interactions between different aspects, especially when the future is un-
certain, are unpredictable, the response to dig in sectoral solutions deeper and deeper is
counterproductive. In the end, it deteriorates into single uses and has detrimental effects
on the whole system, and hence requires the non-linearity of landscape as a complex,
adaptive, system.

2.2. Problem Definition

Short term and sectoral policies lead to stacked vulnerabilities, forming a complex
interaction and are inherently unpredictable, and thus may lead to surprises, unprece-
dented events, and unwelcome hazards. It increases the chance at further loss of biodiver-
sity, increased food insecurity and unsafety, and raised risks at impactful flooding. There-
fore, current short term and sectoral policies increase risks whilst aiming for the opposite.

The objective for this research is to develop a novel way of land-use planning, as an
alternative based in adaptive planning and design, that offers a better opportunity to over-
come stacked vulnerabilities to create a climate adaptive and resilient future on the long
term. The question is how to respond to current problems, near future expectations, and
simultaneously reduce vulnerability of the landscape on the long term.

3. Methodology

In order to investigate the research question, a methodological approach (Figure 4) is
chosen that unites long- and short-term oriented methods, starting from a long-term and
holistic perspective. The research process consists of the following stages:

0. Analysis of current policies: Desk-top study on future healthy food demand, agricul-
tural productivity and economic feasibility of future agriculture, and water require-
ments and availability. Based in existing sources, statistics, and predictions, problems
are quantified.

1. Developing a ‘long view’ [20], using methods such as futuring [42,43] and spatial
visioning [44,45].

2. Design of a holistic intervention, using a backtracking method [46], oriented at creat-
ing a (spatial) tipping point [47] that is able to change path-dependency and moves
away from existing pathways and policies.

3. Planning an integrated spatial future of the landscape, using backcasting methods
[48,49] and scenario planning [50-52] to explore the corners of future predictions for
the agricultural system (local vs. global), climate change (accelerated change vs. real-
izing the Paris agreement), and ecology (biodiversity loss vs. ecological regenera-
tion).

4. Design the thematic implications for food, ecology, and safety in a Research by De-
sign [53-58] process, exploring the pros and cons of certain spatial interventions, and
redesign based on these findings.
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Ecological policy

5.  Designing a staged process of implementing an adaptive future landscape making
use of the moments in time that manifest themselves as crucial changes or bifurcation
points [59-62], linked to the estimated step changes [63,64] in climate change.

1. The long view
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Figure 4. The methodology used in the research.

The character of the applied methodology is design-led [22-24], bringing together
three approaches to planning in an interactive way. Firstly, a collaborative and co-creative
way of working in which experts and stakeholders contribute to the end-result in a design
charrette context [65-68] is applied. Secondly, designerly explorations [69,70] are en-
hanced, which stimulate out-of-the-box thinking and creativity. Thirdly, an intensive in-
teraction between design and analysis, allowing for analytical reflections to the design
propositions, is established. In an interactive way, the questions derived from the design
process are responded to by analytical research into agricultural productivity, future diet,
and economic impacts, into ecological quality, gradients, saline and freshwater condi-
tions, habitats, and land-forming and sedimentation.

4. Results
4.1. Current Policies

The interrelated fields of growing food, ecology, and the landscape have been sepa-
rated by academic fields, policies, and subsidy frameworks. This has led to a functional-
istic landscape in which highly specialized monocultures dominate the landscape and
there is less and less space and time for ecosystems to mature. “Humans want quantity
over quality, growth over development, production over protection—usually realised in
the most inefficient ways. We turn mature ecosystems into monocultures—cultures of sin-
gle species—which are the simplest of ecosystems. With our blinders on, we prioritise just
one species, selected to grow fast-like cornfields in Iowa or salmon farms in the Chilean
fjords—and we focus all our efforts on it to the detriment of any surrounding species. Alt-
hough these monocultures are intended to feed us, ironically, they are the closest thing to
a barren landscape when it comes to ecosystem maturity—the anti-climax” [71] (p. 61-62).
The consequences of this are severe and are felt in the Groningen context as well.
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Continuation of subsidies to keep current farming alive at a marginal economic level
could lead to bankruptcy for many farmers when EU subsidies end [31]. Current farming,
as it focuses on the export of produce, is not capable of providing a balanced, climate
resilient, and healthy diet to the Groningen population. Our analysis of a possible food
system that would be able to provide this diet to everyone in the region concludes that
there is enough space available (in, on and elevated, and attached to the built environ-
ment, and in the rural landscape) to grow the dietary needs [72]. However, water scarcity
compromises the growth of sufficient crops on a yearly basis. The supply of water is run-
ning out, and there is no alternative [73]. The system requires more water to become self-
reliant.

