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Introduction
By Jouni Paavola & Inés Campos

The Bottom-up Climate Adaptation Strategies towards a Sustainable Europe (BASE) project
addresses the need to develop research on sustainable climate adaptation by combining bottom-
up and top-down strategies.

To gather insights on drivers, opportunities, barriers, costs and benefits for actions at the local
level, BASE examines climate change adaptation case studies across Europe. Different
geographical locations have diverse climatic and socio-economic contexts. Therefore, case
studies were selected to represent a contextual variation in Europe and organized in sectorial
subgroups, with a focus on six sectors:

(1) agriculture and forestry; (2) biodiversity and ecosystem services; (3) coastal zones; (4) cities
and infrastructures; (5) human health and (6) water resources.

Each sector is represented by a number of case studies. All case studies are analysed from
multiple research agendas, such as: public policy and governance, socioeconomic
characteristics, public participation; perceptions of risk and vulnerability; adaptative capacity and
adaptative action; and economic assessments.

Moreover, an additional group of international case studies, includes studies from other
continents, with the objective of drawing lessons on adaptation preferences, policies and practices
for Europe.

Bottom-up research of BASE case studies is informed by a common case study research
approach (see deliverables 4.1, 6.1a and 6.1b). This common strategy has been defined in order
to coordinate a multii prescriptive, inter-disciplinary and trans-disciplinary research approach. A
uniform approach would have not been feasible, given the heterogeneity of cases: some are ex
post evaluations (retrospective), others are forward-looking (prospective). Some cases are
researcher-led analyses and evaluations, others engage with multi-scale and multi-level
adaptation processes, while studying and experimenting with participatory approaches at various
levels of stakeholder engagement. Furthermore, the scope and depth of the case study analysis
varies, resulting in different resources allocated.

The common case study approach seeks to achieve a coherent aggregation and comparability of
results by establishing a framework, guided by common perspectives, questions and methods.
Case study ownersé work together t o iop whleshalirg
expertises, as well as developing innovative research approaches, methodologies and tools.

To facilitate dialogue among case study owners, a coordination instrument has been designed:
the Case Study Living Document (CSLD). This should be seen as a guiding structure that all case
studies use to align their research perspectives and methodologies and report their findings
congruently. The document also allows for higher comparability, since its sections highlight the
need to provide results on specific topics (i.e. impacts, adaptation, methodologies, economic
assessments, participatory approaches, policy and governance, implementation of adaptation
actions).

The present deliverable has been drafted based on the use of the CSLD, which has been filled
out and regularly updated by all case study owners. The functioning of the CSLD should be seen
as a solution to promote consistent and aggregated case study reporting, though flexible enough
to allow for further possibilities of improvement.
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In the Description of Work (DoW), Deliverable 5.1 is described as:

fClimate change, impact and adaptation scenarios for case studies: Assessment of baseline case
specific climate change impacts and adaptation scenarios - is linked to task 5.1."

Additionally, Task 5.1 is described as:

AnPartners wil/ first generate an informat.i
factors to foster the implementation of subsequent tasks in each case study. The task will also
map the state of art regarding adaptation planning and actions in the case studies. Where
possible, existing downscaled climate change scenarios and impact assessments will be
used/adapted. In addition, socio-economic data on economic activities, demography,
infrastructure, environment, vulnerabilities, risks and uncertainties will be generated to identify
how and to what extent climate change is likely to impact case study sectors and areas. The
observations will be consolidated to brief case-specific climate change impact and adaptation
scenarios. This task directly seeks to contribute to BASE objectives 1 , 2, 3 and 4

The purpose of this deliverable is therefore to report the first set of observations from BASE case
studies, namely:

1) report on case specific contextual and background factors;

2) map the state of the art of climate change impacts with a focus on case studies and respective
adaptation drivers;

3) outline downscaled climate and socio-economic scenarios, as well as impact assessments at
the case study group level;

4) report on climate change perceptions of risk, uncertainty and vulnerabilities, and the
incorporation of adaptation planning, measures and actions, at the subgroups and individual case
study levels.

Moreover, while economic assessments and case specific adaptation measures and actions are
to be thoroughly reported on deliverables 5.2 and 5.3, this document already reports on guidelines
and approaches to develop these assessments.

