


However, when accounting for climate change only, some
regions (e.g. the Vistula and Odra catchments in Poland)
are likely to see a reduction in floods and flood damage in
the spring caused by melting snow. This is because, with
the higher winter temperatures, less precipitation will fall

as snow, so accumulations will be less. However, there is
likely to be an increase in summer flooding in these regions

because of warmer, wetter summers due to climate change.

These damages are a relatively low proportion of GDP,
equivalent to around 0.1% — 0.2% at the European level
over current to future time periods. However, for some
countries, these relative impacts are much more important.
This can be seen in Figure 10, where the flood damages
are scaled by country GDP - noting that this is GDP in the
respective future time period.

When moving to the country level, the variations across the
models become even more important. These reflect the
potentially large differences between model outputs, which

can even indicate a reversal of the effects of climate change.

Figure 11 shows the variability in the changes of the EAD
(between 2080s and baseline period) spatially across the
12 A1B model runs. While some countries, such as the

UK, show fairly constant changes, many other countries
show increases or decreases for at least some of the model
outputs.

River Floods

There are major uncertainties
in the pattern and even

the direction of change of
future flood damages at the
country to local level. It is
important to recognise these
uncertainties when planning
adaptation

Figure 10. EU27 EAD from floods as a percentage of GDP (in the respective future time period) for baseline period (1961-1990),
2000s (1981-2010), 2020s (2011-2040), 2050s (2041-2070) and 2080s (2071-2100) for the A1B scenario (ensemble mean) based
on LISFLOOD simulations driven by 12 regional climate models (all numbers in constant 2006 prices, undiscounted, without
adaptation). Values shown are for combined effects of climate and socio-economic change. See Figure 5 for notes.
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Figure 11. Change in EAD between the 2080s (2071-2100) and baseline period (1961-1990) for the A1B scenario based on
LISFLOOD simulations driven by various regional climate models. Each plate represents the results for one of the 12 model
combinations listed in Appendix 1. See Figure 5 for notes.
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River Floods

Table 3. EU27 EAD from floods in billions of Euros for the baseline period (1961-1990), 2000s (1981-2010) 2020s (2011-2040),
2050s (2041-2070) and 2080s (2071-2100) for the E1 scenario based on LISFLOOD simulations driven by three different climate
experiments with the MPI-REMO regional climate model (all numbers in constant 2006 prices, undiscounted, with no adaptation).

EU27 EAD in billions of Euros per year, E1 Scenario (undiscounted)

Baseline Current 2020s 2050s 2080s
(1961-1990) (1981-2010)  (2011-2040)  (2041-2070) (2071-2100)

a) Climate change only (static socio-economics) 5.0 51 8.2 9.6 9.0
b) Socio-economic change only (no climate) 5.0 5.0 9.2 21.4 37.6
¢) Climate and socio-economic change 5.0 51 14.6 41.7 68.2
d) Marginal climate change impact (c-b) 0.0 0.1 5.4 20.3 30.6

4.2 1 mitigation scenario
(2 degrees target) While the results suggest

Table 3 and Figure 12 show the estimated direct flood significant mitigation
damages between the end of the 20th century and future beneﬁts a deﬁnitive
7

time periods in the EU27 for the E1 mitigation scenario,

which is consistent with the EU 2 degrees target (rompre-  conclusion that there will be
industrial levels). This would be expected to lead to reduced

flooding costs from future climate change. a Strong reduCtion in ﬂOOd

The current EAD (about €5 billion) for the baseline period is damage (eSpeCially by the

projected to increase to €14.6 billion by the 2020s (2011- end Of thlS Century) under the
2040), €41.7 billion by the 2050s (2041-2070) and €68.2

billion by the 2080s (2071-2100), as a result of climate mitigation scenario cannot
and socio-economic changes (row c¢), with no adaptation be made_
included. The marginal impact from climate change (row d)

under the E1 scenario increases from about €5 billion in

the 2020s to €30 billion by the 2080s. This is considerably

lower towards the end of this century than the ensemble

mean results of the A1B scenario — and the difference can

be considered the marginal benefit of mitigation (relative to

the medium-high A1B scenario). However, it is important

to note that for the E1 scenario only three climate data

sets were available. Moreover, they all originate from the

MPI-REMO regional climate model, but are driven by three

different ECHAMS5 runs as boundary conditions. Hence,

while the results suggest significant mitigation benefits, a

definitive conclusion that there will be a strong reduction in

flood damage (especially by the end of this century) under

the mitigation scenario cannot be made.
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Figure 12. EU27 EAD from floods in billions of Euros for baseline period (1961-1990), 2000s (1981-2010), 2020s (2011-2040),
2050s (2041-2070) and 2080s (2071-2100) for the E1 scenario (ensemble mean) based on LISFLOOD simulations driven by three
different climate experiments with the MPI-REMO regional climate model (all numbers in constant 2006 prices, undiscounted,
with no adaptation). See Figure 5 for notes.
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Figure 13. EU27 EAD from floods in billions of Euros for the baseline period (1961-1990), 2000s (1981-2010), 2020s (2011-

