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Executive summary 

This report presents a strategy to develop and assess storylines about climate-related risks to 

coastal infrastructures for the coming century. These storylines are new tools developed in 

co-production with decision makers to include scientific inputs into practical planning. In 

particular storylines are used to map the inevitable deep uncertainty that arises when trying 

to imagine possible future states of coastal infrastructures. We present a myriad framework 

that considers a continuum of future states and focuses on three main aspects: (1) remote 

climate drivers, coastal infrastructure (2) adaptation and (3) expansion. The impact of three 

remote climate drivers are explored: (1) The melting of land ice in Antarctica and 

subsequent sea level rise, (2) the ocean warming in the tropical Atlantic and its 

consequences on tropical cyclone formation, in particular the ‘Ophelia’ type tropical 

cyclones that could directly reach the European coast, (3) the melting of Arctic sea ice that 

will open new shipping routes and potentially disrupt the European port operations. The 

myriad framework is complemented with a focus on a world 4ºC warmer than in the 

preindustrial period in 2121 to provide a detailed storyline for a particular path of particular 

interest for the future coastal infrastructures. 
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1. Introduction 

Flooding is the most damaging natural disaster in the world, causing global losses more than 

~USD100bn in 2017 alone (Munich RE, 2017). Global warming and the remote melting of the 

ice-sheets of Greenland and Antarctica will further increase the frequency and severity of 

flood hazards of European coastal regions, its people and economic assets. Moreover, flood 

risk will increase due to the continuous exposure of people and assets in Europe’s coastal 

regions, which is expected to grow by a factor of two by 2050 (ECA, 2018).  

When focusing on Europe’s coastal infrastructure, a recent report by the European 

Environment Agency (EEA, 2017) notes port facilities and critical infrastructure networks are 

particularly vulnerable to flooding and erosion (Forzieri et al., 2017). General climate change 

losses to critical infrastructure are set to increase by more than 10 times present damage of 

€3.4 billion per year by 2100 (EEA, 2017). Critical infrastructure is important for the continuity of 

vital societal functions and is commonly associated with facilities such as the electricity grid, 

(tele)communication, transport, and water treatment plants. Ports are also important hubs for 

the economy and serve as a crucial link in global trade relations. Furthermore, protective 

infrastructures (levees, dams, and managed dunes and beaches) are essential to reduce the 

risk from flooding.  

One of the major challenges in managing these risks is the large uncertainty that exists in sea-

level rise (SLR) projections, the melting of large ice sheets and the temperature increase of our 

oceans alongside the future effort given to adaptation.  

Over the period 1901-2010, global mean sea level has already increased by 0.19 ± 0.02 m 

(Church et al., 2013). In the last AR5 IPCC report, process-based models project a rise of 0.26-

0.55m, and 0.52-0.98m for the RCP 2.6, and 8.5 scenarios, respectively. The melting of the 

Antarctic ice sheet and resulting SLR will exacerbate coastal flooding and the impacts to 

coastal infrastructure, and one of the scientific challenges is to provide more reliable 

estimations of the rate of SLR. At the same time, stakeholders may have different risk aversion 

levels which relate in considering or neglecting some sources of uncertainties in sea level 

projections. As such, tailored regional SLR projections are needed, also due to differences in 

coastal morphology, earth gravitational field, local meteorological conditions, among other 

factors. The melting of arctic sea ice may also initiate positive economic effects for European 

Ports and the related economy, since the length of trade and shipping routes between Asia 

and Europe may decrease. Finally, increased ocean temperatures may result in increased 

hurricane frequency and intensity. 
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1.1. Report objectives and structure  

This report builds upon the RECEIPT kick-off meeting and identifies climate ‘hotspots1’ within the 

coastal infrastructure sector (based on societal and scientific partner knowledge), a 

framework of associated storylines and associated illustrative micro stories and the models and 

data that will underpin the analysis.   

