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Executive summary

This is the status report for the progress made with the design and implementation of the pilot land-sea
models by the Multi-Actor Labs (MALs) during the first 24 months of the COASTAL project which also
consists of a detailed description of how the MALs translated the problem scope for their regions
(deliverable D12) and stakeholder analyses (deliverables D3 and D4) into stock-flow models. System
Dynamics (Sterman, 2000) was selected as modelling framework based on the graphical transparency of
this type of modelling, the direct translation of problems into model structures, consideration of systemic
limitations, appropriateness for including human and social aspects directly in the models, and the limited
computational requirements — making these models particularly useful for interactive use by and with

stakeholders.

In this report we first present the methodology that was used to transfer the analysis from WP1 that
resulted in a number of mind maps and causal loop diagrams (CLD) into a system dynamics pilot model
design. Separate chapters are devoted to each MAL, describing how this general methodology was applied.
To conclude, we provide a synthesis section in which the general status of the MAL models is summarised

and in which we provide an outlook for the oncoming challenges in the modelling process.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773782 3
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Abbreviations and acronyms

CLD Causal Loop Diagram

LSI Land-Sea Interaction

MAL Multi-Actor Lab

REA Research Executive Agency
SD System Dynamics

SF Stock-Flow
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System dynamics modelling

Systems Dynamics (SD) modelling is widely used since the 1950s for problem analysis in applications
ranging from logistics, control management, engineering and financial management to public policy. By
nature, SD modelling is strongly problem-driven and an SD-based modelling approach is used to avoid
modelling the system ‘as a whole’, if this can be avoided. Clients or ‘problem owners’ and business analysts
interact to create mental models or ‘mind maps’ clarifying the problem at hand and defining the way the
problem(s) are connected to specific policy or management indicators and potential solutions. The
COASTAL sector workshops, organised in the second half of 2018 for the MALs, were aimed at developing
raw mind maps for specific sectors (agricultural, environment, water management, fisheries, ...). Processing
and polishing of the mind maps results in more refined conceptual models, which can be used to formulate
graphical Causal Loop Diagrams or CLDs showing the relevant feedback mechanisms explaining the
problem. These CLDs can be quantified in ‘stock-flow’ models which allow examining the combined impact
of reinforcing and balancing feedback mechanisms on the dynamics of the system. Typical questions that
can be answered are: why do certain businesses fail and others not under similar circumstances? What
happens when new enterprises grow too rapidly? Why do certain management strategies work on the
short term, but not on the long term? Although the human brain is capable of providing part of the answer
this becomes more difficult when multiple factors play a role. This is certainly true for complex social-
environmental systems such as coastal regions which are densely used and rapidly developing, with
economic activities competing for resources such space, water, skilled labour, and use of transport

infrastructure.

How does this work relate to the rest of the project?

The responsibility for developing, validating and applying System Dynamics (SD) models for land-sea
interactions lies with Work Package 4 (Systems Modelling). The SD models will be used to formulate and
support strategic business and policy analyses aimed at improving coastal-rural synergies. To achieve this,
separate SD models of the coastal-rural interactions were developed for each case study, starting from the
qualitative understanding of these interactions developed in WP1. The qualitative analysis in WP1 resulted
in a set of Mind Maps and Causal Loop Diagrams (CLD) describing the different interactions identified for
each of the MAL. As the original CLDs were too complex, the overall CLD resulting from WP1 were divided
into a number of smaller problems that were translated into individual System Dynamic (SD) models. In this
deliverable we describe on a MAL by MAL basis the conversion of the CLD into a set of SD models. For each
of the MALs, we present the major issues that were identified for the MAL which is the model scope for the
SD models, the reasoning used to transform the CLD to an SD model and the scientific concepts on which
this is based, the SD model structure and its main variables and clarify the scope of the model by listing the

kind of questions that can be addressed with the model . Work Package 2 (Model and Data Inventory) and
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Work Package 4 (Systems Modelling) are crucial for the COASTAL project to ensure the business road maps

and policy guidelines are scientifically founded and made evidence-based. Quantification of the mental
models of stakeholders and actor partners into stock-flow models has several important advantages: the
consistency of conceptual analyses can be verified and increased, reuse and exchange of knowledge is
facilitated and a toolbox for analysing the social-economic, environmental, physical and administrative
land-sea interactions becomes available. Supportive in-depth, thematic expertise and data are being
collected by Work Package 2 whereas Work Package 4 focuses on the System Dynamics (SD) modelling
itself.

Purpose and structure of the deliverable

This deliverable describes for the different MALs the pilot SD models that were developed based on the
problems that were identified in the CLDs produced by WP1. The term ‘pilot model’ is in the context of this
work used to describe a model which addresses all the problems represented in the CLD that we want to
address with the SD modelling and for which the SD structure is fully defined in Vensim. This in-breadth
approach where all problems that need to be addressed in the SD modelling are considered contrast to an
in-depth approach where a model is completely elaborated down to testing and running scenario’s for only
part of the problems described by the CLD. The reason, for adopting an in-breadth strategy where we first
define the complete structure of the SD model is favoured here to ensure that all interactions between
subdomains are considered from the beginning. Indeed, interactions are at the core of the project so an
oversight of interactions by focusing on subdomains would result in having to reconsider the structure of
fully developed models at a later stage when these need to be combined or extended with models for
other domains. Another reason for favouring an in-breadth approach is that one of the challenges faced in
WP4 is that most of the MALs involved found it very difficult to delineate the problems that needed to be
considered in the modelling. Most, if not all, modellers involved have a mechanistic modelling background
in which a full description of the system down to the last detail is considered essential to arrive at a
meaningful model. This detailed problem breakdown contrasts with normal system dynamics practice and
impedes fast prototype development. By requesting from each MAL explicitly what problems the modelling
is intended to focus on we hope to set the stage as to facilitate implementation afterwards. Finally, an in-
breadth approach is also preferable for the tasks in WP3 and WP5 that require that the problem domain for
the modelling in each MAL is well delineated. Not providing a comprehensive model structure would imply
that the problem domain that WP3 and WP5 are based on would be evolving continuously. While changes
of scope can also in an in-breadth current approach not be completely ruled out, they are not inherent to

the methodology which is the case of an in-depth approach.

Depending on the complexity of the models and problem scope the models differ in terms of the degree of
guantitative implementation (equations, non-linear functions and parameterization). The first priority was
to harmonize the modelling process across the MALs and provide and integrative framework for the
interactions between the narrative and conceptual WPs (WP1, WP3 and WP5) and quantitative WPs (WP2

and WP4). In the next chapters we will therefore first present the general methodology that will be applied
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to translate the CLD and stakeholder/actor feedback established in WP1 into a SD model design. This
methodology will then be applied to the individual MALs and for each MAL we will sequentially describe:

1. The problem scope and land sea interactions considered;

2. The CLD on which the model is based, indicating which parts are actually modelled and why other
parts are not modelled. If the CLD deviates from the original CLD derived in WP1 we explain why
this is the case;

The SD model structure(s) that can be used to describe the problem(s) that were identified;
A list of problems that can be modelled with the SD model structure;
An overview of the main variables of the SD model;

Data sources that were used in defining the SD model structure;

N o v ~w

Planning for next steps. How do you expect to proceed based on the structure?

In the above list, 4 is not really necessary as a well-presented SD model structure in itself is an exact
specification of the problems that can be solved with the model. The chapter is intended as a summary for
non-modelers such as the MAL actors, stake holders and the WP3 and WP5 partners. Both the list of
variables (5) and the inventory (6) can serve as input to WP2 that will help collect the equations and the
data needed to populate the SD model in the next phase and to WP3 and WP5 that are aimed at setting the

stage in which the models will be deployed.
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The methodology adopted for the System Dynamics modelling starts with the results of the conceptual
analysis done in WP1. For the conceptual analysis, six sector workshops were organised for each of the
MALs (Tiller et al., 2019). Typically, in these sector workshops, 5-15 participants from a key coastal or rural
sector were invited to present their concerns and priorities with respect to land-sea interactions. The
workshops resulted in graphical models or ‘mind maps’ collecting all the relevant aspects of the land-sea
interactions identified during the discussion by the participants. The results from the individual sectors
were afterwards condensed into Causal Loop Diagrams (CLD) both at a sectoral level and as an overall CLD
integrating the individual sectors. Besides the mind maps and CLDs, the requirements for the SD models
were also distilled from the problem scope or future narratives for the different MALs and further
consultation with MAL actors or experts that were considered relevant by these MAL actors. In some cases,
this process, starting at the initial CLDs and further consultation steps, led to a revision of the set of
problems that were initially identified as relevant to the MAL and reconsidering the set of problems that

should be addressed in the modelling.

To assist in this process, early in the project WP4 identified seven relevant questions to be answered (see
deliverable D12):

a) which problems and priorities can be defined?

b) who is affected by the problem, and who may be involved in causing it?

c) isthe problem dynamicin nature?

d) are SD models appropriate tools for analysing and understanding these problem(s)?

e) whatis the purpose of the model?

f) what level of detail is needed to describe the problem in the model?

g) what are the spatial, temporal, economic and other boundaries of the model, defining what to

include?

