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Preface

From November 26until 28" a conferencavas holdin Oostende, Belgium about the effects of sea

f SOSt NAAS YR &dzaARSYOS® hdzNJ aGdzRSy i NBa NI K
al Yy 3SYySyidQ oL/ %a0v KlFa 6SSy FalSR (G2 NBLINBaSyil
Larenstein by giving a pgentation about the students view on sea level rise and subsidence in
GroningenThe preparation for the conference and the presentation itself were also part of the
Y2RdzE'S | Y¥%HH GLYGS3INFYGSR /2FaGFf %2y S aanyl 3SYSy
integrated management plan. The tomitthe management plan was sefith the conference; after

the conference it was decided, however, to focus on one municipality in Groningen and not on the
SYGANS LINRZAYOS® ¢KS 2 @$mddiring thieadope Of thé jnddillle itf SASt  NXA
turned out that sea level rise is by far not the only problem in the chosen area and we were faced

with the difficulty that a truly integrated management plaannot just focus on one issuehdrefore

it was chosend broaden the focus to some extent so that the management plan can tackle a wider

range of problers and their associated impacts.
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Summary

Climate change reoccursore or less every 10.000 yearsdirr NIi K Q ATheikehavé dwdyes been

glacial periods that were followed by interglacial times. The most noticeable impbclisnate

changeare on the coastal area%his project focuses on the impacts of sea level rise as one of the
consequences ofiiohate changdor the Municipality of Oldambt and to create an adequate

management plan for its coastal area. Oldambt consists of a relatively sparsely populated area which
is characterized by its large agricultural community. Currently a worst case scpngdcts an

increase of 130 cm in water level for the year 2100, resulting in an increased chance of dyke breaches
from 1 in 4000 years to 1 in 100 years.

The aim is to develop an integrated management plan for a coastal area within the province of

Gronhgen, the municipality of Oldambt is regarded as a suitable study area considering the

possibilities to adapt to climate change while integrating the safety aspect with the ecological and
socieeconomic aspects in the ardaplementing coastal managemeint this area requires an

AYGSANF SR | LILINE kG K @KAIQHR (GNSTaloS aF 23 AdgkoBomi | FSG e =
aspects of the region. This is done by performing research in three phases; the Definition phase in

which the problem has been assed, the Decision/Planning phase in which approaches have been

chosen for the implementation of management, and the actual Management phase in which a vision

on the region has been made concrete.

The definition phase has been performed through applyireggDPSIR for climate change as a global

AaadzsS FyR I ASLINFXYGS WKdzYly | OGA@AGE oFaSRQ 5t {L
global driver is climate change which results in the pressure which is the melting of the ice sheets and
glaciers the resulting state of this is sea level rise. The impacts of sea level rise are: An increased

flood risk, problems with discharging water, a loss of biodiversity, erosion of the coasalandter

intrusion. The necessary response for this is an iratgl climate adaptation strategy. The

adaptation strategy took form by looking at safety, ecology and economy separately whilst keeping

the integration of these aspects in mind. The definition phase concluded that the following objectives

were necessarydt create an integrated management plan:

1. The safety of the inhabitants has to be guaranteed.
2. The environmental quality has to be improved
3. Economic opportunities have to be created.

For safety the protection standard of the coastal defences should at leastaintained to the

current standard of a chance of a breach every 1 in 4000 years. Also the municipality should be able
to adequately discharge excess water. For the ecological aspect of the area the drowning salt
marshes should be prevented, the declinebiodiversity should be stopped and a way to cope with

salt water intrusion should be found. And in regards to the secimnomic aspect the agricultural
grounds and livestock should be protected from harm caused by flooding and/or salt water intrusion.
Also Resident homes, businesses, settlements and infrastructure should be protected from an
inability to discharge water channel and river based water, if these properties are flooded the loss of
investment and the probable depopulation of the area willgathe economic situation of Oldambt

to be impacted negatively. For all the aspects in the area, current policy should be taken into account
as much as possible.



In order to take into account all aspects described in the definition phase for the creation of an
integrated management plan, the planning phase concluded that three planning approaches were
necessary: The Ecosystem based planning approach, the Adaltiveng approach and the
Consensual planning approach. These planning approaches together ensure that the resulting
management approach &istainablethat the goals are measurablthat decisionmaking relies on
comprehensive researchat it is recogrzed that ecosystems are complaX, aspects are
interconnected and dynamid, seeshumansas apart of the ecosystem, anithat the management
approaches are adaptabte changing environmentand accountablelt also ensures good
cooperative relationship with all stakeholders involved in the region.

The management phase resulted into the assessment of implementation strategies for several
coastal defence strategies designed through ecosystem based management, risk and hazard
management and community bageénanagement. Seven conventional strategies are known and
three of these were assessed to be the best option for the area. These three strategies included a:

1 Landwards strategy with Storm surge wash over and sleepers dyke
1 Landwards strategy, Storm surggsh over the first sleeper dyke and 2 sleeper sea dyke
1 Increase salt marches landwards and make sleeper dyke sea dyke

For the implementation of these strategies four phases have been developed in a time frame starting
in 2013 and running until 2035:

Implementation phase Awareness rising: 20132018
¢tKS 2@SNIftf 321Kt 2F GKS a! g NBySaa NARaAyIE LIKI &S
Oldambt aware of the problems that will come along with the rising sea.level

Implementation Phase 2Vorking Goup Safety/Nature: 20182022

@The safety of the inhabitants has to be guarant®ed¢ ¢ KS | kmpgrové safety &f refdensh (0 &
that live directly at sea and secondly to improve safety of residents that live in the hinterlands of
Oldambt.

GThe envionmental quality has to be improvéd® ¢ K'S  |-faldl Firktli to inedvastise water
guality and biodiversitpf the Dollard secondly to counteract salt water intrusion in the hinterland,
and thirdly to allowing natural sediment sup@t/the coast

Implementation Phase 2Vorking Group Sockeconomic 20182022

The overall goal is to decrease the unemployment and stimulate sustainable local economy. This
includes the improvement of professional education, to attract young people and to improve the
future chances of agriculture.

Implementation Phase 3: Decision 20222023
In this phase of the implementation all working groups will come together, present their findings and
make a final decision about the plans astthtegies to be implemented.



Implementation phase 4 Implementing plan 2024 2035
The finaimplementation phase will be thactualimplementation of the chosen strategies and plans.

During the phases as well as after the implementation evaluation has to take place. Several

evaluation methods developed by the SUSTAIN partnership should beAusetfassessment tool

OF ff SR-fowbs&A &1/ Sy 0Aft AGeQ o0l aSR 2y -absgssmeypitRosgblei 2 NJ a S
for the municipality. A second evaluation method used is a participation method in which
participants/stakeholders can give thaicores on several parameters. The third and final evaluation

method used is monitoring. Through monitoring situation changes can be assessed and if necessary

policy can be adapted to fit the new situation better.

The definition phase, planning phase angliementation phase made it possible to develop an
integrated management plan which takes into account all aspects of the area and wishes of
stakeholders while also addressing the issue of climate change.
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1 Introduction

Climate change reoccu¥62 NE 2 NJ f Sda S@SNE wmThenerhave @vayskd@n Ay 9| |

glacial periods that were followed by interglacial times. In that respect the current global
temperature increase could be seen as just the next interglacial. However, the human emitted
greenhouse gases speed up the process consie withvarious possibleconsequences. The

predicted increase of temperature ranges from 1,1°C to 6,4°C taking 1990 as a baseline
[Bessembinder, 2012]. The most noticeable impacts on the temperature rise are on the coastal areas
due to several factoras summarized by the Intergovernmental Panel on Climate CKi&©€jo be

found in Atachment | (Table I) [IPCC, 2012].

This project focuses on the impacts of sea level rise as one of the consequences of climate change.
The cause for the increased seadei¢ twofold: the melting of land ice (glaciers and ice sheets) and
the expansion of salt water due to global warming [KNMI, 2012]. Both the total amount of water in
the oceans and the volume of the oceans” water increases [Katsman, 2008jrddts of sea level

rise differs between continents, countries and even between regions in the same country. Therefore
also the scale of impacts will vary. There,&ai@vever, somegeneraleffects on coastal systems

induced by an increased sea level; this refermtweased inundation, floodingnd storms; increased
erosion & model by Bruun [IPCC, 2012] suggests a shoreline retreat of 50 to 200 times the rise in
relative sea level); increased salinization due to a higher seepage flux; rising water tables and
hampeed drainage; and wetland change and/or loss [Staveren & Velstra, 2011][IPCC, 2012].

The Netherlands, already situated for a great part under the current sea level , will most likely be one
of the countries most affected by a rise of the sea level duditioate changeThe Royal Netherlands
Meteorological Institute has stated different scenarios for the climate in the Netherlands for 2050
and 2100. The expectations for changes in climate relate to changes in temperature, precipitation,
sea level rise andind patterns. According to the most likely scenarios ghabaltemperature in the

world is increasing at a fast rate, the intensity of rain showers are likely to increasthe coastal

area, the institute expects a combination of periods of drouglerspersed wih short but heavy

rain showerdKNMI, 2009]Generally speaking climate change means warmer and dryer summers
andwetter winters [Staveren & Velstr2012]. There are different predictions on the actual sea level
rise for the Netherlands, for the study at hand it is chosen to handle the predictions till 2100 made by
KNMI (85cm) and the Delta Committee (120cm) [KNMI, 2009]. The study is carried thet for

province Groningen in the NetherlandSroningen is the most NortRasterly province of the
Netherlands. The same climate scenarios as for the Netherlands are, generally speaking, also
applicable for Groningen. There is however an additional factoirituting to sea level rise in
Groningen: Subsidence induced by gas mining. In the centre of the subsiding area (nearby
Loppersum) the ground level has decreased with 30 cm (last measured in 2008) since the gas mining
began in 1963. The Dutch gas prodactcompany NAMNederlandse Aardolie Maatschappij

estimates the subsidence to be about 47cm until 20@6Mmissie bodemdaling?2012]. The

subsidence in Groningen has influence on the absolute sea level rise in the area. The Delta
committee assumes arbaolute sea level rise of 130 cm for the Netherlands in 2100, taking the
effects of subsidence into account [Deltacommissie, 2008].