To meet these goals, the deliverable has been organized in three chapters. In what follows,

Chapter 1 reports on climate change and socio-economic scenarios and its potential uses in case

studies. Chapter 2 reviews key elements regarding climate change impacts and relates these to

adaptation drivers and pathways. This chapter also provides preliminary findings of case study

groups, while highlighting the state of the art of adaptation strategies and options for each case

study. Chapter 3 provides a discussion on the information collected regarding the practitionersd
perceptions of climate change adaptation and their needs, as well as perceptions and responses

to various dimensions of risk and vulnerability. The conclusion reflects on the observations made,

on the data being gathered and preliminary results.
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(see



1 Climate and Socio-Economic Scenarios
Authors: Francesco Bosello & Enrico Scoccimarro

This section will describe the updated climatic and socio-economic scenarios and its relevance
for all BASE case study groups and case studies.

The strategic choice made by the BASE research consortium in the definition of the social and
climate change scenarios, has been to refer to the new, and partly still ongoing, scenario building
process undertook by the IPCC, instead of addressing the consolidated, but old IPCC SRES
scenario exercise (IPCC, 2000).

Socio-Economic Scenarios (National level)

This new process consists in the parallel defini
pathways,theSSPs ( O6 Nei |l Il et al. 2012), and of represent
(Van Vuuren et al. 2012). The first part is a describtion of possible future evolution of selected key

economic drivers: population, GDP and urbanization. The second part, the evolution of radiative

forcing and of atmospheric carbon dioxide concentration.

There are five SSPs. They characterize different challenges for adaptation and mitigation (for a
complete description refer to BASE D3.1. Bosello et al (2013)). The final decision of the BASE
consortium has been to use as social-economic references SSP2 and SSP5.

SSP2 represents a sort of fbusiness as usual 0 the
and challenges in a world were both social-economic growth and environmental concerns evolve
following fAicurrent trendso.0,) nidteeids alksordahiged ot
Roado or ADynamics as Usual 0, or ACurrent Trends
GDP growth trends fall exactly in the middle of the SSPs range (see Figure .1). Specifically, world

population is foreseen to increase up to 9.8 billion by 2100, with almost all of the increase

concentrated in the first half of the century, to then stabilize after 2060. World GDP highlights an

almost ten-fold increase between 2010 and 2100, again more pronounced in the first half of the

century.

SSP5 reflects instead a world with high emissions where climate change policies are unable to
limitincreases in CO2 concentration and temperature. |t
leading to an energy system dominated by fossil fuels.World GDP growth between 2010 and 2100

is the highest among all the SSPs, and almost double compared to SSP2. On the contrary,

population growth is lower than that of SSP2, almost the lowest across all SSPs, and reach 7.6

billion in 2100. SSP5 population trends are mostly determined by the lower population growth in

developing countries, often declining in the second half of the century, while developed societies

highlight stable or moderately increasing populations.

1 https://secure.iiasa.ac.at/web-apps/ene/SspDb/static/download/ssp_suplementary%20text.pdf
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Figure 1.1. World GDP, OECD source, US$ billion (left) and population, IIASA source, million, (right) in
the SSPs?

These global trends are replicated when the countries focus of the BASE analyses are considered
singularly (see Figure 1.1, Figure 1.2, Figure 1.3).
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2 Source: https://secure.iiasa.ac.at/web-apps/ene/SspDb/dsd?Action=htmlIpage&page=welcome

3 Source: https://secure.iiasa.ac.at/web-apps/ene/SspDb/dsd?Action=htmIpage&page=welcome
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As general comment, the chosen SSPs highlight short-term GDP growth rates for developed
countries that, alsointhe Al ower growtho SSP2, are quite
to what historically observed in the last ten years. Nonetheless, all the SSPs still maintain the
assumption of relative convergence, which postulates even higher GDP growth in developing
countries. Below, follows a short description of the main features of SSP2 and SSP5 by country.

