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5. Adaptation
Coastal protection for sea-level rise and other coastal 
hazards is often a costly, but straightforward, way to 
overcome many of the adverse impacts of climate change. 
There are a large number of potential adaptation options 
to address these risks, particularly for protecting market 
sectors. Planned adaptation options to rising sea levels 
are usually presented as one of three generic approaches 
- retreat, accommodation or protection (Table 6). For 
example, planned retreat involves pulling back from the 
coast via appropriate development control, land-use 
planning and set-back zones. Accommodation involves 
adjusting human use of the coastal zone (e.g. through early 
warning and evacuation systems), increasing risk-based 
hazard insurance and increasing flood resilience (e.g. raising 
houses). Protection involves controlling risks through soft 

(e.g. beach nourishment) or hard (e.g. dikes construction) 
engineering. However, with protection, a residual risk always 
remains and complete protection cannot be achieved. 
Hence, managing residual risk is a key element to an overall 
strategy. 

The choice and use of such strategies depend on the nature 
of the coastal zone, and the type and extent of impacts (i.e. 
adaptation requires a site and context-specific response). 
There are also differences when considering wider impacts on 
coastal ecosystems rather than just on humans; sometimes 
there can be conflicts when addressing different impacts. For 
example, fixed coastal defences (protection) might lead to 
‘coastal squeeze’ (preventing onshore migration of coastal 
ecosystems) which is less of an issue for the accommodation 
and retreat options. There are also differences between 
technical (hard) and non-technical (soft) options. 

Table 6. Impacts of sea-level rise (after Klein et al., 2001; Linham and Nicholls, 2010; Nicholls and Tol, 2006;). 

The physical impacts of sea-level rise that have been calculated within the DIVA Model are from direct inundation, erosion, salinisation and wetland loss. 
In terms of potential adaptation responses, coastal defences (dikes) and nourishment have been calculated within the DIVA Model.

Physical impact of sea-level rise Examples of potential adaptation responses

Direct inundation, flooding 
and storm damage

Storm surge (sea) •	 Dikes/surge	barriers	(P)

•	 Building	codes/flood-wise	buildings	(A)

•	 Land-use	planning/hazard	delineation	(A/R)
Back water effects (river)

Erosion (direct and indirect) •	 Coastal	defences	(P)

•	 Nourishment	(P)

•	 Building	setbacks	(R)

Saltwater intrusion Surface waters •	 Saltwater	intrusion	barriers	(P)

•	 Change	water	abstraction	(A)

Ground waters •	 Freshwater	injection	(P)

•	 Change	water	abstraction	(A)

Rising water tables and impeded drainage •	 Upgrade	drainage	systems	(P)

•	 Polders	(P)

•	 Change	land	use	(A)

•	 Land-use	planning/hazard	delineation	(A/R)

Loss of wetland area (and change) •	 Land	use	planning	(A/R)

•	 Managed	realignment/forbid	hard	defences	(R)

•	 Nourishment/sediment	management	(P)

Note: P – Protection; 

 A – Accommodation 

 R – Retreat
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5.1 Costs of adaptation
The ClimateCost project has looked at the potential costs of 
adaptation in the EU and the damage cost estimates using 
the DIVA Model. 

In the model, different adaptation strategies can be 
applied. These focus on addressing the two main impacts 
identified above - flooding and coastal erosion. The 
planned adaptation options to these being dike building 
and nourishment of the beach/shore face. These reduce 
damage costs for flooding and land loss, but not salinisation 
as alternative technologies are required (e.g. freshwater 
injection barriers, groundwater pumping (Sorensen 
et al., 1984)) that are not included in the DIVA Model. 
Building dikes will only be successful if they continue to 
be maintained after they are built. This requires additional 
investment. For dikes, the model uses a demand function 
for safety and maintaining acceptable levels of risk, with 
thresholds based on population density (so that highly 
populated coastal zones are protected). Dike costs are 
based on the cost per kilometre of defence multiplied by 
the dike height. For beach nourishment, a cost-benefit 
analysis is used comparing costs against avoided damages, 

including tourist benefits where appropriate. Existing 
protection measures (1995 base year) are assumed and 
modelled in the DIVA Model, and are based on population 
density and GDP. Assuming upgrading to adaptation occurs 
as sea levels rise and population increases (thus creating 
a greater demand for safety), dikes (for sea coasts and 
adjacent river estuaries) are newly constructed or increase 
in height and beaches are nourished. In the DIVA Model, the 
total capital costs of adaptation (in 2005 Euros) comprise 
costs for sea and river dikes, and beach-nourishment costs. 

Figure 10 illustrates the associated adaptation costs due 
to a rise in sea levels. By the 2080s, annual adaptation 
costs are €1.6 billion (A1B(I) Mid scenario), €0.7 billion (E1 
Mid scenario) and €0.3 billion for the No SLR scenario. As 
time progresses, adaptation costs (for relative sea-level 
rise) increase for the A1B(I) scenario, more than for the E1 
and No SLR. This is because the rate of relative sea-level 
rise for A1B(I) accelerates over time. For the E1 scenario, 
the rate of relative sea-level change stabilises after the 
2050s, so a decrease in annual costs is seen (see Figure 2 
and Table 1). It is worth noting that the analysis suggests 
that adaptation would be required even without climate 

Figure 10. Total capital adaptation costs (2005 prices, undiscounted) for the EU for A1B(I), E1 and No SLR scenarios throughout 
the 21st century. Note that adaptation costs are responding to the combined effects of sea-level rise and socio-economic change. 
The costs of adaptation to future socio-economic change (without future climate change) can be seen with the No SLR scenario. 
The increases above this reflect the marginal adaptation costs directly attributable to climate change. The uncertainty range (5% 
to 95%) shown is associated with the ice melt response to a single temperature profile over time. A multi-model climate analysis 
with a range of temperature profiles would expand the range of estimated sea-level rise from that shown.
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change, as there is already large investment in the coastal 
zone and this investment is likely to grow. Thus defence 
levels would need to increase due to just socio-economic 
reasons as there would be more assets to protect (unless 
coastal management policies can steer development to 
less vulnerable locations). Moreover, as the sea level rises, 
protection will become increasingly cost-effective as the 
benefit-to-cost ratio increases. 