Data coming from the KNMI show that in the Netherlands the average temperature, precipitation
and the sea level increaseihse the beginning of the 2&century Provincie Groningen, 2011]. The
province of Groningen recognized the fact that the climathandngand that this will have féects

on the province itselffrovincie Groningen, 2011]. The province states thaitt&/ to anticipate on
climate change but does not see the urgency for substantial adjustments until 2015. The province
wants to take adaption to climate change into account whew developments are planned
[Provincie Groningen, 2011]. In Groningen, thieak of adaption to climate change will have effects
on the planning of the sea defence structure, theanagement of wateresources , the agriculture
sector, thenaturalenvironment but also on infrastructure and the tourism sector.

The province givegriority to regional, areaspecific approaches. In the documeftDNB y A y ASy 2 LJ
1TEAYEFIFG12SNRE F2dzNJ LihNgcimstk dddption MBtegProwinbl&SGrdrRiBgEM Y SR F 2
2011]. These are Eemsdelta, Veenkolonién, Lauwersmeer and Gro#isgenThese regions are

mentioned in the provincial spatial plan (Provinciaal Omgevingsplan) as regions with development
challenges and that the role of the province should be the one of the develBpevincie

Groningen, 2011].

The municipality of Oldambt &region which is not mentioned as a priority when it comes to climate
adaption. Howeveh y 0KS @AaAz2ylNBE R20dzyS¢yid WhydgA11StAy3
' LILIAY3ISYREFEYus5StFli Ac2ftQ GKS O21 &Gt RSTSyOS 1T2yS A
G bl 0 @&NIAT | A[Viiek 2008 with opportunities to combine the defence functions of the

coast with nature targets and economic stimulation of the regi&nfar there are no integrated

plans that cosider those different aspectdt is expected thameasures to adapt to climate change

will only find support among the citizens when these measures are connected with the daily

problems in the area [Provincie Groningen, 2011].

As the aim is to develop an integrated management plan for a coastal area tighprovince of
Groningen, the municipality of Oldambt is regarded as a suitable study area considering the
possibilities to adapt to climate change while integrating the safety aspect with the ecological and
economic aspects in the area.

Main guestion
Theassociated main question is:

oHow can the municipality of Oldambt manage the challenges of sea level rise in the area taking into
F O02dzyit GKS FaLlSOoGa 2F alFStexz ylFiadz2NB FyR S02y2Y

Research questions
Themain question is divided in sub questions:
1. What is the issue in the municipality Oldambt with regard to sea level rise?
2. Which planning approaches are suitable in the municipality Oldambt with respect to safety,
nature and economy, and why?
3. Which management approach or mix of approachesrfgglementation would have the
most benefits for safety, ecology and economy?




2 Methods

The questions are according to the three phases presented in the introduction of the module
Integrated Coastal Zone Management: definition phase, decision phase alairigrgation phase.

Definition phase

The first sub question falls in the definition phase. In the study at hand it is chosen to focus on the
driver climate change as described in the introduction. Next to climate change there are other drivers
identified @ncerning the aspectsatureand economy.

¢KS AaadzsSa LXFeAy3a I NRtS Ay h-PréssudStaielmpaciNE | y | f & 3
wSalLl2yasS @ORSIRNradgeddkhssed by the European Environment Age(EEA[EEA,
2007]Figure }.

The anthropic activities and processes that cause pressures antliwnment in this coastal area

are coming from the humans primary and secondary ne€tlsse can be primary needs for shelter,

food and water or secondary needs like the need for mobiéityertainment and culture [Kristensen,
2004]. The drivers lead to human activities in order to meetdbmandsof the society. Pressures on

the environment can be classified as excessive use of resources, changes in land use and emissions to
air, wakr and soil [Kristensen, 200@,2]. The state of the environment can be seen as the result of

the pressures in the area. This is a combination of the physical, chemical and biological conditions
due to the affection by the human activities carried out in #rea [Kristensen, 2004]. The changes in

the environment due to the pressures may have impact on the quality of the area. These impacts can
affect the ecosystem, the lifssupporting abilities, human health and the economic and social
performanceof sociey [Kristensen, 2004.3]. The response to the undesired impacts can be related

to any part of the chain between driving forces and impacts. Responses can vary between changes in
policy or regulation to responsed society [Kristensen, 200@,2 The alrealy existing responses are
outlinedin the definition phaseThe analysis of the issues in Oldambt according to the BfaStRI

can be found in chapter 4.
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Figurel: The DPSHmodel [Kristensen, 2004]



Decision phase
Subquestion two falls into the decision phase and is concerned with the planning approaches. For

GKS OK2AO0S 2F LXIFYyyAy3 | LIINRBIOKSas GKS 062271 a/ 21
Alder is used to identify the most suitable planning approaches.pldmning approaches are chosen

so that the issuebnked to the different aspects of safety, ecology and econamgytaken into

account The decisiophase is outlined in chapter 5.

Implemertation phase/ management phase:

The implementation phase usé§t y I ASYSy d | LILINBIF OKSa O2YAy3 FTNRY
FYR YIylFaSYSyi(¢ ¢ [R00y.TI&y¢hoidcedor thd néamageménRappaidaches is

based on the findings from the definition and the decision phase. The implementation phase

describes theesponsdo the problems playing a role in Oldamdmd istranslated irio an action

plan.




3 Study Area

Oldambt is a new municipality. On the first of January

2010, the three municipalities Winschoten, Scheemda a

Reiderlandused into the municipality of Oldambt. Back ; .

then the municipality counted 39.000 inhabitants. l ,

The municipality oOldambt(Figure 2, Table)1s

traditionally characterized by a large agricultuaata, the

Wadden area, a wide polder landscape vwdtbeperdykes Figure 2: Municipality of Oldambt [Wikimedia,
anda few farms in every path of poldeMonumental 2012]

farms and open agricultural hinterland form the major

quality of the areaGemeente Oldambt2012).

Municipality Total Water Semi- Roads Forest Agricultural Recreation area
area km?in  builtin inkm?*> and area in knt in kn?
(incl. km? nature
water) in km?
in knm?
Oldambt 296,4 61,6 14,3 7,1 16,4 194,1 2,8

Tablel: Land & water area percentages in Oldanj@ldambt, 2012°]

¢tKS 2fR QGAttlFI3aSa CAYyaldSNp2t RS> . SSNIIF>X aARg2tRI

made landscape where nature, living and recreation are intended to be combined. Winschoten is the
economic motor of the region. Nearby Westwland Heiligerlee arforest and nature landscapes.
Oldambt has 15 core settlements and a number of smaller hamlets. In comparison to other
municipalities with comparable numbers of inhabitants, Oldambt is a sparsely populated municipality
with 1,3 peopé per hectare (compared to 3,6 people per hectaréhe rest ofGroningen. If the
management is not changed order to counteract the decrease of inhabitants the expectations are
that 35.200 people will live in Oldambt by 2025 [Gemeente Oldambt, 3012

The vision of the municipality describes Oldambt as a municipality for people, culture, landscape and
history. The history of Oldambt formed the people who are living there. The settlers came from
Germany and from the South. Monastery villag@sed the landscapénto fertile agricultural

ground. Lateon, trade caused the first division in rich and poor people. People had to defend their
land against the influences of the sea. The dominance of the city Groningen was very strong and
there was only litek land given to smaller setimployees which lead to a distrust in the

governmental forces. Nowadays people do not think very positive about Oldambt which results in
the underestimation in the own forces of the people living in Oldambt [Gemeente Oldaoii].2

The culture is described as a culture of survival. The people are practical thinking, conservative but
also open for new cultural elements [Gemeente Oldambt, 2012]. New developments are seen critical
initially but the people try to make the best ¢fdnce the developments are set in place. They,
however, want to know what is in for them when new developments are presented [Gemeente
Oldambt, 2012].



4 Definition Phase

In order to define the problem of sea level rise in the municipality of OldambD®®IR model
(DriversPressuresStatelmpactResponse) was chosen as a tool. This framework is widely adopted
by the European Environment Agency [Kristensen, 2004].

Using the DPSHodel

Thedrivingforce is the global climate change and not as in othedets specifically a human

activity. However, climate change itselfiartly driven by population, consumption, transportation,
industry and other drivers. The pressure stresses the natural environment. Due to global warming,
the land ice and glaciers ni@vhich leads to sea level rise. Sea level rise is the state of the natural
environment.An increased risks of floodings in the coastal area, caused by sea level rise, have
conseqguences othe environment,on the safety of the inhabitantandon the econont activitiesin

the region. These are impacts which rise from the changes of the state of the environment. Salt
water intrusion for example as an impact s@a level riséaas influence on the driver agriculture and
safety in Oldambt.

[ Recnonca: |
Response:
Inéﬁ%rgfg d , Global Driver
adaption Climate
' strategy change

Compenswqate \ Eliminates,
reduce,
£ prevents
Impacts:
Increasing flood risk
Changed weather patterns

Problems with discharging Pressures:
water Melting of ice
Biodiversity loss . sheets and
Restorate, influence glaciers

Erosion
Salt water intrusion \

v

~ State:
Sea level rise

Figure3: DPSIR model for climate change

Impacts of importance of sea level rigg Dldambt are the increased risk of flooding, difficulties with
the discharge of the water from the hinterland into the Wadden Sea and salt water intruBidhe
model for Oldambt, the drivers ateuman primary and secondangeds that lead to human

adivities. The pressures are changes in the environment due to human activities. This leads to a state

which describes the condition of the natural environment. Thangingstate of sea level riseauses
impacts on the environment and on the human syst@rable 2)



Related to Driver Pressure State Impact Current
climate Response
change and
sea level rise
Safety
Protect people| Building Sea level rise | Hazards from | Surveillance of
and hinterland| coastal flooding dykes,
defence increases Consolidate
dykes
Necessity to | Building dykes | Parts of dykes| Increased risk | Emergency and
uphold the weirsand locks| do not meet | of dyke evacuation
safety the safety breach, plans
standards standard of | LIS 2 LI $Q
1/4000 endangeked,
economic loss
in case of dyke
breach
Necessity to | Increase of Increasing Increased risk | Water storage
drain heavy rain water of flooding of | areas,
hinterland showers, nuisance, the land restoration of
especially in pumps have natural
the winter limited streams,
capacity emergency
plans, heighten
quays
Ecology
Climate Sea level rise | Higher speed | Sand banks Project
change of tidal and salt ¢ 52fdalkt N
currents, marshes marshes
Changing inundated
morphology | more often
receding Less primary
coastal line production,
loss of
biodiversity,
lessspace for
breeding birds
Climate Higher sepage | Salt water Shift in No current
change flux intrusion vegetation and| response
fauna
Economy
Demand of Ground water | Higher Salt water Flushing
fresh water for| extraction seepage flux | intrusion, less | polders with
inhabitants crops fresh water,
and restrictions on
agriculture, irrigation
especially in
summers
Climate Sea level rise | Increased risk | Economic loss| Consolidate
change of flooding in case of dyke
flooding constructions

Figure2: DPSIR model for Oldambt
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4.1 Safety
When it comes to sea level rise and its effectafety of the hinterland is maybe one of the major
issues. Without safety in the region all aspects that are human related will suffer severely.