4 Source: https://secure.iiasa.ac.at/web-apps/ene/SspDb/dsd?Action=htmlpage&page=welcome

5 Source: https://secure.iiasa.ac.at/web-apps/ene/SspDb/dsd?Action=htmlIpage&page=welcome
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Brazil

In SSP2, population in Brazil presents a bell shaped trend, peaking to almost 232 million in 2050,
then declining, reaching 139 million by the end of the century. SSP5 is more conservative: the
population maximum is lower (216.6 million) and reached ten years earlier. The subsequent
population decline is also more acute than in SSP2 leading to 139.1 million people in 2100.
Overall, across the 2010 - 2100 period, net population balance of the country is negative scoring
a -3.3% and -28.6% in SSP2 and SSP5 respectively. GDP shows a steady increase in both
scenarios: on average the 1.95% per year between 2010 and 2100 in SSP2, and the 2.75% per
year between 2010 and 2100 in SSP5. In both scenarios growth is more pronounced in the first
half of the century, in SSP5 this pattern is more evident. The country urbanization rates are the
same across the two scenarios: they slightly increase from the already high 86.5% in 2010 to the
94.4% in 2100.

Czech Republic

In SSP2, along the 2010-2100 period, Czech population increases up to 2060 and decline
thereafter. The net result is an almost stable average yearly growth rate of the 0.04%. In SSP5 it
grows the 0.5% per year totalling a 57.7% increase with respect to the 2010 level (10.4 million)
by the end of the century. Czech GDP | evels
its growth rates are the second highest. The country scores a 2.2% and a 3.04% average yearly
GDP growth rate (1.97% and 2.45% in per capita terms) along the century in SSP2 and SSP5
respectively. Only Viet Nam performs better. Urbanization increases at the very similar rates of
the 0.29% and 0.3% in SSP2 and SSP5 respectively, leading the country to host roughly the 93%
of population in urban areas in 2100.

Denmark

Denmark population shows a moderate increase in the SSP2 (0.3% per year on average) and
one roughly three times larger in SSP5 (0.85%). Within the 2010-2100 period GDP increases
almost uniformly the 1.67% per year and the 2.71% per year in SSP2 and SSP5 respectively.
Urbanization rates are increasing and the same across SSP2 and SSP5. The initial 86.8% in 2010
becomes 93.5% in 2100.

Finland

Finland population depicts a 0.27% and a 0.76% average yearly growth rates between 2010 and
2100 leading to a total population increase of the 27% and the 95% in 2100 compared with 2010
levels in SSP2 and SSP5 respectively. GDP average yearly growth rates are high: 1.6% and 2.6%
in the two SSPs. Urbanization rates are the same across the two scenarios: starting from the 85%
in 2010 they reach 96.1% in 2100.
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Italy

Differently from the majority of developed countries, Italy population in SSP2 is slightly declining:
between 2010 and 2100 average yearly growth rates are negative (-0.17%) leading to a total
population loss of the 14.3%. The decline is concentrated in the second half of the century, while,
in the first, population is basically stable. SSP5 on the contrary, projects for the country a
moderate population growth (0.2% per year) implying a 22.7% total increase along the whole
period. GDP is assumed to increase 179% and 581% in 90 years, meaning quite positive average
yearly growth rates of 1.2% and 2.2% respectively in SSP2 and SSP5. In 2010 Italy urbanization
rate is the second lowest amongst the group of countries analysed: 68.3%. This is projected to
increase to reach in 2100 89.2% and 94.3% respectively in SSP2 and SSP5.

The Netherlands

Both SSP2 and SSP5 project constant population increases in The Netherlands along the century.
In the first scenario however, average growth rate is the 0.15% per year against the considerably
higher 0.6% of SSP5. Economic growth is assumed to proceed steadily at a rate of the 1.45%
and 2.41% per year along the century in the two scenarios respectively. This figures out a 3.5 and
7.8-fold increase of The Netherland GDP at the end of the century with respect to the 2010 levels
in SSP2 and SSP5 respectively. The share of total population living in urban areas raises from
the 82.8% in 2010 to 97.3% in 2100. This change is uniform across the two SSPs.

UK

Between 2010 and 2100 UK population increases the 36.5% in SSP2 and roughly doubles
(106.8%) in SSP5. GDP performances are amongst the best across the countries considered by
BASE cases study: in the 90 years considered UK GDP more than quadruples in SSP2 (321.8%)
and it increases almost 10 times (971%) in SSP5. This places the country as the third best
performer in 2100 after Vietnam and the Czech Republic. The urbanization rate is 79.6% in 2010.
It is projected to increase in both scenarios: in 2100, in SSP2 it reaches 93.7% while it peaks to
99.7% in SSP5.