2040), 2050s (2041-2070) and 2080s (2071-2100) for the E1 scenario based on LISFLOOD simulations driven by three different
climate experiments with the MPI-REMO regional climate model (all numbers in constant 2006 prices, undiscounted, with no
adaptation). Also shown is the outcome of the A1B experiment with an identical climate model combination. Values shown are
for combined effects of climate and socio-economic change. See Figure 5 for notes.
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Indeed, the comparison of the results for the three individual
E1 mitigation runs with the A1B run for the same climate
model combination (MPI-REMO-ECHAMS) (shown in Figure
13) suggests that the lower average flood damages for E1

is more likely to be linked with the climate models used. The
analysis of a larger ensemble of future E1 regional runs (as
they become available) is considered a priority.

River Floods

Alongside the European-scale analysis, the ClimateCost
study undertook primary valuation work and work at a
higher spatial resolution in Prague in the Czech Republic
(see case study).

A case study from the Czech Republic

How do house prices vary with flood risk?
A hedonic price study on flooding in Prague.

The main ClimateCost floods analysis, using the LISFLOOD
model, uses relationships of flood-depth damage to estimate
the value of damages due to river flooding. The results
capture the direct costs of flooding. To complement this
analysis and to start investigating analysis at the local level,
the project has undertaken a primary valuation study of flood
risks in Prague by carrying out a hedonic price study on river
flood risks. This work was undertaken by Jan Melichar and
Milan S¢asnyny from Charles University Environment Center,
Prague, Czech Republic.

These studies have been widely used in environmental
economics. They look at the price that individuals are willing
to pay for certain marketed goods/services (e.g. property or
labour). As an example, hedonic price methods have been
used to look at noise issues (e.g. studying how much more
individuals are willing to pay for a house in a quiet area than
for an identical house in a noisy area). The approach uses
regression analysis to examine the contribution of specific
environmental attributes to property prices. In this case, the
environmental attribute is flood risk.

Review work as part of the project considered previous
hedonic studies of flood risks. These indicate that the relative
change in price for houses in the 100-year flood plain is
—4.8% on average, but can be as high as -12%.

The study assessed the properties at risk in Prague using
flood-risk maps and geographical information systems (GIS).
This revealed a large number of properties at risk of a 1

in 100-year event. It used information on the price of real
estate in the city to estimate the parameters for the hedonic
price regression model and to determine how much flood
risks influence house prices by looking at the average price
difference between houses inside and outside of the flood-
risk zone (adjusting for a range of other factors that influence
property prices).

The econometric analysis considered several models
(alternative functional forms and variables) and the implicit
value for an additional unit of the flood-risk attribute was
estimated. The results reveal a central value of -8.5% (i.e.
that flood risks have a significant effect in reducing property
values in the city). The work is progressing to investigate
the change in the flood-risk plain with climate change and
estimate possible changes using the hedonic price results.

Figure 14. Prague Floodplain of a 100-year flood based on
flood culmination in 2002, August.
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5. Adaptation

Historically, protection against flooding has been a costly,

but straightforward, way to overcome many of the adverse
impacts. Several potential adaptation options to address
these risks have evolved in recent years. These adaptation
strategies have historically used protection or accommodation
to reduce risks. Protection involves the control of risks

with defences (e.g. physical barriers to flooding), whereas
accommodation involves adjusting human use of the flood
zones (e.g. through forecasting and early warning systems,
insurance, increased flood resilience). These measures include
a mixture of so called ‘hard’ (engineering) and ‘soft’ (non-
technical) measures. Increasingly, such options are being seen
as part of integrated portfolios. However, a residual risk always
remains and complete protection cannot be achieved. Thus,
managing floods involves an element of strategy. In recent
years, the focus of flood management policy has shifted from
technical measures (especially protection with defences) to
spatial solutions that aim to create ‘room for the river’, as with
recent examples in the Netherlands. The new policy approach
tries to take account of long-term developments and risks,
such as those presented by climate change.