The storyline framework set out here will be used as the basis for ongoing co-creation process 

(initiated at the RECEIPT kick-off in Delft) to help explore climate change impacts and the 

planning, performance and investment in coastal infrastructure.  

 The report is structured as follows: 

• Decision drivers of our storylines 

• Framework for developed of associated storylines 

• Illustrative Micro-stories  

• Quantification of the storylines  

Note: This report focuses on coastal infrastructure. During the kick-off meeting the definition of 

infrastructure was discussed and in the context of RECEIPT ‘coastal infrastructure’ is considered 

to include the rail, ports, power infrastructure that provides a service directly to the 

infrastructure user.   The impact on coastal flood defenses, beaches and other features 

(deterioration, increased maintained spend etc) that act to protect or enable these services, 

although important, are not considered here. 

  

                                                      

1 Here climate change is assumed to a spatial process connections – for example climate 

change leads to remote changes (ice melt) than manifests as a climate change in Europe 

(sea level rise) with subsequent infrastructure, economic and social impacts.  This is slightly 

different to interpretation in other WPs 
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2. Decision drivers of our storylines 

Through the RECEIPT project we are aiming to present meaningful evidence that helps 

practical planning, operational and adaptation investment decisions. This will be done 

through asking questions such as: 

• What does climate change mean for the infrastructure we own/operate? 

• Can I reduce the risks from climate change? And how much will it cost? 

• If I invest will that give me a competitive advantage? Conversely if I don’t invest how will 

this impact our profitability in the longer term? 

• Does climate change lead to exploitable opportunities?   

Through exploring these stakeholder questions, RECEIPT seeks to promote a long-term 

perspective on future infrastructure investments and long-term resilience. This will be done by 

helping coastal infrastructure providers understand the scale of the potential impacts of 

climate change and how best to adapt and, in some instances, exploit new opportunities. 

In developing storylines that respond to the remote climate drivers of interest, we recognize 

that the future is deeply uncertain and cannot be meaningfully described through a small set 

of (constrained) scenarios. Instead, we have adopted an approach based on a storyline 

framework that efficiently represents many future states that reflect three strands: 

• Influence of remote (outside Europe) climate change drivers (land ice melt, sea ice melt 

and ocean warming) 

• Approach to infrastructure adaptation (from no to high) 

• Approach to infrastructure expansion (from no to high) 

The decoupling of future states from time enables an assessment of the collection of futures 

and enables a post-hoc translation of the future states to a time-evolving story if desired (for 

example as the pace of adaptation to climate change become better known). The change 

in risk, in a particular future state, is described by a small number of metrics, including:  

• Risk – Expected Annual Damage (EAD), Expected Annual Population Affected (EAPF) or 

Expected Annual Output Losses (EAOL). 

• Hazard – Percentage are flooded and associated hazard footprints.  

• Exposure – Percentage of infrastructure assets that are exposed within the coastal area 

• Damage –  per asset/region/country for different return periods, now and in the future. 

• Losses – economic loss per region/country due to failure of infrastructure systems.  

All of these aspects are discussed in more detail below. 
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3. Storyline framework 

Storylines are considered here in the context of a continuum of possible future system states 

(see Figure 1).  We define these as ‘rich’ storylines because each reflects three aspects: (i) 

remote climate drivers; (ii) coastal infrastructure adaptation; and (iii) coastal infrastructure 

growth and are illustrated through micro-stories. A single storyline is determined by selecting a 

state for each aspect. This is illustrated by Figure 1 by the vertical pathways (1 to n). For 

purposes of practicality, each storyline component is selected from five discrete states as 

discussed in the following sections. 

 

Figure 3-1 Future system state framework: a continuum of possible futures 



 

 

 

10 

3.1. Remote climate drivers 

For the development of the storylines in this work package, we have identified three remote 

climate effects (see Figure 2): (i) melting of Antarctic land ice (driving sea level rise); (ii) 

reduced extent of Arctic sea ice (enabling new shipping routes); (iii) increased water 

temperature in the Atlantic ocean (driving changes in hurricanes).  