Driver

The safety of the inhabitants in the area has to be guaranteed. The protection against the water and
risk of flooding is a prerequisite for the people to live and work there. Safety is also a prerequisite for
economic activities (agriculture, tourism) in the area. Therefosasures taken fondaptation to

climate changeeed to include safety aspect€imate changgoses challergs by a rising sea level

and from rising rivers by the increased rainfall. The combination will make the drainage of the rivers

extra difficult.

Pressure

In order to protect the people and the land against the sea, dykes welte Dhese activities

protected the people and the land against the sea. With sea level rise the hazards from flooding
increases, which is for the safety aspect the main pressure. The hazards come from the sea side
when a severe storm occurs. To dischargaewnsurplus, lockand weirswere built toregulate the
dischargeof the water.As a consequence of climate change, the intensity of rain showers are likely
to increaseThe discharge of the surplus of rainwater, especially in the winter period, willdoe
difficult with a rising sea level.

State

The sea dyke between the polder and the Dollard is part of the dyiend Gramingen and Friesland
(Ringdijk6) which is brought up to Delta heighith achance of breacbfl in 4000 years this area
Thecoastal defences in the area are of great importance to the safety for both inhabitants as well as
ecological/economic values in the hinterlariche primarydykein the CarelCoenraadpolder which

lies in the projed @ea, does not meet the standard of4D00 anymorgFigure 4)The dyke has a

hard/ soft structure on the landside being covered by grass and a hard structure on the seaside
made out of basalt.

Figure4: Dykesthat do not meet the Delta standardh the EmsDollard [DeltaprogrammaWaddenzee, 2013]

On the landside the polders are bordered with the old dykes also called the sleepers dykes. These
dykes are lower than the Delta dykes and covered with gaissound
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defence zones are divided up into four different types as shiowkigures. The Natural coastal zone
(blue) is situated to the east of Delfzijl and borders the Dollahe visionary document states that
the focus in this area should lie on nature development [Vliet, 2009

Another growing concern with the impending sea level rise is the discharge of Wéthrrising sea
level it gets more difficult to discharge theater into the sea. In the last few years, the frequency
that the area had to cope with water nuisance increasetl I G SNE OK I LJ | dzyih& Sy

coming from the Rhine delta and flowing up north towards the Wadden Sea. The municipality of

F'E Q3
need of water discharge is especially necessary in case of major rainfall and melting water discharge

Oldambt is situated within the water discharge areaf@ Y I Ay aiNBI Y WwovYaQ |yR
WhSRENBSY&aQd ¢KS bSRSNBSYE 2RAGSONK . B NR NRdey 1A | G/2RY

the Water Board Noorderzijlvestvo bodies of the surveying board of tloyke For the Municipality

of Oldambt the controihg body is the Waterschap Hunze and Aa [Rijksoverheid, ZDd2pumps

are having a limited capacity to drain the hinterla@dambt barely averted a high water disaster in
1998. In two weeks the water in Northern Netherlands rose to extreme heightsmgdecause of

the flooding of two polder areas other areas could be protected. After 1998 the Water Board Hunze
FYR 11 Q&4 YIRS aSOSNrf STF2NIa G2 AYLINRGS GKS
[WaterschapHunze en Aa's, 2012]. As shoin figure6 all water outlets for Oldambt go through the
Fiemel pumping station (E) and the sluice at Nieuwe Statenzijl (B).

TN

varsteden hustions

yr=

Figure 5 Coastal defence zones [Vliet, 2009
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Figure 6: Reconstruction of water discharge map Nedereems [Waterschap Hunze en Aa's
2012]

Impacts
The construction of hard dykes and locks changed the Bwoitard from aropenintertidal area into

an estuary which isanalized Floodplains and salt marshes were changed into polders so that the
water has less space. In case of high water levels thervaas only one way to move: upwards
[Programma naar een rijke Waddenzee, 2012]. The-Batlard is characterized by impoundment
during floods. High amounts of fresh water are discharged into the estuary and with changing
precipitation patterns (heavy ma showers) this could lead to changing circulation patterns and
changed sedimentation. This might have impact on the defence against flood events because of the
change of heights of the foreland [Deltaprogramma Waddenzee, 2013]. There are strong indicatio
that the deepening of the water channels (for shipping) leads to a bigger tidal range and therefore to
higher water levels in case of a storm flood [Deltaprogramma Waddenzee, 2013]. Due to building
dykes weirsand locks, the natural transition from &k to salt water do not exist anymore. This has
impact on the fish stocks. Migrating fish ddesdlyhave the opportunity to migrate between the

rivers and the sea (and vice versa).

Sea level riséself has impact on the reliability of thdykeconstructons.With sea level risghe
pressure on the dykes increas€alculations show that the chance ofigkebreach rises with an
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increased sea level. This affects the safety and lives of the inhabitants as stated above. The chance of
adykebreach can redta norm of 1/100 years if nothing is done (Table 3).

Year Chance oflyke breach
(chancelyear)

2000 1/4000

2050 1/1000

2070 1/400

2080 1/200

2100 1/100

Table3: Chance of ayke breach with a sea level rise of 130cm in 210

The calculationgFigure | Attachment Iljare based on a scenario of 130cm sea level rise in 2100 and
refers to water levels at Nieuwe Statendijly’ OF aS 2F | Ré1S oNBI OK LIS2 LJX
in danger.

Floodingof the landcould also occur when the disclyar of water will not be possible anymore

because of the rising sea level. In the water system plan Oldambt/Fiemel is stated that the capacity
of the pumping station Rozema, which discharges water from the river Ems, will have to be improved
in the years 205 till 2030. Otherwise the water discharge cannot be guaranteed [Waterschap Hunze
en Aa’s, 2008]n case of flooding the main impact will be the loss of the land for agricultural use
which means economic loss.

Current policy
Thecurrent policy on safety is set to maintain a safety standard ofifies of withholding a storm

that statistically occurs once every 4000 yeditse province and stakeholders havdered an
investigation in whichhe risks of a breach have been accesgdédprojects in the region have to be
weighedagainst the main objectives of the policies concerning conservation of nature (birds and
habitats directive which are implemented in the Natuurbeschermingswet, see ecology). However t
policy thed 5 S NR & | RRBIly T S Sté thelEmBIollarEragion Under this policy

interventions to guarantee the safety of the inhabitants are allowedn when there are restrictions
by nature policies

Research in 2008 pointed out that the Netherlands is not ready fasmneacuation in case of

flooding. However the base ingredients are present to make sure the Netherlands is prepared. The
most important aspect is making use of opportunities in-sgliince of inhabitants. To exploit these
opportunities the inhabitantstsould be informed properly [Mohnen, 2008].

Ly NBFOlA2Yy (G2 GKAA | Wel alF2NOS alyl3asSySyd hg@gSh
the capabilities of coping with flooding in the Netherlands [Mohnen, 2008]. The province of
Groningen has set uphé Crisis Management Groningen (CMG) to assess and improve these
capabilities for the province of Groningen. All 23 townships, the police, the fire departraedthe

healthcare helghe departments in the regioffhe water board bodyfor maintenance andurvey of

the dykes), the province, thgustice departmentand the ministry of defence are important partners

of the CMG [Gemeente Groningen, 2012].

¢tKS /aD 2NHIYyAT S& LlzotAO0 3IFGKSNAy3Ia |yR KFa& YIF
inform the public what to do when a crisis occurs. They have done this for any crisis including
14



flooding. These risk indexes have information about how to statotgate on developments during

a crisis and several checklists of what to do and when to take a(figare Il, AppendixIl)[Crisis
Management Groningen, 202 Aside from the selfeliance of inhabitants, the CMG has set up
projects, policy development plans and drills. Through this crisis management can take place more
effective so that all partners ohe CMG can perform their taskiirectlyand adequately. Finally the
CMG writes an annual report on disasters and how they were dealt with [Crisis Management
Groningen, 2012

4.2 Ecology

The EmDollard estuary is one of the last remaining estuaries in the Netherlands (along with the
Westerschelde). The EAbollard being part of the Waddei (NJ Y & dndipla§/Sea cénsists of
shallow wates, sand plates flushed at high tide or sgyitide and deeper trenches. The estuary
coasts have natural and mamade salt marsheg.he silting up of marshes in this region is between 7
and 10 mm each yeabDjjkema & Duin 2012]. The Dollard is the part of the estuary that is directly
adjacent to he municipality Oldambt.

The Dollard is the salt and brackish shallow mouth of the estuary. In the Dollard salt marches were
createdthe traditional way by constructingsterof 400 by 400 meters of small dams on dry falling
grounds. These salt marchesdae divided in high marches (on flood line) with sea a@ster

tripolium) and bulrush Bolboschoenus maritimyged upon by the wintering grey goose and low
marches with pioneer vegetation as Salicort8al{cornia maritimagrowing between the ebline

and flood line. The shallow waters and sand banks of the Dollard are a habitat for the juvenile fish
and foraging area for migrating birds and resting place for the greyldahatkoerus grypygBlew &
Sudbeck, 2005]The issues concerning naturarcbe divided in issues which relate to sea level rise
and issues which play a role in the area but are not directly linked to sea level rise. The environment,
especially the adjacent EABollard estuary is already highly impacted by the shipping routelwhi
02y ySOla -iKSLE RGESINMIH the Wadden Sea.

Driver

Concludindgrom the literature study of impacts of sea level rise, it is likely that climate change and
expected sea level rise will have impact on the coastal nature in the study area. Therefore it is a need
to adapt to climate change in order to minimize the negaimpacts on the nature. Besides the

driver climate change, the most pronounced need for the waters adjacent to Oldambt, are not even
causedby the Netherlands buaire caused bgermany and derive from the mentioned shipyard. In

order to keepenough wate under the keels of the constructed ships with more than 300 meters of
length,the shipping route, the EmrSollard is a site of extensive dredgivgeirs, locks and dredging

make the fairway deper than 9meters all up to Papenburg.