“We assume we know what is good for a species, but we forget that our landscape is
so changed, so desperately impoverished, we may be recording a species not in its pre-
ferred habitat at all, but at the very limit of its range” [74] (p. 182). This is called the “Shift-
ing Baseline Syndrome” [74] (p. 191). The current policies on nature preservation aim to
protect and maintain current species by safeguarding relatively small areas. This cumula-
tively leads to reduction of the amounts of species in Groningen [26].

Historic analysis shows that the continuous process of embankment of the landscape
has increased vulnerability for flooding [72]. The subsequent raising of dikes has made
them stronger step-by-step, however, it also expelled the resilience out of the system to
self-organize natural processes of land-forming. The impact of a dike break has become
higher should it come to a flood.

4.2. The Long View

Nature is not that fun, but we have to do something with it [75]. This statement urges
us to overcome the gap between human needs and the ecological conditions that provide
us the basis for life. In a complex world, continuation on the business-as-usual pathway
will not have a profound impact on determining a sustainable future. It is becoming
clearer and clearer that “we have all ended up in a systemic labyrinth, and only those who
see possibilities in unexpected events will have an impact and determine the future.” (par-
aphrased from: [76]). To get access to the unexpectedness of the future is the key in estab-
lishing a long view, that is responding to the main research question of how to create a
spatial climate adaptive policy with a time-horizon of approximately 100 years.

The way we grow food has far-reaching consequences for ability of the natural sys-
tem to persevere and regenerate. This ‘long view’ takes a diet that provides everyone with
a healthy, nutritious menu, without overloading the Earth via climate change, social ex-
ploitation, or decline of biodiversity [77] as a starting point. Though the space required to
grow the food for all inhabitants is in the Groningen context available, the water scarcity
puts serious constraints on growing the needed produce and hence makes supply of water
from elsewhere necessary. The coastal location offers the perfect solution through an infi-
nite source of available water: The sea. Therefore, the long view on a climate adaptive
landscape for the northern Groningen area takes this new connection of the land with the
sea through a new inlet as the point of departure. This creates security for the perpetual
presence of sufficient water to grow all agricultural produce needed to feed the inhabit-
ants of the area.

4.3. A Holistic Intervention and Integrated Spatial Vision

By taking the year 2121 is as the time horizon for policymaking, it offers the potential
to integrate problem fields and uncertain dynamics. It also creates the freedom of thought
to step out of the technical paradigm and move from the static system characteristics, as
they are now, towards a natural dynamic future, resembling past self-reliance of a natural
landscape (Figure 5). Looking at it from the long-term perspective, it is possible to see we
encounter a potential tipping point [47] that turns the tide from ever-increasing techno-
logical statics to relying on nature’s dynamics. The installment of such a holistic interven-
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tion is chosen on the basis of an accelerated change in climate impacts, preluding the ne-
cessity of adapting to change in order to be able to continue living and growing the re-
quired food in this region. In itself, limiting climate change is important, however, in ex-
ploring future scenarios, this research has focused on the adaptation and planning oppor-
tunities, not so much on mitigation of climate change.

Static
/ \
Technology

Nature

Dynamic

8é0 1020 1520 1920 2020 2120 2320

Figure 5. Evolving towards a dynamic natural future.