In particular questions d-g are important for the design, implementation and use of stock-flow models.
Three important challenges are faced when converting the CLD to a SD model structure:
- Toidentify the relevant interactions to be quantified in the, often complex, causal loop diagrams;
- To identify the correct level of detail for the models with the correct stock and flow variables
defining the general model structure;

- Data availability for setting input drivers, model parameters, systemic limitations and time delays.

The following steps outline the general modelling strategy starting from the CLD(s) resulting from the

analysis in WP1:

This project has received funding from the European Union’s Horizon 2020
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b) identify or if necessary add the causal interactions between these stock variables

a) identify the main stock variables for each sector mind map

c) design and combine the causal loop diagrams for the sectors, supported with dynamic hypotheses

d) collection of data (initial conditions, parameter settings, time delays, ...) and models (equations and
non-linear table functions) to quantify the CLD

e) design, implementation and testing of generic model archetypes and inspiring tutorial examples

f) implementation of stock-flow models

g) calibration, testing, and validation

h) policy design (identifying policy levers) and policy analyses

Some of these steps are run in parallel and allow for iterations, based on close interaction of the different
work packages. The development of the pilot models as defined in this task of WP4 corresponds to the first
3 steps of the general modelling strategy. Some MALs have advanced their development even further and
are for (parts of) their models starting with the calibration, testing and validation. The proposed strategy
also allows for iteration and so testing and validation can and will most probably lead to changes in the
original model structure derived from the CLD. Not explicitly mentioned here is the interaction with MAL
actors and stakeholders in the model development process. At the end of the general modelling strategy

also this will lead to the need for revisiting the pilot model structure.

Even though the CLDs for the MALs are themselves a condensed representation of the interactions that
were identified, they are in general still too complex to be directly transformed into SD models. Indeed, the
MAL CLD does not represent one single problem but a whole set of intertwined problems. It was therefor at
the onset of the model development in M12 decided not to attempt to convert the whole CLD for the MAL
directly into a single SD model. Instead we chose to distinguish smaller subsets of problems in the MAL CLD
that together combine to describe the relevant problems of the CLD. This implies that the pilot SD models
consist of a set of smaller SD models that each model parts of the problems defined by the MAL CLD. The
advantage is that the development of these individual smaller models is easier to manage and that they can

then be individually tested before they are integrated into one, single SD model for the MAL.

This bottom up approach where a complex model is set up step by step from smaller models that describe
partial aspects of the Land-Sea Interactions (LSI) for the MAL is also better suited for gradually acquainting
the MAL modelling teams with SD-modelling. Indeed, one of the main challenges during this task of WP4
was that most of the modelling teams had very different experience with modelling and only but a few of
the participants were familiar with SD-modelling. SD-modelling, where the emphasis is on identifying
problems and the dynamics these cause, requires a different mindset from process based, numerical
modelling with which most modelers involved in COASTAL are familiar. Where the latter tends to describe
in detail all the processes involved, the emphasis in SD modelling is on describing the problems generated
by the dynamics (Sterman, 2000). The SD-model should therefore not be a complete representation of the

system in all its detail, but a simplification of reality. Also, the fact that most modelling teams were not

This project has received funding from the European Union’s Horizon 2020
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the SD modelling process.

To organize the modelling, Work Package 4 assisted the MALs with modelling guidelines, group and

individual support sessions (both face-to-face and online exchanges), model templates, examples and step-

by-step illustrations of the modelling. In practice, to support the modelling process, the following were

provided to the MAL participants:

A first workshop during the General Assembly at Methoni was used to introduce System Dynamics
modelling to the participants and the Vensim Software in May 2019. The presentations and a the
generic Vensim model examples shown at the kick-off workshop were made available on the
COASTAL participants portal. About half the workshop was organised as a hands-on session were
participants used the freely available Vensim version to setup a model for a topic they were well
familiar with. For most modelling teams this was either a water balance or water quality model;
Regular bilateral Skype calls were regularly organised with the individual modelling teams of the
MALs on a monthly basis. These were typically used to discuss specific modelling issues
encountered for the MAL or when using Vensim. As time passed MALs would also send Vensim
models that were then discussed in the Skype calls;
To clarify problems identified during the Skype calls, small, generic models were used that were
made available by both e-mail and the COASTAL partner area.

Three group calls were organized to address common concerns or to present the next steps in the
organisation of the model development;
To support the organisation of the development different checklists were provided to the
participants (Annex 1);

An additional workshop with those involved in the modelling in WP4 was organised in January
2020 in Brussels, back to back with the first project review meeting at the Research Executive
Agency (REA) in Brussels. At this workshop the different problems with the SD-methodology
observed during the Skype sessions and mentioned by the different modelling groups were

discussed and clarified.

This project has received funding from the European Union’s Horizon 2020
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3 Pilot SD models for the MALs

3.1 Multi-Actor Lab 1 - Belgian Coastal Zone (Belgium)

3.1.1 Problem scope of the land sea system

The Belgian coast (67 km length) and hinterland face environmental and economic stresses from
intensive multifunctional use of space. Land- and sea-based activities such as agriculture, fisheries,
agro-food industry, transport, energy production and recreation are closely interwoven and
competing for space (Figure 1). A new Maritime Spatial Plan for the Belgian Coastal Zone for the
period 2020-2026 was recently approved?. Figure 1 shows the dense use of space and complexity of

combining offshore environmental and economic functions.
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Figure 1: Integrated Map as part of the new Marine Spatial Plan 2020-2026 for the Belgian Coastal
Zone (Belgian Federal Public Service Health, Food Chain Service and Environment, 2019)

T https://www.health.belgium.be/sites/default/files/uploads/fields/fpshealth_theme_file/msp-2020-
englishtranslation.pdf
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Figure 2 and Figure 3 show the land use in the Belgian Coastal Zone with a 100 m resolution for the
year 2013 and 2050 (Growth-As-Usual scenario) as modelled with the VITO RuimteModel?. The

densely populated coastal zone is in contrast with the hinterland with a primarily agricultural

function.
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Figure 2: Land use in the Belgian coastal zone (situation 2013) showing the build-up area (red)?.
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Figure 3: Land use in the Belgian coastal zone (situation 2050 — Growth-As-Usual scenario) showing

the build-up area (red).?

2 https://ruimtemodel.vlaanderen
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New development opportunities for this densely populated region are created by blue growth, and
especially on- and offshore energy production which create opportunities for new jobs and strategic
specialization of port activities. This includes innovative production methods using wave and tidal
energy. Belgium is one of the leading countries in know-how related to deep offshore energy
production and the first country to put in practice multi-purpose use of wind farms (i.e. combined
with shellfish aquaculture). Meanwhile, the quality of fresh water resources is under pressure, and
land-based emissions of nutrients still exceed the EU-WFD target levels and contribute to coastal
eutrophication. The quantities of fresh water are under pressure during extended periods of
drought, because of multiple demands from industry, tourism, population and agriculture. A major
stressor is the increasing salinization of inland waters, related to human waterworks, water
management, and sea level rise. A main challenge for this case study is the fragmentation of policy
and knowledge for coastal and rural development. A common administrative framework for coastal-
rural integration is lacking and policy responsibilities are fragmented at the regional and national

level.

Potential land sea interactions to be considered for the Belgian Coastal Zone include:

- The amount and the quality of the water that is exchanged between the farming area in the
coastal zone and the sea will be determined by climate change (sea level, rainfall,
evapotranspiration), land use (farming, residential, nature) and population dynamics.

- The potential for wind energy and other uses of marine space and its effect on job creation

and availability of skilled labour force, infrastructure and activities in the coastal zone

3.1.2 From Multi actor analysis to modelling

Figure 4 shows a high-level mind map of the main land-sea interactions identified during the sector

workshops.

These interactions can be categorised in the following categories:
- Climate resilience: Impact of sea level rise and other effects of climate change on low lying
inland farming land and nature and coastal safety;
- Port and energy: off shore energy production, storage and distribution coupled to
employment and onshore infrastructure;

- Spatial and social transition: Impact of spatial planning, demography and tourism.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773782
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Figure 4: Overview mind map with the main issues and linkages for the Belgian Multi-Actor Lab
(project team analysis), showing the themes for the six sector workshops and overlap in issues raised.