Pressure

Sea levelise may cause that intertidal sandbanks and saltmarshes will be inundated more often and
there is the risk that sandbanks and salt marshes will drown. Salt marshes can fulfil a function of
coastal defence because of their wave absorbing property. If sakhea and sandbanks drown, the
coast will be more vulnerable to flood events, the water gateddierand therefore the primary
production of the ecosystem will decline. The primary production takes place wophayer of

water column and on sand banksdiis the base of the food chain of the ecosystem. Secondly the
speed of the tidal current is already too high [Programma naar een rijke Waddenzee, 2012] and the
disappearance of sand banks and salt marshes will contribute to this pressure. Inundatidtin of s
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marshes also mealess space for breeding birds. Furthermore sea level rise also causes salt water
intrusion of the land nearby the coast.

Next to sea level rise, the changed morphology and the continuous dredging of thBdtissl

estuary put presse on the ecosystem of the Eni3ollard. Dredging causes increased turbidity of

the water. In muddy waterbght can hardly penetrate the water and so algae have less energy to
reproduce. This causes also less productivity of primary producers such g abggamma naar

een rijke Waddenzee, 2012]. Another pressure linked to the shipping activity in th®é&ltasd is

the release of toxic compounds deriving from tiogic anti-fouling of shipgbanned in 2008 but the
effects will linger on for decades) cang infertility for snails

Sea level rise causes salt water intrusion of the fresh water lenses. This might have effects on the
vegetation. Also animals that are not resistant against salt/brackish circumstances could be affected
by salt water intrusia. On the other hand ,the salinization caused bly sater intrusion could
increasebio-diversity as brackish groundse seldom in the Netherlands arate inhabited by rare
species.

State

Thecurrent state of the water quality of the ERi3ollard is poorlt is described as a degraded
ecosystem due to the changed morphology. It results in high muddiness rates causing long term
anoxic periods in some zones and in habitats that are limited in quality and quantity
[Waddenvereniging, 2032In the EmDollardestuary the German river Ems and the Dutch river
Westerwoldse AA discharge.

At the moment there are 760 hectares of salt marshes. The salt marches are part of the Ecological
Main structure connecting Natura2000 areas. Apart from the problems associdtedredging, the
infertility of mollusc and snails has been reported. This is caused by toxic compounds such as
Tributyltin (TBT) which is trapped in the mud and which originates from thef@ring of ships for
years. Even though the use of TBT wabittten in 2008, the effects will linger on for many years
[Ministerie van Verkeer en Waterstgd2005] A Red List of species can be found in Attachriiént

The land area between Termunten, Bad Nieuwenschans and Nieuw Statengigits of polders

created in the eighteens up to the twenties centuRg(relll, Attachmentlll).

The polders consist of young sea clay and are mainly used for the agricultural cultivation of potatoes,
beet and wheatThe polders are used by birds as the graylag géasser ansérfor foraging

grounds and for breeding grounds by thapwing(Vanellus vanellys The polders have been

assigned as a special protection areadable birds by the Provincie of Gronind&ate, 2009].

Impact
The impact of sea level rise on the environment include drowning of salt marshes, decline in

biodiversity, flooding and salt water intrusion. The erosion of the salt marshes of the municipality is
highly depending on the extent of tteea level rise. The capability of the salt marshes to grow with

the sea level is restricted to 0,7 to 1 cm per year as mentioned above. A sea level rise of more than
70cm per century could cause the drowning of the salt marshes in the Dollard with senipasts

on the fauna and flora species which depend upon the salt marshes and the sand banks. A decline in
the total biodiversity will be the result. There has been a study on breeding birds to find out to which
extent they are affected by sea level ri§alt marshes of the Wadden Sea are important breeding

sites for many birds (e.¢laematopus ostralegus, Tringa tetanus, Recurvirostra avocetta, Platalea
leucorodia, Larus ridibundus, Sterna hirundo, Somateria mollissima, Alauda arvensis, Anthus
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pratensig. Due to climate change and sea level rise the flooding frequency of the salt marches has
increased, even in the summer which is the main breeding period for most of the birds. The study
revealed that the birds are already adversely affected which is eaiie e.g. in reduced breeding
success. The expectation is that the negative effects will increase if the birds are not able to adapt to
the changes [Pdat al, 2012]. To which extent the findings of this study applies to the Dollard region
is not mentionel, it can be assumed, though, that sea level rise has similar impacts on the salt
marshes of the Dollard

Depending on the magnitude of flooding, fauna and immobile species can be affected through their
intolerance to salt water or in case of soil destiootand drowning. Studies on salt water intrusion

in the municipality are not available but it could cause a shift in the vegetation coverage from salt
intolerant to brackish or salt tolerant species.

Currentpolicy
The Estuargf the EemdDollard has ben appointed as Natura2000 preservation area under the

Birds and Habitats Directives. It is regarded as a separate habitat type within the Natura2000 area
RSAONAROSR | & &9 a0 dzZ NEhése dirbctivasoare implénfe@dd inlthBlBWcE H N M H 8
Nature Conservation Directive (Natuurbeschermingswet) and the falodaFauna Directive.

The European Union demands the improvement of the Bwldard ecosystem.

The Ems Dollard estuary beiaginland water (till one mile out of the coast) is considetedier the

EU Water Frame Directory. The goals for EU water Directive for 2015 are the GET (Good Ecological
State) and the GEP (Good Ecological Potential). For the Ems Estuary most of the goals for the GET and
the GEP will not be achieved by 2015 [GrenswateCommissie, 2005h the European Water

Directive a minimal amount of 700 hectares of salt marches in the Dollard are reqUiveck are

already initiatives to improve the quality ofthe B f f | NR SaiddzZ NBET 2yS Aa K¢
2 | RR Sy Prpgiamia naar een rijke Waddenzee). Bbal [2012] describe seven feasible

options to recover the estuary: {®onstruction of two shipping passages, opening of the summer

dykes, development of the vegetation, relocation of a wintigkke, relocation ofthe barrier upstream

of Herbrum, the reconnection of old rivers and secondary channels and the reduction of the depth

of the shipping lane. One of the criteria in selecting the best options was climate durability.

4.3  Socio-Economic

Even though the focus difie study lies on sea level rise, other pressures also play a role in the
municipality of Oldambt regarding the economy. Therefore the focus is on the current socio
economic situation in Oldambt and in which way sea level rise could adverse this situation.

Driver

One ofthe main driver for the municipality of Oldambt is a striving economy to ensure thebeieid
of its inhabitant. For the municipality it is important that the inhabitants can prosper and make a
good living. If the economic situation is gbfor the inhabitants then they are reluctant to leave and
look for work elsewhereOther drivers concerning the aspect economy are the need to decrease
unemployment and the aging population. Also agricultureni#@e@onomic driver in the area.

Pressure

Pressuregor the economy in Oldambt result from the aging population (19% of the inhabitants are
older than 65 years in contrast to 14% national), quite high percentage of unemployment,
international competition, and the low profile of the municipalityhiesh makes it unattractive for
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potential investors (it was just established in 201®¢Mmeente Oldambt, 2011lf. there is no

accretion of young people this means that the municipality will have less people who belong to the
working population, which meariess productivityThe pressure generated by agriculture derives
from the demand of fresh water. With climate change dryer summers are expected and thus the
demand for fresh water will increase. Fresh water is needed for irrigation. That means that the
extraction of gound water will increase also.

State

Themunicipality of Oldambt is traditionally characterized by a large agricultural area. Monumental
farms and open agricultural hinterland form the major quality of the area [Gemeente Oldambt,
2012]. Acording to the municipality one of the reasons why the economic crisis did not hit Oldambt
severely, was due to the employment in agriculture. When comparing the portion of the agricultural
jobs with other employments in the municipality, the percentagemiployment in agriculture is

quite low (just 4%, including employment from forestry and fishery) [Gemeente Oldambt, RO&3]

to new developments of work, the professional education (located in Winschoten) does not fit the
requirements of education needein the aregGemeente Oldambt, 20ZR

The current state of salt water intrusion could not have been investigated. Further facts concerning
the socie economic developments can be found in the attachmidht

Impacts
The impacts of sea level rise on the economy in the municipality of Oldambt could appear in two

major forms: flooding throughlykebreach and water discharge problems, and salt water intrusion.

Generally speaking the economy only faces serious probleimes ffrotective measures failhe map
below(figure 7) was drawmstimating which parts of the Province of Groningen would be flooded in
case oftcomplete dyke breach of ringdijk 6 duriagnajor stormand High Water of 5 meters above
NAP (Normaal Nederhds Peil) Th#ooded area was estimated with the use of ArcGIS (Figure 7).
The municipality of Oldambt in the NorEastern part would be entirely flooded in the advent of
such a storm (it has to be borne in mind, however, that the estimations are matleecassumptions
that all dykes would breach at oncend there are no sleeper dyKes

The impacts on the agriculture would be quite severe. The agricultural grounds could be recovered
but the harvest would be at least partly or even totally lost for sdutare years due to salt

intrusion. Additionally most of the livestock could most likely not be saved and the farms would be
partly or entirely be destroyed. The same applies for other housings, business settlements, stores,
etc. Depending on the magnitedf the flooding, the aftermath could lead to more rural
depopulation and decrease of job opportunities. Flooding could also occur due to water discharge
problems as described under 4.1 Safety. When the sea levelttisadifference between sea level

and the water level of the rivers discharging into the Dollard will decrease, making it much more
difficult to discharge water. In a worstise scenario the discharge of water will not be possible,
resulting in flooding ofhe hinterland because the river banks breach. Housings, business
settlements and agricultural ground will be damaged or even destroyed.
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Floodmap Groningen
Year: 2000 & 2100
Waterlevel: 5,00 & 6,30

I Fiooded area 2000

Flooded area 2100

Figurel: Flooded area in case ofdyke breach nowadays (blue coloured area), Red ciricldicates the municipality
Oldambt

There is no literature available about the impact saltwater intrusion has in the municipality of
Oldambt or to which extent it would influence the agriculture or other functions in the municipality.
There have beestudies for the entire Netherlands and to illustrate in which way it might have effect
on the municipality, a short explanation follov&ea level rise causes higher pressure coming from

the sea on the upper layers of the groundwater. Combined with lowgaese water levels in the sea
level rise this will increase the saline seepage. Up to a sea level rise of 50 cm the consequences on
the flux of saline seepagelimited andthe functions such as agriculture or recreation of the area
willy2d G2 0S FftdSNBR | OO2NRAYy3I (2 GKS adSSNAy3
sea level rise such as constrained possibilities to discharge water and rising seepage flux in
combination with dryer periods as a consequence of climasangk will, however, increase the

chance of salinization [Staveren & Velstra, 2011]. Salt water intrusion can have also impacts on the
availability of fresh water and drinking water.