These results indicate slightly lower adaptation costs 
than presented by Hinkel et al., (2010), who reported on 
adaptation costs for the EU. While this is due to differences in 
sea-level rise, and its associated pattern and socio-economic 
differences, the rate of change of sea-level rise is also 
important. For example, although the sea-level rise associated 
with Hinkel et al’s., (2010) B2 scenario in the 2080s is of a 
similar magnitude to the E1 Mid and 95% scenarios, it has 
a higher annual adaptation cost due to the continual rate of 
increase of sea-level rise. However, for the E1 scenario, the 
rate of rise stabilises after the 2050s, thus producing a lower 
annual cost. Hence, mitigating for climate change is beneficial 
as long-term adaptation costs may be reduced.

The adaptation capital costs are broken down into costs of 
hard and soft adaptation. Around the EU, hard adaptation 
has been the dominant form of protection.  

Figure 11 illustrates the breakdown in adaptation measures 
for the A1B(I) Mid and E1 Mid scenarios from the DIVA 
Model – this shows, for the present timeframe, that 96% of 
adaptation costs in the model are in the form of sea dikes. 
However, throughout the 21st century, the model projects a 
shift towards beach nourishment, which increases to over 
15% of the total adaptation costs. River dike costs are small 
in comparison (less than 1% of the total cost).

The estimated costs of 
adaptation for coastal 
protection are estimated to 
grow to around €1 billion 
by the 2020s, rising to €1.5 
billion by the 2050s and 
2080s (A1B Mid scenario, 
undiscounted).
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Figure 11. Breakdown of the total capital adaptation costs for the EU for A1B(I) Mid and E1 Mid SLR scenarios throughout the 
21st century. Adaptation costs are responding to the combined effects of sea-level rise and socio-economic change. 



Sea-Level Rise

Sea dikes are the dominant form of protection and will only 
continue to protect land to a sufficient standard if they are 
maintained. An assumption, based on developed world 
literature (see Nicholls et al., 2010 for a review), is that sea 
dikes cost 1% of their capital cost to maintain. River dikes 
are subject to lower wave loading compared with sea dikes, 
so cost 0.5% of their capital cost to maintain. Existing 
dikes (i.e. pre 1995) also require maintenance. The annual 
maintenance costs for sea and river dikes are estimated 
to be in excess of €5 billion (current prices, undiscounted) 
across all scenarios. 99% of this cost is for sea dikes. 
Therefore, maintaining this existing large investment in 
hard defences across Europe has a much greater cost 
than building new defences. Maintaining existing dikes 
is essential to retain low levels of flood risk where hard 
protection is necessary. In calculating these values, the 
coastal model assumes that all defences are constructed to 
a high defence level (up to a 1:10,000-year flood) following a 
cost-benefit analysis linked to population densities. In reality, 
there will be locations in Europe (e.g. Romania, Bulgaria) that 
do not have such a high standard of protection (this is often 
known as an ‘adaptation deficit’), so maintenance costs 
would be expected to be lower than the modelled output. 
Conversely, higher-than-average levels of maintenance 

would be expected in countries that are already highly 
defended, such as those in north-west Europe. 

As with damage costs, there is also a strong distributional 
pattern across the EU. Figure 12 shows the costs of 
adaptation for each member state, for the mid estimate for 
the 2080s under the A1B and E1 scenarios (also see Figure 
A3 in Map section of the Appendix). The top five countries 
for adaptation costs are the UK, Denmark, the Netherlands, 
France and Germany - four of these countries are also in 
the top five for damage costs. When considering costs per 
kilometre of coast, the Netherlands, Belgium, Germany, 
Denmark and the UK have the highest adaptation costs. 
These are also the countries that would benefit most from 
climate mitigation policies. In terms of the size of their 
economies, Ireland, Cyprus, Estonia, Denmark and Greece 
have the highest adaptation costs. For Denmark and Greece 
this is due to their long coastlines. For Ireland, Cyprus and 
Estonia it is due to their smaller economies. 

Figure 12. Total adaptation cost (current prices, undiscounted) broken down for each EU country for the A1B(I), E1 Mid and 
No SLR scenarios in the 2080s. Numbers reported for A1B(I) and E1 include the combined effects of sea-level rise and socio-
economic change.
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Even when coasts are defended, damage will still occur 
as not all of the coastline will be protected and a residual 
risk remains in protected areas. Figure 13 illustrates the 
damage cost with adaptation measures and no upgrade 
to protection for the A1B(I) Mid-range, E1 Mid-range and 
No SLR scenarios for relative sea-level rise (for a country 
breakdown, see Figure A2 in Map section in the Appendix). 
The figure shows that adaptation dramatically reduces 
damage costs, even in a scenario of no climate change. The 
difference in height between each pair of columns for each 
timestep indicates the amount saved in damage costs. For 
instance, by the 2080s for the A1B(I) scenario, adaptation 
can reduce annual damage costs by a factor of eight to 
€2.6 billion. The climate change component of relative 
sea-level rise can take up to 70% off the total damage cost. 

The avoided cost of damages increases as time progresses 
and sea levels rise. When considering the avoided annual 
costs due to adaptation, they are the highest in the 2080s 
at €21.1 billion, €14.7 billion and €5.0 billion. Hence, an 
adaptation policy could greatly reduce overall damage 
costs. In terms of policy options, wider adaptation measures 
(e.g. the protection, accommodate and retreat options 
discussed at the start of Section 5) need to be considered, 
not just the dike and nourishment options as used in the 
coastal model. 