In any given future the degree of climate change is described independent of time using a 

five-band qualitative scale of very low to very high, described as follows: 

• Very low: Small global warming (1.5ºC)  

• Low: Global warming of 2ºC as agreed in the Paris agreement and assuming that no 

tipping point is past 

• Moderate: intermediate climate scenarios (RCP4.5) 

• High: High-end climate scenario (following RCP8.5) without additional surprises from 

physical processes already included in state-of-the-art climate models. 

• Very high: High-end climate scenario (RCP8.5) and destabilization of the Antarctic ice 

sheet. 

Each remote climate effect is described briefly below.  

 

 

Figure 3-2 Remote climate effects 



 

 

 

11 

3.1.1. Melting of Antarctic land ice 

The Antarctic ice sheet is important for three reasons: 

• Firstly, if completely melted, it would raise global sea level by 58m. It would be 7m for 

the Greenland ice sheet and 0.3m for all the other glaciers on earth combined 

(Oppenheimer et al. 2019).  

• Secondly, due to gravitational, rotational and earth elastic effects, when the Antarctic 

ice sheet loses mass it contributes more to sea level at the European coast than 

globally averaged, by a factor of between 1 and 1.2. This factor is called the fingerprint. 

In the meantime Greenland’s fingerprint is around 0.1 (although significant variation 

across Europe exists), which means that if Greenland contributes to 1m of globally 

averaged sea level rise, Europe only gets 0.1m (Slangen et al. 2014).  

• Thirdly, due to the relatively limited scientific understanding of ice sheet dynamics and 

polar climate, the uncertainties arising from the Antarctic ice sheet are much larger 

than those of ocean thermal expansion. This makes it a relevant candidate for the use 

of storylines. 

Assessing different methods to measure Antarctic mass loss, a recent study found that mass 

loss accelerated between the periods 1992-1997 (49 Gt/year) and 2012-2017 (219 Gt/year) 

(IMBIE 2018).  For the period 2012-2017 the loss contributes to a sea level rise of 0.6 mm/year. 

This contribution is relatively small compared to the 4.3 mm/year of total sea level rise during 

that period (WCRP 2018) but the acceleration is a source of concern. There is consensus that 

the Antarctic Peninsula and the West Antarctic ice sheet are losing mass, respectively because 

of ice shelves collapse and ocean basal melt under the ice shelves.  

There is no consensus however on the behavior of the East Antarctic ice sheet where 

additional snow fall might compensate for the increase in basal melt from the ocean.  But, a 

recent study argues that Wilkes land, a region of East Antarctica, has already contributed to 

sea level rise over the last 40 years for the same reason as West Antarctica: warmer ocean 

waters come in contact with the ice shelves (Rignot et al. 2019). 

Due to the contradicting observations, the lack of knowledge concerning the ice dynamics, 

the future ocean and atmosphere temperature, and the resulting degree of mass loss, there is 

a large uncertainty in future sea level rise from the Antarctic ice sheet. Model projections vary 

from no future mass loss to more than one metre sea level rise in 2100 (Ritz et al. 2015; Deconto 

and Pollard 2016). This uncertainty is reflected in a recent structured expert judgment that 

suggests that anything between a few cm of mass accumulation and more than one meter 
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of mass loss is possible this century (Bamber et al. 2019). This situation is well suited for the use 

of storylines to explore the impacts of a range of mass loss scenarios. 

3.1.2. Melting of Arctic sea ice 

The surface temperature in the arctic increased by more than twice the global average 

temperature over the last two decades. Mainly due to exacerbating feedbacks from melt of 

sea ice and snow cover. Because of the increased atmospheric greenhouse gas 

concentrations artic sea ice thinned and the ice age distribution shifted to younger ice. 

As sea ice extent reduced over the past two decades, shipping activity during the Arctic 

summer increased. Transit times shortened due to lighter ice conditions and the distance 

travelled by ships in the Arctic Canada nearly tripled during 1990-2015. 