Current policy
For the municipality Oldambt and along the Wadden Sea ¢ctiastprovince wants to support

modernbig scale businesses in the agriculture and horticulture sectors which take a pioneers role for
the Netherlands and for Europe. The province supports the development of the production chain,
innovations on cultivatingtechnic and processes. Furthermore the province wants to stimulate the
cohesion of the agriculture and horticulture and the nature and landscape development; these
businesses have to fit into the landscape. The adaption to the changing climate, thevémanat of

water management and soil quality and the sustainability of the production methods are further
points of attention and are supported in form of subsidies. New establishment of agricultural
businesses are only possible outside the Ecological Blaircture (Ecologische Hoofdstructuur) and
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new livestock breeding farms are not allowed to have negative impact on Natura 2000 sites
[Provincie Groningen, 40°].

The municipality of Oldambt emphasizes the importance of sustainable economic growth. &hs me
to achieve this is the attractiveness of the municipality as a place for living and working [Werkgroep
Oldambt, 2007]. A new Health center in Nieuweschans and renovation of monuments did increase
the number of tourists and the connection to the highway also stimulated the economy. To

protect the characteristics of the landscape it is thought of establishing internet companies or care
centres in monumental buildings such as old characteristic farms [Werkgroep Oldambt, 2007]. The
focus for the upcomingears is described in the Economic policy plan [Gemeente Oldambt, 2011]
and lies, among others, on recreation and tourism, ecological activity and positioning of the
municipality (a complete list can be foundAttachmentIV).

4.4 Response

The response tthe problems in Oldambt is the development of a management plan. The
management plan is set up as a means to make Oldambt climate durable and to prepare the
municipality for the rising sea level while attempting to incorporate solutions for the current
problems and issues of Oldambt as well.

The goal of the management plan therefore is:

Anintegrated planning for the municipality of Oldambt in the Neghst of Groningen to meet the
challenge of sea level rise in this area. The spatial and integrated plan has to contribute to the safety,
a healthy ecosystem and to a vital economy in th@are

Following objectives are included:

1. The safety of the inhabitants has to be guaranteed.
2. The environmental quality has to be improved.

3. Economic opportunities have to be created.

The guiding principles that we chose thereby are:

1 The principle of susinable management should underpin the management decisions in
order to cope with sea level rise. This includes a long term view.

T {I¥FSdey /2yaARSNA 2LJiA2ya F2N) Ft22R RSFSyOS
guaranteeing the safety of theliabitants with regard to sea level rise.

1 Environmental: Improves the quality of the estuarine area to increase the biodiversity in the
area. The management plan preserves and improves the ecological quality of the area.

1 Economic: Enables cooperation bew®vedifferent stakeholders in order to create new
economic activities. The management plan explores the option for economic development of
the area.

91 Social/cultural: Create awareness for the challenges of the area and realise support to
implement the manageent plan.
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1 Recreational: Reduce the impacts of recreational use and enhance development of new ideas
for recreation and tourism in the area; to make use of the natural values without harming

the environment.
9 Collaboration with the coastal community and other stakeholders should be enhanced. The

community and the stakeholders should benefit from the management approach.
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5 Planning phase

The goal, objectives and guiding principles serve as the basis foetisah on the most suitable

LIX I yYAYy3 FLIINRI OKSad ¢KS F20dza tASa 2y (GKS aodzif
should fit this idea while also taking into account the improvement of the water quality in the

Dollard, the socieecoromic developmat of Oldambt , the development of recreational activities

andthe enhancement of stakeholder collaboration. This requires a sustainable and holistic approach,
taking into account the whole ecosystem.

Ecosysterrbased planning

Theecosysterdbased planning is a holistic approach and hence applies for safety, nature and
economy and is therefore suitable to achieve the objectives of the management plan. An ecesystem
based planning approach has several features, it is: sustainablgotis are measurable, decision
making relies on comprehensive research, it is recognized that ecosystems are complex,
interconnected and dynamic, humans are part of the ecosystem, and approaches are adaptable and
accountable [Kay & Alder, 2005]. Especitlige features apply to the objectives to be handled in
Oldambt, namely sustainability, humans as part of the ecosystem and the adaptable and accountable
approaches. Taking into account the definition of sustainability development by the Brundtland
Commigi A2y O0aRS@GSt2LIVSyili 6KAOK YSSiGa GKS ySSRa 27F (
the ability of future generations to meet their own needs" [UNECE, 2013]) it implies that the
developments that will take place in Oldambt have to be favourable for ctiened future

generations, takes into account the inhabitants of Oldambt and additionally the approaches have to
be adaptable to the rising sea level. Even though all this can be achieved with an ecdsgsesm
planning approach, it is chosen to reinfortbés approach with two more approaches.

Adaptive planning approach

Thecoastal region is very dynamic and this is why an adaptive plamimecessary as well. There is
still uncertainty over the actual sea level rise and its exact impacts. If theneeav scientific

findings, it should be possible to include them in the planning and management of the plais. This
not only restricted to new scientific findings regarding sea level rise, but also applies to other
findings. Therefore it is necessary thatring the implementation process, nature processghas
the amount of as sea level risere monitored and the implementation is constantly evaluated. With
this it is possible to react if anything changes in the environmental setting or if stakehaldenot
content with the process. Theutcomes of the evaluation enabtee management to adjust the
strategies. Both ecosystepianning and the adaptive planning approach consider the input of
stakeholders. For Oldambt, it is chosen to handle a thiadiing approach, explicitly aimirad
involving the stakeholders.

Consensual planning approach

A consensugblanning approach implies that the inhabitants of Oldambt and other stakeholders take
part in the planning process. The ultimate goal is thairawin situation is created and that there is

a mutual benefit for everyone [Kay & Alder, 2D0Even though a mutual benefit for all
stakeholders might not be possibljs approach will ensure that the objectiva collaboration

of stakeholders with the aim to create benefits met. Furthermore this approach can be used to
develop new economiand recreationabctivities inOldambt
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6 Management phase

The choice oftte management tools is based on the definition and planning phase. It is chosen to
handle three management tools, namely ecosysteased management, risk and hazard
management and communigased management.

Ecosysterrhased management

Theecosysterdbasedmanagement is the overall management tool and is used to integrate the risk
andhazardmanagement, as well as the communiigsed management. In fact, ecosystéased
YEYFISYSylG A& GKS aAyGSaINI A2y 2F SOBazt23A0Ff s &2
Management, 2010]Concerning the safety issues the risk and hazard management is the primary

tool to identify best practices to uphold or improve the safety standard. Ecosylséterad

management in this regard plays a role because these best practitetake the environmental

aspects into account. Strategies are identified with respect to possibly improve the water quality of

the Dollard. Furthermore the communityased management is used to incorporate the opinions of

the residents and to involve time in the decision making

Risk and hazard management

Thereare two hazards identified, the first one is a storm which creates such a pressure that the sea
dykes in Oldambt fail and will result in the flooding of the municipality. The second hazardl daigha

to sea level rise the rivers will not be able to discharge into the Dollard anymore. As explained above
the risk for both hazards is increasing with a rising sea level. In the former case, the chadgkef a
breach is estimated to increase from @nevery 4000 years to once every 100 years. The risk for
flooding by problems with water discharge is not estimated and therefore the focus will primarily lie
on the sea gkes.Risk and hazard assessment management can be used to assess and reduce or
mitigate any risk which influences coastal planning [&&}der, 2005], this may include stakeholder
disagreement or an increased sea level rise scenario. In order to make changes in the area, good
communication between experts and the public is necessary riorication with and feedback

from the public and other stakeholders may change the way policy is developed and implemented.
Referring to Kay & Alder [2005], in present day coastahnskagement theopinions and views of

the public have to be included the decisioamaking process. To fully achieve this, it is chosen to
handle a second management tool, nadgneommunitybased management.

Communitybased management

The advantages of communibased management is that it incorporates environmental and

resaurce management activities into the inhabitants” everyday life [Kay & Alder, 2005]. The
AYKFoAGlIyGa 0S02YS G(GKS GLINRBoOofSY 26ySNE FyR FSSt
its success. Affirmed by KayA8der [2005] this sort of management also contributes to the socio

economic development of the community. This is one major point discovered in the research, namely
that the community of Oldambt is faced with two major problems: the rising sea levet ifutbre

and socieeconomic problems nowadays. Additionally to this, the bad water quality of the Dollard is

an issue. To tackle this problem, the ecosystased management is used as an overall tool.
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6.1 Strategies for risk and hazard management

There are basically five strategies in risk and hazard management: avoidance, the reduction of the
likelihood of occurrence, reduction of the consequences, transference, and acceptance [Kay & Alder,
2005]. The former two are not possible to pursue in taseof Oldambt. The residents cannot avoid

the occurrence of storms or sea level rise, and neither can reduce the likelihood of occurrence.
Therefore the focus lies on the latter three options. The reduction of the consequences can be
achieved by adjustintipe coastal defence of Oldambt. As mentioned before the focus lies on the
GodzA f RAYy3a gAlGK I Ghdeddnéanafefénit. An-ogtiBn tSdO thia i8 thelic@afion

of climate buffers as described below. This will both include the transferenceiderds in some

cases and the acceptance of changes being made.