For the Groningen area, the tipping point discovered takes all vulnerabilities of the
sectoral issues and turns these into one response solving all in one move. Re-dynamization
of the landscape turns risks into safety, food-dependency into security, and loss of biodi-
versity into ecological gain. The holistic intervention is found by backtracking the Gro-
ninger landscape to a time in the past of a dynamic equilibrium, where a balance between
time and tide (Figure 6) was working. Before 800AC, the historic landscape dynamics
formed a dynamic interplay of freshwater discharge from the higher plateau, terraforming
in the intertidal zone, and a continuous intrusion and retraction of sea water. Creeks con-
nected the higher areas with the sea and found their way determined by the harder and
softer parts in the landscape. The sediment that the sea brought inland allowed the land
to grow, coping with changing sea levels. In parallel, large zones of raised bog were
formed, tempering the powers of the sea, hence creating a safe coastal landscape.

WADDENZEE
FUTURE

CAMPUS
Now

Figure 6. Balance between tide and time.
Before 800AC, the Groningen land stood in direct contact with the sea (Figure 7). The

saline creek penetrated deep into the landscape. After 800AC, people started small em-
bankments to protect them from the regular tidal waters. During the 9th-12th century,
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men bounded the main creek to an east-west configuration that created several islands
and peninsulas. Currently, the north Groningen landscape is closed off from the sea with
a huge dike to protect the land against inundations.

600 v Chr

Waddenzee

Figure 7. Crucial transformative steps in landscape genesis of the northern Groningen landscape.

The transformation from a natural dynamic equilibrium towards the current static
situation is illustrated by the sequence of landscape transitions over time (Figure 8). The
higher grounds in dark green and the peat in brown are dominant in the early stages,
while the influence of saltwater (in red) creates the salt marshes (light green). Over time,
the deposition of clay increases (dark green), and this reduces the intrusion of the sea-
water. After humans start to control and embank the land, agricultural activities emerge,
as does urbanization. By the year 2000, a separation of land-based activities and the sea
has become a divide.

Figure 8. Landscape genesis from 500 BC until 2000 AC.
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separate
2030

The current managed landscape is non-resilient and provides safety by agreement.
Real safety is debatable as a breakthrough of the strongest dike implies a huge disaster.
The alternative of a nature-driven and self-organizing coastal system could prove less vul-
nerable if human control is replaced by the ecological system instead. This way the land-
scape itself establishes its protection in the form of salt marshes, raised bog, mangroves,
and barrier islands, hence reducing vulnerability of the entire system. In this context, the
current timeframe is the high mass of human control, which slowly transits into a dynamic
nature-driven future.

The powers of the sea form and raise the land by bringing sediment and the saline
inlet will start increasing the ground level of the land to enhance safety. In this dynamic
environment, new creeks will be filled with water from the sea and determine a new, but
constantly shifting, balance between land and sea. Simultaneously, longer droughts and
more intense rain events demand a higher capacity to store freshwater, to be of use in
drier periods. Slowing down the discharge of rainwater stimulates peat forming, eventu-
ally merging with salty marshes in a staged emergence of coastal dynamism. From the
current separation, land and sea systems will first join in synapses before deep intrusion
of the saltwater landscape in the freshwater system and vice versa will, in the end, cause
a complete merge (Figure 9). Subsequent design principles guide this zoned transfor-
mation as ‘lines of protection” (Table 1 and Figure 10).
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Figure 9. From separated fresh and saltwater systems towards joint and merging systems.

Table 1. Lines of protection forming the emergent landscape.

Name Principle
. Natural sea dynamics forming a barrier as an island in front of the
Barrier island
coast
. . Allowing for saltwater to intrude inland and to expand land forming
Creek intrusion
at sea
. Allowing the sea water in, but slowing it down on the way back at
Terra forming obb tide

Dutch mangroves  Forests alongside the creeks slowing down the intruding water
Constructed protections preventing the flooding of houses and vil-
lages in the landscape during occasional extreme flooding

Ride not crash
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. Synergies where salt and fresh water meet, and could form the basis
Synaptic fresh-salt
for blue energy

Sponge-bog Sponge operation of the peat landscape

Barrier island

Ride not crash

Dutch mangroves

Creek intrusion

Synaptic fresh-salt

Sponge-bog

Figure 10. Subsequent lines of protection projected in the northern landscape.

