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1.  Introduction

The Groningen province is gathering ideas on spatial adaptations for climate proofing the province.
Such ideas on spatial adaptations for climate change have been produced and collected during a
number of workshops in which experts on (e.g.) energy, ecology, water, agriculture and the climate
shared their vision on how to make Groningen ready for climate change. Two kinds of workshop ses-
sions were organized to define a coherent set of adaptation measures. Sector-specific workshops
focused on generating solutions for problems in a specific domain (e.g. nature or energy), while more
general sessions almed to establish integrated visions for climate change adaptlon in Gronmgen
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The general sessions started according to the backcasting method (Robinson, 1982). In the first ses-
sion the participants created two visions of a climate-change adapted Groningen in the year 2100
taking into account different sea-level rise scenarios. The visions were visualized with clay on a map. In
a second session, the same participants decided which policies were necessary to establish this vision
and a thlrd vision was created. This implementation-oriented session also enabled the groups to rethink
S he,end, three visualizations of a climate change proof Groningen were pro-
Slires were proposed (Van ‘t Klooster et al., 2008).
e integration of the results of all preceding sessions. This
daptation scenarios for climate proofing Groningen were ex-
ed adaptation measures was studied. Robustness was defined

Dle contexts.




2. Methods

The integration of the many differing ideas on climate adaptation encountered several challenges.
These were:
An overview had to be established over a large number of essentially differing ideas;
Many ideas on climate adaptation, varying in nature, form and message, had to be converted
into exchangeable and comparable information units; furthermore

The goals and choices for a climate proof Groningen had to be shown and explained to partici-
pants- while




Selected measures

p—

Combine

Locate

ptation measures. The spatial implications of integrated
re compared with the spatial implications of the scenarios
expert of Groningen province assessed this step. By
ific adaptation measures and the different backcast-
ach gridcell (as created in the previously executed
gridcell was then scored. These conflict gravity
wmmed conflict gravity estimates give an
ific adaptation measures
yproximation of the robust-




to solving problems in the clear areas. The participants were allowed to reflect on the integrated adap-
tation measures in greater extent after the session.

In the session a so-called touch table has been used to stimulate participation. Using such technology
made it possible for participants to directly draw, type and present ideas and solutions. Their input was
used for some changes to the backcasting scenarios. Elements of these backcasting scenarios com-
bined with the sector-specific adaptation measures were finally used in two scenarios of a climate proof
Groningen.

The changes and final products made during the integration process are detailed in the next chapter.
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Using a GIS allowed for sharing and viewing a wide array of spatial information. Furthermore,
GIS facilitated easy comparison and editing of information, while allowing for reversal of changes
and additions.

The touch technology makes it enables immersion of bystanders in the activities on the screen.
With touch interaction, bystanders can relate between the movement of a person generating
input, and changes on the screen. When one participant zooms in, bystanders will see the per-
son swiping the screen instead of clicking a mouse button. The bystanders can than intuitively
relate the swipe movement of a participant to the map on the table zooming in.




3. Integrating sector-specific adaptation measures

As described in the previous chapter, a number of steps were taken to find possibly robust adaptation
measures and to create scenarios of a climate proof Groningen. In the next paragraphs, the changes

overview of available adaptation measures. The sector-spe-
adaptation measures for the long-term spatial layout of
ere compared by the claim of land they implicated: both in
essary for the adaptation measure. The adaptation meas-
the internal consistence between sector-specific adaptation
t all spatially explicit adaptation measures specific for one
ions for other sectors could be left out of the sector-spe-

irst analyzed (see Table 1). Some adapta-
sssary land (e.g. the nature maps); other
alprotection); yet others provided
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Figure 6: selection of combined coast defense measures (left: source; right: final)




3.2. Definition

The water supply measures lacked clear definition and localization. The energy supply measures mostly
needed more accurate localization. The ideas in the water supply and energy supply themes were
found likely to be coexistent or interdependent. Therefore, an early integration of the water supply and

energy supply themes seemed a logical step. A workshop with an expert in water supply and an expert
in energy supply was organized to 1) more accurately define and situate and 2) combine and find syn-
ergy between the adaptation measures of these sectors. Furthermore, the collaborative session could
functions as a test for collaborative sessions using a tangible table.




The energy supply theme used ideas from a previous study on sustainable decentralized energy pro-
duction and showed socio—economic opportunities from that energy production. These showed bands
and circles for areas that are specifically suitable for certain types of energy production or land use. The
participative session was used to better define possible locations for energy production, employment,
tourism, and living (see Figure 7). The Eems river water supply designated in the workshop was desig-
nated ity for y production.
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L. Testing integrated sector-specific adaptation measures in scenarios

The last steps of the integration process were 1) comparing the integrated sector-specific adaptation
measures with the backcasting scenarios to test for robustness and 2) creating consistent scenarios.
The amount of conflicts per gridcell has been estimated for each combination of the map of integrated
adaptation measures and the backcasting scenarios by an expert. Key problems to be solved in a par-
ticipatory session were designated beforehand as well.