In Figure 5 we repeat the overall CLD which was reported by WP1 for MAL1. Although the

Figure 5: Overall CLD for MAL1 as reported for WP1 in deliverable D3 the suggested stock variables are

in boxes
22

B ' UCUUT VT UM NIV VULV MU U IS MM BEUIIL BT SII Y  wr ve



,/ COAST

: é

complexity and size of the CLD makes the figure illegible at this scale, it is clear that directly
converting the whole CLD into a corresponding system dynamics model is unlikely to be a good idea.
So instead of attempting to address all the problems outlined in the overall CLD in one single SD
model we have identified two problem domains based on the interaction categories listed above:

- Climate resilience and polder management

- Port and offshore activities

Each of the next chapters starts with the model scope and the CLD that corresponds to that sub-

model and then converts this information step by step into an SD model structure.
3.1.3 Pilot model 1 design: climate resilience and polder management

3.1.3.1 Model scope of the polder model
The model scope was determined together with VLM, the actor involved in the agriculture and

environment sectors. Referring to the part of the CLD produced in WP1 that is relevant to the model
scope (Figure 1), the model investigates the interaction between the land use (agriculture, nature) in
the polder which strongly depends on the groundwater level of the polder and the different drivers
such as climate change and demography and tourism in the coastal zone which have an effect on the
amount of water available for the polder. In general, the number of active farmers in the polder is
decreasing. When farms are sold these are often not bought by farmers but are converted to

luxurious residences.

This project has received funding from the European Union’s Horizon 2020
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Figure 6: Part of the MAL1 CLD that relates to the model scope (inputs are yellow).

Aspects from the MAL1 CLD which are only indirectly related to the model scope such as ‘fisheries’
and ‘blue industry” are not considered in this model. Tourism and demography are an input in this
CLD and as such assumed to be unaffected by the processes described by the CLD for the current
model. Variables related to climate change are included as input to the model and assumed to be

independent of the processes in the model.

We convert this CLD into a SD model in 3 steps:
- the water management for the polder;
- agriculture and natural land use;

- biodiversity and flood risk.

In the next 3 chapter we’ll describe the steps and decisions taken to convert the concepts

represented by the partial CLD to a SD model for each of these aspects

This project has received funding from the European Union’s Horizon 2020
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Quantification of the polder water level management

From the discussion with VLM a model for water management in the polder should contain the

following processes:

Climate change is expected to result in rising sea levels and in changing precipitation and
evapotranspiration patterns. This could result in salinification and/or water logging of the
low-lying polder near the coast which is used for farming and nature.

A polder is a strongly managed system in which the water level in the ditches is set by adding
and removing water to increase or lower the groundwater level.

For the coastal polders in Flanders water is available from different sources such as surface
water discharge of inland water such as rivers and canals, the effluent of the waste water
treatment plant or water recovery from sealed areas such as the abundant caravan areas
along the coast. While this water could be used as recharge to the polder it is also claimed
for other uses such as drinking water production or the need to maintain a certain discharge
in the canals for shipping and for avoiding salinification.

There have been tests where water is buffered in creek mounds.

To lower the groundwater level in the polder, the water manager will need to discharge
water from the polder. While water is typically discharged gravitationally to the sea at low
tides, rising sea levels could well mean that pumping will be needed in the future.

According to the land use, potentially conflicting ground water management schemes are
needed. For nature, a constant shallow groundwater level is preferred while for farm land
the groundwater level should be lowered in spring to promote trafficability and kept high
during summer time to sustain the crop. Therefore, depending on whether the water level
management policy caters to the needs of the environment or the farming community a
different management strategy will be needed.

Salinification is mainly a problem for animal breeding.

While most of this is reflected in the partial MAL1 CLD (Figure 6) there are some differences which

the original CLD neglects:

There is a limited amount of water available for recharge to the polder from different
sources.

There are plans to buffer water.

Water can also be removed by pumping.

Water management is not only needed for farm land but also for nature.

To account for this the CLD was adapted (Figure 7).

The model calculation period is taken to be from 2010 to 2100. The discharge to sea is dependent on

the tides which implies that an hourly time step is needed. To limit calculation time, it was however

decided to not model the tidal effect explicitly and instead adopt a monthly time step to

accommodate for the monthly changes in farm practice and the main climatological drivers.
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Figure 7: Part of MAL1 CLD adapted (blue background) to include nature in polder water
management, the different water sources available, the possibility of pumping for discharge and
buffering. (inputs are yellow)

The conversion of the CLD starts with the identification of the stock variable(s). Once these are
identified we consider the flows that increase and decrease these stocks and what auxiliary variables
are needed in the calculation process. In the text we have added references to the CLD variables in

Figure 7 whenever possible. These can be recognized as they are in italic.

In the SD model that corresponds to the water management part of the CLD depicted in Figure 7 the
main stock variable is the level fresh soil water. This corresponds to the phreatic ground water level
and has been named the polder level in the SD model. Notice, that for the stake holders (farmers)
the water level corresponds to the surface water level in the ditches which is different from the

groundwater level which is considered in the SD model.

While not included explicitly in the CLD - assuming there is no human intervention - the polder level

will rise due to precipitation. As a counterpart to precipitation, evapotranspiration (ET) will decrease

This project has received funding from the European Union’s Horizon 2020
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the polder level. The CLD variables water needed for crops (crop water needed) and for nature
(water needed nature) correspond to the ET. Depending on crop type (crop type) and relative area
used for agriculture (land use agriculture) the total ET for the model area can be determined from

the ET for crops and nature.

The possibility to increase the polder level depends on the water available and the amount needed.
The latter is dependent on the difference between the polder level and the desired level where the
desired level is set according to water level management and the willingness to take fresh water
action. The desired level and the water needed are not shown in the CLD but are required in the SD
model to correctly model the dynamics of the system. In case of the polder the difference between
the desired and actual ground water level changes slowly due to the slow response of the
groundwater level to changes in the water level in the ditches which is used to regulate that
groundwater level. The difference between desired and actual water level will be used to calculate
how much water needs to be added or removed. The SD model structure needed to model how
water level management and willingness to take fresh water action decide how much water is used
from the water available considering a delay in response is shown in Figure 8. The delay is modelled
using a first order delay to the recharge inside the stock variable equation. The delay time increases
with the resistance to water flow which physically can be related to the distance between the

ditches in the polder and the hydraulic conductivity of the soil type of the polder

polder water level willingness to take
management fresh water action
desired level
desired
recharge
i i difference in level
polder 3
Il
< =3 i W Dolderlevel
recharge to polder
FlowResistance

Figure 8: SD model structure for the polder recharge management.

Analogous to the recharge the discharge is determined by an amount of discharge wanted and the
discharge capacity of the system. Looking at Figure 8 and considering the option that the desired
level could be below the actual polder level the recharge structure can be naturally extended to also
model discharge (Figure 9). To this structure we have also added based on literature a
‘dischargeToAvoidSalinification’” which is a minimum discharge which is needed to avoid
salinification, and which is the minimum value of the desired discharge. By including
dischargeToAvoidSalinification we will ensure that there will be discharge even when the desired

level is above the actual level, assuming that there is enough discharge capacity off course.

This project has received funding from the European Union’s Horizon 2020
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Figure 9: Basic SD model structure for the polder water management.

While the structure in Figure 9 is essentially what is required if one neglects precipitation and
evapotranspiration the following considerations led to the final SD structure for the water

management (Figure 10):

- In case the desired recharge is less than the water available for the polder, not all available
water will be used. Water that is not used will be used for other purposes and/ or eventually
discharged to the sea. This implies that the actual water discharge to the polder that is
calculated from the available water will have a feedback on the water available itself. As long
as we don’t consider this feedback we can ignore the circularity in this calculation. However,
if that is not the case we have to introduce a stock to the structure. This stock will
correspond to a buffer that separates the water supply from its user (= the polder). While a
buffer with zero capacity can be the solution to the circularity problem, for the polder water
management we can also put this buffer to good use as there are plans to buffer water in
the creek mounds in the polder. In the SD model structure, the water available is added to
the buffer stock variable and removed by the recharge required by the polder. What is not
removed can stay in the buffer up to buffer capacity. All above buffer capacity is added to

the buffer loss which feeds the rest back to the available water calculation.

- In the final model the precipitation and ET have also been added as can be expected. Notice
though that they are also connected to the recharge and discharge rate calculation. This is
done to avoid what is called the steady state error. This can be understood by considering
the balance equation of the stock for the polder level:

Level,,, = Level,; + (recharge — discharge + precipitation — ET) *
Timesteplength

This project has received funding from the European Union’s Horizon 2020
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- During steady state the level remains constant and Levelqew is equal to levelgq. This implies
that for steady state recharge-discharge = precipitation-ET should be true. From this we can
further deduce that recharge = precipitation - ET and discharge = ET — precipitation should
also be true. So, for a correct calculation and to ensure that the stock balance is maintained
at all times the precipitation and ET should be added to the recharge and discharge

calculations.

- The term trafficability is used to indicate to what extend farmland is accessible to machinery
without this resulting in damage to the soil structure. Especially during the preparation of
the field in spring and during harvest in autumn too wet soil conditions can result in reduced
trafficability. In the CLD the effect of trafficability on crop water needed is considered so for
the purpose of the water management only the trafficability during spring time needs to be
considered.

- While trafficability can reduce crop transpiration due to a smaller crop this does not imply
that ET from a bare and possible water-logged field is negligible. The resulting ET is assumed

to be a fraction (“fractionETBare’) of the normal crop ET.