By reintroducing coastal dynamics in the landscape (Figure 11), ecological gradients
will be enhanced, from saline, to brackish, to freshwater conditions. This gradient will
shift southward over time, when sea water gains more influence. The water that is brought
deep in the landscape can be used for saline agri- and aquacultures, and creates a multi-
layered coastal system, with terra forming, mangroves, ecological zoning, and water that
overflows the land. The design of the new saline landscape is inspired by its historical
context, as a flowing stream from the northern coast meandering inland. It connects old
‘forgotten’ river arms and re-establishes the stream so that water can start flowing in and
out of the landscape.
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LEGEND

Salt water inlet
Brackish water
Fresh water run-off
Peatland
Saltmarshes
Wetland corridor

Dense forest

Forested corridor
Standard crops

Saline tolerant crops

Floodable crops

Controlled seafood farms

Figure 11. Landscape design.

The integration of current pressing problems preludes an emerging tipping point that
brings about a connective solution that solves multiple problems at once. By stepping out
of the day-to-day reality and undertaking a mental jump to the far future, a coherent fu-
ture image could create opportunities for solving individual problems. By giving only one
present, the sea implicitly enriched resilience of many aspects of the current urban land-
scape: Sediment raises the land and brings safety, saline and brackish water creates dy-
namic ecological gradients, an infinite water source allows for growing all crops needed,
the clay particles increase the fertility of the soil, salinity offers new growing conditions
for crops and seafood, and it implicitly has economic benefits.

4.4. Impact on Land Use

For every type of land-use, this long-term perspective offers challenges and poten-
tials. The approach to each of the aspects is similar: A core focus on the entire system and
the space required for optimal functioning.

4.4.1. Ecology

The transformation of the current patchwork of isolated ecological areas to a holistic
functioning ecosystem is challenging, however, it brings about huge advantages for the
resilience of the landscape and its inhabitants, and biodiversity gain. Introducing saline
conditions with tidal dynamics establishes an eco-rich gradient of saline, brackish, and
freshwater environments. This process evolves in two directions: The deeper the saline
influence comes into the river itself, the more noticeable the gradient will be. At the same
time, the gradient merges from the riverbed towards the landscape on both sides of the
riverbanks. A complex interplay of saline, brackish, and fresh conditions will provide an
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endless richness improving both natural conditions and biodiversity (Figure 12). The va-
riety in landscape typologies leads to a range of ecological habitats. Each part of this two-
way gradient is characterized by typical plant communities that fit the dynamic of cli-
matic, soil, and moisture conditions. These range from samphire, to willow, and every-
thing in between.

} salt water

- brackish water
- fresh water

/& sandy coast
- saltmarsh
B brackish ecology

meadow

- forest
- peatland

e 1 5km

Figure 12. Interplay of ecological landscapes: Tidal flats, salt marshes, wetlands, river forests, brackish creeks, and mead-

OWS.

4.4.2. Food

As aforementioned, the future of food will increasingly impact the preferred diet of
all people. The so-called Lancet diet [77] reduces consumption, hence demand of certain
crops and products, while others are increased. For every region in the world, this plays
out in a different way. With the reduction of European subsidies, the economic viability
of the current crops in Groningen come under pressure. Not every farmer is as profitable
as they would want. Therefore, a new perspective is needed for the farmers to enter the
coming century with confidence and pride. This perspective is found in a transition to
agriculture in saline and brackish conditions (Figure 13). This will be a challenging trans-
formation of the agricultural system and change growing conditions potentially dramati-
cally, however it also means that farming produces for local needs and is economic bene-
ficial. Moreover, current technological innovations in the agricultural sector allows us to
take advantage of dynamic conditions and turn them in our favor. The research findings
regarding strip cultivation illustrate this leading to a potentially higher productivity
[78,79].
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I brackish water
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- floodable crops
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traditional crops
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Figure 13. 2/3 of the area transformed into saline and brackish growing conditions bring a new agricultural perspective.

The saline inlet brings new growing conditions for an adapted food system. The
northern landscape transforms into a saline farm landscape, in which saline crops, such
as samphire, seaweed or sea kale, as well as lobster, langoustine, eel, prawn, and shrimp
can be harvested. The design proposition for the food system is to transform two-thirds
of the current agricultural production into saline forms of agriculture (Figure 12).