Portugal

In SSP2 Portugal population increases up to 2050 at the average yearly growth rate of the 0.14%;

then it declines at the rate of the 0.2% per annum until 2100. The net outcome is a slight population

decline of the 4.3% along the century. SSP5 depicts a steady population increase of the 0.39%

per year over the century, slightly less pronounced in the last years of the century. Portugal GDP

increases the 272.7% according to SSP2 and the 749.5% according to SSP5 along the century.

In per capita terms this amounts respectively to an increase of the 289% and 498% respectively.

The countrydés quite |l ow urbanization rates of 2010
SSP2 and SSP5 respectively.
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Spain

According to SSP2, Spain population increases up to 2055 at the average yearly growth rate of
the 0.31% to decline thereafter at the rate of the 0.23% per annum until 2100. The net outcome
is a slight population increase of the 3.6% along the century. SSP5 depicts instead a steady
positive population yearly average growth rate of the 0.5% over the century, which however tend
to fall close to zero since 2090. According to SSP2, Spain GDP roughly triples its 2010 levels in
2100 (209%); it is the 682% larger according to SSP5. In per capita terms, this amounts
respectively to an increase of the 198% and 408% respectively. The country urbanization rates
moves from the 77.3% in 2010 to 95.2% and 96.7% in 2100 in SSP2 and SSP5 respectively.

Vietham

Vietnam population takes a bell shape both in SSP2 and SSP5, but more pronounced in this last.
SSP2 population peak is in 2045 at almost 105 million, that of SSP5 in 2035 at 99.1 million. Then
growth trends are negative leading the country to reach in 2100 population levels which are the
10.9% and the 32.2% lower than those of 2010 in the two scenarios respectively. GDP
performances of the country are impressive. In 90 years it increases 15 and 25 times (17 and 37
times in per capita terms) in SSP2 and SSP5 respectively. Also urbanization rates boom. The
2010 30% transforms into almost 74% and 91% in 2100 according to SSP2 and SSP5.

Climate Scenarios

Having defined the SSPs, these have been associated to 2 RCPs. Namely: SSP2 to RCP4.5 and
SSP5 to RCP8.5.

Climate projections over the Iberian Peninsula as represented by
high resolution regional climate model

This section provides a description of the mean present climate and two possible scenarios for
the XXI century (up to 2100) over the Iberian peninsula (Figure 1.1 shows the considered domain),
based on the data set delivered by CMCC to the BASE project users. This data set derives from
results produced by the latest version of the high resolution Regional Climate Model (RCM)
developed at the Rossby Centre, the climate modelling research unit of the Swedish
Meteorological and Hydrological Institute (SMHI). The horizontal resolution of the considered
RCM is about 15 km, allowing the detection of the small scale features of the climate signal.

Temperature and precipitation over the present climate will be discussed in section 1.1.1 and their
future projections in 1.1.2. Section 1.1.3 describes present climate and future projections over
three case study regions: Aveiro Coast, Cascais and Alentejo. For a deep discussion on the RCM
and the relative simulations please refer to Scoccimarro and Gualdi (2014).

11
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Figure 1.4: Iberian Peninsula domain. The picture shows the representation of the orography. Units are [m].
The upper/central/lower red box indicates the Vagueira/Cascais/Alentejo case study domain.

1.1.1 Present climate over the Iberian Peninsula

In this section we discuss the ability of the regional model to reproduce the observed present
climate over the Iberian Peninsula in terms of 2-meter temperature and precipitation comparing
model results to observations.

The simulated 2-meter air temperature (TAS) has been assessed using observational data from
the Climatic Research Unit (CRU, Harris et al. 2013. The data are available at the web site
http://badc.nerc.ac.uk/view/badc.nerc.ac.uk  ATOM dataent 1256223773328276),
representing month-by-month variations in climate over the last century or so. These data are
available on a relatively high-resolution grid (0.5°x0.5°), and they are the result of an analysis
performed on an archive of monthly mean temperatures provided by more than 4000 weather
stations distributed around the world. Simulated precipitation (PR) is compared with observations
from the E-OBS dataset (Haylock et al. 2008), a very high resolution data set with a 0.22° regular
latitude-longitude resolution on a grid with rotated pole in order to have almost equal areas over
Europe. The reference period is 1997-2005, according to the availability of the precipitation
observational dataset within the CMIP5 historical epoch.
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Figure 1.1.1: 2-meter air temperature (TAS) seasonal means as represented by the model (lower panels),
compared to CRU observations (upper panels), during the 1997-2005 period. Left panels show the northern
winter (DJF) means and right panels show the northern summer (JJA) means. Units are [°C]. Colour interval is
1°C.