- Inthe final model we have also added two additional parameters:

o The area of the polder which is needed to convert between discharges as found in
rivers and for pumps (volume/time) and discharges that relate to areas such as ET
and groundwater level changes (length/time) and vice versa. Inside the polder we
consider the units of length/time while water transfer from/to outside the polder
will be in volume/time

o The specific yield which is used to calculate the amount of water that is released
from a groundwater reservoir when the groundwater level changes. As groundwater
is contained within a porous medium a unit volume of a ground water reservoir does
not only contain water and a drop of 1 m in groundwater level will not result in a

release of 1 m of water from the reservoir.

This project has received funding from the European Union’s Horizon 2020
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Figure 10: SD model for the water management in the polder

3.1.3.3 Quantification for the land use changes in the polder

In the polder water management model presented in 3.1.3.2 the land use fractions assigned to
agriculture and nature are assumed to be independent of the water management and are read as
input to the model. We now turn our attention to the upper part of the CLD which we present in
Figure 11 and which is dedicated to farming and land use and how processes such as gentrification
and a demand for local food production (short chain) affect these two. In this CLD we have omitted

the part related to water management, only leaving a few water variables which are highlighted in

green.
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Figure 11: Part of the CLD relating to agriculture and land use in the polder and relating this to
gentrification and local food production. The variables highlighted in green are the boundaries with
the water management. (inputs are yellow).

In the CLD the value of the following variables depends on their value in previous timesteps and can
be considered as stocks:

- farm property value

- land use

- the farmer employment

For the land use the CLD considers two types of land use: agriculture and nature. While not explicitly
mentioned we also need to consider residential land use, a term we will use to identify the land use
that is not agriculture nor nature and that results from converting either nature or agriculture area
through processes such as gentrification and urbanisation. If the total area available remains
constant the sum of these three land use fractions is one. This implies that if two of the three
fractions are known the third can be calculated. For the model we will only explicitly consider the
agriculture and natural land use. In theory all three land use types could convert to one another. To
simplify the model, we assume that once land use is converted from farm or natural to residential
land use it will never convert back. This also means that we assume that residential area will never

convert to natural or agricultural area.

Based on the CLD we can distinguish the following flow rates for the three stocks related to farming -
farm property value, farm land use and farmer employment:

- The property value can increase due to gentrification and the farmer income.

- This project has received funding from the European Union’s Horizon 2020 31
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- The fraction of the area assigned to agricultural land (/land use agriculture) will decrease with
gentrification and urbanisation and by conversion to natural area (land use natural). The
area can only increase by conversion of natural areas. This conversion will be due to
planning authorities decisions, a process that is missing in the CLD. Depending on the
planning authorities a decrease (increase) in natural land area could mean that there is more
(less) land available for farming. A demand for local food production (short chain, farm
shops) will have a positive effect on maintaining farms and less will be sold as residential
property.

- When farmers stop they sell their farm to an existing or a new farmer or sell it to be used for
residential purposes (gentrification). Whether other or new farmers will buy the property
will depend on how expensive the property is and how profitable it is to be a farmer. We
assume that the demand for farms from the residential sector is insensitive to property
value as those interested are often wealthy and price is less of an issue. Besides retirement,
farmers will eventually have to stop if their farm is not profitable (= too low income) and
they might be tempted to sell their farm if they can fetch a good price.

- Farmer income will depend on the animal production and crop harvest and the prices offered
for the produce. This can be seen as the ‘normal’ income from operation. The net result will
depend on whether operation conditions are optimal. On the CLD the trafficability and
water availability for crops and animal husbandry are variables which will determine the
suitability for farming. These variables are calculated in the water management part of the
model and used here in the income calculation. Also revenues from direct sales to customers
are mentioned (local food) as well as rural tourism these are included as an additional source

of income for farmers.

Besides these flows we can also add the following which are not shown in the current CLD:

- We assume property value never decreases and there is a basic increase so that property
value is in line with inflation in the long term.

- Farms can only be bought if there are farms for sale. The farm availability will also affect the
property value. Farms can be bought by new farmers or by rich citizens that fancy a rural
estate (gentrification). To better represent the availability of farms that are available for
sale, we replace the stock ‘farmer employment’ by 2 stocks ‘active farms’ and ‘farms for
sale’. The model uses a monthly time step and as average sales times are likely to be in
excess of 1 month this warrants adding a stock for the farms for sale. The ‘farms’ stock is
also easier to relate to ‘land use’ and ‘property price’ than ‘employment’.

- An obvious reason for which farmers stop farming is because they retire. This is the ‘natural’
stopping rate and depends on demography.

- Farms can also be passed on in the family which means that only a fraction between 0 and 1
of the farms belonging to farmers that retire are actually sold. In case a farm is passed on
this means it is effectively never up for sale and farm availability is reduced.

The resulting SD model is shown in Figure 12.
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Figure 12: SD for changes in agricultural land use due to gentrification. (inputs are yellow)

Missing from the SD model structure as shown in Figure 12 are the initial values of the stocks. The
flow rates shown in the SD model will be modulated with the stocks and different auxiliary values:
- Rate at which new farmers start will change with

o Availability of farms as a function of farms for sale
o Affordability of farms as a function of property value
o Attractiveness of starting a farm as a function of farmer income
Rate at which farmers stop is the retirement rate + an extra term dependent on
o How attractive it is to sell the property as a function of property value and farmer

income

Rate at which the property value increases is a basic increase rate (inflation) and will change
with
o The residential land use
o Farmer income (or profitability)
o Availability of farms as a function of farms for sale
- Rate at which farm land is lost will change with
o Availability of farms as a function of farms for sale
o Rural tourism and a short food chain where customers buy products directly from

farms will deter gentrification not only through the effect of higher income to the
farmers

o Urbanisation will
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Missing from the above SD model (Figure 12) are also details on the farmer income. In the CLD shown

in Figure 13 we extract the part of the CLD (Figure 11 ) that relates to the income.

FARMER
PROPERTY VALUE BN QY MR
ANIMAL MARKET
DEMAND
/ PRICE
PRODUCTION /FARM R INCOME
CROP MARKET ~
DEMAND —
TOURISM
CROP HARVEST p—
SERVICES
TRAFFICABILITY
""" LOCALFOOD

CROP TYPE LAND USE

AGRICULTURE
“ CROP WATER
NEED
NWA’I'ER
AGRICULTURE

Figure 13: Part of the CLD for the farmer income (inputs are yellow).

According to the SD model in Figure 12 the farmer income depends on the local food sales, nature
services, rural tourism, the suitability of land for farming and the net income from normal farming
practices. For the latter, based on the CLD, the approach for both animal and crop production is to
consider the market demand to decide on how much will be produced. By multiplying the quantities
produced with a price, the income can be calculated. The costs of operation and maintenance are
missing in the CLD but should be considered to calculate a net income. To remain true to the original
CLD and, more important, to avoid the need for a more detailed SD model to represent the
economics of farm management, we choose not to introduce the actual costs but multiply the
income with a profitability factor to simplify the net income calculation. The SD model we have
constructed in Figure 12 also ignores that the farmer income in a single month does not in itself
determine profitability as losses in single months and even years can be compensated by profits at
other times. To model the capital in the farm we therefore need to consider the income over a
longer period. This can be modelled by using a stock for the capital or, alternatively, by smoothing
the income which is the solution we select here. this is shown in the SD model by adding delay marks
(//) to the arrows connecting the net income from normal farming activities, rural tourism and short

food chain to the net income.

From the CLD the impression is that, except for the trafficability, the information flow is only one

way from the agriculture sub-model to the water management sub-model. Indeed, the arrows are
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only from land use agriculture to water needed for agriculture. In reality, there will be a feedback

and agriculture will be affected by water availability and salinity. In the SD model (Figure 12) we
present this feedback in the variable ‘suitability land for farming’. This can be further detailed in the
following feedbacks:
- Salinity level: animal husbandry is a function of salinity and if water is too saline, alternative
water sources might be needed
- Drought: water stress will affect crop production depending on crop type
- Trafficability: if trafficability is too low machinery can’t be used on the fields and sowing or
harvest are impossible
The crop area which is coupled to the land use for crop growth and the number of animals produced
can be used to calculate the water needed for agriculture. This is then input to the polder water
management sub-model as water needed by agriculture and is used to calculate how much water is
actually available for agriculture. In Figure 14 we present the final agriculture model for calculating

farmer income and feedback from the water management to the farm production.
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Figure 14: Excerpt of the SD model for modelling farmer income. (inputs are yellow)
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The scope of this sub-model was “Climate resilience: Impact of sea level rise and other effects of
climate change on low lying inland farming land and nature and coastal safety”. With the above
modelling structures, we have covered the low lying inland farming aspect. The remaining topics are

the relation with nature and coastal safety. These are highlighted in the CLD in Figure 15.
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Figure 15: Complete CLD of the water management - farming- nature- flood risk system with the
nature and coastal safety aspects highlighted in orange. (inputs are yellow)

The relevant part of the CLD in Figure 15 is repeated in Figure 16. In this the following variables are likely
stocks:

The biodiversity variables: biodiversity will improve and deteriorate gradually over time and

is not just a direct or immediate result of the variables that have effect on the biodiversity.
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- Some of the inputs are stocks such as dikes and other structures to improve the coastal
safety. These are inputs to the model and therefore state should be included implicitly in the
time variation of these inputs.