A transformation in growing conditions and accordingly the types of crops produced
also changes the amounts of food available for the population. Therefore, the Lancet diet
needs to be adjusted to accommodate for two-thirds saline produce. A healthy diet is still
possible, however, the types and amounts of produce will also need to be adjusted [72].

Moreover, allowing saline water into the current land-managed Groningen land-
scape raises profits for individual farmers. As calculations point out, the existing business
model for farming in the north is marginal, subsidized, and lacking a long-term perspec-
tive. An alternative business model in which saline crops and seafood are the main pro-
duce is investigated [72]. The higher prices of saline crops and seafood, in combination
with lower labor investments, make this alternative potentially more profitable for indi-
vidual farmers. This also implies that a reduced area might be sufficient to earn similar
profits as in the current context. The current yearly income of a potato farmer in Gro-
ningen is calculated at an average of 67,000 Euro. All other farm-types earn less, with corn
and barley the lowest at about 11,000 euro/year.

Based on current prices of saline crops and seafood, the potential income for a 100%
seafood farm, a 100% saline crop farm, and two mixes (50-50 and 80-20) of saline and
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seafood farm ranges between 583,000-1,110,000 Euro/year, on the same size of land. As-
suming current farmers keep 30% of their existing crop type and the other 70% is divided
between 20% seafood and 50% saline crops, the net income is around 700,000 euro/year,
which is tenfold the income of a traditional potato farmer. Recalculating this to the re-
quired amount of land needed to earn the same income, of every 20 hectares farm only 0.6
to 1.4 hectares has to be kept productive, on average 8% of the current productive land-
scape (Table 2).

Table 2. Required area (ha) to keep the same income for four traditional crops.

Area (m2) Required to

Farm Type Farm size Net Income Type of Produce Grow Mixed Farms in Or-
(m2) (Euro/Year) der to Get Traditional
Farm Income
Sugar beet 200,000 47,600 30% sugar beet/ 20% seafood/ 50% saline crops 13,878 (6.5%)
Potatoes 200,000 147,600 30% potatoes/ 20% seafood/ 50% saline crop 41,229 (20.5%)
Wheat 200,000 21,000 30% wheat/ 20% seafood/ 50% saline crops 6195 (3%)
Milk (cow) 200,000 22,000 30% cow milk/ 20% seafood/ 50% saline crops 6471 (3%)
Average 200,000 59,550 30% existing/20% seafood/50% saline crops 16,943.25 (8%)
Economically, after a period of increased amounts of saline produce, the prices start
to go down. Under the assumption that prices drop to 1/3 of current prices, the area
needed to break even will thus be threefold, approximately 25% of the current productive
landscape. Depending the price levels (cheaper crop types require only a small area to
earn the same income) and the crop types divided by the area they occupy, a recalculation
of the real area after the saline transition shows that a total of 20% of the current landscape
needs to be kept productive (Table 3).
Table 3. Recalculated area for existing and saline produce needed to earn similar income.
Existing Area Cur- Area for Existing Crop Area for Sea Food Area for Saline
Crop rent Laid Use (ha) New Nature (ha) after Transitiong(30%1; (20%) Crops (50%)
Potato 6875 2750 1203 859 2063
Sugar beet 2475 1980 186 62 248
Wheat 7500 6750 225 150 375
Milk cows 9975 8978 299 200 499
Grassland 9975 8978 299 200 499
Carrots 1200 480 210 150 360
Maize 1860 1674 55.8 37.2 91
Barley 2060 1854 61.8 41.2 103
Total (ha) 41,920 33,444 2540 1700 4238
In % 100% 80% 6% 4% 10%

Based on the amounts of hectares of different crops and produce, a design can be
conceived by taking into account the growing conditions for the different produce types.
Seafood can be harvested in saltwater conditions, saline crops in brackish circumstances,
and traditional crops can be grown in areas where the saline influence is kept to a mini-
mum.
Finally, the area per produce is recalculated in yield (kg/ha) and should be matched
with the demand for a healthy Lancet-diet. With an estimated 100,000 people living in the
area, current estimated yields are not yet completely in line with the demand. Further
research is necessary to finetune these results and to come to an outcome that provides a
healthy sufficient diet for all people.
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4.4.3. Safety