Figure 13. Total damage cost (current prices, undiscounted) for the EU for the mid-range scenarios and No SLR throughout the 
21st century for no upgrade in protection and with adaptation. Costs reported are for the combined effects of sea-level rise and 
socio-economic change. The effects of future socio-economic change (without future climate change) can be seen with the No 
SLR scenario. The increases above this line reflect the marginal economic costs directly attributable to climate change.
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5.2 A comparison of the costs and 
benefits of adaptation
Using data from Figures 7 and 9, Figure 14 illustrates the 
benefit-to-cost ratio of adapting to rising sea levels. It should 
be noted that in the DIVA Model, additional adaptation 
measures are considered in the same period as benefits, 
thus is it possible to compare costs and benefits directly11. 
This ratio only considers the costs as described in Section 3  
and has not included costs due to the loss of ecosystems 
(e.g. wetlands). Adaptation becomes more effective 
throughout the 21st century, even for small rises in sea level. 
At the present time, for the climate scenarios, the DIVA 
Model estimates that damage costs are over twice as high 
as possible adaptation costs (Figure 7 and Figure 10). By 

the 2080s, for the highest magnitude of sea-level rise (A1B(I) 
95% at 0.46 m in the 2080s), the damage costs could 
be 18 times higher than the possible costs of adaptation, 
leading to a benefit-to-cost ratio12 of 17:1 (Figure 14). It is 
important to note that, even in this case where benefits are 
high, residual damages will still occur. The benefit-to-cost 
ratio varies between the scenarios due to the rate of sea-
level rise, topography and population distribution according 
to elevation. 

Figure 14. Benefit-to-cost ratio for damage and adaptation costs for EU countries. Note that costs address the combined effects 
of sea-level rise and socio-economic change
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11 This arises because the additional sea dikes and coastal protection involve strengthening existing measures, and beach nourishment is a soft measure. In 
practice, many new coastal defences and adaptation measures would involve more significant planning in early periods for later impacts. In such cases, benefits 
are likely to accrue in later time periods, while costs may be incurred earlier, and this will affect the ratio of costs and benefits. Such effects can be considered 
through a standard cost-benefit analysis, using the calculation of present values (discounted costs and benefits of the life of the project). The results here have 
not been discounted and assessed in this framework, though this is being undertaken in other ClimateCost tasks. However, acceptable levels of risk protection 
for coastal flooding in Europe are often considered in a cost-effectiveness framework.

12 The benefit–to-cost ratio is the damage cost with upgrade to adaptation – damage cost with adaptation)/adaptation costs, that arise for each specific time 
period. It is not a standard cost-benefit analysis with discounted present values. For definitions of damage and adaptation costs, see Section 3.
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5.3 Discussion of adaptation costs
Adaptation is advantageous as it can reduce the amount 
of land flooded, the number of people at risk and, thus, 
the associated costs. There are high benefit-to-cost ratios, 
which increase as time progresses, so adaptation becomes 
a more worthwhile investment over the long term. The 
analysis above provides an estimate of the potential costs of 
adaptation at the European scale. It provides cost estimates 
for protection against two of the main impacts - flooding 
and the movement of people - based on the costs of key 
technical options. However, in the DIVA Model used to 
derive these results (see Section 3), uniform responses 
to damage and adaptation are used. In reality, coastal 
adaptation will be site and context specific. There is a very 
wide range of options, which includes soft and hard options, 
and considers a wider range of impacts including those 
on coastal ecosystems (Klein et al., 2001; Hinkel et al., 
2010). The benefit-to-cost ratio shown in Figure 14 purely 
provides an economic assessment of the effects of sea-level 
rise immediately in the coastal zone, but adaptation can 
have a far more reaching benefit as inland areas also take 
advantage of the coast (e.g. supply chains, aquaculture 
products).

There is literature on the potential costs of coastal 
adaptation in the EU at the member state level, notably 
in the Netherlands with the Delta Commission (Delta 
Commissie, 2008) and in the UK (e.g. Evans et al., 2008). 
These studies report similar conclusions (i.e. that coastal 
adaptation has high benefit–to-cost and is effective). 
However, they do imply potentially higher costs than cited 
above. Coastal flood and erosion budget in the Netherlands 
was between €410 million and €820 million (2006 prices, 
0.1 - 0.2% of GDP) and in England and Wales €880 million 
(2009/10 prices, 0.05% of GDP) (see Nicholls, 2007). In 
England, 23% of the budget was spent on erosion, in Wales 
12% of the budget was spent on erosion (pers. comm. UK 
Environment Agency via Iain Shepherd (DG MARE)). The 
estimated annual costs for future flood protection and flood-
risk management in the Netherlands for the implementation 
of a comprehensive set of adaptation measures could be 
in excess of €1 billion and these imply higher costs at the 
European scale than the results above. The Dutch are 
already anticipating sea-level rise, acting in a proactive 
manner, constructing defences for a sea-level rise of about 
1 m and providing higher standards of protection than 
elsewhere in the EU. This is because the Dutch are also 
protecting low-lying land that, in places, is below sea level 

and are working to generate hydro energy to produce food 
and allow infrastructure development (e.g. such as roads 
to be built on top of the flood defences). Similar situations 
happen with defences in other countries, albeit at a smaller 
scale. Costs given in other studies can be higher than 
presented here as they are designed to achieve much higher 
levels of protection than modelled here (e.g. the Netherlands 
works towards very stringent levels of acceptable risks for 
flooding, which leads to much higher costs of adaptation). 
This highlights that the costs of adaptation are determined 
by the underlying objectives of coastal policy. They are also 
influenced by whether protection levels are set on the basis 
of maintaining or improving current levels of risk or looking 
to apply strict economic efficiency criteria. 