Climate Buffers

The current situation is that existing defense nowadays is a hard structure. It is a traditional dyke at
G5Stil¢ KSAIKG gAGK || adGz2yS asksholeR&dWards/Inthek S RA NE
hinterlands are polders below the sea level consisting of young sea clay. At the seaside men made
salt marshes have been formed. These marshes tend to grow about 1 mm a year what makes them
grow with the sea level ris&fsdhk et al, 201]. The current dyke is designed with a safety

breeching factor of 1 in 4000 years. This chance will grow drastic with sea level rise and will become
unacceptable if nothing is undertaken (see calculation on base of a rise of 130 cm im 2100 i
attachment I). A general strategy against climate change is to aim for a decrease efSions

(the Kyoto treaty) and the creation of climate buffe®imate buffers are nature areas specially
designed to reduce the consequences of climate chalmghese areas both water and nature are

given more room. Climate buffers will not only guard against flooding but will also store water for dry
periods. In this way, these areas can offer the Netherlands security, attractive natural settings for
plants, aimals and people, and a healthy economic climate [Climate Buffers, 2012]. Salt marshes are
considered as excellent climate buffers as they adapt to sea level rise. If sub tidal shores are further
enhanced by mussel and oyster banks and sea grass figddsithslow down wave energy and

function as a bio builder [Slim & Léffler, 2007]. There are different strategies which are outlined
below Figure 8.
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Legend

Wash Over =* Newly created Salt Marshes
Sea C& Reinforcement Dyke

Polder (young sea clay ) Mole with hard dyke shoulder
b—

Traditional Salt Marshes

Sea Dyke ﬂ Sleeper Dyke

Rulem

Figure8: Overview of different coastal defencgystems adapting to sea level rise

Several strategies can be deployed to safeguard man, nature and economics against the pressure of
sea level rise. These strategies need to be applied on the coastal zone. The strategies differ in
traditional hard defensslandwards (figure 8drawing 1)and seawardsfigure 8 drawing 2 and 5),
landwards with a climate buffer and natural silting up of salt marshes created by the wash over of
the sea dyke or sleeper dykdigy(re 8 drawing 3 and)dr seawards with alimate buffer by

extending the existing man made marshéguyre 8 drawing 6)To be able to evaluate the

advantages and disadvantages and encourage the discussion with the stakeholders, an overview is
provided figure 8. A first initial rating of the sategies on their effects on nature, habitat,

economics, tourism, national and European nature protection legislation, sustainability and their
capability to form a climate buffer has been conductigutre 9. The reasoning is explained further

on inthis chapter. Combinations of strategies can be formed but are not rated here. To create
efficient climate buffers one needs to keep in mind that the subsidence of the inland used to be
silted up by the rivers. This is at this moment not happening as thesrhasre been canalized for a
great part and have weirs, locks and dykes with hard shoulders. A climate buffer will be more
efficient if the rivers are capable to silt up their borders and estuaries asnaillthe land side.

There for a combined strategyf ocoastal defense and the creation of space for rivers are best
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combined and will create a safe and attractive environment with a good quality of habitat for men,
flora and fauna for now and future generations. The regeneration of bio builders as oydteabd
mussel banks and sea grass fields in thetgidl area will help decreasing the stronger wave energy
created by climate change and help silting up the coast. Uncertainty about the speed and amount of
sea level rise asks for an adaptive approactctving prepared for the worst but working towards the
best. The creation of salt marshes is already included in theEotiard management plajiHet

Regionaal College Waddengebied, 2011

Different strategies and their merits

0.

Figure9: Currentsituation, strategy 0

¢tKS o0lFaStAyS Aa | GNIXRAGA2YyLFE Re1S i a5Stidlé& KS
grass shoulder landwards. In the hinterlands are polders below the sea level. The soil is young sea

clay. At the seaside manade salt marshes have been formed. There is about 760 hectares of salt

marshes now in the Dollard regioBgselinlet al, 20117.

1.

Figurel0: Reinforcement with traditional landwards dykes (strategy 1)

I 2yaz2t ARIFGAZ2Y & A ( Kykesis NdpirgAwithis@ayelel rige ahd syyoRgen st &

surges by raising the dyke in height. As the dyke becomes higher it needs a broader base. The base is
broadened landwards. It has as an advantage that it is reasonable easy and one knows exactly the
costs in time and money. The disadvantage is that it does nothing for the salinization and that the
rivers have more difficulties to flush their water to the sea. The difference of height between the

land and sea increases. It does not allow the principlgrafving with nature and will be negative on

the long term for a holistic view for nature. No climate buffer is created.
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Figurell: Reinforcement with traditional seawards dykes (strategy 2)

/| 2yaz2f ARFGA2Y GAGK WIONIRAGAZ2YLIFEQ aSIglNRa RelSa
surges by raising the dyke in height. The broadening of the dyke base is seawards. This is more costly

as the broadening the dyke landwards as it needs monddment and the new or recycled outside

boulder of hard substrate is needed. Often the stone is basalt which needs to be imported. It has a

more negative effect on nature as it further narrows the basin of the estuary and parts of the salt

marshes will bdéost. Further negative consequences are the same as for landwards traditional dykes

salt upwelling will get stronger with subsidence and sea level rise. The rivers have will have more
difficulties to flush their watemto the sea because of thiacreasing height difference between land

and sea. It does not allow the principle of growing with nature will there for be negative in a holistic

view for nature. No climate buffer will be created.

3.

Figurel2: Landward strategy with storm surge washver sea dyke and first sleeper dyke for protection

Strategy 3 is a Landwards strategy with storm surge wash over the current sea dyke while the first
sleepers dyke is reinforced and is maintaining the safety against the flush overs. The current sea dyke
stays at the same height. With sea level rise theilelve wash over with high tides and storm surges.
The wash overs are not getting further than the first sleeper dykes. This will create a brackish
environment between sea dyke and sleepers dyke. The sleeper dykes whinbwacaptured on

several placeseed to be restored. Farms lying in the area need adaptation or move to higher
grounds. Brackish nature is quite rare and will create new and important hablakstgral

Monitoring and Assessment Group, 200Bihe newly created saltmarshes will grow gvéme a

little with the silt coming in with the wash overs. This will not be enough to cope with maximum
scenario of relative sea level rise but does help. The Dollard will get more space. The costs of
maintaining will be higher than with the traditiond{/kes as there is a double set of dykes to
maintain. The newly brackish marshes work as a climate buffer. The landscape will be more divers
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and could attract more tourists and the salt fresh gradient could be used for energy creation
(membrane technologyyhich could be beneficial for local economy.

4.

Figurel3: Landward strategy, sea dyke is removed, storm surge wash over first sleeper dyke second sleep:
dyke protects against wash ovéstrategy 4)

This is a Landwards strategy where the sea dyke is removed to increase the salt marshes for
protection against sea level rise. This is the same strategy as ni@whtr the difference that the

current sea dyke is taken down, the first sleeper dyke witbb@e the reinforced sea dyke with wash
over. That wash over is kept by the second sleeper dyke. The effect is that the building with nature is
maximized The polder which is given back to the estuagan silt up with the seal level rise. The

land between the two dykes will be brackish and contain salt marches. The positive effect on nature
will be greater than in strategy 3. It is more costly as two rows of sleeper dykes need restoration and
the firstneeds to get at a height that will only allow wash over or to allow a moderated tide. The
possibility for (ecological) tourism will increase. The area will function a large climate buffer for this
and future generations. More farms and houses need adagtadr to move to higher grounds.

There are possibilities for saline culture and the creation of energy by membranes.

5.

Figurel4: Seawards strategy with moles strategy 5

The Seawards strategy with moles is consolidating and enforcing the currediylseand creating

moles in front of it to break the wave energy coming with storm surges. This will good for safety and
could be regarded as an extra on top of strategy 1. However it will further disturb the natural sand
distribution. It will destroy andr alter the current salt marshes. Possible salt marshes could restore
and the moles could be a good substrate for mussels and oysters which could then function for
slowing the water down. For possible positive effect much is uncertain and extra reseauithive
needed. It will change the morphology of the estuary by narrowing it and change the water
dynamics. It will damage the natura2000 salt marshes.
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Figure 15: Increase salt marshes landwards and make sleeper dyke segstyategy 6)

The strategyof increasing the salt marches seawards and consolidating and reinforcing the

traditional dykes is actively increasing the salt marshes by using the old polder methods to silt up the
land. This is done by creatihgo seaward, 400 meters squares with a filter of willow poles vertically
and horizontally along the coast which then keeps the silt positioned there by the wash over during
high tides. This will create larger salt marshes and makes it possible that thesarsaks grow with
nature. The natural silting up in that region is about 1 mm per year. It would increase the nature
values partly because new marshes get created and the muddy Dollard water could get clearer. On
the other side it would further narrow thestuary and would be against Natuara2000 and the Birds
Directive. It would have an impact on the wave energy but will have a limited impact as a climate
buffer.

7.

Landwards strategies with sea inlets are possible in combination with variant 1, 3. &s it is

combination of different strategies the ratings depends on the combination. The combination with
A0NFGS3e m gAff 0SS OKSILISNI FYR tSada aaNBSyé¢od /[ 2Y
green side but more costly and could encounter more tasize of the habitantsThese

combinations have not been rated here but could get a rating if such a combination might be the

outcome of the consultativand or consensual planning

Evaluation of the climate buffers

The strategies that are outlined aboveeaevaluated considering their long term effects on the
natural, economic, touristic values and on infrastructure and housing. The evaluation format has
beenadaptedto Oldambt from Smit$mitet al, 2005] who did a similar research poldersin

another area of the Netherlands. The questions for evaluating the strategies are:

1. Has variant effect on nature values of region? 7. Has effect on excising housing?

2. Has variant effect on naturalues of the 8. Has effect on sand transport in the Dollard?
Dollard? 9. Has effect on the salt marshes?

3. Has effect on the economic values in the region?  10. Sustainability (future generations)?

4. Has effect on the touristic values in the region? 11. Climate buffer?

5. Has effect on species and habitats which are
protected by Nature2000, Birds and Habitat
Guidance

and Ecological Main S$icture?

6. Has effect on existing infrastructure (roads and
dykes)?
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LongTerm Effects
Coastal Defence Variant 1 2 3 4 5 6 7 8 9 10 11

Consolidate with traditional

1 01O 0 0 0

landward dykes

Consolidate with traditional
seaward dykes

Landwards strategy with Storm
3| surge wash over and sleepers + + [+ |+ | + + + + [+4+
dyke

Landwards strategy, Storm surg
4 | wash over the first sleeper dyke
and 2 sleeper sea dyke

++ [+ + [+ [+ + [++|++|++

5| Seawards strategy with moles

Increase Salt marches seawards

6 +-(+-{0|0O|-+] O [O | +- +-( 0

and consolidateSeadykes

Increase salt marches landwardg

7| and make sleeper dyke sea dykel == + [+ [+ + + + + +

no wash over
After d/ | adza | 2y Ra 0 2 ASiniteKa$ 20055 S 6 SNA y 3 ¢
(--= strong negative effect: = decrease or negative effect; 0 = no effect; + = increase or positive effect;
strong positive effect:/+ = decrease and increase; ? = unknown/unclear).