The key force to transform the landscape is the arrangement of the water system, as
the provision of water to grow food is the main reason to introduce renewed dynamic and
the saline inlet. Besides bringing water to the productive landscape, the intervention also
raises the ground level and hence increases water safety. In order to achieve this, the water
system must be adjusted accordingly (Figure 14). This is not planned as a rigorous inter-
vention that is thoughtlessly opening the landscape for the whims of the sea. On the con-
trary, the transformation of the water system is a strictly controlled process of small steps,
which are evaluated before a next step can be undertaken. It starts, therefore, in the north-
ernmost area of the landscape, where a small gap allows the water to enter the landscape.
This area has been chosen because it is already a relatively high landscape, where the risk
of flooding is minimal. The first experiments will offer insights into how the dynamics of
the sea might encounter the status of the landscape as we know it. In well-considered
steps—only after thorough deliberation and consideration —more freedom for the natural
dynamics can be allowed. Eventually, the water system reaches the lower grounds and
the farthest inland areas where the brought in sediment raises the landscape up to safe
levels. Because sea water enters the landscape, a symbiosis will emerge: A balance be-
tween the giving and taking of water, land, nature, and people.

B sove vater
Il o ockish water
Il iresh vater

—>> salt water inled
& fresh water run-off

. - sediment

, <SP sediment deposition
(/¢ peatsponge bufferzone

) new wierden

AN
Y

Figure 14. The adjusted water system.

4.5. A Staged Future

Once the long view and its implications are understood, decisions can be made about
the implementation and working towards that desired future. This is an adaptive process,
which can be adjusted along the way, depending new insights, changing climatic circum-
stances, and other unforeseeable developments. Backcasting [48, 49] from 2121 to 2021 a
set of bifurcation points [59-62], essential choices to change path can be estimated. These
points are linked to the principle of climate changing in sudden steps [63,64], which non-
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linearly cause a new set of parameters that suddenly form novel conditions. These mo-
mentums are seen as the crucial moments in time when adjusted policies must have been
implemented. The proposed time steps are dividing the 100-year period in evenly distrib-
uted periods. Because it cannot be exactly predicted when step changes will take place,
these periods are estimates about future climate change which need to be carefully moni-
tored to accurately pinpoint the moments of change more precisely. This monitoring will
need to happen while planning for the future, from the present day leading to a continu-
ous adjustment during this 100-year period. This is a process of slowly re-dynamizing the
landscape that will not occur overnight, but rather is appearing as a slow process of mod-
est emergence and change. The increasingly resilient landscape allows the current inhab-
itants to stay. Four stages of development capture this tranquil transformation (Figure 15),
from a closed and protected static landscape to a rich, dynamic, and diverse riverine land.

In the first stage (2031), a little gap opens the Hinterland for seawater in small
amounts. The Wadden dike is opened at Wierhuizen to let the water enter the land behind
the dike in a controlled way. Directly behind the dike, current low-lying agricultural land
will be inundated, and sediment will begin raising the land. In this first phase, saline water
will be reintroduced in the northern parts of the former meander relics of the Reitdiep
stream. The first locations for peat growth are established and experimental forms of sa-
line agri- and aquaculture are undertaken. Larger nature reserves are created along the
northern coast.

The second stage, until 2061, shows a continuation of the early experiments in a larger
area. The north-eastern agricultural grounds are opened to the influence of sea water and
are filling up with sediment, again raising the ground level of the landscape. The entire
peat-zone around the northern edge of the city is established, and the process of reed-
growing and peat forming is well under way. The historic wierden in the north part of the
landscape will be reinforced, and new wierden will be constructed to create places for
future safe living. The transition in the food system is almost complete, and the majority
of the farmers have embraced new food production methods, inclusive of saline crops,
seafood-farming, algae plantations, and mussel and oyster fields. The rewilding of the
natural environment is well under way with (re)introduction of (new) species, enriching
the food-web of the salt marshes and brackish grounds, and starts to self-establish.