Similarly, studies at the city level reveal that the costs for 
some individual projects can be very large. For instance, the 
Modulo Sperimentale Elettromeccanico barrier in Venice has 
a capital cost of €4.7 billion (Regione del Veneto, 2010) and 
the Thames Barrier in London (Environment Agency, 2010) 
cost £0.5 billion to build (completed in 1982, £1.4 billion at 
2007 prices). Both of these projects use moveable barriers 
across an inlet or estuary. 

Looking to the future, the immediate priority is to develop 
iterative approaches that allow future decisions to be 
taken that address uncertainty. Projects such as the 
Thames Estuary 2100 study (Environment Agency, 2009) 
demonstrate such methods, working within an iterative 
framework of decision-making under uncertainty and 
allowing the consideration of portfolios of adaptation 
strategies that can evolve over time as better information on 
future risk levels emerges.

Adaptation can achieve large 
reductions in damages at 
low cost. However, these 
costs vary with the level of 
protection or acceptable risk 
and the policy framework 
(risk versus optimisation).
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6. Wetland losses
EU countries have approximately 26,000 km2 of wetlands, 
comprising saltmarsh, freshwater marsh, mangroves, and 
low and high water unvegetated wetlands (though some 
types may only be present in EU territories overseas). 
Wetlands are beneficial as they provide a habitat for wildlife, 
are used for agriculture, act as pollution filters, absorb 
greenhouses gases and are a natural wave attenuator, thus 
protecting the coast. These combined effects are often 
referred to as ecosystem services and there is great interest 
in the monetary value of these services. 

While wetlands can accrete sediment as sea-levels rise, 
once a threshold of sea-level rise is reached wetlands are 
effectively drowned and lost to open water. Therefore, they 
are extremely vulnerable to rises in sea level. Figure 15 
shows the percentage of wetlands lost to rising sea levels 
for the A1B(I), E1 and No SLR scenarios in the EU. Under 
the present conditions, results indicate that up to about 5% 
of wetlands have been lost compared with 1995 levels. By 
the 2020s, this is estimated to increase up to 10%, and to 
over 35% by the 2080s for A1B(I) and E1 scenarios. The 
figure illustrates that, due to their low-lying nature, wetlands 
are sensitive to even small amounts of sea-level rise as large 
losses are seen for the No SLR and the lower projections of 
the A1B(I) and E1 scenarios. 

The flooding and erosion of wetlands may result in their 
inland migration (the creation of new wetlands is not 
reported in the coastal model) unless inhibited to do so by 
an artificial barrier such as a sea wall. This phenomenon is 
known as coastal squeeze. Coastal squeeze can result in 
loss of habitats, and increase pressure on wetlands and the 
defences/land behind the wetlands, which could potentially 
lead to increased flooding. Areas most sensitive to change 
will be those that presently have a low tidal range, such as 
along the Baltic, Mediterranean and Black Sea coasts as 
they are less used to coping with extreme conditions. 

Wetlands are also under threat from non-climatic influences, 
such as conversion for agriculture or drainage. Within the 
EU, the Habitats Directive (92/43/EEC) helps to protect and 
preserve sites of particularly ecological importance (such as 
wetlands), and to encourage biodiversity and conservation. 
When habitat ground is lost, such as through development, 
compensation ground in the local area is sought (Gardiner 
et al., 2007; Lee, 2001). Establishing compensation ground 
can be challenging, not just its physical location, but also 

ensuring it is the correct type of habitat for the ecosystems 
that have been lost. Rising sea levels will make this more 
challenging as coastal squeeze creates increased pressures 
between the natural and man-made (e.g. coastal defences) 
environments (Lee, 2001). Envisaging compensation 
and habitat replacement in a changing climate means 
planning ahead (for instance over a 50-year time scale) 
and applying sea-level rise scenarios to predict land-form 
change. Historical land-use decisions have often restricted 
habitat replacement. However, spatial planning does allow 
greater potential and flexibility, for example, by buying land 
in advance to allow alternative sites to be used. Wetland 
nourishment (e.g. through dredged spoil) is also a method 
of reducing wetland loss (Gardiner et al., 2007). Thus, 
wetlands should be monitored, potential changes envisaged 
and losses minimised. 

In this analysis, the potential loss of these ecosystems 
services has not been monetised, but they would add to the 
economic impacts reported above.
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Figure 15. Percentage of decrease in EU wetland area due to a relative sea-level rise from the A1B(I), E1 and No SLR scenarios 
for no upgrade in protection. Numbers reported for A1B(I) and E1 include the combined effects of sea-level rise and socio-
economic change. The effects of future socio-economic change (without future climate change) can be seen with the No SLR 
scenario. The increases above this reflect the marginal economic costs directly attributable to climate change. The uncertainty 
range (5% to 95%) shown is associated with the ice melt response to a single temperature profile over time. A multi-model 
climate analysis with a range of temperature profiles would expand the range of estimated sea-level rise from that shown.
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7. The potential risks of high 
sea-level rise
The IPCC AR4 assessment (Meehl et al., 2007) considered 
that thermal expansion would be the dominant input 
to global sea-level rise in the 21st century. However, 
observations around that time suggested that ice melt, such 
as from the Greenland and Antarctic ice sheets, would play 
an increasing role. Since the publication of the IPCC AR4 
assessment, a number of additional studies have provided 
possible higher estimates, including Rahmstorf (2007) who 
projects up to 1.4 m by 2100, Pfeffer et al. (2008) up to 
2 m by 2100, and Lowe et al. (2009b)13 and Vermeer and 
Rahmstorf (2009) who project upper estimates of up to 
1.9 m by 2100. These scenarios were derived from semi-
empirical observations and physical-constraint analysis. 
They are not all associated with a set rise in temperatures or 
emissions.

 These higher estimates are important in considering the full 
costs of climate change under higher emission scenarios. 
They are extremely unlikely under the EU’s 2 degrees target 
and this provides an additional benefit from mitigation (i.e. it 
reduces the risk of these potentially major events (or tipping 
extremes)). 