Space for the river

A strategy, already in use in the Netherlands, to reduce the consequences of flooding from rivers, is
to give more space to them. This is also a possible strategy to pursue in Oldambt to reduce the risk
and consequenceffooding by problems with water disarge in the future. In fact, the climate buffer
could be best combined with giving more space to the river in the municip@lityhe border

between The Netherlands and Germany a small river used to run into the Dollard. The name is the
¢ S & i SN 2.1t Raul8 belextra profitable to evaluate the reopening of that river to the

Dollard. Nature would flourish as this would form a rare soft gradient between the salt and fresh
water giving opportunities for fish to migrate up and down the sea. Climategehdoes make

rainfall more severe and giving space to the rivers could protect from flooding from the interior.
More research needs to be done on this subject to evaluate the inclusion of it in the integrated
approach of this management plan.

Conclusion ri sk and hazard management

One option for risk and hazard management is the creation of climate buffers to reduce the
consequences of sea level rise in Oldambt. The evaluation of the different strategies in creating
climate buffers showed that the landwastrategywith storm surge wash over and sleeper dykes
(Strategy3), the landward strategy with storm surge wash over the first sledgkeand the 29
sleeperdykebecoming the sedyke(Strategy4), and the increase of salt marshes landwards and the
sleeperdykebecoming sealyke(Strategy6), are the best optionLreating climate buffers in these
strategies means that (a paof) the polder, in agriculturalse, has to be given back to nature.sTisi

rather controversial in the Netherlands. Reopening the Westerwoldse AA could help the
effectiveness of a climate buffer and could positively influence the recreational values in the area and
give an impulse to economy by connecting the areawiththe/hi SNI YR 6 Sd3Id g A (K
Both the climate buffers and space for the river can enhance the safety of the residents and
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contribute to the natural value and quality of the area. However, risk and hazard management only,
achieves little when lodatakeholders are ndhvolved The idea therefore is to give the different
strategies and their evaluation to the local stakeholders to involve them in the deersa@ing
processBefore this can be done, however, a more thorough study of the diffeseategies should

be undertaken, also regarding their impacts on the environm&his can be achieved with an
environmental impact assessment.

6.2 Environmental Impact Assessment (EIA)

Environmental Impact Assessments are used to identify the impacts of a management plan or
proposed development in the beginning of the decisinaking process [Kay & Alder, 2005].
Environmental refers to the biophysical, social as well as economic aspbetproposed strategies

will have impacts on all this aspects. The evaluation of the strategies as described above should be
seen as a preliminary research. A thorough environmental impact assessment, however, has to be
undertaken, so that the inhabitanend stakeholders catien decide on a strategy with the best
information available.

6.3 Strategies for community -based management

Communitybased management is used to involve the stakeholders in Oldambt. Therefore an Action
Plan is developed. This plan cats of four phases: the Awareness Rising phase, the Work Group
phase, the Decision phase and the Implementation phalee idea is to present the different
strategies enhanced with the environmental impact assessnterthe stakeholders. They can use

this to base their decisions on iLimiting factors of community based management are the

legislation and rules coming from an European or National level such as the European Water
Directives and the Natura2000 directives and tiagional directive ofnaintaining of he basic coast

line [Ministerie van Verkeer en Waterstaat, 2Q0&eaward strategies will violate the European

Water Directives and the Natura2000 rules. There for these facts will be used in the awareness phase
so that the people realizthat seaward options are not feasible under current legislation. The choice
of afeasible strategyvithin current legislationifeing strategyl, 3 ,4 and 6 and possible 7) is upon

the stakeholders They can baseheir decisiors on their objectivessuppoting integration of the

goals for safety, economy and natufEhere is a list of stakeholdersdattachmentV which can be
involved. Furthermore there is also a list of policies which are applicable to Oldambt and have to be
taken into account by the stakolders.The environmental impact assessment can be conducted at
the same time as the awareness rising phase, so that at the end of the awareness rising phase the
results of the EIA can be handed over to the stakeholders to take along in the plannidgasidnr
making process.
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Implementation phase 1 -Awareness rising: 2013 -2018
As mentioned above, an environmental impact assessment should be conducted in the same time

frame.

Action Form Participants Topic Aim

1.Start Assembly | Presentation from All inhabitants of | Climate Participants are
scientists Oldambt change and | informed about

2.Followup
assembly

Presentation from

Scientists, discussion

3.Third assembly

Presentation from the
municipality/scientists

4. Fourth Working groups
assembly

5.Closing Discussion
assembly

awareness rising
phase

Business
associations and
agricultural
businesses of
Oldambt

Educational
centers in
Oldambt

Scientists

sea level rise

the topic

Sea level rise

Participants know

in Oldambt | which problems
sea level rise will
cause in the
municipality
Possible Participants know
strategies for | which possibilities
Oldambt exist to cope with
sea level rise
Current Participants
problems realize that
Oldambt through the
adaption to sea
level rise also
current problems
in the
municipality
maybe solvd
Working Working groups
groups are formed per

aspect (safety &
nature, economy)

Toolto let people know about the assemblies: Notes in the newspaper, announcements in a lo
channel, leaflets and posters in shops, schools, public facilities.

Table 4: Action plan awareness rising phase

¢CKS 20SNI f f
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Oldambt aware of the problems that will come along with the rising sea level. Furthermore the above
mentioned strategies will be presented to give the inhabitants an idea what possible counter
measures are. Aanderlying aim is to take the inhabitants along to the second phase where they can
participate in the planning and decisiomaking so that the greatest possible support from the

inhabitants can be achieved. Therefore all interested inhabitants shoulavited. This can be done

by distributing leaflets, flyers or posters in the main public places such as in supermarkets, schools
and public facilities, publishing notifications in the newspaper or announcements on local TV

channels. The awareness rising paahould end up with the forming of working groups. It will be up

to the participants to decide which groups are formed in particular, it is suggested, however, to form
two working groups, one for nature and safety and one for economy and therefore thkingo
Group phase is divided into Working Group Safety/Nature and Working Groupegociomic.
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Implementation Phase 2 -Working Group Safety/Nature: 2018 -2022
The choice of the right strategy will be up to the stakeholders. However, the mentioned goals and
objectives should be handled. They will be given to the participants of the work groups.

Action plan safety/nature
The following goal and aims should be handled by the participants of this work group in their
decision on a suitable strategy.

Overallgoal Safety

dThe safety of the inhabitants has to be guarant®ed¢ ¢ KS | kngrovk safety ¥ TFANRGf &
residents that live directly at sea and secondly to improve safety of residents that live in the

hinterlands of Oldambt.

Overall goal Nature

dTheenvironmental quality has to be improvédd ¢ K S |-fald Firktli to mpkoBHe water

guality and biodiversityf the Dollard secondly to counteract salt water intrusion in the hinterland,

and thirdly to allowing natural sediment supg@lythe caast

Action Form Participants Aim
Inviting Invitation Scientists, engineers, Involvement of essential
stakeholders representatives of stakeholders
Assembly Work groups Oldambt(inhabitants) Formation of four sub groups
Assemblies groug Work groups representatives from the| A strategy is chosen that
safety/nature municipality and the ensures the safety and
province, NGOs contributes to the
environmental quality
Assemblies groug Work groups Engineers, scientists, Funding opportunities are
funding representatives researched
inhabitants, municipality,
province, EU, NGOs
Assemblies all Presentations of | Engineers, scientists, Update

four work groups

work groups

Assembly all work
groups

Presentations of
work groups,

representatives
inhabitants, municipality,
province, NGOs

Outcomes are presented and
discussed

Discussion
Closing assembly| Discussion Final decision about plan
work group safety/nature
nature

Table 5: Action plan Safety/Nature

The startoff of the second implementation phase will be an invitation to other stakeholders, not
necessarily coming from the municipality Oldambt. Those stakeholders are mostly experts (in the
field of engineering and environmental science) and from megjionational and international
governmental authorities. They will be invited to an assembly with the working group safety/nature.
The aim of the assembly will be the formation of sub groups. The participants will decide which sub
groups are formed, a sggstion is to divide it into subgroup safety/nature and funding. The work
groups will then assemble apart in several meetings. The working groups should update each other
frequently. Such they can also inform each other when the respective group is eadysent their
findings. This will be the following assembly. In the closing assembly a final decision on which
strategy to choose will be made by all attendees.
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Implementation Phase 2-Working Group Socio -Economic: 2018-2022
The stakeholders will develap conjunction the best strategies to reach the goal for the socio
economic development of Oldambt.

Action Plan Soci@conomic
Theoverall goal is to decrease the unemployment and stimulate sustainable local economy. This
includes the improvement of professional education, to attract young people and to improve the

future chances of agriculture.

Improve professional education

Action Form Participants Aim
Inviting Invitation Involvement of essential
stakeholders Campus stakeholders
Assembly Discussion, Winschoten Formulation of Starting Note
workshop
Assembly Workshops, Groningen Seaporty |dentify demand of professions
Discussion needed, identify resources and
possibilities
Assembly Workshops Business Develop strategy to respond to
associations of demand of professional educatior
Consultation Investigation Oldambt Develop new education program
education
specialist
Stakeholders from
the agricultural
business
Attract young people
Assembly Presentation of Province of Information and information
the municipality | Groningen exchange
Oldambt,
Discussion Municipality of
Develop Questionnaire Oldambt LRSYGATe &2dzy3 |
Questionnaire, wishes
Carry out Young people

guestionnaire,
analyse data

Evaluate options

Presentation of
outcome
questionnaire,
Working groups

Carry out
feasibility study

Investigation

Municipality of
Oldambt

Young people

Identify bests options

Define which options are feasible

Improve future chances of agriculture

Inviting Invitation Province of Information exchange

stakeholders Groningen

Assembly Discussion Identify willingness to explore
Municipality of possibilities for transition to saline
Oldambt agriculture

Assembly Working groups Investigate possibilities for

Stakeholders from

aguaculture
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Assembly Working groups | the agricultural Create vision for transition of
business agriculture

Enhancedevelopment for new ideas for recreation and tourism in the area

Inviting Invitation Province of

stakeholders Groningen

Assembly Discussion Information and information
Municipality of exchange

Assembly Working groups | Oldambt Develop new activities and

attractions for tourist which go
Stakeholders from| together with nature and safety
the tourism sector

Inhabitants

Table 6: Action Plan Soceconomic

Implementation Phase 3 -Decision: 2022-2023
In this phase of the implementation all working groups will come together, present their findings and
make a final decision about the plans and strategies to be implemented.