In stage three, until 2091, the connection between the sea and the city is completed.
The sedimentation and rising of the land continues, and the area around Bedum is now
opened to the influence of the sea, allowing for the landscape to be raised. Peat is fully
grown, and raised peat bogs are strong enough to form a defensive line protecting the
city. Agriculture is flourishing and fully adapted to the new conditions. Nature is strong
and large enough to self-organize its emergent succession processes. Its growth and de-
cline form a natural equilibrium, protecting the coast in a systemic way.

The final stage (2121) shows the transformed northern landscape, where additional
connections between sea and land are created, forming a saline-brackish landscape, in
which all subsided parts of the landscape are reversed and “upsided”. The peat is fully
grown and protecting the city. New and old wierden form crash-proof bastions in the
landscape, able to withstand extreme water levels, storms, and inundation.
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Figure 15. Subsequent stages of landscape forming, 2031-2061-2091-2121.

In parallel, a multiplicity of processes of growth and emergence strengthen the reli-
ance and increase the adaptive capacity of all landscape and urban systems.

The process of land rising (Figure 16) takes place over a longer period of permanent
seawater supplying sediment to the land. Over time, the process of terraforming will gain
more space and reach existing settlements. Though it increases the safety from flooding,
it also means that the sea itself comes closer to these settlements, which urges protection
in the form of new bastions or inversed wierden systems.
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Figure 16. Raising the landscape.

The process of peat formation (Figure 17) is a slow development, which requires a
long-term perspective. Therefore, it should start quickly, and be continued over a long
period. First, the reed plants will start growing. After dying, these plants will rot to form
peat. Slowly, additional layers of rotten plants will form higher levels of peat, until a
raised bog emerges. Once this occurs, the peat landscape will have protective power for
the inhabited urban areas. In the river system, a river forest will grow to minimize the
influence of highwater levels in the streams and reduce the power of storm surges.

iy ((\WYYY\

Figure 17. Peat formation.

The food system increasingly comes under the influence of saline conditions. This
means the traditional agricultural crops, such as potatoes, sugar beet, or grassland, will
over time be replaced by saline crops, fish in farms or natural environments, free range
livestock, and controlled aquaculture (Figure 18).
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Figure 18. Salinification of the food system.

5. Discussion

Long term change is something that for ordinary people, scientists, and politicians is
hard to imagine. Policy making is generally only interested in the short-term, immediate
decision making, and tangible implementations of convictions. In this context, uncertainty
is experienced, an enemy of the immediacy of policy processes. In the long term, this raises
the question, however, if added up vulnerabilities lead to complexities that in the end
cannot be understood nor solved, certainly not in the way short term and sectoral policies
have evolved to operate.

This poses a dilemma: Proposing the long view is contradicting fast and firm deci-
sions, that are visible for the public, tick boxes, and gain electoral support. However, the
stacked vulnerabilities cannot be treated with these immediate responses, that only solve
the visible problems. Deeper causes that are rooted in the complexities of interrelated
problems, cannot be seen without taking the perspective of the longer term, and relate
different functional aspects to each other. This dilemma shall be overcome by a allowing
for backcasting processes and thinking to occur and be adopted by the regional stakehold-
ers and residents themselves. The government is in the position to create the space for
these processes, moreover, to stimulate and support the process to take place. The local
communities have the obligation to then take over and organize the process of backcasting
themselves, resulting in inspiring future perspectives that, on their turn, need to be em-
braced by the higher levels of government, responsible for implementation and funding
of the outcomes.

The problems humanity faces, food insecurity and pandemics, ecological regression,
and climate change, are all results of stacked solutions for immediate problems, which
could not prevent the rotting process of bigger, invisible problems. The only way to coun-
teract these slowly progressing problems that suddenly and unexpectedly appear above
ground is to come loose of the daily routine of responding to the next urgency.