- Urbanisation is also a stock. Until now we have assumed that it’s value is directly related to
other variables as demography, economic development and coastal tourism without
considering previous state. We know acknowledge that the urbanisation is in fact a state
variable. To simplify the model, we consider the urbanisation to be an irreversible process so
that urbanisation can only increase.

- Litter and fragmentation are a consequence of urbanisation but currently there are no
obvious variables that will modulate this such as spatial planning for fragmentation and
strict fining of perpetrators for littering.

- Also, fresh water quality could be a stock but here we consider this an auxiliary and apply a
smoothing operation to model the slow variation and delay in response.

- We assume the biodiversity can restore itself. To model this, we add natural restoration
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Figure 16: Part of the CLD that relates to nature and coastal safety. (inputs are yellow)

The resulting SD model for the CLD in Figure 16 is shown in Figure 17.
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Figure 17: SD model for nature and the coastal security. (inputs are yellow)

3.1.4 Pilot model 2 design: Port and off shore activities

3.1.4.1 Model scope of the port and energy sub-model

The model scope for the second pilot model was determined together with the Port of Oostende
and the provincial development agency (POM) who are involved in the development of marine and
coastal industrial activity. Regardless of the limited marine space available in Belgium, Belgium has
over little more than a decade managed to take on a significant role in the deployment of wind
farms at sea and with 1,186MW installed capacity in 2018 had the 4™ largest capacity in Europe after
the UK, Germany and Denmark (Kruse et al., 2019). Initially, the model development for blue
industry in Coastal was focused on wind farms at sea and how the production could be used for
hydrogen production, desalinisation and as a complement to electricity production onshore. One of
the problems modelled was the need for grid accommodation of the electricity produced by an
intermittent source such as wind energy (Dijkema et al.,, 2009, Crabtree et al. 2010). Further
discussion with energy experts (oral communication Vingerhoets, P. and Meinke-Hubeny, F.)
however led to the conclusion that in the future, scenario’s where electricity surplus from wind-
energy are a problem are not likely as enormous amounts of electricity will be needed to cater for
the decarbonisation of our society and the enhanced interconnectivity of the grid in Europe is
expected. An interesting report in this respect is a Wuppertal study that analyses the infrastructure

requirements for the full decarbonisation of the chemical, steel, and cement industry in Europe by
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2050 (Wuppertal Institut,2020). Based on this insight and a discussion with the MAL actors for Blue

Industry, it was decided to refocus/broaden the scope towards:

All aspects of wind parks at sea including wind turbine (de)commissioning and the

development of onshore infrastructure and know how to support these activities;

- In general, all aspects of off shore wind farms (deployment, maintenance and
decommissioning) as well as related activities such as hydrogen production, desalinisation or
recycling of decommissioned turbines are seen as a business opportunity that favours

innovation and attracts investments in research and development to the area;

- Future expansion of blue industry could be limited by the availability of a qualified labour

force and the physical limits set by space that can be used for this purpose both off shore

where the wind parks are and on shore where space for port facilities and infrastructure are

needed.
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Figure 18: CLD for the Blue Industry established from the sectoral workshop. Inputs are highlighted in
yellow. Outputs that are not used elsewhere in the CLD are in green.

In the original CLD (Figure 18) the following topics can be recognised: 1) off shore electricity

production and activities linked to this, 2) employment, 3) off shore mining and 4) sea defence
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structures. Sea defines has been considered in the first sub model albeit in a somewhat simpler form
but will not be further elaborated here. The sea mining is not considered further at this stage but
could be added later if requested by MAL actors/stakeholders. In the current development we focus
on the marine wind parks and consider the sea defence and offshore mining as an alternative use of
the available marine space, space that will then not be available for further expansion of off shore

wind energy.

An obvious physical limitation to deploying an off-shore wind park is available marine space. This is
regulated by the marine space use map for which the most recent version for 2020-2026 is shown in
Figure 1. For our purpose, as the focus is on wind parks, we will distinguish between areas suitable
for renewable energy and other areas. The sum of both these area types will be the total area of the
Belgian territorial zone. While the Marine Spatial Plan 2020-2026 establishes the current area
available for the different functions, future revisions might enlarge the area suitable for renewable
energy and thereby decrease the area available for other uses or vice-versa. The Marine Spatial Plan

is revised every 6 years.

As explained in the first paragraph, for the off-shore wind electricity production, we will not focus on
grid accommodation in the model. This implies that the grid balance gap in the original CLD (Figure
18) is not an issue and that the onshore demand will always be able to absorb the electricity
produced by the offshore windfarms if that is necessary. This however does not preclude that
produced electricity could be stored (battery, energy atoll), used to produce hydrogen or for de-
salinification of sea water but this is not required because of surplus electricity being produced that
can’t be used by an onshore user. This significantly simplifies the CLD as shown in Figure 18 as there
is no feedback from electricity demand/consumption to electricity allocation to the different

possible uses.

While the decommissioning is explicitly mentioned by the MAL actors this is currently not considered
in the CLD. The CLD is therefore extended with processes related to the decommissioning:

- While only decommissioning is mentioned this can also be extended to include other phases
in the life cycle of the marine wind park. Once marine space is released it again can be used
for other purposes of which the installation of a new wind park seems a likely option. This
implies that marine space will be possibly occupied by a sequence of wind parks where the
request for a new concession and plans for a new wind park (by possibly new candidates)
will go hand in hand with plans for decommissioning by the owners of existing wind parks. In
our CLD we will distinguish planned, operational and end-of-life marine wind parks.

- In general, decommissioning is required by the end of the 20-year turbine service life. So far,
in the offshore wind sector only a few wind turbines have been dismantled offshore in
Europe and experience with the decommissioning is still limited but in the near future this
will change as from 2020 to 2030, 1,800 offshore wind turbines in Europe will reach their

end-of-life (Topham et al. 2019). Upon reaching their end-of-life there are a number of
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options for the wind turbines: lifetime extension, repowering or decommissioning where
decommissioning can be either a partial or a total removal of the offshore wind foundations.
In the permit granted for the wind park, the site’s restoration to its original condition is
required. However, the permit also considers the need for consultation concerning the
practical implementation of this requirement and how far this can go. While there is to date
limited experience with the decommissioning of marine wind parks, experience with oil rigs
indicates that biological production and biodiversity are enhanced due to the presence of
the decommissioned structures (Frumkes, 2002; Sayer and Baine,2002). While partial
removal is cheaper at time of decommissioning it also incurs extra costs due to the
requirement for subsequent monitoring of the site.

- Repowering as defined here includes two types of actions. Full repowering refers to the
complete dismantling and replacement of turbine equipment at an existing project site.
Partial repowering is defined as installing a new drivetrain and rotor on an existing tower
and foundation and allows extending the wind park lifetime to two generations (Sun et al.,
2019). Partial repowering — for example by replacement of only the turbine drivetrain and
rotor—allows existing wind power projects to be updated with equipment that increases
energy production, reduces machine loads, increases grid service capabilities, and improves
project reliability at lower cost and with reduced permitting barriers relative to full

repowering and greenfield projects.

According to the German Federal Ministry for Economic Affairs and Energy (BMWI, 2015) offshore
wind energy offers significant economic development potential. Whether during the construction of
plant components, the assembly of a wind farm or its subsequent operation — generating energy
from the sea requires products and expertise from numerous industries. The fledgling technology is
also in need of specialised professionals. The BMWI report (2015) mentions following elements in
the value creation chain in off shore wind energy:

- Project planning and development

- Financing and insurance

- Turbine construction

- Transport and assembly for turbines and wind parks

- Grid connection

- Operation and maintenance

- Disassembly and/or repowering

Each of these elements requires specialised labour and facilities most of which will have to be
stationed at or near the coast. In Belgium, the existing and rising economic relevance of the offshore
wind energy business is expected to result in about 16,000 jobs between 2010 and 2030 being
created (Belgian Offshore Platform 2019). The European Union anticipates 170,000 jobs in the
industry by 2020 and around 300,000 just a decade later (BMWI, 2015). Profiles that will be needed

range from technical profiles such as engineers and skilled workers from the metal and electrical
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industries, surface engineering and mechatronics, meteorologists, geologists and marine biologists,
skippers and machine operators industrial climbers and divers but also commercial experts who can
assess the economic viability of future wind farms and experts in financing and insurance and in the
areas of approval and certification In Belgium, 39 per cent of the interviewed stakeholders expect
labour market and access to qualified employees to become a problem in the future (Kruse et al.,
2020).