The modelled 2-meter temperature captures the main features of the observed spatial patterns in
both seasons (Figure 1.1.1), despite a tendency to underestimate TAS over the considered
domain, especially during summer (June to August i JJA). During winter (December to February
T DJF) the underestimation is less pronounced, except over the orographic features such as the
Pyrenees. These biases are similar to the CMIP3 and CMIP5 fully coupled GCMs ones, which
tends to simulate colder climate than observed and other RCMs (Cattiaux et al. 2013, Dosio et al.
2013).

During winter the mitigation effect induced by the Atlantic Ocean on TAS over the coastal regions
is well kept by the model, both over the Atlantic and Mediterranean sectors. The modelled colder
climate in the central-northern part of the Iberian Peninsula during both seasons, if compared to
the costal areas, is realistic, and the meridional temperature gradient within the Iberian Peninsula
is similar to the observed one. When compared to observations, some additional features appear
around the regions with a more realistic representation of the orography (Figure 1.4) in the very
high resolution RCM results: the horizontal resolution of the model is about one fifth of the CRU
one.
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Figure 1.1.2: Seasonal mean precipitation (PR) as represented by the model (lower panels), compared to E-
OBS observations (upper panels), during the 1997-2005 period. Left panels: winter mean (DJF); right panels:
summer (JJA) mean. Units are [mm/d]. Color interval is 0.5 mm/d.

The precipitation seasonality is well presented by the model (Figure 1.1.2), despite the tendency
to overestimate precipitation in both seasons. The main differences appear over the region where
a better representation of the orography in the model, compared to the E-OBS, becomes more
evident. In general, we notice that the biases over topography are similar to what is found for most
RCMs (Piani et al. 2010, their figure 2).

1.1.2 Future projections over the Iberian Peninsula

In order to investigate future climate scenarios over Europe we leverage on two CMIP5
Representative Concentration Pathways (RCPs) defined within the CMIP5 project: RCP4.5 and
RCP8.5 (Riahi et al. 2011, Taylor et al. 2012).

Both scenarios show the largest TAS increments over the Pyrenees during winter and over
Pyrenees and central part of the Iberian Peninsula during summer (Figure 1.1.3), with a less
pronounced warming along the coasts. The 2071-2100 RCP8.5 mean winter temperature over
the Pyrenees is about 5°C warmer (Figure 1.1.3, bottom left panel) if compared to the reference
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period (1976-2005). This effect is less pronounced in the RCP4.5 scenario (Figure 1.1.3, upper
left panel). The warming is more pronounced during summer, doubling the winter corresponding
value over most of the domain but the Pyrenees, where the warming results similar during both
seasons, ranging from 5°C (in winter, Figure 1.1.3, bottom left panel) to 7°C (in winter, Figure
1.1.3, bottom left panel) in the RCP8.5 scenario, and from 2°C (in summer, Figure 1.1.3, top right
panel) to 4°C (in winter, Figure 1.1.3, top left panel) in the RCP4.5 scenario.

Averaging the projected temperature over the entire domain, the model projects an increase of
about 3°C/4.5°C during winter/summer at the end of the business as usual RCP8.5 scenario and
1°C/2°C during winter/summer at the end of the moderate RCP4.5 scenario.
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Figure 1.1.3: Changes in 2 meter air temperature at the end of simulated RCPs (2071-2100) with respect to the
historical period (1976-2005) under RCP4.5 (upper panel) and RCP8.5 (lower panel). Left panels: winter mean
(DJF); right panels: summer (JJA) mean. Units are [°C]. Colour interval is 0.5°C.
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Figure 1.1.4: Changes in precipitation at the end of simulated RCPs (2071-2100) with respect to the historical
period (1976-2005) under RCP4.5 (upper panel) and RCP8.5 (lower panel). Left panels: winter mean (DJF); right
panels: summer (JJA) mean. Units are [%] and the colour interval is 5%.