The long-term therefore must be, but also the belief in technological solutions (not
meaning innovations or products), but the technical approach to solving problems has
brought us further away from the resilient powers of natural balances. Every technical
solution for a climate problem, species loss, or food provision has undermined the resili-
ence of the system. Trusting the self-regulatory powers of these systems brings us to a
future in which long-term livability on the earth can be sustained.

The combination of natural solutions with a long-term perspective is thinking against
the Zeitgeist, the current way societies are tackling future problems, and responding to
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the immediacies of our time. An instant response seems to be required because otherwise
one’s reliability is brought in discredit. Fear rules over courage, and the bureaucratic pro-
cesses are supportive of keeping up appearances so no-one gets in trouble. Slowly, the
cumulative decisions are bringing us to the edge of disaster. No-one seems to be capable
of turn tides on climate change, biodiversity loss, or food-borne illnesses. Future life is
dependent on counterintuitive courage showing the longer term and a holistic approach
in which the forces of nature guide man to continue to inhabit this planet. The presented
research in this article is a unique approach overcoming the current habits and standard-
ized ways of working, but can be linked to initiatives of the UNEP, announcing the decade
of regeneration [80] or the attention given to the concepts of Nature-Based Solutions [81]
and Building with Nature [40].

Many cities and countries around the world face the same problem and are reluctant
to tackle real action. The way forward is simple: Be idealistic, realistic, and fantastic. Ide-
alistically start with formulating the imaginable on a timeframe of 50-100 years, the world
how it is fantasized as a place for longevity. Realistically, exploring the possibilities on a
20-year time horizon, in which the future objectives are designed for a concrete area and
society. Thirdly, fantastically design and build the future, with a 5-year scope, in a way it
is attractive, healthy, safe, and enjoyable for urban inhabitants. In between the idealistic
and the realistic, take the time to contemplate which of the ideals are essential to being
realized for the benefit of sustaining life. Additionally, in between realistic and fantastic,
take time again for contemplation of how to relate the different explorations to each other
and how symbiosis can be achieved. Then plan and design holistically for the most beau-
tiful environment possible.

6. Conclusions

Integration of problems and looking at them form a long-term perspective is needed
to overcome staring in the headlights, be blinded to the real problems, and take only short-
term decisions. The plan presented in this article has shown that a long-term perspective
can leapfrog stacked vulnerabilities to reach a prosperous future. Re-dynamizing the
landscape offers multiple solutions by implementing only one intervention. The re-estab-
lishment of the contact between land and sea provides the landscape with greater safety,
better nature, and the amounts of water needed to grow the food demanded by the pop-
ulation. This could create a land that is independent from external flows and sources. Not
because it doesn’t want to attach to others, but only to be prudent and caring for the en-
vironment. However, offering an example how other regions can make the transition from
the shortsightedness to a visionary future.

Understanding the landscape as the point of departure for urban and landscape
transformation is essential to find a way out of the current monetary viewpoint and the
economization of land-uses. When the landscape, its ecological, soil-, and water-systems
are preconceived, the future developments will follow, because the basic framework and
the natural processes will naturally guide what is possible. You do not farm where it is
too wet. You do not live where floods come. Where nature provides fertility, you can farm,
where the landscape rises, there is land where you can live. This transformation is not an
easy process, but will, for many, be a painful change with loss of land and jobs, or moving
house.

One of the limitations of the study is that the salinification of intruding seawater and
seepage are used as the thriving factor for transforming agriculture to more saline crop-
ping and products. However, salinization of the soil due to the rise of temperature is not
taken into account.

The conclusion of this research is that not only for the benefit of ecology, health, and
safety a landscape driven approach is preferred, but that it also gives a new economic
perspective for a society in decline. The city of Groningen is not shrinking, however, large
parts of the rural surroundings are. The spatial plan presented in this article estimates 20%
of the current productive landscape is needed to grow all the food required for the future
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population in the study area. This implies that the rest of the landscape can be transformed
and regenerated as wetland and ecological reserves. This ensures it may be beneficial to
transgress the current status of stand still. Not moving forward is in essence moving back-
ward. The resilience cycle is already showing that growth and decline will lead to regen-
erated and higher levels of resilience and strength of the system [82]. As humanity, we
need to continue applying this wisdom.
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