These extreme sea-level rise scenarios are a potential 
risk that is relevant when assessing the costs of the 
A1B scenario and they have relevance in very long-term 
adaptation planning. Indeed, they have already been 
included in assessments in the UK and Netherlands (Lowe 
et al., 2009b; Delta Commissie, 2008). 

The ClimateCost study has also used the DIVA Model to 
assess the potential impacts and economic costs of these 
high scenarios. It is highlighted that the uncertainty around the 
use of the model to assess these changes is higher than that 
for the European analysis in the above sections of this TPBN. 

13 Unlike Rahmstorf (2007), Pfeffer et al. (2008) and Vermeer and Rahmstorf (2009), this is a regional sea-level rise scenario for the UK.
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Figure 16. Total damage cost (present values, undiscounted) for the EU for relative sea-level rise of Rahmstorf (2007), A1B(I) 
Mid, E1 Mid scenarios and No SLR scenarios for no upgrade in protection. Numbers reported for Rahmstorf (2007), A1B(I) and 
E1 include the combined effects of sea-level rise and socio-economic change. The effects of future socio-economic change 
(without future climate change) can be seen with the No SLR scenario. The increases above this reflect the marginal economic 
costs directly attributable to climate change.
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The example presented here is for damage costs - 
assuming no adaptation. The results are shown in Figure 
16. This illustrates the relative sea-level rise for the high-level 
Rahmstorf (2007), A1B(I) Mid and E1 Mid scenarios. Until 
the 2050s, there are only small differences between the 
four scenarios. However, by the 2080s, the annual damage 
costs for the Rahmstorf (2007) are projected to be €156 
billion. Damage costs for the Rahmstorf (2007) scenario are 
six times greater for the A1B(I) Mid scenario and nine times 
greater than the E1 (Mid) scenario. The analysis shows that 
these very large rises in sea level produce much larger costs 
of damage.

8. Limitations on the results 
In considering the analysis above, the following points 
should be noted. The analysis only covers coastal floods 
(river flooding is covered in a separate analysis and 
presented in TPBN 3) and only includes the direct effects of 
coastal flooding and wetland loss (see Table 6), though this 

typically forms the largest share of flood damage. It does 
not consider the wider effects from disruptions to physical 
and economic activities, other damages from adverse social 
and environmental effects, including wider effects on health 
and wellbeing or biodiversity and ecosystem services. It 
also does not consider wider economic costs, such as the 
knock-on effects of energy supply or the transport network.

There are also sources of uncertainty that should be 
considered when interpreting the results. 

First, while the DIVA Model has improved its spatial resolution 
compared with earlier analyses, coastal data and sea-level 
scenarios at the European scale still present challenges 
and, hence, introduce uncertainties (e.g. elevation, rates of 
localised subsidence and model input parameters in the sea-
level scenarios). There are also uncertainties in the underlying 
impact relationships and cost functions. 

Second, the model assumes that adaptation (up to 
1:10,000 levels) is in place in the initialisation phase of the 
model (i.e. 1995). In reality, there is an adaptation deficit 



Policy Brief

02

30/31

(the difference between the modelled adaptation/protection 
level and the real protection level) and not all places will be 
defended to the level determined in the model or, in some 
cases, at all. This is most likely to occur in eastern European 
countries (see Tol et al., 2008). The limited adaptation 
options (of no upgrade to protection from 1995 values, 
and with adaptation comprising dike building and beach 
nourishment) are a caricature of coastal adaptation. A much 
wider variety of measures are potentially available, including 
accommodate or retreat options. However, protection 
is most likely for densely populated areas, such as the 
Netherlands, London or Hamburg. 

Finally, the adaptation strategies (dikes and nourishment) 
in the DIVA Model only address flooding and erosional 
impacts. They do not provide responses to other potential 
impacts, such as on coastal ecosystems. Nonetheless, 
these options are well understood and provide a meaningful 
sense of how adaptation could reduce impacts and the 
costs. When coastal populations do expand, the dominant 
assumption in the model is that population density increases 
uniformly. 

9. Implications for European 
policy
These results reinforce one of the main conclusions on 
coastal zones and low-lying areas in the IPCC’s report 
that ’the most appropriate response to sea-level rise for 
coastal areas is a combination of adaptation to deal with the 
inevitable rise, and mitigation to limit the long-term rise to a 
manageable level’ (Nicholls et al., 2007, p318). 

To reinforce this, the main benefit of mitigation is to stop 
any acceleration in global mean sea-level rise, but even 
with this, a rise in sea level still occurs in the 21st century, 
as shown in Figure 2 and Table 1, and this will continue 
for many centuries into the future (Meehl et al., 2007). This 
so-called ‘commitment to sea-level rise’ reflects the strong 
thermal inertia of the oceans, which means that sea-level 
rise is the least responsive climate parameter to climate 
mitigation. As a result, adaptation is required for committed 
sea-level rise even under quite strident mitigation options. In 
addition, there is a resulting commitment to adaptation that 
will increase through the 21st century and beyond. Hence, 
in addition to promoting climate mitigation (and associated 
ecosystem benefits such as a reduction in wetland loss), 

it is vital that the countries in the EU introduce appropriate 
coastal planning and adaptation at the same time as 
emissions reduction.

These results investigate only two types of adaptation 
option - building dikes and nourishing beaches. However, 
many different types of adaptation are available including 
protection (e.g. groynes, offshore reefs, moveable barriers 
and dune nourishment), accommodation (e.g. flood-
proofing) and planned retreat (managed realignment, 
building setbacks) (Linham and Nicholls, 2010). In many 
cases, these may be preferable to the options considered in 
DIVA. Furthermore, adaptation needs to be seen in a wider 
context than that for climate change alone and there are 
many potential adaptation costs that are not considered 
here. For instance, defences are often integrated with 
urban infrastructure, as they are used alongside energy 
infrastructure and roads. Therefore, total defence costs are 
likely to be considerably more for some countries than the 
estimates presented here. Adaptation has large benefits to 
reduce damage costs and making dual uses of structures 
could potentially make costs even more efficient. 