When it comes to facilities, the mere size of many of the components involved poses logistical
challenges (BMWI, 2015). For example, motorway bridges with a standard height of 4.5 metres are
insufficient for the transportation of the six-metre-wide rotor blades. To support the off-shore wind
farm industry ports can provide facilities for (BMW!I, 2015) preassembly during deployment or the
import and export of the installation for both of which sufficient storage space, quay surfaces with
heavy-duty capacity and loading capacities are essential. Ports can also be safe havens in bad
weather, for the ships used in wind farm construction. For maintenance and operation (M&O) of the
wind park, the port can take on a service function offering response, supply and research,
development testing and training. For the decommissioning, one of the 4 main concerns of Belgian
Stake holders (Kruse et al.,, 2020) is the large storage space requirements to store the
decommissioned parts of turbines before having them sent to other locations. Almost half of them

(44%) believe new facilities will be required for waste management and recycling.

Finally, from the Decom Tools project stakeholder analysis (Kruse et al., 2020) it became apparent
that the main concern of the Belgian stakeholders in the Decom Tools project is the high degree of
uncertainty related to permits related to offshore wind and decommissioning. All investments, new
machines or new techniques depend on permits and regulatory decisions on what is going to happen
to the physical location of wind farms after decommissioning. Without having these in place,

companies struggle to make a business case to move forward
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Figure 19: Adapted CLD with focus on the activities accompanying wind parks at sea, infrastructure
and labour force requirements. (inputs are yellow)

3.1.4.2 Quantification of the port and energy sub-model

The following elements need to be addresses in the SD model:
- the off-shore wind park electricity generation depending on the characteristics of the

turbines and their mutual spatial configuration;

- In the CLD the temporal relations are missing and thus the different steps in the lifecycle of
the wind turbines. For the SD model we will distinguish both the pre-operational steps
starting with planning through construction and deployment, the operation and
maintenance phase (O&M) and the end-of-life where the turbines need to have their

lifetime extended, to be repowered or decommissioned.
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- Wind parks require space (marine spatial planning), infrastructure and a skilled labour force.
While the latter two don’t necessarily need to be sourced locally in Belgium and are
sometimes not even locally available currently, the development of marine wind parks and
associated activities will entail a demand for such infrastructure and labour force which
represents an opportunity for Belgian industry.

- Investors and project developers in the end are, if not only, mainly interested in the
profitability of the offshore marine wind parks. As an add-on to the SD model we should
therefore assess the profitability of the sector.

- All aspects of the offshore wind energy industry favour innovation and attract investments in
research and development to the area.

- Legislation and clarity in permits and procedures for all aspects related to the deployment,
operation and decommissioning or repowering of off shore windfarms. Especially for the
end-of-life options there is a lack of step-by-step explanations and procedures on what to do
to obtain the permits for lifetime extensions or what will happen to the wind farm site after

decommissioning (Kruse et al., 2020).

The legal and policy aspects are currently the aspects that are least clear and will be modelled as
input (drivers) that can either promote or demote the other activities. As drivers we are assuming
that there is no feedback from the wind park operation. In reality, offshore wind park profitability
and employment could have a long-term effect on policy and also legislation. Effects on the marine
environment are not included here as we assume a neutral effect as reported by Degraer et al.
(2013).

The wind parks

To calculate the energy produced by the wind turbine we multiply the wind park nominal capacity
CapNom by a capacity factor. The effect of the uneven distribution of available wind energy with
months and the effect of changes in yearly available wind energy due to climate change will be
accounted for through a monthly (f») and a yearly (f,)factor:

- E(y,m) = CapNom = CapFact = f, f,

Where:

y: year considered [-]

m: month considered [-]
E(y,m) : energy produced in year,y and month,m [MWh]
CapNom: Nominal listed capacity of the wind parks in [MWh]
CapFact(y): capacity factor [-]

fm: effect of uneven distribution of wind energy over months  [-]

fy: effect of uneven distribution of wind energy over years [-]

While the CLD (Figure 19) considers planned, operational and decommissioned wind farms, for the SD
model we consider the stocks that in the end will be needed for the result and consider the energy
capacity and the area occupied by the wind farms. For both these, we consider the following stocks
for the offshore wind parks: planned, operational first generation , end-of-life and an operational
second generation. The end-of-life stocks can be either decommissioned (a flow) or partially be

3 https://en.wikipedia.org/wiki/Capacity factor
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repowered (a flow) to become a second-generation operational stock. For the wind park capacity,
the corresponding SD model structure is shown in Figure 20. The stock represents the installed
effective capacity of the wind parks in MWh based on the nominal capacities multiplied by their
respective capacity factor for respectively all planned, operational or end-of-life wind parks.

To assure the correct dynamics considering the expected lifetime of both the first and second
generation of the offshore wind farm we, delay the rate used for increasing the stock by the lifetime
to calculate the outflow using a fixed delay. This ensures that the capacity added for the windfarm in
timestep, t is removed in timestep, t+ lifetime.
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Figure 20: Different offshore windpark capacity stocks.

As can be expected, the structure for the wind park area stock is very similar and shares the flow
rates with the energy capacity model (Figure 21). As can be seen in Figure 21, instead of calculating
the stock for the planned capacity and area we read these as inputs to the model. This assumes that
these are not affected by other variables in the model and is clearly a simplification as profitability
will obviously affect the plans of investors. For now, we adopt this simplification as it will facilitate
testing and provides for interesting options for scenarios.

Up to now the model developed merely calculates the energy capacity of the wind parks at sea. To
transform this into actual electricity produced, the capacity will need to be multiplied by the factors
fm and f,to account for the variations in wind energy between the months (f») and the years (f,)
considered in the simulation. The effect of climate change, represented by the “meteo” variable in
the model, can be accounted for by modifying the month and year factor. The produced electricity
can be assigned to the grid or, alternatively, be used for producing hydrogen or for desalinification.
Both options are considered in the model by calculating the equivalent amount of hydrogen and
fresh water that can be produced from the produced electricity assuming a user defined capacity
and distribution of produced electricity for both processes. Excess electricity produced is assigned to
the grid. The resulting SD-model is shown in . The reader will notice that the energy storage is
missing from this model. The effect of storage is to displace capacity in time. With a time step of 1
month storage effects at a smaller time scale will probably cancel out while if there are effects over
months these could be accounted for through the monthly time factor fn, that is currently used to
model the effects of differences in wind energy for the months of the year.
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The different aspects of marine wind park deployment, operation and maintenance (O&M) and
decommissioning require a number of services and activities. Some of these activities relate to the
(de) commissioning while others are necessary for O& M. We distinguish between these two types of
activities as they relate to different phases in the life cycle of the wind park and are also different in
terms of e.g. duration and frequency. In the SD model we therefore consider stocks for each of these
two types of local activities. In our model we want to explore the possibility of local development of
the required (de)commissioning and O&M activities. The demand for an activity depends on the
wind park stock: the more wind parks the more wind parks will need to be decommissioned or the
more need for operation and maintenance. The required activities could be sourced from existing
foreign providers. For some specialised services that are not needed on a regular basis this could
well be the most likely option. However, if local entrepreneurs see a market and can provide the
service at more interesting conditions, the need for the activity will result in a certain local need for
such an activity. The driving force for increase or decrease of the local activity stock will depend on
the difference between the stock value and the local need for the activity. The resulting SD model
structure is shown in Figure 23. The wind park area stocks have been omitted from this structure for
reasons of clarity.
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Figure 23: Activities related to the offshore windparks: (de) commissioning and operation and
maintenance (0O&M) and their relation to offshore wind parks. (inputs are yellow)

In a next step we add the structures needed for the skilled labour and infrastructure. The wind park
employment stock will depend on the local activity stocks and available skilled labour stock. Much in
the same way as demand for activities depends on the wind mill parks, demand for skilled labour will
depend on the size of the activity stocks. The actual wind park employment will depend on the

This project has received funding from the European Union’s Horizon 2020
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difference between labour required and the wind park employment stock and the increase to the
required value is limited by the stock of skilled labour available. Obviously, if there is no skilled
labour available, the employment in the local activities related to wind parks can’t increase. The
available skilled labour stock can increase if employees lose their jobs in the local offshore wind
parks’ industry or because new trainees become available. The stock decreases when people are
hired by either the wind parks, by other sectors that compete for skilled labour or when they retire.
The wind park employment stock will determine if further expansion of local activities is possible.
The rationale for the infrastructure is analogous with the difference that only an increase in
infrastructure is assumed. The dynamics of the increase in infrastructure is based on a difference
between the actual local infrastructure stock and the local stock needed for the local activity (=
demand for local infrastructure). As long as more local infrastructure is needed, this will increase.
The local infrastructure stock will determine to what extend the local activity can increase and this
feedback effectively limits the size of the stock. The resulting SD model structure is shown in Figure
24 . Notice that the wind park capacity stocks have been lumped into a single wind park capacity
stock to simplify the presentation.
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Figure 25: SD model extended with legislation and policy drivers. (inputs are yellow)

The SD model structure is extended with the effects of legislation and policy drivers (inputs) by
considering the effect these have on the (de) commissioning of the wind parks and the development
of local business activities both directly and indirectly by supporting local infrastructure

development (Figure 25).