Action Form Participants Aim
Assembly of Presentation and | Working groups | Decision on one common strategy
working groups | Discussion from safety,

nature, economy

Table 7: Decision Phase

Implementation phase 4 -Implementing plan: 2024 - 2035
The final implementation phase will be the implementation of the chosen strategies ansgl pla

Action Plan Safety/Nature

Theactual implementation phase is much depended on the outcomes from the consultancy and
working group phase, also with regard to especially the funding and the ones that are responsible for
implementing the actions.

Action Plan Socid=conomic

Action Aim/Reasoning | Who Funding Time scale
Introduce Meet the need of | Campus EU + government| Starting point:
education the industry of Winschoten + province 2022/2023
programs well-educated

people
Presentation of | Make the Municipality of Province+ 2022
improvement for | province Oldambt municipality
young people attractive living Oldambt

area for young

people
Presentation of | Give direction to | Municipality of EU + government| 2022
vision for future policy, Oldambt, + province +
agriculture encourage new | agricultural secton municipality +

innitiatives private

Table 8: Action Plan for the implementation of soeaonomic
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6.4 Recommendation for the evaluation

It is recommendable to use some form of evaluation already during the first implementation phase.
This is in line with the adaptive planning/risk and hazard management which requires a constant
monitoring and evaluation so that the management can adapthtanges.

Self assessment by the municipality

Forthe evaluation of the management plan it is recommended to use the indicator based
methodology and scoring system which is developed by the SUSTAIN project, funded by the
European Regional Developmentiult is a policy tool for local and regional authorities to evaluate
their sustainability performance. The aim is to improve the management of coastal zones [SUSTAIN,
HAMHB® ¢KS LINPRdzOG 2F GKS HINGE&SDIGA yihich rhakesiE & O
assessment possible. Based on indicator sets concerning policy, economics, environmental quality
and social welbeing the state of the sustainable development is assessed by generating a numeral
score. The DeCy@ol is available on thinternet and easily implementable. The first assessment

has to be carried out by the municipality of Oldambt in the beginning of the first implementation
phase, so that the working groups can consider the outcomes of the assessment. This tool can also
be wsed during the whole implementation phase in order to see if the measures help to improve the
sustainability of the region. The moments on which the assessment should be carried out depends on
the realization of the actions of the action plan. The finakasment can be done after completing

the last implementation phase.

Participation
During the workshops with stakeholders, the parameters developed by the SUSTAIN partnership can

be used to understand the merits of the good practice in its differeniedisions. The stakeholders

give scores to the different parameters. The participants discuss the impact of the good practice
following the questions for the scalled pillars of sustainability which are economy, environmental
guality, social welbeing andgovernance. The aim is to gain new insights in the views of the different
stakeholders [SUSTAIN partnership, 2012]. The person who carries out the analysis has to take into
account what the effects of the good practice is for each parameter, the percepftiohat

sustainable development means and the process of the group to achieve consensus about the score
given [SUSTAIN partnership, 2012]. The group gives a score from 0 to 10 for each parameter. The
score 10 indicates a greater contribution to sustaitigband 0 is the minimum score. The four

values for the different pillars give an aggregated score. This tool can be used to develop best
practices together with the stakeholders and to evaluate the state after implementing actions. The
numeric score ian indication for effectiveness of a good practice, but the discussions around the
guestions are maybe even more valuable for the process of participation. The indicators can be
found in theattachment VI.

Monitoring
Seadevelrise is closely observed llye KNMI, IPCC panel and Rijkswaterstaat. Oldambt needs to

be ready for an eventually accelerated sea level rise and needs to take preparations. The
creation of the proposed climate buffers need to be measured to be adapted when the situation
changes. Theffectiveness of the climate buffers needs to be measured against the silting up,
transparency of the Dollard water and further against the European Water Directives at least
every three years as this is a very dynamic environment. The status of the2@a@0rand Birds
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and Habitat Directive needs to be guarded and improved. If the reopening of the Westerwoldse
AA is chosen as an option by the participants of the work groups, the success of it can be
measured in the occurrences of the anadromous and catadigs fish.

Before starting the project a common baseline needs to be drawn on all objectives to measure
the effects upon later on the timescale.

Monitoring scheme

Baseline measurements before any (man Measurement of:
made) changes are undergone - Silting up
- Transparency of the water
Assessment of:
- biological community
- the hydrological characteristics
- the chemical characteristic
(According to the EU Water Directive
[European Commission, 2012])
Monitoring every three years Same as for the baselimeeasurement

Table9: Monitoring scheme for environmental processes in the Dollard
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Attachment I: Climate drivers

Climate driver (trend)

Main physical and ecosystem effects on coast
systems

CQ concentration (increasing)

Sea surface temperature (increasing, variable
between regions)

Sea level (increasing, variable between region
Storm intensity (increasing, variable between
regions)

Storm frequency & storm track (ucertain,
variable between regions)

Wave climate (uncertain, variable between

regions)

Runoff (variable between regions)

IncreasedCO2 fertilisation; decreased seawate
LI 02N w20Sty | OARATFA
coral reefs and other pH sensitive organisms
Increased stratification/changed circulation;
reduced indlence of sea ice at higher latitudes
increased coral bleaching anghle-ward species
migration; increased algal blooms

Inundation, flood and storm; erosion; saltwater
intrusion; rising water tables/impedkdrainage;
wetland loss (and change).

Increased extreme water levels and wave
heights; increased episodic erosion, storm
damage, risk of flooding and defence failure
Altered surges and storm waves and hence ris
of storm damage and flooding

Altered wave conditions, including swell; altere
patterns of erosion and accretion;‘@ientation
of beach plan form.

Altered flood risk in coastal lowlands; altered
water quality/salinity; altered fluvial sediment
supply; altered circulation and nutrient supply.

Table I: Climate drivers and their maphysical and ecosystem effects on coastal systems [IPCC, 2012]



Attachment Il Safety features of Oldambt
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Figurel: Calculation of the chance afyke breach until 2100 based on water levels measured at Nieuwe Statenzijl

The calculations (Figutare based on a scenario of 130cm sea level rise in 2100 and refers to water
levels at Nieuwe Statenzijflhe calculations were made by drawing a straight line from thgis'to

the curve plotted and then straight down to theaXis. The number on the-akis represents the

chance of water exceeding tliykeand the exceeding water causes tthgketo breach.As can be

seen in table X the chances ofiykebreach are not linear in time.

Decision Warning \_ Reaction
Evacuation phase

Necessary time

Figurell: Emergency plan phases with tim&olen& Geergs 2009




Attachment 1ll ; Environmental features of Oldambt

Red List Species

The Natura2000 area of the Eefbsllard Estuary comprises several fauna and flora species that are
registered on the Red List. This includes fish, birds and flora species.

The Red List Fish has reference to anadromousfiishti{at migrate up rivers from the sea to breed in

fresh water) such as the river lamprelgdmpetra fluviatiliy and the twait shad (Alosa fallax) and to
catadromous fishfish that migrate from rivers to the sea to breed in salt water) such as sea lamprey
(Petromyzon maringsthe threespined stickleback3astersteus aculeatys smelt Osmerus
eperlanu$and elvers. For both anadromous and catadromous a connection between the open sea
and the inland is vital [Firedt al, 2012].

The Red List for Birds includes species for which the aiterd estuary and theurrounding areas

are important feeding and resting groundr migratory birds the Wadden Sea and thereby the
EmsDollard estuary, is an important resting area, where they can rest and forage on their long route
from north to south and vice vers@he \alue of the Wadden Sea to migratory birds is eminent. A
maximum of some 6.1 million birds are present in the international WaddematSba same time

[Blew & Sudbeck, 2005]. Each year on average 10 to 12 million birds migrate back and forth between
their breeding grounds in Siberia, Scandinavia, Greenland and {EaghCanada and their wintering
grounds in Europe and Africa. These birds use the Wadden Sea for a short stay, as a maja@rstop
site for refueling or as a wintering areBlg¢w & Stidbeck, 2005]. Birds on the Red List that breed in

the EmsDollard region are amongst others the pied avo¢&tgurvirostra avosetjathe red shank
(Tringa tetanu} and the common ternSterna hirundp Wintering birds as the peregrine falcon

(Falco peregrinysthe rough legged buzzardButeo lagopusand the snow buntingRlectrophenax
nivali§ [Natuurmonumenten, 2012].

The Red List Flora includes Eel grasstéra marinaand Sea Aste(Aster tripoliun).

Polders
The poldersn Oldambtbehind the dykes are #hfollowing;

W The Johannes Kerkhaven polder creaté@4.with a surface of 1200 hia, maintained by the
GW2KFEYyYySad YSN] K2@Sy L2t RSN 000¢

W The Carel Coenraad polder ated in 1924 is privately owned
W Beiderwolder polder crated in 1874 is privatelgwned

w {GFRALIZERSNI ONBFGSR Ay mrTnn Aad YFAydGFAySR



Figurelll: Polders in the municipality Oldamiiate, 2009]
Attachment 1V: Economic features Oldambt

Socio-economic development in Oldambt

The average income in Oldanibtiower compared to other municipalities (comparable with respect

to number of inhabitants), but in general the fixed charges are also lower in the province of
Groningen compared to for example Utrecht or Amsterd@ereenteOldambt 2012]. In the

econanic successful year 2006, the difference in average incomes was very high. In this year the
average income was 26.600 Euros compared to 32.300 Euros in other comparable municipalities. The
biggest sectors for employment are ncaommercial services (govermmtal management, health

care, culture and recreation), industry and building business [Gemeente Oldambt].21&
unemployment rate is high, in 2009 when the national average stood at 3,0% the unemployment rate
in Oldambt was 7,3% [Gemeente Oldambt] 2¥).

The municipality Oldambt regards unemployment as the problem number one in the region. 14 % of
the unemployed (and thus looking for work) people are younger than 27 years, 50 % of the
unemployed people are between 27 and 50 years old.

The majority(51,6%) of the unemployed people have received average education, 39,5 % are low
educated and 8,9% are high educated. 16,2 %of these people are longer than 36 month without
work [Gemeente Oldambt, 203R Further socieeconomic problems in the municipaliare: a

decreasing population, housing problems, lack of cohesion in the community, and insufficient
professional education. There is a tradition of entrepreneurship in the villages, but the alteration of
0KS O2yadzySNRa o0 SKI @A dueXdrcise/pResskre dd $he enterprisingyatitudel2 LJdzE |
[Gemeente Oldambt, 20ER The number of young people between 15 and 24 years is expected to

Vv