The distribution of potential impacts across the EU 
shows these are concentrated in certain regions. Hence, 
adaptation policies are likely to be heterogeneous - with 
some combination of retreat, accommodation and 
protection. It is also likely that portfolios (i.e. combinations 
or packages) of individual adaptation measures will be most 
appropriate (Evans et al., 2004). While these results provide 
a useful European context, more local-scale assessment 
of adaptation including the best portfolios of measures 
for different coastal settings is needed. For instance, hard 
protection with dikes promotes coastal squeeze and 
intertidal habitat degradation, which is contrary to the 
Habitats Directive. Hence, protection strategies will have 
to address human safety while sustaining habitat stocks. 
Existing EC research investments such as the THESEUS 
project14 are addressing this issue. 

Local subsidence measurements could also be improved, 
as this contributes to relative sea-level rise. Assessing and 
monitoring subsidence is subject to EC-funded research 
under the SubCoast project15.

Tol et al. (2008) investigated the awareness of European 
countries to rising sea levels. They found that many of the 
countries that had the greatest awareness were in north-
west Europe, where most of the most severe impacts are 

14 THESEUS: Innovative technologies for safer European coasts in a changing climate. www.theseusproject.eu/

15 SubCoast. Assessing and monitoring subsidence hazards in coastal lowland around Europe. www.subcoast.eu
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likely to occur. Many of these countries strategically plan for 
climate change (e.g. Delta Commissie, 2008; Lowe et al., 
2009b) and manage their coast. The countries that were 
least aware of sea-level rise are located around the Black Sea 
and Scandinavia. Findings from the research for this TPBN 
(e.g. Figure 9) indicate these countries would experience 
some of the small damage costs in Europe. However, 
these countries should not be complacent that they will not 
be affected by climatic and environmental change; where 
low-lying land coincides with the built environment and high 
population densities, the natural and human environment is at 
risk. National reviews are required to anticipate and plan for 
climatic change, particularly in ‘hotspots’ where land, habitat 
and people are at high risk from flooding and inundation. 
Such analysis could lead to the formation of long-term 
strategic coastal protection plans, as advocated in EC-
funded Eurosion project16 (cf Eurosion, 2004).

Finally, climate change is only one aspect of coastal 
management policy in the EU. Adaptation to climate change 
needs to be positioned within a broader, integrated, coastal-
zone management policy framework that is consistent 
with wider coastal management and development goals. 
While this is increasingly recognised, there has been little 
progress to date, particularly in some regions of Europe (Tol 
et al., 2008) and this requires long-term effort to achieve a 
systemic change in many European countries.

10. Conclusions 
By the end of the 21st century, increasing temperatures 
from climate change could lead to sea-level rise of between 
0.12 m and 0.46 m for the A1B(I) scenario (for a 3.5°C rise 
in temperature by the 2080s), and between 0.11 m and 
0.33 m for the E1 mitigation scenario (for a 1.5°C rise in 
temperature by the 2080s). The analysis here indicates that, 
up to the 2050s, the magnitude of sea–level rise between 
the A1B(I) scenario and the E1 scenario are similar, after 
which they diverge, resulting in a larger range of potential 
impacts. 

The number of people at risk from flooding is expected 
to increase exponentially with time. A mid-range sea-level 
rise projection indicates that 250,000 additional people 
will be flooded/year with the A1B(I) scenario (mid-range 
value) and 75,000 people will be flooded/year for the E1 
mitigation scenario (mid-range value) in the 2080s assuming 
no upgrade in adaptation. Therefore, a mitigation policy 

could result in 180,000 fewer people flooded annually by 
the 2080s (based on the mid scenarios). Without upgrading 
protection, by the 2080s, over 100,000 people would 
potentially have moved away from the coastal zone due to 
land submergence. The vast majority of these people would 
move due to sea-level rise caused by climate change. 

Under the ‘present’ climatic conditions, annual damage 
costs are estimated to be about €1.9 billion (mid-range 
value), but could potentially increase in the 2080s to €25.3 
billion and €17.4 billion for the A1B(I) and E1 scenarios 
respectively (mid-range values) if defences are not upgraded 
to cope with changing conditions. Thus, the net benefits 
of mitigation are about €7.9 billion/year by the 2080s. 
Annual damage costs may be reduced by up to 90% by 
implementing an adaptation policy, estimated here at a 
cost of €1.6 billion and €0.7 billion (mid-range values) for 
the 2080s for the A1B(I) and E1 scenarios respectively. 
Hence, the avoided damage costs due to adaptation in 
the 2080s are €21.1 billion and €14.7 billion for the A1B(I) 
and E1 scenarios respectively. The countries where there 
are the highest costs (and, therefore, benefits of mitigation) 
are virtually all located in north-west Europe. Subsequently, 
these countries have a higher awareness of the problems of 
sea-level rise, with many countries anticipating and planning 
for future change.

By the 2080s, over 45% of EU wetlands could be lost 
unless protective measures are undertaken to preserve 
and protect important areas. Legislation, such as the EU 

16 Eurosion. Living with coastal erosion in Europe: Sediment and space for sustainability. www.eurosion.org
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Habitats Directive, will assist this. Wetlands are sensitive to 
even small magnitudes of sea-level rise, so the risk is greater 
than that in urban areas.