This study has assessed the potential European costs

of adaptation. The local implementation of adaptation
measures depends on site-specific hydro-morphological and
land-use characteristics, and socio-economic conditions
(e.g. risk-perception, availability of funding). Given the variety
of these factors across Europe, it is very challenging to model
the wide range of adaptation strategies at a pan-European

scale. Therefore, rather than evaluating costs and benefits
of specific adaptation options, this study has considered an
alternative approach. This is done by assessing the benefits
of introducing and maintaining flood protection in future time
periods to levels of acceptable risk, and then looking at the
potential costs of obtaining these standards.

For the assessment in ClimateCost, this study considered
minimum protection levels across Europe to a 1 in 100-
year event. It estimated the benefits of such protection
levels and the costs of adaptation to maintain these levels
against future climate change (a future 100-year event may
correspond to a current 150-year event, in which case,
future protection is against a current 150-year event).

The cost of adaptation includes capital costs as well as
operation and maintenance (O&M) costs. For the scenario
including socio-economic growth, it is assumed that the
operating and maintenance costs grow linearly with GDP.

The benéfits (i.e. the reduction in EAD with adaptation) are
shown for the A1B medium-high emission scenario in
Table 4. The benefits for the EU27 for the A1B scenario are
estimated at €8 billion by the 2020s (2011-2040), €19 bilion by
the 2050s (2041-2070) and €50 billion by the 2080s (2071-
2100) for the mean ensemble results (EU, current values,
undiscounted). These can be compared against the flood
damages without adaptation, shown in Table 2. The table also
shows the residual damages (EAD) after adaptation.

It is stressed that the benefits vary with the climate model
output. Thus, in cases where higher flood damages are
projected, the benefits will be correspondingly higher.

Table 4. Benefits of adaptation, and residual damages after adaptation, in billions of Euros per year, from maintaining 1 in
100-year levels of flood protection in 2000s (1981-2010), 2020s (2011-2040), 2050s (2041-2070) and 2080s (2071-2100) for the
A1B scenario based on LISFLOOD simulations driven by 12 regional climate models (all numbers in constant 2006 prices,
undiscounted). See Figure 5 for notes.

Benefits of adaptation - billions of Euros per year in EU27, A1B scenario (undiscounted)

2020s
(2011-2040)

2050s
(2041-2070)

2080s
(2071-2100)

Current
(1980-2010)

Baseline
(1960-1990)

Benefits for adapting to climate change only

(static socio-economics) 1.3 4.2 5.4 9.4
?ﬁ:%uealoimyp))acts after adaptation (climate 57 =g - .
Scegﬁgasqifcog ﬁggggng to climate and socio- 13 8.3 0 10
Residual impacts after adaptation (climate 57 191 . 180

change and socio-economic change)
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It is also highlighted that there are still residual damages
even after adaptation. Under the climate-only scenario,
these are kept similar to current damage levels (i.e. around
6 billion Euro/year (EAD)). However, in the scenario of future
climate and socio-economic change, the residual damages
are much higher because damages would rise even if
minimum protection levels are maintained due to socio-
economic development. This suggests that higher levels of
protection will be justified (and needed) in the future (i.e. that
in cost-benefit terms, higher levels of protection would be
closer to the optimal strategy).

The split by country is shown in Figure 15.

This study then assessed the costs of achieving these
protection levels.

The approach used existing literature on the potential costs
and benefits of adaptation in Europe at the member-state
level in, for example, the UK, the Netherlands, Germany,
France, Slovakia and Belgium (e.g. Evans et al., 2004%: EA,
2009* EEA, 2007%, Broekx et al., 2011; Lamothe et al., 2005).

River Floods

Notwithstanding the difficulty in assessing the costs (capital,
operation, maintenance) and benefits (avoided direct and
indirect damages, environmental benefits) of flood protection
measures, this study indicates that the costs of adaptation
in Europe to address future climate (and socio-economic
risks) could be relatively large (i.e. billions of Euro per year),
even though most options typically have high benefits

when compared with costs. Based on these studies, which
encompass a wide portfolio of measures, an average
benefit-to-cost ratio across the European studies of 4 to

1 was found. This ratio was combined with the avoided
damages (benefits) above from adapting to future flood
magnitudes (to keep the same level of acceptable risk (i.e.
protection to a 100-year flood event)) to derive the costs of
adaptation. It is noted that, at the local basin scale, other
benefit-to-cost ratios will apply depending on site-specific
characteristics and the types of measure (and this approach
is not applicable for local or even country-level analysis).