L.1. Combination of sector-specific adaptation measures and backcasting scen

The next paragraphs will prese , ag scenario; 2) the z

Ne. Oh RE DACK




Natural heightening N

S ciy
[ lauperdike it

[ Multifunctional dike
Highway at height

Rail at height

I Inundation paints
Eemscanal water storage
- Fainwater discharge
E=E) Ecological living
-Inundatiun zone

Agriculture

0 10 20 40 Kilometers
I T N O I

Figure 12: Natural heightening scenario
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The participants proposed that the Eems lake waters and the Eems canal stay separated. The canal will
then function as a passage for boats. Alongside that passage a reef will be created that holds a road
and housing. The lake itself will be divided into compartments and the bottom will be excavated below
the (managed) soil water height. That should warrant that the lake will not run dry. Rainwater will add
to the water in the compartments - the amount of rainwater is expected to grow in the future. Every
compartment will be assigned a target area for supplying water (see Figure 14). Amongst these target
areas are agricultural areas where energy crops are grown, the city of Groningen, the Eems seaport
and the so-called Peat Colonies.
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Problem 2: Inundation of the Dollard-area

The second key problem dealt with the zone that will be heightened by sea water deposition according
to the backcasting scenario. This entire zone, south of the Eems lake, is designated to be flooded in
the backcasting scenario, while it is supposed to function as a surplus water storage buffer according to
the sector-specific adaptation measures. If the land rises because of the flooding strategy, there will be

ake water supply is big enough to make the provincial water
petween (salt water) flooded areas and the Eems lake fresh-
g of freshwater and salt water. The flooded areas become
] from flooding. But which area should be flooded first? The
oningen city, to warrant the safety of that area first. The
an important question. According to the participants, three
The city might 1) be flooded and heightened naturally like
it might 3) be shielded from water.

gasure a good-functioning long-term strategy. In
ded because the heightened soil will gain
e a relatively high soil water
ent will flood the land-
e in the area, and a
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Figure 16: Something above Groningen scenario
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Problem 3: Forward Wadden Sea

The Wadden Sea is a “large temperate, relatively flat coastal wetland environment, formed by the
intricate interactions between physical and biological factors that have given rise to a multitude of
transitional habitats with tidal channels, sandy shoals, sea-grass meadows, mussel beds, sandbars,
mudflats, salt marshes, estuaries, beaches and dunes.” (UNESCO, 2009). The third key problem dealt

with the idea of using the current Wadden Sea area as a protective buffer for flooding. This idea pro-
posed to create a new Wadden Sea and to turn the current Wadden Sea into a freshwater supply.
The new Wadden would have to be made by first creating new islands and wetlands ‘in front” of the
current Wadden isles and then interconnecting the current Wadden isles with a line of dunes The
questions asked were: what would this idea look like in more detail, and how can this

idea be brought a bit closer to realization?




thing has to be done north of Groningen in case of rapid sea level rise. In such a scenario the Wadden
Sea will disappear, the coast is threatened and the Wadden islands become very vulnerable. Doing

nothing is not an option in that scenario.

key problem 3 window
=) strengthened protection Eemshaven and Delfzijl

nDike Zone

VWadden protective measures

goals and interests seem
tation measures are




pants thought that a shipping route across the North pole will become increasingly popular for recrea-
tional boating and cruises. Delfzijl can use this new northern passage to transform from a small town

on the banks of the Eems into an important stop for cruises. For this transformation Delfzijl will have to
undergo massive changes (see Figure 19). The participants envisioned Delfzijl as an Ushuaia of the
Northern hemisphere. Large parts of Delfzijl will have to be demolished. The Delfzijl industry will have
to be moved towards the Eems Harbour and replaced with an “alluring urban area’ around the cruise
harbor. A city bay will be developed with world class facilities for nightlife, culture, leisure and shop-
ping. New Delfzijl will be powered by sustainable energy extracted from overproduction in the Eems port
(both warmth and electricity).
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current Waddenzee - with sandbanks, wetlands, plates that fall dry at low tides and dunes (see Figure
20).
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1. When a nation is responsible for providing safety to the landowners’ properties, only the nations’
bankruptcy might lead to surrendering land.

2. If the nation’s power to implement technical measures is severely restricted by funding, it might de-
cide to only improve the protection of the main urban areas in the country. This would leave inhabitants
of Groningen with the choice to leave or live with flood risks.

3. The easi e, appl policy that gives up the country is doing nothing and waiting for a flood. It
i eptithepeffects of flooded land and take adaptive measures from that point

d land scenario introduces (amongst many) two important

o with choosing between surrendering the land or investing

d. The other political problem is of a communicative nature. If
'be surrendered to the sea, then what are the psychological

o0 to morale? Who will have to tell it to the people? Lastly, in
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Problem 6: Seawater in the Peat Colonies

The sixth key problem dealt with the Peat Colonies area. Most of this area will be flooded according to
the backcasting scenario. However, the integrated adaptation measures have designated the production
of energy crops to that area. This conflicts. Questions asked were: will the energy crops have to move

to the south? Can energy be won in another way if the Peat Colonies are flooded? If so, how and
where?