At the high end, sea-level rise of more than 1 m by the 
2080s is possible, and would result in annual damage costs 
of €156 billion for the EU. This is nine times the cost of the 
E1 mitigation scenario (consistent with a less than 2°C rise 
in global temperatures by the end of the 21st century) and 
would result in a net benefit of €139 billion per year. By 
adapting to a high-sea-level scenario, model results indicate 
that annual damages of up to €147 billion may be avoided. 
The E1 mitigation scenario would reduce the chance of such 
major sea-level rise (though this has not been evaluated 
above), an additional factor in the relative costs and benefits 
between the A1B and E1 (stabilisation) scenarios. This is an 
important topic for future research.

A summary of the damage cost numbers is presented in 
the Appendix – showing the values for climate and socio-
economic change – and for climate change only (the net 
effect attributable to climate change alone). The information 
also provides the uncertainty ranges for the 5%, mid and 
95% values. 
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Analysis
Baseline
(1990-2000)

2020s
(2011-2040)

2050s
(2041-2070)

2080s
(2071-2100)

Effects of socio-economic change and climate change together

A1B scenario

5% €2.6 billion/year €5.0 billion/year €9.9 billion/year €19.3 billion/year

Mid €2.7 billion/year €5.2 billion/year €10.6 billion/year €25.4 billion/year

95% €2.8 billion/year €5.6 billion/year €11.7 billion/year €37.2 billion/year

High SLR  (1.2 m by 2100) €2.6 billion/year €5.8 billion/year €23.2 billion/year €156 billion/year

A1B No SLR €1.9 billion/year €2.8 billion/year €4.5 billion/year €7.0 billion/year

Marginal effects due to climate change signal only (minus socio-economic counterfactual)

A1B

5% €0.7 billion/year €2.2 billion/year €5.5 billion/year €12.4 billion/year

Mid €0.8 billion/year €2.4 billion/year €6.2 billion/year €18.4 billion/year

95% €0.8 billion/year €2.7 billion/year €7.3 billion/year €30.2 billion/year

High SLR  (1.2 m by 2100) €0.7 billion/year €2.9 billion/year €18.7 billion/year €149 billion/year

A1B No SLR €2.8 billion/year €4.5 billion/year €7.0 billion/year

E1 scenario

5% €2.5 billion/year €5.2 billion/year €11.1 billion/year €15.8 billion/year

Mid €2.6 billion/year €5.6 billion/year €11.7 billion/year €17.4 billion/year

95% €2.7 billion/year €5.8 billion/year €12.5 billion/year €20.1 billion/year

E1 No SLR €1.8 billion/year €2.9 billion/year €5.0 billion/year €7.0 billion/year

E1

5% €0.7 billion/year €2.3 billion/year €6.0 billion/year €8.9 billion/year

Mid €0.8 billion/year €2.8 billion/year €6.7 billion/year €10.4 billion/year

95% €0.8 billion/year €2.9 billion/year €7.5 billion/year €13.1 billion/year

E1 No SLR €2.9 billion/year €5.0 billion/year €7.0 billion/year

Appendix
Table A1. Economic damage cost for the effects of sea-level rise, no upgrade to adaptation.

These values are presented as current prices without discounting or uplifts. 

These values assume no additional coastal protection (adaptation). 

Impacts covered include: sum of dry-land-loss costs, people to move, salinisation costs, sea-flood costs and river costs. See Table 4.

Impacts exclude the effects of increased storminess, full ecosystem services, fisheries, ports and marine effects (e.g. acidification).
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Analysis
Baseline
(1990-2000)

2020s
(2011-2040)

2050s
(2041-2070)

2080s
(2071-2100)

Effects of socio-economic change and climate change together

A1B

5% €0.9 billion/year €1.2 billion/year €1.3 billion/year

Mid €1.0 billion/year €1.5 billion/year €1.6 billion/year

95% €1.2 billion/year €1.7 billion/year €2.0 billion/year

A1B No SLR €0.5 billion/year €0.4 billion/year €0.4 billion/year

Marginal effects due to climate change signal only (minus socio-economic counterfactual)

A1B

5% €0.4 billion/year €0.9 billion/year €0.9 billion/year

Mid €0.5 billion/year €1.1 billion/year €1.2 billion/year

95% €0.7 billion/year €1.3 billion/year €1.7 billion/year

A1B No SLR €0.5 billion/year €0.4 billion/year €0.4 billion/year

E1

5% €1.0 billion/year €0.8 billion/year €0.5 billion/year

Mid €1.2 billion/year €1.0 billion/year €0.7 billion/year

95% €1.3 billion/year €1.2 billion/year €0.8 billion/year

E1 No SLR €0.6 billion/year €0.4 billion/year €0.2 billion/year

E1

5% €0.5 billion/year €0.4 billion/year €0.3 billion/year

Mid €0.6 billion/year €0.6 billion/year €0.5 billion/year

95% €0.8 billion/year €0.7 billion/year €0.7 billion/year

E1 No SLR €0.6 billion/year €0.4 billion/year €0.2 billion/year

Table A2. Cost of adaptation in Europe due to the effects of sea-level rise. 

The costs are higher under the E1 scenario because the socio-economic data in this scenario are different. 

These values are presented as current prices without discounting or uplifts. 

Impacts covered include sum of dry-land-loss costs, people to move, salinisation costs, sea-flood costs and river costs.

Impacts exclude the effects of increased storminess, full ecosystem services, fisheries, ports and marine effects (e.g. acidification). See Table 4.