Further Arctic warming will result in continued loss of sea ice and snow on land and reduce the 

mass of glaciers. Depending on mitigation measures important differences in the trajectory of 

loss emerge from 2050 (IPCC SROCC report, Meredith et al. 2019).  

The future of the Arctic sea ice mainly depends on the greenhouse gas emission scenario with 

less uncertainty from the natural system response itself. However, it seems that the new climate 

models simulations from the CMIP6 project have larger global mean surface temperature rise 

as well as a larger Arctic amplification than the ones of CMIP5. It is still unknown if this is realistic. 

If it is then it means that the Arctic sea ice will disappear faster than expected until now. 

3.1.3. Increase in sub-surface sea temperature of the Atlantic 

ocean 

Although the global sea surface temperature (SST) has shown fluctuations over multiple time 

scales, from seasons to decades, there is a scientific consensus that an overall increasing trend 

of the depth-averaged 0-700 m ocean temperature from 1971 to 2010 is observed over the 

globe (Rhein et al., 2013). The estimated average warming on a global scale over the 

aforementioned 40-year period is “0.11 [0.09 to 0.13] °C per decade in the upper 75 m, 

decreasing to 0.015°C per decade by 700 m” (Rhein et al., 2013). SST datasets are based on a 

combination of (1) in situ data records (e.g. measured by ships and buoys) and (2) satellite 

data, of which the majority of the data has to be calibrated by in situ observations, but 

eventually provides information on global SST with a high spatial detail (Hartmann et al., 2013).  

The warming of the oceans is very likely to be the direct result of the influence of mankind on 

the radiative properties of the atmosphere and the heat budget of the Earth (Bindoff et al., 
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2013). The increasing temperature of the upper sea layer is more pronounced in the Northern 

Hemisphere, especially in the North Atlantic (Levitus et al., 2009).  

As the climate changes, observed patterns of tropical cyclones are expected to change as 

well. Tropical cyclones are generated by a combination of six climatological parameters, 

including SST that needs to exceed 26 °C to a depth of 60 m for hurricanes to develop (Gray, 

1998). With the observed trend of increasing SST in mind, this leads to the question what 

changes in tropical cyclone activity are expected for future projections. Or more specific for 

our storyline: what changes in Atlantic hurricane activity are expected and how might this 

affect Europe’s economy? This question also links to WP 4 within Receipt and we will maintain 

collaboration here. 

Elsner (2006) has demonstrated evidence to support that the increase of Atlantic tropical 

cyclones is correlated with the ‘late summer/early fall SST over the North Atlantic’, and is thus 

caused by anthropogenic climate change. However, a recent study of Knutson et al. (2019) 

has shown that it is premature to conclude with high confidence that human activities have 

already had a detectable impact on hurricane activity, and that the relative contribution of 

natural variability to anthropogenic forcing is not clear yet. Note that these statements on 

Atlantic tropical cyclones differ from scientific evidence performed on global scale. 

Nevertheless, it is likely that hurricanes will have higher rain fall rates compared to current ones, 

and medium confidence that they will be more intense (Knutson et al., 2020). From this point, 

storylines can be created to explore the impacts on Europe and its economy.  

3.2. Approach to adaptation  

The approach to adaptation is considered in the context of four geographies (rather than 

sectors), including northern Europe, southern Europe, the west coast of Arica and the east 

coast of the USA. These four regions are a preliminary region classification for this work 

package, and are subject to change based on the on-going stakeholder consultation.  

• Northern Europe is chosen due to several large and globally important ports (Rotterdam, 

Hamburg, London) and its densely populated low-lying coastal area with high value 

infrastructure (i.e. European entry of undersea data cables; dense electricity grids). 

Adaptation options could vary from hard infrastructure measures to land-use changes in a 

future with high levels of sea-level rise.  