Profitability is considered in the SD model by considering the costs (investment, O&M costs, (de)
commissioning costs) and benefits (income from electricity production). Depending on who is the
beneficiary the assessment can be different. For the investor the profitability will be the difference
between all costs and the income. For the local economy, an assessment of the profitability will also
need to consider how much of the total O&M and (de) commissioning costs are due to local

activities that result in local employment and profits.
The innovation is also considered as a driver and will mainly affect the profitability by lowering the

costs and increasing the electricity generation. We also consider the innovation from a local
perspective where innovation will increase the attractivity of the local activity so that the demand

for the local activity is higher with an increase of innovation.

The resulting SD-model structure is shown in Figure 26.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773782 50



COASTAL

/ Collaborative Land-Sea
/ Integration Platfarm

e b

e 1N0J3a T¥20 STLLALLY 1N0J3Q T¥201
NIESVRIEA |5 ovocenavon@a|  NESYRINI

oy

N\

/ LXENISIANT
/ SELLIALLOY
¥ DNINOISSTNOXED) f
T¥207T ¥0d QFEN AR
/ g um&eaa
Bl TAGEN STLLALLOY
ONINOISSTONOED)
ALITIEV L1044 / S
FIEVIVAY
//l/ ..
/ DNINOISSIONODET 1NTNAOTdA /
51500 ALDVAYD ﬂx /
301 / / S1S02 U‘"ﬂ" WAV AT 7 = 5 . ] \

/| INGNAOTANE
VA AN

\/ o c
NOLLVAONNI ——————

Figure 26: SD model extended with profitability (pink arrows) and innovation (green arrows). (inputs

are yellow)

51

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773782



3.1.5

2, COASTAL

: é

Overview of the stock-flow models and land sea interactions

In Figure 27 the overview SD model for the climate resilience-water management- agriculture—

environmental quality coastal safety is shown. The presented structure is a simplification of the full

SD model derived in the previous chapters and only contains the main stocks, flows and auxiliary

variables of the full system:

Polder water system with a polder level to represent the groundwater state in the polder
and in -and outflows that increase or decrease the groundwater level in accordance with the
water management system;

The spatial planning in the polder where agriculture and nature compete for space.
Urbanisation is resulting in farms being bought by wealthy citizens (gentrification) and a
demand for alternative food production (short food chain, ,Community Supported
Agriculture).

Farming and urbanisation have an effect on the state of the environment (water quality,
litter, fragmentation);

Climate change will have consequences for the sea level and the water balance of the

polder.

In the model presented for the blue Industry Figure 28 we consider the relationship between the

development of marine wind parks and available resources such as marine space, port infrastructure

and services related to the lifecycle of the offshore wind parks: planning, construction, operation,

maintenance, repair and decommissioning. The overview model presented in is a simplification of

the different components discussed but presents the main problems that can be addressed with the

model:

The development of marine wind park industry in Belgium accounting for availability of
marine space, infrastructure and skilled labour;

An assessment of the evolution of the profitability of such activities;

The effects of the legal framework, financing, policy and innovation on the dynamics of the

development of offshore wind parks.

This project has received funding from the European Union’s Horizon 2020
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Figure 27: Overview SD model for the polder including water management, agriculture, biodiversity
and coastal safety. (inputs are yellow)
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Problems that can be addressed with the SD models

Using the above SD models, the following problems can be addressed:

With respect to the water management and land use in the polder

Changes in the polder water balance due to land use (farmland or nature) but also climate
change and vice versa the land use that is feasible given climate change

How much water is available for recharge to the polder considering that water available
from the canal can change due to changes in sea level which will require a higher discharge
from the canal and the use of canal water for the production of drinking water?

What is the effect of using water from a waste water treatment plant and/or water
recovered from sealed areas as a water supply for the polder.

What is the effect of different polder water level management schemes? What would be the
effect of changing the drain layout and thus how fast re/discharge affects the polder level?
How will sea level rise affect the capacity for discharging water from the polder? How much
pumping capacity is required to remove the water?

How will changes in population and tourism affect the water management in the polder?
Will it help to buffer water to bridge periods where there is not enough water and if we
buffer how big does the buffer have to be?

How can water management decisions affect the land use (agriculture/nature/residential)
Under what circumstance is farming in the polder still profitable?

How will farming in the polder evolve and to what extend will it still exist due to
gentrification?

With respect to the blue industry and its requirements in terms of infrastructure, space and
labour force

Which bottlenecks are to be expected for the blue industry and when will these occur under
different possibilities for development? The model considers limitations in marine space,
financing and permitting.

How will the different options in the lifecycle of a wind park affect the dynamics?

How will future profitability of off-shore wind parks be affected by the different choices in
terms of electricity use (hydrogen, ...), decommissioning options, available marine space?
How will the availability of onshore infrastructure and local skilled labour affect the
development?

How can innovation and the legal/policy framework in which investors and operators have

to thrive affect the development of wind parks?

The model can help with the following actions of the green deal:

The polder model can help assess the impact of climate change on the water availability in
the polder and how we can counteract unwanted changes. This relates to the “New EU
Strategy on Adaptation to Climate Change” action

The Blue industry model can be used for the “strategy on offshore wind” in Belgium.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773782
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3.1.7 Main model variables

Table 1: Main variables in the MALO1 SD model for water and land use in the polder.
( S: stock, F: flow, A: auxiliary)

Name Unit SD  Definition

Polder Level m S The ground water level for the polder

Buffer m S Water buffering capacity for water supplied to the polder
recharge to polder m3/month F Actual water flow to the polder area

discharge from m3/month F Actual water flow from the polder area

polder

Specific Yield m/m A The amount of water released with change in groundwater level

FlowResistance month A Hydraulic resistance to exchange between the groundwater and the
ditches in the polder; dependent on topology of the ditches and soil
characteristics

Desired Level m A Optimal groundwater level according to the water management
scheme

Precipitation m/month A Natural surface recharge to the polder area

Evapotranspiration m/month A Natural surface discharge from the polder area due to crop water
uptake and evaporation

Sealevel m A Average monthly sea level

Salinity kg/m?3 A Salt concentration in ground water.

Biodiversity - S Biodiversity indicator: marine, coastal or terrestrial

Urbanisation - S Indicator ( degree of urbanisation)

Active farms #farm S Farms actively being used for agriculture

Farm for sale #farm S Farms available for sale

Property value Euro S Average price of a farm

Demography #people A Non-farmer population in the area

(farm)

Farm land use ha or - S (fraction) Area used for farming

Natural land use ha or - S (fraction ) Area not used for farming, residential, recreational or
industrial purposes

Residential land haor- A Stock derived from farm and natural land use (fraction or area)

use

Short food chain - A Increase in farmer income due to direct, local sale of produce on the

farm

This project has received funding from the European Union’s Horizon 2020
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Table 2: Main variables in the MALO1 SD model for the blue industry.

Name

Planned offshore
wind park capacity
Planned offshore
wind park area

First  generation
operational wind
park

Second generation
operational wind
park

End-of-life
offshore wind park
Local o&M
activities

Local (de)commis-
sioning activities
Wind park
employment
Skilled labour
supply

Onshore
infrastructure

Unit
MWh
2

km

MWh
km?

MWh
km?

MWh
km?
Eur
Eur

#people

#people

or

or

or

SD
A

( S: stock, F: flow, A: auxiliary)

Definition
Planned annual capacity (= nominal capacity * capacity factor)

Area that will be taken by the planned off shore wind parks

Capacity or area of the operational wind parks that resulted from green
field development or complete repowering

Capacity or area of the operational wind parks that resulted from
partial repowering of existing wind parks

Capacity or area of the first-generation wind parks that need to be
decommissioned or repowered

Turnover of local enterprises involved
maintenance (O&M) of offshore wind farms
Turnover of local enterprises involved in the (de)commissioning (O&M)
of offshore wind farms

Number of employees employed in the local off shore wind industry.

in the operation and

Number of employees available and suitable for recruitment by the
local off shore wind industry

Infrastructure (port, quay, storage, waste processing facilities) available
for the offshore wind industry

This project has received funding from the European Union’s Horizon 2020
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3.1.9 Planning

Most of the current SD pilot model structures presented in Vensim were defined with a number of
relevant data and model equations in mind so that full quantification in the next steps should be
feasible. Nevertheless, at times assumptions were made based on what appeared common sense
and in the coming months additional data and model equation collection will be needed. An
inventory of missing data/equations will be made based on the current pilot model structures and
this will then be forwarded to the relevant MAL actors who can help with their expertise. Further
consultation with the MAL actors/stakeholders involved is also planned as is interaction with

WP3/WP5 partners to ensure the model scope is in line with their expectations.
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3.2 Multi-Actor Lab 2 - South-West Messinia (Greece)

3.2.1 Problem scope of the land sea system

South West Messinia (SW Messinia) is a representative example of an interlinked coastal-inland area

in the Eastern Mediterranean region well known for its unique beauty and long history (Figure 29).