A less clear climate change signal appears is terms of precipitation: the projection at the end of
both scenarios (Figure 1.1.4, same as for TAS projections shown in Figure 1.1.3,) varies
significantly within the Iberian Peninsula domain.

The RCM results are partially consistent with previous findings obtained using the CMIP5 climate
change projections (Scoccimarro et al. 2013), where a common negative tendency is found for
the averaged precipitation over the Iberian Peninsula, in a multi-model framework under the
RCP8.5 scenario.

The detailed information provided by the regional model highlights winter and summer tendencies
in western and eastern part of the domain, with of the opposite sign (Figure 1.1.4). In particular
in the western part of the peninsula, summer precipitation (Figure 1.1.4, right panels) appears to
decrease down to -20%/-40% in RCP4.5/RCP8.5 respectively and winter precipitation (Figure
1.1.4, left panels) tends to increase up to 10% in RCP4.5 scenario and depicts a less coherent
signal in RCP8.5. In the eastern part of the peninsula the model project a decrease of about -

16



30%/-20% during DJF/JJA in RCP8.5. On the other hand, following the RCP4.5 scenario the
eastern part of the peninsula is affected by a decreasel/increase of about 20% during
winter/summer.

It is important to note that, despite a strong signal in terms of percentage projections over some
regions (Figure 1.1.4), the tendencies are not statistically significant (precipitation projection in
different case studies is investigated in detail, in section 2.13). This is more evident during the
summer season when the present climate precipitations is of the order of a fraction of 1 mmd-*
(Figure 1.1.4, right panels), thus small changes in future precipitations can lead to huge
percentage differences (Figure 1.1.4 bottom right panel).

1.1.3 Future projections at the case study level: Aveiro Coast, Cascais and Alentejo
cases

A more detailed analysis, considering three case studies (Aveiro Coast, Cascais and Alentejo) is
the focus of this chapter. Both Temperature and precipitation are investigated considering annual,
winter (DJF) and summer (JJA) averages, in order to disentangle the relative role of the two
different seasons in modulating long term changes in the mean climate and variability.

Aveiro Coast

A box of 1°x1°, around Vagueira Beach (South of Aveiro) is considered when averaging 2 meter
temperature and precipitation fields to represent future climate evolution in the region (see red
box north of 40 °N in Figure 1.1.1). Only grid point over land are taken into account. Noteworthy,
sensitivity tests suggest no particular dependence of the projected results on small changes in
the dimension/position of the defined box. Figure 1.1.5 shows the 2 meter temperature anomaly
projected in the two considered scenarios, computed with respect to the present climate period
(1971:2005). The annual TAS average is expected to increase up to 4 °C at the end of the XXI
century following the business as usual scenario RCP8.5 and 2 °C following the more moderate
RCP4.5 scenario. In both scenarios the contribution of the winter warming (up to 5 °C in RCP8.5)
seems to be the dominant component of the annual average tendency, since summer warming is
expected to do not exceed 3 °C and 1.5 °C in RCP8.5 and RCP4.5 respectively.

The decadal variability signal in the TAS anomaly during the XXI century results more related to
the winter contribution (blue lines in figure 6), with a less intense signal induced by the summer
variability (red lines in Figure 1.1.5). In the middle of the XXI century, a warming of about 1.5
Celsius degrees is expected in the annual average of TAS in both scenarios, strengthening the
reliability of the suggested trend in the next 50 years. The annual mean TAS tendency (linear
trend), during the entire XXI century, is of the order of 0.4 °C/decade in RCP8.5 and 0.2°C/decade
in RCP4.5. Both trends are statistically significant (the statistical significance mentioned through
the paper is verified at the 99% level with a bootstrap method).

The model tends to overestimate the precipitation over the Aveiro region (Figure 1.1.6), especially
during winter, reaching a positive bias of the same order of magnitude of the observed
precipitation, but the precipitation seasonal cycle is well represented. At the end of the RCP8.5
scenario, precipitation is projected to decrease of about 30% during the summer season (Figures
1.1.5 and Figure 1.1.6, red solid line) and to decrease of about 10% during the winter period
(Figure 1.1.5 and Figure 1.1.6, blue solid line). No statistically significant trends are found in
RCP4.5 projected precipitation, either in winter and summer. The decadal variability seems to be
mainly modulated by winter precipitation (blue lines in Figure 1.1.6) in both scenarios.
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Figure 1.1.5: Projected 2 meter temperature anomalies over Aveiro. Dashed/Solid lines represent
RCP4.5/RCP8.5 scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season.
The anomalies are computed with respect to the period 1971-2005. A 5 year running average is applied. Units
are [°C].
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Figure 1.1.6: Projected precipitation anomalies over Aveiro. Dashed/Solid lines represent RCP4.5/RCP8.5
scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season. The anomalies
are computed with respect to the period 1971-2005. A 5 year running average is applied. Units are [mm/d].
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The Cascais Case