• Southern Europe is chosen as separate region for the significantly different consequences 

to sea-level rise compared to northern Europe. There are several high-value coastal areas 

as well (e.g. high-value horticulture in Almeria), but more sparsely located along the 
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coastline. This may require more tailored adaptation approaches instead of large-scale 

projects.  

• West coast of Africa is primarily chosen as separate region due to linkages with other work 

packages (i.e. agriculture). The level of adaptation along the west coast of Africa may 

influence the reliability of supply of agriculture goods to Europe.  

• East Coast of the USA is primarily chosen as separate region due to linkages with other work 

packages (i.e. manufacturing and financial sector). The level of adaptation along the east 

coast of the United States may influence the reliability of supply of chemical and 

manufacturing goods to Europe, and cost of insured damage recovery. 

Within these regions, coastal infrastructure and related adaptation will include adaptation 

options at three levels: asset, network and regional level. On an asset level, we can think of 

structural design measures, such as wet or dry-proofing measures within an electricity 

substation. On a network level, it could be an investment in redundancy improvement of the 

system (e.g. building an additional power line to improve the stability of the system). On a 

regional level, this could be land-use development options, such as preventing new 

development of infrastructure in highly exposed areas. 

3.3. Approach to infrastructure expansion 

Infrastructure expansion is interpreted here as the investment and development of 

infrastructure within the coastal zone. An asset manager or regional authority may invest in 

new infrastructure, without considering any form of adaptation. For example, the port of 

Zeebrugge may decide to build an entire new dock, with or without taking sea-level rise into 

consideration. In other words, we only consider here how much infrastructure may be 

developed in the (near) future. In addition a region may “seize opportunities” due to climate 

change (i.e. port development in Norway due to new arctic sea trade).  

The approach to infrastructure expansion is considered in the context of the same four 

geographies (rather than sectors): northern Europe, southern Europe, the west coast of Arica 

and the east coast of the USA. Again, these four regions are a preliminary region classification 

for this work package, and are subject to change based on stakeholder consultation.  
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4. Micro-stories 

Micro-stories are used to illustrate how a given stakeholder may experience a given future. For 

example, Storyline n may be experienced by different stakeholders in different ways as 

illustrated in Figure 3. 

 

Figure 4-1 Micro-stories illustrative the storyline 
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Through the stakeholder workshop (see Section 5) we propose to develop a small number of 

micro-stories to illustrate several storylines. It is anticipated this will include micro-stories from the 

perspective of: 

• A port provider 

• Rail provider 

• Power provider 

• Shipping company 

• A community experiencing infrastructure disruption  

In developing these micro-stories we will work with stakeholders to get a representation of the 

sectoral perspective (rather than an individual, or location specific stakeholder). This will 

broaden the relevance of storylines and avoid discussion of highly localized or organizational 

specific issues (issues that could be addressed through future work).  
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5. From concept to model 

The next step is to translate our conceptual framework of a continuum of storylines into a small 

set of discrete storylines to further develop and assess. This chapter describes a first selection 

of storylines, the motivation behind their main assumptions, and the modelling approach. 

Essential in the development of storylines is the documentation of the key assumptions. To start 

with, we consider a 4 warmer world as a substantial warming but still within plausible ranges 

(Smith et al. 2011). As it is difficult to analyze potential sea-level rise without a specific time-

horizon, we assume that our future system state will be in the year 2121, 100 years from now. 

The year 2121 is not totally arbitrary. When it comes to large-scale infrastructure projects, these 

often have a notional life-span of 50 to 100 years (e.g high-voltage transmission lines and 

substations, storm surge barriers and locks). 

There is still considerable uncertainty around Antarctic contribution to sea level in the coming 

100 years (as discussed earlier). Our assumption is that the accelerated Antarctic mass loss 

observed over the past decades (IMBIE 2018) is forced by climate change and will continue 

in the future. There is no consensus in the scientific community about this assumption but the 

possible impacts are potentially large and hence ideal for exploration through a storyline 

approach. 