Figure 29: A view of the SW Messinia case study from Palaiokastro (check view point in Figure 30).

It is a rural area with small towns and villages (Figure 29). The landscape is mainly dominated by
olive-trees, which were planted during the 1970s replacing other types of crops (Maneas et al.,
2019). Part of the case study is designated as an Integrated Tourist Development Area (ITDA), which
is one of the biggest tourist investments in Greece, and a major driver for the economy for the
area. At the core of the case study lies a coastal wetland which is part of a wider Natura 2000 site,
that includes a variety of Mediterranean habitats and cultural sites (Birds directive 2009/147/EC;
Habitats Directive 92/43/EEC).

Tourism is expanding and goes hand in hand with infrastructure development (hotels, roads and
airports), the creation of new job opportunities and it can provide opportunities for diversified
livelihoods, but also increases the pressures on agricultural, water resources management and the
environment (Tiller et al., 2019; Maneas et al., 2019; Klein et al., 2014). The area produces olive-oil
of high standards, but the current conditions (land fragmentation, willingness to cooperate) add
limitations on the sustainability and growth of the sector (Tiller et al., 2019). In addition, the
production of olives is mainly based on conventional farming practices (e.g. tillage, use of pesticides,
herbicides and synthetic fertilizers) which result to higher run-off from agriculture and subsequently
environmental degradation of coastal and marine areas (Tiller et al., 2019; Berg et al., 2018). The
operation of pomace-mills, located in industrial zones outside the catchment area, should ensure
that olive-mill’s waste from the oil production process are not disposed to the environment, but are
treated as useful by-products which are further processed to produce other types of olive-oil and
products (Tiller et al., 2019). However, not all olive-mills follow the regulations and their operation

has impacts to the environment. Meanwhile, the wetland is in a bad environmental state, and unless

This project has received funding from the European Union’s Horizon 2020
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actions are taken towards the restoration of hydrological conditions and the enhancement of its

ecosystem services, it is expected that it may soon collapse with implications to fishing and tourism.
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Figure 30: Land uses and pressures in the SW Messinia (Pantazis, 2020 ).

According to our stakeholders, the main constraints  for the sustainable development of the area
are the lack of trust and cooperation within and among the sectors of economy. The lack of marine
and terrestrial spatial planning further implicates the challenges and limits the options for achieving
better conditions (Tiller et al., 2019). These, combined with gaps in legislation and poor enforcement
(Tiller et al., 2019) constrain the possibility of adopting and supporting a common vision about the
area.
During the first MAL workshop, the common vision for the area was summarized as: “Join forces in
creating the Brand Name of Sustainable Messinia that expands across all sectors, activities and
products” (Tiller et al., 2019). Thus, the model scope was determined based on the outcomes and
feedback from the first MAL workshop (Tiller et al., 2019), and our current understanding of the
system (Androni & Eleyhteriadi, 2019; Faulwetter et al., 2019; Hatzianestis et al., 2019; Maneas et
al., 2019; Manzoni et al., 2019; Berg et al.,, 2018; Klein et al., 2014; Bousbouras et al., 2011;
Koutsoubas et al., 2000). Starting from current conditions, the basic aim of the model is to show
how:

- ashift to more integrated farming practices;

- the restoration and enhancement of ecosystem services in the Gialova Lagoon wetland;

- ashift from beach tourism to thematic sustainable destination tourism.

This project has received funding from the European Union’s Horizon 2020
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can create the baseline for achieving the common vision for the area (Tiller et al., 2019). Even in a
small area like SW Messinia, the system is quite complex, and there are different levels of details for
each of the components. Thus, our approach is based on dividing the whole model into sub-models
which when combined connect all the different land-sea interactions that are important for our
case.

The land-sea interactions we will consider in the model are:

- The potential of integrated farming as a model for olive-oil farming and its effect on the
sustainability of the sector, the cyclic economy, the impacts on the wetland, the coastal zone
and the diversification of tourism.

- How increased freshwater inputs could create better conditions in the wetland and the
effects on wetland and coastal fishing and diversification of tourism

- The potential for sustainable tourism including marine tourism activities (such as diving
tourism, pescatourism etc) and land agro/eco-tourism activities which would reduce the
negative effects of tourism for the local population and the environment.

All sub-models will consider possible effects of climate change (temperature changes, precipitation,

desertification vulnerabilities etc.).

3.2.2 From Multi actor analysis to modelling

During the multi actor analysis, the participants were asked to identify the potential of further
development in and between their sectors and issues linked to the business opportunities and
innovations that were discussed during the sectoral workshops. Smart agriculture, re-use of different
types of by-products from the olive-oil farming and innovative tourism solutions were brought up by

the participants and could be major drivers for the sustainable development of the Messinia region.

Indeed, increased monitoring and remote sensing in the farm could benefit both the agricultural and
the public sector reducing the impact to the environment. New technologies in the farm could lead
to optimized use of water/natural resources and prudent use of agrochemicals (reducing farmers’
costs) and to a more effective management/follow-up of the whole production process (from farm
to fork), generating more free-time for farmers (improving farmers’ well-being). Such agriculture
could be more attractive to young generations. Coupling new technologies with authenticity could
boost the local/regional olive-oil production and create new high-quality products. Agri-, pesca- and
eco-tourism remains of a great potential in the area and offers opportunities to increase land-sea
synergies, coastal-rural stakeholders’ collaborations and creation of more jobs. It can also create a
new market for local products. The local secondary sector, and especially pomace-mills, could
provide innovative solutions in the fields of energy production and management/ re-use of waste
and by-products in the farm, thus feeding a circular-economy model with benefits to the

environment.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 773782
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Figure 31: A simplified overview of land-sea interactions described in the combined CLD model (Tiller
et al., 2019). Pink colour is used for components linked to population, orange for components linked
to tourism, blue for components linked to water resources, light green for components linked to the
environment, dark yellow for components linked to agriculture, brown for components linked to local
industry, dark teal for components linked to fishing, teal for components linked to institutions and
innovation, and purple for climate change.

3.2.3 Pilot model 1 design: Wetland salinity regulation and enhancement of ecosystem

services

3.2.3.1 Model scope for the wetland salinity regulation

The model scope was determined based on the outcomes of the first MAL workshop (Tiller et al.,
2019), and our current understanding of the system (Maneas et al. ,2020; Androni & Eleyhteriadi,
2019; Faulwetter et al., 2019; Hatzianestis et al., 2019; Maneas et al., 2019; Manzoni et al., 2019;
Bousbouras et al., 2011; Koutsoubas et al., 2000).

The brand name of Sustainable Messinia cannot be adopted if the natural ecosystems of the area
are not in a good environmental status. Starting from current conditions, the basic aim of this sub-
model is to show how the restoration and enhancement of ecosystem services in the Gialova
Lagoon wetland can contribute to achieve the common vision of the area. Fish management in the
wetland is important to sustain fish stocks at sea. Furthermore, the wetland due to its high
educational, environmental and aesthetic value, and the recent touristic development in the area,
has the potential to become a world-known eco-touristic attraction (bird-watching, leisure-fishing,
nature-trails, cultural-trails), supporting the local economy all year around.

The main challenge that needs to be addressed is the regulation of salinity. Over the years, the
combined effects of increased salinity and limitation in water circulation have led to extensive reed
and cattail mortality, which are typical habitats for water birds (Maneas et al., 2019). The survival of
commercially important fish species found in the lagoon, is also affected by salinity. Under future
drier and warmer conditions, salinity in the lagoon is expected to increase even more, unless
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freshwater inputs are enhanced by restoring hydrologic connectivity between the lagoon and the
surrounding freshwater bodies (Manzoni et al., 2019).

The part of the CLD that it is relevant to the model scope is shown in Figure 32. The regulation of
salinity is mainly a problem of salt mass and water volumes, and in this sub-model we will focus on
these parameters. However, agricultural practices, demography and tourism have an effect on the
amount of water available for the wetland. Irrigated farmland and agricultural land, tourism and
demography are an input in this CLD and as such assumed to be unaffected by the processes
described by the CLD for the current model. Variables related to climate change (precipitation,
temperature/evaporation) are included as input to the model and assumed to be independent of the
processes in the model. A more holistic approach of the system, based on data availability and
understanding of land-wetland interactions could pave the way for reducing conflicts between
lagoon fishers and farmers. During the sectoral workshops, these conflicts have been reported as a
barrier for past wetland water management efforts. Aspects from the MAL2 CLD which are only
indirectly related to the model scope such as ‘harvestable marine fish stock’ and linked interactions
are not considered in this model.
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Figure 32: Part of the MAL2 CLD that relates to the model scope (yellow: inputs) (Tiller et al., 2019).
Pink colour is used for components linked to population, orange for components linked to tourism,
blue for components linked to water resources, light green for c