Adaptation options include beach-nourishment costs, and sea and river dike costs.
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Analysis
Baseline
(1990-2000)

2020s
(2011-2040)

2050s
(2041-2070)

2080s
(2071-2100)

Effects of socio-economic change and climate change together

A1B

5% €1.7 billion/year €1.9 billion/year €2.5 billion/year

Mid €1.7 billion/year €2.0 billion/year €2.7 billion/year

95% €1.8 billion/year €2.2 billion/year €2.9 billion/year

A1B No SLR €1.4 billion/year €1.4 billion/year €1.8 billion/year

Marginal effects due to climate change signal only (minus socio-economic counterfactual)

A1B

5% €0.3 billion/year €0.5 billion/year €0.8 billion/year

Mid €0.3 billion/year €0.6 billion/year €0.9 billion/year

95% €0.4 billion/year €0.8 billion/year €1.1 billion/year

A1B No SLR

E1

5% €1.5 billion/year €1.7 billion/year €1.9 billion/year

Mid €1.6 billion/year €1.8 billion/year €2.0 billion/year

95% €1.7 billion/year €1.8 billion/year €2.1 billion/year

E1 No SLR €1.2 billion/year €1.3 billion/year €1.5 billion/year

E1

5% €0.3 billion/year €0.4 billion/year €0.4 billion/year

Mid €0.4 billion/year €0.5 billion/year €0.5 billion/year

95% €0.4 billion/year €0.5 billion/year €0.6 billion/year

E1 No SLR

Table A3. Residual Impacts after adaptation in the EU (Economic damage impacts after adaptation) due to the effects of sea-
level rise.

The costs are higher under the E1 scenario because the socio-economic data in this scenario are different. 

These values are presented as current prices without discounting or uplifts. 

Impacts covered include sum of dry-land-loss costs, people to move, salinisation costs, sea-flood costs and river costs.

Impacts exclude the effects of increased storminess, full ecosystem services, fisheries, ports and marine effects (e.g. acidification). See Table 4.

Adaptation options include beach-nourishment costs, and sea and river dike costs.
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E1

5% €1.6 billion/year €5.3 billion/year €8.2 billion/year

Mid
€1.8 billion/year

(ratio benefits: 
costs = 3.9)

€5.6 billion/year
(ratio benefits: 
costs = 10.9)

€9.4 billion/year
(ratio benefits: 
costs = 20.9)

95% €1.7 billion/year €6.2 billion/year €11.9 billion/year

E1 No SLR €1.1 billion/year €3.3 billion/year €5.2 billion/year

Analysis
Baseline
(1990-2000)

2020s
(2011-2040)

2050s
(2041-2070)

2080s
(2071-2100)

Effects of socio-economic change and climate change together

A1B

5% €2.5 billion/year €6.8 billion/year €15.5 billion/year

Mid
€2.5 billion/year

 (ratio benefits: 
costs = 3.9)

€7.1 billion/year
(ratio benefits: 

costs = 5.2)

€21.1 billion/year 
(ratio benefits: 
costs = 14.2)

95% €2.6 billion/year €7.9 billion/year €32.3 billion/year

A1B No SLR €1.0 billion/year €2.7 billion/year €4.9 billion/year

Marginal effects due to climate change signal only (minus socio-economic counterfactual)

A1B

5% €1.5 billion/year €4.1 billion/year €10.7 billion/year

Mid
€1.5 billion/year

(ratio benefits: 
costs = 3.9)

€4.5 billion/year
(ratio benefits: 

costs = 5.2)

€16.2 billion/year
(ratio benefits: 
costs = 14.2)

95% €1.6 billion/year €5.2 billion/year €27.4 billion/year

A1B No SLR €1.0 billion/year €2.7 billion/year €4.9 billion/year

E1

5% €2.6 billion/year €8.6 billion/year €13.4 billion/year

Mid
€2.9 billion/year

ratio benefits: 
costs = 3.9)

€8.9 billion/year 
(ratio benefits: 
costs = 10.9)

€14.7 billion/year 
(ratio benefits: 
costs = 20.9)

95% €2.8 billion/year €9.5 billion/year €17.1 billion/year

E1 No SLR €1.1 billion/year €3.3 billion/year €5.2 billion/year

Table A4. Benefits of adaptation in the EU due to the effects of sea-level rise.

The costs are higher under the E1 scenario because the socio-economic data in this scenario are different. 

These values are presented as current prices without discounting or uplifts. 

Impacts covered include sum of dry-land-loss costs, people to move, salinisation costs, sea-flood costs and river costs.

Impacts exclude the effects of increased storminess, full ecosystem services, fisheries, ports and marine effects (e.g. acidification). See Table 4.

Adaptation options include beach-nourishment costs, and sea and river dike costs.
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Table A5. Country codes for Figure 9

AT Austria

BE Belgium

BG Bulgaria

CY Cyprus

CZ Czech Republic

DK Denmark

EE Estonia

FI Finland

FR France

DE Germany

GR Greece

HU Hungary

IE Ireland

IT Italy

LV Latvia

LT Lithuania

LU Luxembourg

MT Malta

NL Netherlands

PL Poland

PT Portugal

RO Romania

SK Slovakia

SI Slovenia

ES Spain

SE Sweden

UK United Kingdom
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Figure A1. Damage costs (due to people moving, land loss, 
salinisation, sea flood and river flood costs) for no upgrade in 
adaptation in the 2080s (millions of Euros/year) for:

A) No sea-level rise

B) E1 (Mid)

C) A1B(I) (Mid)
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Figure A2. Damage costs (due to people moving, land loss, 
salinisation, sea flood and river flood costs) using a cost-
benefit analysis for adaptation in the 2080s (millions of Euros/
year) for:

A) No sea-level rise

B) E1 (Mid)

C) A1B(I) (Mid)
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Figure A3. Capital adaptations costs (due to sea dike and 
river dike building and beach nourishment) using a cost-
benefit analysis for adaptation in the 2080s (millions of Euros/
year) for:

A) No sea-level rise

B) E1 (Mid)

C) A1B(I) (Mid)



Sea-Level Rise



02 Technical Policy 
Briefing Note

Further information

To find out more about ClimateCost, please visit: 
www.climatecost.eu

For further information about ClimateCost,  
please contact Paul Watkiss at:  
paul_watkiss@btinternetcom

For further information on the coastal analysis and  
the DIVA Model, contact Robert Nicholls at  
r.j.nicholls@soton.ac.uk
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