We may not explicitly model an increase or decrease of extratropical cyclones (i.e. European 

winter storms), but assume these changes to be captured by the climate models that underpin 

our storylines as an example to illustrate the impact of higher sea levels (e.g. the 1953 North 

Sea flood affecting Netherlands, Belgium and UK). 

In terms of adaption we consider a no additional adaptation (as defined conceptually in 

UKCCRA) case; this implies infrastructure owners make no further attempt to change their 

approaches, and consequently flood defence standards reduce in response to climate 

change. Although a plausible future, this storyline will also be used as a counterfactual for 

comparing risks under alternative storylines that do include adaptation.   Through the ‘no 

additional adaptation’ storyline we will understand how the risk to Europe would change if 

infrastructure owners fail to response to climate change and experience and contrast this 

future with a storyline in which adaptation is continues to take place and opportunities (for 

port expansion) exploited. The detail of this second adaptation case will be developed in 

future work. 
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5.1. Storyline choices and assumptions 

Storyline 1:  Storm Ophelia strikes again - Infrastructure owners fail to adapt to a 4C future 

As outlined in the conceptual framework presented in Figure 1, the first step is to specify the 

climate boundaries. In our first set of storylines, we will assume a future world in which we have 

four degrees of global warming by 2121. Within this four-degree world, we will estimate the 

potential global sea-level rise, with an explicit contribution from melting of the west-Antarctic 

ice-sheet, and the possible increase in the Atlantic Sea Surface Temperature (SST). The 

increase in sea levels will result in a higher likelihood of coastal flooding, as a result of higher 

extreme water levels. The increase in SST may result in an increased frequency and intensity of 

hurricanes, with hurricanes more likely to reach Europe. The increased likelihood of coastal 

flooding will be exemplified through a winter storm hitting the coasts around the North Sea, 

whereas the occurrence of a hurricane hitting Europe will be exemplified through a future late 

summer hurricane remnant similar to ‘Ophelia’ (2017).  

In this first storyline we assume no further population growth and no further adaptation. 

Associated micro stories (to be developed further with stakeholders and others):  

• Infrastructure owners: Power provider 

• Communities disrupted: The impact on municipal infrastructure and the disruption to 

communities 

• Public authorities: the impact on economic damage of the event and expected annual 

damages (impacting national investment demands) 

Storyline 2:  Storm Ophelia strikes again - Infrastructure owners continue to adapt (at present 

day rates) but GMST has risen by 4C  

This storyline is similar to #1 but here we assume infrastructure owners have made some effort 

to adapt. 

3 or 4 additional storylines will be developed to illustrate the framework. 

  



 

 

 

19 

5.2. Assessment framework 

Building upon the conceptual framework outlined in Section 3, figure 4 presents a more 

concrete visualization of the storylines. These storylines allow for the exploration of different 

possible futures in the context of fundamental future uncertainties. Near-time responses to the 

challenges associated with climate change and socioeconomic development may have 

long-term consequences. The response to these challenges in 2021 will translate in a 

climatological and socioeconomic state of the world in 2121. Transient adaptive/dynamic 

pathways between 2021 and 2121 will not be considered; instead the focus will be on discrete 

future states of the world. A storyline is built by combining the climatological future state with 

the socio-economic future states, and this storyline will then be used to assess the impacts of 

coastal flooding in a future four degree world.  

For any given storyline, we first select a climate future and then consider  multiple 

socioeconomic responses. This way, we can assess how a future climate state, caused by a 

remote climate effect, will play out under different socioeconomic futures (e.g. van Vuuren et 

al., 2014). Future socioeconomic states are based on the level of coastal infrastructure 

expansion and adaptation (see section 5.6). To illustrate the impact of rising sea levels and 

coastal flooding in a future warmer world with different socioeconomic states, the hazards 

considered are tropical cyclones and winter storms reaching Western Europe.      