It should also be noted that this transfer approach has

a number of limitations. Nonetheless, it does provide an
exploratory analysis to estimate likely cost at the EU level.

Figure 15. Benefits of adaptation, in billions of Euros per year, to maintain 1 in 100-year levels of flood protection in 2000s (1981-

2010), 2020s (2011-2040), 2050s (2041-2070) and 2080s (2071-2100)

for the A1B scenario (ensemble mean) based on LISFLOOD

simulations driven by 12 regional climate models (all numbers in constant 2006 prices, undiscounted). See Figure 4 for notes.
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SEstimated at a total investment over the next 80 years of £22 billion and £75 billion (about €25 and €85 billion at spring 2011 exchange rates)- noting this
covers coastal as well as river flooding, and only covers engineering (technical) costs.

4This reports that an increase in investment of around £1 billion a year, , is needed to maintain current protection levels through to 2035, i.e. for building and
maintaining new and existing flood defences. It should be noted that this includes coastal and river floods, and includes multiple drivers as well as climate change.

5 An approximate cost of adaptation to climate change for flood defence along the

river Rhine was made on the basis of a study of the Netherlands Bureau of

Economic Policy Analysis and simplifying assumptions. This found flood defence investments would reduce climate-induced flood damage from €39.9 billion to

€1.1 billion over the 21st century at a relatively modest cost of around €1.5 billion.
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The analysis shows (see Table 5 and Figure 16) that, under
the A1B scenario, the expected annual costs of adaptation

— for the combined effects of climate and socio-economic Adaptation leads tO

change - rise to €1.7 billion by the 2020s (2011-2040), Signiﬁcant economic beneﬁts
€3.4 billion by the 2050s (2041-2070) and €7.9 billion by

the 2080s (2071-2100). For the E1 scenario, the expected and can pOtentlally reduce
annual costs of adaptation amount to €1.2 billion by the direct damages at lOW COSt.
2020s (2011-2040), €3.3 billion by the 2050s (2041-2070)

and €4.7 billion by the 2080s (2071-2100). It is stressed

that the lower adaptation costs for the E1 scenario,

especially by the end of this century, is more likely to be climate model outputs shown in Figure 7). This is because
related to the choice of climate model rather than to climate greater or lesser amounts of adaptation are required to

change mitigation. maintain the same level of protection in the face of different
levels of future flooding. However, in practice, some costs
would be fixed (e.g. the costs of early warning systems

and many other ‘soft’ (i.e. non-technical) measures, as

well as some of the components of ‘hard’ (i.e. engineered)
measures). Thus, the costs will involve more variation across

The relationship between the climate model uncertainty and  future outcomes. This also leads to two additional issues.
the costs of adaptation also needs to be considered. Using

the methodological approach above, the costs will vary with
the level of future flood risks (i.e. across the full range of

Figure 17 shows that there is a large variation in the cost of
adaptation by country. These mirror the range of damage
costs above. Thus, countries with higher estimated
damages, such as the UK, have higher adaptation costs.

Table 5. Potential costs of adaptation, in billions of Euros per year, to maintain 1 in 100-year levels of flood protection in the
2000s (1981-2010), 2020s (2011-2040), 2050s (2041-2070) and 2080s (2071-2100) for the A1B scenario (ensemble mean) based
on LISFLOOD simulations driven by 12 regional climate models, and the E1 scenario for 3 models (all numbers in constant 2006
prices, undiscounted).

Costs of adaptation - billions of Euros per year in EU27, A1B scenario (undiscounted)

Baseline Current 2020s 2050s 2080s
(1960-1990) (1981-2010) (2011-2040) (2041-2070) (2071-2100)

Adaptation to climate change only

. . : - 0.5 1.1 1.4 2.4
(static socio-economics)

Adaptation to climate and socio-economic

- 0.5 1.7 3.4 7.9
change

Costs of adaptation - billions of Euros per year in EU27, E1 scenario (undiscounted)

Baseline Current 2020s 2050s 2080s
(1960-1990)  (1981-2010)  (2011-2040)  (2041-2070) (2071-2100)
Adaptation to climate change only

. . . = 0.2 0.8 1.1 1.1
(static socio-economics)

Adaptation to climate and socio-economic

- 0.2 1.2 3.2 4.7
change
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River Floods