The participants felt that when seawater would flood the Peat Colonies, that landscape can put the
flooding to good use. They designed a landscape that would use the seawater-floods in a sustainable
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In the different compartments fish, shrimps and algae can be bred. The fish and shrimp can be used
as food for inhabitants of the region. The algae can produce proteins, fertilizer and biodiesel. When the
sediment will be deposited in the compartments and mix with the contents of the compartments. When
the compartments are filled to the brim by this deposition, the compartments can be excavated and
the sediment can be used to produce glazed bricks. The bricks can be baked in ovens fueled by the
e. These bricks can again be used for housing in the region. When the
tion of fish, shrimps and algae can restart.




L.2. Results

In the last part of the process, the integrated sector-specific adaptation strategies were tested for
robustness and as a conclusion two climate proof scenarios for Groningen were developed from the
analyzed material.

L.2.1. Testing for robustness

Preliminary to the workshop an assessment of conflict gravity has been done by a Groningen pro-




For other areas in the province sector-specific adaptation measures have been integrated and climate
scenario specific solutions have been created in the participative session. The Groningen province has
proposed to let these adaptation measures and solutions be adopted by area specific studies that were
done during the hotspot Groningen process (e.g. studies for the Eems Estuary, Peat Colonies and
Wadden Sea). Furthermore the sector- speC|f|c adaptation measures and scenario-specific solutlons

Fobust (scores 3to &)
W Presumably robust (scoresBto 7)
B Fobustness uncertain (scores 8 to 9)
I Mot robust (scores 10 to 12)




L.2.2.Creating climate proof scenarios

The previously integrated sector-specific adaptation measures have been combined with the solutions
to six key problems that were proposed in the participative session. This combination has led to two
fundamentally differing scenarios. Both scenarios assume substantial effects of climate change that
require drastic measures.

The first scenario (‘sustain’, see Figure 25) sketches a situation where Groningen will defend itself
fiercely against the effects of climate change, even with an increasingly rapidly rising sea level. In
th|s scenario the Wadden system will be sustained by supplementlng it with sand and_i i
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The second scenario (‘give up’, see Figure 26) sketches a situation where fighting against the grow-
ing sea levels is to no avail, and most of the province floods. In that case the most precious functions
of the province should be safeguarded. Residential areas, commercial zones and others functions might
relocate to places that are safe from the sea (i.e. all area higher than 5 meters above current sea
level). Other, less footloose functions should be made robust enough to withstand the sea (e.g. the

Eems Harbour and the Delfzijl industrial zone).

The land that is lower than 5 meter above current sea level will change into a new Wadden system,
where new islands, rows of dunes and periodically flooded sandbanks will develop. This new Wadden
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5. Conclusions

The hotspot Groningen process finally led to a large number of maps of adaptation measures for a
climate proof Groningen. Some maps showed thoroughly defined adaptation measures, realizable in a
short term. Other maps showed roughly sketched long term adaptation strategies. The integrative part
of the process integrated these maps with two goals. First, the process meant to explore integral ad-
aptation scenarios for climate proofing Groningen. Second, the process meant to find which adaptation
measures are robust, i.e. measures that are applicable in all foreseeable contexts. In this chapter some
conclusions on the results will be drawn, followed by some reflection on the methodology. To do this
sector-specific adaptation measures had to be integrated into one map of adaptations#




rise. The scenarios are based on different ways to adapt to these risks. In one scenario all of the prov-
ince can be saved from the sea (the ‘sustain’ scenario) while in the other scenario most of the prov-
ince will have to be surrendered (the ‘give up’ scenario). Some opportunities and threats are evident
from these scenarios.

The resulti i e that climate change and the likely decline of hydrocarbon fuel avail-
agriculture in Groningen. A first opportunity comes from climate
the province will probably lose freshwater supplies. Espe-
al areas will turn salt. This makes innovative farming that uses
rops and algae) necessary in some parts of the province. A
e energy sources. Energy crops and wind energy can likely
yurces of income in the future.

solutions created for scenarios shows that the climate prob-
est areas of the province. The sector-specific adaptation
nction as water supply areas in dry times and as surplus
er sea level rise, the current protection will not be enough
ill have to be heightened, or they will flood.

nd producing innovative concepts
sea level were thought
drawn on many maps.
only be reached when
ion or situations. The
hand hard to combine




tions between adaptation measures and land uses that are impossible, while on the other hand it might
fail to tackle unwanted interactions. Such mismatches are possible because the spatial properties of
accepted adaptation measures were uncoupled from the proposed functioning of these measures. This
essentially spatial comparison does not allow for testing functional consistency between adaptation
measures and land uses. Only the participants in the process were able to reflect on how land uses

and proposed adaptation measures would interact (based on their expertise). More advanced modeling
might be possible, where the dependencies and impossibilities between different map elements are
made explicit. However, this makes it necessary to define the relations between all provided elements
- a difficult task, that did not fit the explorative nature of the process.
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