 

Illustrative only – to be made consistent numbering with narrative storylines as we progress 

Figure 5-1 Storylines future coastal flooding in Western Europe 
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5.3. Modelling remote climate effects and extreme water 

levels 

Sea level rise projections for the European coast will be developed using a process-based 

method. This method projects the future of individual sea level contributors (e.g. thermal 

expansion, Antarctic and Greenland ice sheets, glaciers, ocean circulation and land water 

storage). The impact of each contributor on regional sea level is then computed considering 

changes in gravitational attraction, change in the earth’s rotation and deformation of the 

earth’s crust deformation. The sensitivity of the projections to uncertainties in Antarctic mass 

loss will also be assessed. In particular a scenario with a large Antarctic contribution will be 

developed based on recent ice sheet model projections (Levermann et al. 2020) and 

Structured Expert Judgement (Bamber et al. 2019).  

To support the specific case of Storyline 1 and 2 (introduced earlier in Section 5.1r) future local 

relative sea level rise will be combined with extreme sea level information. Wind and pressure 

from individual storms will be provided by a specific regional model study of Ophelia in a 2ºC 

warmer world. The storm analysis will be performed at KNMI using the global HighRes MIP 

simulations that are currently being extended to 2100 from which the large storms can be 

selected. The model extension to 2100 using the RCP8.5 scenario will allow to find 4ºC warmer 

worlds to use in our storyline. The simulations will not run up to 2121 but this is not a problem 

because for the atmospheric variables it is reasonable to assume that a 4ºC warmer world 

before 2100 is the same as in 2121. 

These wind and pressure fields will then feed into a barotropic ocean model that models storm 

surges and tides. This will be the Global Tide and Surge Model (GTSM, Muis et al. 2016) or 

specific WAQUA model simulations that focus on the North Sea (Ridder et al. 2018). 

No explicit wave model will be used in this project.  For the UK the Future Flood Explorer (Sayers 

et al, 2020) (recently used in support of the UK Climate Change risk Assessment) includes an 

emulation of the overtopping and breach response to changing sea levels in a way that 

includes wave influences. For other coasts some simple scaling relationship between changes 

in water depth due to sea level rise and wave heights changes will be investigated and used 

to drive the impact models. 
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5.4. From extreme sea-levels to coastal inundation 

In some countries across Europe open data enables us to understand the extent of coastal 

inundation as sea levels rise but this data does not exist for all European domains. In these 

areas we propose to fill in priority gaps to support the impact assessment within our storyline 

using the ANUGA model, developed by the Australian National University (ANU) in 

collaboration with Geoscience Australia (GA).  

ANUGA is a 2D-Hydrodynamic model capable of simulating the free surface elevation of water 

flow over land areas. The model is free and open source.  The model is suitable for the 

numerical modelling of hydrologic disasters such as riverine and coastal flooding (Roberts et 

al. 2015). ANUGA can be coupled with oceanic models by incorporating coastal boundary 

conditions, thus allowing the numerical simulation of the propagation of flood waves and 

inland inundation. An interesting characteristic of ANUGA is its capability of simulating the 

wetting and drying of land areas. This means that the model is suitable for simulating coastal 

inundation over dry land and around/above structures, such as buildings and flood defence 

structures. The model, however, is capable of providing the extent, depth, duration, velocity 

and momentum of a coastal flood event, thus being suitable for multivariate flood damage 

assessments. Indeed, this fits perfect within our storyline approach, in which we do deep dives 

into specific events.  

5.5. Socio-economic development and exposure 

The magnitude and extent of future impacts due to coastal flooding depends not just on the 

dynamics of the earth system, but also on socio-economic developments. These socio-

economic developments will be developed in a way that has a line of sight to the SSP but also 

reflects the individual behavior of an infrastructure owner. The socio-economic development 

will be implemented in the storyline as an external change (increasing population) and an 

internal change by influencing the choices in the ‘coastal infrastructure expansion’ and 

‘coastal infrastructure adaptation’. As explained in section 3.3, coastal infrastructure 

expansion can be interpreted as the investment and development of infrastructure within the 

coastal zone. Over the past years, efforts of various initiatives and projects (e.g. 