Figure 16. Potential costs of adaptation, in billions of Euros per year to maintain 1 in 100-year levels of flood protection in 2000s
(1981-2010), 2020s (2011-2040), 2050s (2041-2070) and 2080s (2071-2100) for the A1B scenario (ensemble mean) based on
LISFLOOD simulations driven by 12 regional climate models and E1 scenario (driven by 3 RCMs) (all numbers in constant 2006
prices, undiscounted). Data shown for climate change only (static socio-economics), and climate and socio-economic change
combined.
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Figure 17. Costs of adaptation for member states, in billions of Euros per year, to maintain 1 in 100-year levels of flood
protection in 2000s (1981-2010), 2020s (2011-2040), 2050s (2041-2070) and 2080s (2071-2100) for the A1B scenario based on
LISFLOOD simulations driven by 12 regional climate models (all numbers in constant 2006 prices, undiscounted). Values shown
are for adapting to the combined effects of climate and socio-economic change.
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First, the costs and benefits of adaptation are determined

by the policy objectives and framework. Thus, there are

very different levels of adaptation according to whether an
economic efficiency criterion (optimal protection to the point
where benefits and costs are equal) or an acceptable level
of protection (risk-based protection) is assumed. For the
latter, the costs are very strongly determined by the level

of risk protection (i.e. by the acceptable level of flood risk),
which involves important social as well as economic drivers.
There are no minimum levels of risk protection in Europe and
levels of acceptable risk vary between, and even in, member
states. Countries or areas that seek to achieve higher levels
of risk protection will incur higher adaptation costs. Further,
strategies that aim to reduce risk to very low levels are,
invariably, more costly. This raises important issues

for policy.

Second, the consideration of climate model variability also
makes a large difference to the actual adaptation response
at a country level. The framework used in this study - and
the benefits and costs above - assumes that future damage
costs are known or can be predicted with confidence.

At present, there is very large uncertainty around the
outcomes. The future socio-economic scenario is not yet
known (e.g. whether we are on a business-as-usual or a
mitigation pathway globally) and, for any given pathway,
there is then a very wide range of variability on the level of
flood risk.

This means there is the potential for mal-adaptation (over-
designing versus failing to provide adequate protection). This
is particularly important because benefits are likely to accrue
in later time periods, while costs may be incurred earlier, and
this will affect the cost-to-benefit ratio®.

Therefore, recognising and adapting to this uncertainty
requires a change in the approach for adaptation (i.e.
looking at iterative approaches that allow future decisions
to be taken that address uncertainty). This involves
implementing options that are more robust, providing
flexibility and keeping future options open - as part of
integrated and sustainable policies. These are often
implemented through a process of adaptive management
and with portfolios of strategies.

The costs of adaptation vary
with the level of protection
or acceptable risk. They

also vary with the policy
framework (risk levels versus
optimisation).

Such approaches involve a mix of soft and hard measures,
and capacity building. They involve consideration of wider
environmental and social aspects, not just protection of
physical assets. They invariably involve integrated flood
management responses and land management. The
move to the implementation of such approaches, and the
choice and use of exact strategies, depends on the nature
of the flood zone and the type and extent of impacts (i.e.
adaptation requires a site- and context-specific response).

6. Notes and limitations on
the results

In considering the results above, the following notes and
limitations should be considered. The assessment only
considers river floods, it does not include intra-urban
flooding; coastal flooding is considered in TPBN 2. The
assessment only reflects direct tangible damages due to
contact with floodwaters, though this typically forms the
largest share of flood damage. It does not consider the
wider effects from disruptions to physical and economic
activities or 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.

The estimates of flood damage presented are based on
static land use. If land use developments, such as increased
urbanisation and flood-plain development are not reversed,
flood damages are likely to be higher than those reported.
On the other hand, spatial planning aimed at restoring
natural retention capacities in catchments may reduce future
flood risk.

5Note that such an analysis 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, it should be noted that acceptable levels of risk protection are usually considered in a cost-effectiveness framework.
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The approach adopted in ClimateCost is to sample across
the climate model outputs. This leads to large differences

in flood-damage assessments. In addition to climate

model uncertainty, there are other limitations that should

be considered when interpreting the results. While the
climate and hydrological models, and hydro-morphological
datasets have greatly improved spatial resolution, a
large-scale approach at the European scale still presents
challenges and, hence, introduces uncertainties. These
include inaccuracies in the derivation of flood inundation
extents, extrapolation errors in deriving flood return levels for
high recurrence intervals based on limited time series, and
uncertainties in the underlying impact relationships and cost
functions.

While these results provide useful European context, more
local-scale assessment of adaptation, including the best
portfolios of measures for different settings, is needed.
Improvements are also needed to quantify the damage
caused by floods, in the costs/benefits of structural (hard)
and non-structural (soft) options for adaptation, and in the
monetary evaluation of environmental and social benefits.

Notwithstanding these issues, the numbers presented
provide an indication of potential future developments in
flood risk in a changing climate.

7. Implications for European
policy

The results show that rising flood risks could be one of the
main impacts of climate change in Europe. They show that,
in the medium term, these are likely to have very significant
implications for current flood management (i.e. that they
require an increased response from the business-as—usual
scenario). A key conclusion is that current procedures for
designing flood-control infrastructures across Europe should
be revised to consider the projected changes in extreme
river flows and the existing uncertainties.

The analysis also shows that future socio-economic change
is as important as climate change in the level of future
damages — even without climate change, there are still likely
to be large increases in flood damages. This provides an
even stronger justification for action, but it also highlights
that any response needs to consider these socio-economic
factors and future climate change in the analysis and the
responses.

River Floods

The results also show that these impacts can be reduced
significantly through adaptation at relatively low cost. Such
action will be needed even under a mitigation scenario.
Hence, in addition to promoting climate mitigation, it is
important that the countries in Europe introduce appropriate
adaptation. However, there will be residual impacts after
adaptation and the analysis shows that higher protection
levels are likely to be justified in future years because of the
increase in underlying socio-economic development.

In addition, the analysis highlights the uncertainty in

the future projections of flood risks, especially at the
disaggregated scale, reflecting the variation across the
models. This leads to a potentially greater focus on
robustness and flexibility for adaptation (i.e. through
adaptive management). This may involve a greater use of
soft, non-structural measures that have the potential to be
more flexible and more sustainable than hard measures
(though technical measures will be indispensable in
certain circumstances). Policy might try to stimulate water
managers to move to site-specific mixes of measures, which
may be altered or are robust to changing conditions.

The results also show a very strong distributional pattern

of increased floods across Europe (i.e. with different risks
between member states). It is clear that these future impacts
will be more important for some countries or regions. This
leads to the question of how these costs could be shared
(e.g. through solidarity funds) and issues relating to the role
of insurance markets.

There is also an issue of how best to respond to these risks
given river catchments are often across national boundaries.
This will require co-ordinated responses between countries
and regions to avoid mal-adaptation by shifting potential
impacts upstream or downstream.

There is also a significant potential for learning. Although
transferability of best practices may be limited because of
location-specific characteristics, the exchange of information
by practitioners in different basins is valuable, not least since
pressures such as climate change and land-use dynamics
are common to most basins, and present similar challenges
for flood-risk management.

Finally, climate change is only one aspect of land and
flood-risk management policy in Europe, and adaptation
to climate change needs to be positioned in a broader,
integrated, management policy framework (e.g. agriculture,
spatial planning, transport, energy) that is consistent with
wider management and development goals.
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Appendix 1

Table A1l. List of regional-global climate model combinations used to produce average damage estimates reported.

Regional Climate Model Global Climate Model m

C41-RCA-HadCM3 HadCM3

CNRM-ALADIN-ARPEGE ALADIN ARPEGE A1B
DMI-HIRHAM5-ARPEGE HIRHAMS ARPEGE A1B
DMI-HIRHAM5-BCM HIRHAMS BCM A1B
DMI-HIRHAMS5_ECHAMS HIRHAMS ECHAMS A1B
ETHZ-CLM-HadCM3Q0 CLM HadCM3Q0 A1B
KNMI-RACMO2-ECHAM5  RACMO2 ECHAMS A1B
r:;:h";?)?moo' HadRM3Q0 HadCM3Q0 A1B
MPI-REMO-ECHAMS5 REMO ECHAM5 A1B
SMHI-RCA-BCM RCA BCM A1B
SMHI-RCA-ECHAMS5 RCA ECHAMS A1B
SMHI-RCA-HADCM3Q3 RCA HADCM3Q3 A1B
MPI-REMO-ECHAMS5-r1 REMO ECHAMS - r1 BC E1
MPI-REMO-ECHAMS5-r2 REMO ECHAMS - 12 BC E1

MPI-REMO-ECHAM5-r3 REMO ECHAMS - r3 BC E1
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