OpenStreetMap) has led to (freely) available information on the spatial location of 

infrastructure assets situated in the current world. If possible we will update the FloPRO datasets 

(Scussolini et al, 2016).  

However, no information is available on the spatial distribution of critical infrastructure in a 

future world while such input is needed for the impact assessment (figure 4). To fill this gap, a 
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set of future states of coastal infrastructure expansion will be developed by using Shared 

Socioeconomic Pathways (SSPs) as a set of reference scenarios. SSPs are defined as ‘reference 

pathways describing plausible alternative trends in the evolution of society and ecosystems 

over a century timescale, in the absence of climate change or climate policies’ (O’Neill et al., 

2014). Based on the conditions described by the SSPs, specific assumptions can be made 

regarding coastal infrastructure expansion. This will be translated into spatial information on 

infrastructure assets representing the future state of coastal critical infrastructure, which will 

serve as an input for the storylines. 

Whereas climate change and climate policies considering mitigation are part of the 

climatological component of the assessment framework2 (section 5.3), coastal infrastructure 

adaptation will be part of the socio-economic development. Hereby, three perspectives will 

be considered representing active stereotypical perspectives on the future and preferential 

responses to control the environment. The preferred strategy of a hierarchist is to control water 

and nature, assigning major responsibilities to the government (e.g. building dikes, 

channeling); the center of attention of the egalitarian is the environment and equity (e.g. 

room for the river, relocation); and the individualist has high trust in technology and innovation, 

resulting in a preferred strategy focusing on cost efficiency and innovation (e.g. living on water, 

building offshore islands). Depending on the assumptions made on the basis of the SSPs, the 

coastal infrastructure adaptation will be either reflected as an independent state (as shown in 

figure 4) or incorporated in the coastal infrastructure expansion state.  

5.6. Vulnerability and impacts 

Flood hazards and exposure data will feed into an appropriate damage function – for 

example as in the Dutch DamageScanner (Klijn et al., 2007) or embedded in the Future Flood 

Explorer (FFE, Sayers et al, 2016) in UK. The original land-use classes were based on the Land-

Use Scanner in order to evaluate the effect of future land-use change on flood damages. The 

current DamageScanner is able to assess damages using either objects or grids. Infrastructure 

damages will be estimated using a variety of sources of replacement cost data and damage 

curves. Damage estimates are calculated by relating the intensity of the hazard to a damage 

probability using predetermined damage functions, such as depth-damage curves used in 

                                                      

2 Although it is noted that the rise in global mean surface temperature are given assumptions 

here, i.e no enough is may to focus on the relationship between mitigation and future 

temperature rise), 
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flood risk literature. For each asset in each storyline, this damage probability is multiplied by our 

assumed reconstruction cost for the respective asset. 

To establish the regional impacts (rather than local depth-damages) in a subsequent 

simulation, the flood events (for different storylines) will be used as forcing for the economic 

Multi Regional Impact Assessment model (henceforth MRIA, Koks and Thissen, 2016) model and 

coherent risks in the UK using the FFE for comparison. This is a multiregional supply and use 

model, which estimates a new economic equilibrium in the short-term disaster aftermath to 

assess the economy-wide consequences of a natural disaster. Economic impacts of the 

European level (NUTS2) will be presented. 
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6. Concluding remarks 

We have described: 

• A framework to construct a continuum of futures – this provides a structured approach to 

considering the elements of the future to be considered 

• A means of establishing discrete ‘rich’ storylines within this continuum of potential futures 

– these provide a means of connecting the climate and adaptation aspects of the future 

• A means of illustrating a discrete storyline through micro-stories – these bring to life the 

future world and how it may be experienced by individual or group stakeholders 

We have started to outline a method of assessment to realize this framework. This assessment 

approach will be detailed as the research progresses.   
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