Same as for the Aveiro case, a box of 1°x1°, centered in Cascais is considered when averaging
2 meter temperature and precipitation fields to represent future climate evolution in the region
(see the red box around 38.5°N in figure 1).

Figure 1.1.7 shows the 2 meter temperature anomaly projected in the two considered scenarios,
computed with respect to the present climate period (1971:2005). The annual TAS average is
expected to increase up to 3.8 °C at the end of the XXI century following the business as usual
scenario RCP8.5 and 1.8 °C following the more moderate RCP4.5 scenario. These results are
very similar to what is found in the Vagueira case study described before.

In both scenarios the contribution of the winter warming (up to 5°C in RCP8.5) is still the dominant
component in determining the annual average, since summer warming is expected to do not
exceed 3 and 1.2 °C in RCP8.5 and RCP4.5 respectively.
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Figure 1.1.7: Projected 2 meter temperature anomalies over Cascais. Dashed/Solid lines represent
RCP4.5/RCP8.5 scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season.
The anomalies are computed with respect to the period 1971-2005. A 5 year running average is applied. Units
are [°C].

Even in the the Cascais case the decadal variability signal in the TAS anomaly during the XXI
century results more related to the winter contribution (blue lines in Figure 1.1.7), with a less
intense signal induced by the summer variability (red lines in Figure 1.1.7). Moreover the decadal
variability in the two considered cases is in phase (see blue lines in Figures 1.1.6 and 1.1.7),
suggesting a modulation induced by large scale circulation patterns covering the Iberian
Peninsula.
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A warming of about 1.2 Celsius degrees is expected in the annual average of TAS in the middle
of the century, in both scenarios, strengthening the reliability of the suggested trend in the next
50 years. The annual mean TAS tendency (linear trend), during the entire XXI century, is of the
order of 0.4°C/decade in RCP8.5 and 0.2°C/decade in RCP4.5. Both trends are statistically
significant.

The model tends to overestimate the precipitation over the Cascais region (Figure 1.1.8) of about
1 mm/d in both seasons but, even in this case study, the seasonal cycle is well represented. The

maximum precipitation over Cascais is registered during winter, in both observations and model
results.

The precipitation decrease projected for the summer season (Figure 1.1.4 right panels and
Figure 1.1.8) is not statistically significant in both scenarios, and the only significant (-0.1 mmd-
!/decade) trend is found in RCP8.5 during winter. In both scenarios, the decadal variability seems
to be modulated by winter precipitation (blue lines in Figure 1.1.8).
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Figure 1.1.8: Projected precipitation anomalies over Cascais. Dashed/Solid lines represent RCP4.5/RCP8.5
scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season. The anomalies
are computed with respect to the period 1971-2005. A 5 year running average is applied. Units are [mm/d].

The Alentejo Case

Same as for the Aveiro and Cascais cases, a box of 1°x1°, around Alentejo is considered when
averaging 2 meter temperature and precipitation fields to represent future climate evolution in the
region (see the red box south of 38°N in Figure 1.1.1).

Figure 1.1.9 shows the 2 meter temperature anomaly projected in the two considered scenarios,
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computed with respect to the present climate period (1971:2005). The annual TAS average is
expected to increase up to about 4 °C at the end of the XXI century following the business as
usual scenario RCP8.5 and about 2 °C following the more moderate RCP4.5 scenario.

These results are very similar to what is found in the Vagueira and Cascais case studies described
before. In both scenarios the contribution of the winter warming (up to 5°C at the end of the
RCP8.5) is still the dominant component in determining the annual average, since summer
warming is expected to do not exceed 3 and 1.2 °C in RCP8.5 and RCP4.5 respectively.
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Figure 1.1.9: Projected 2 meter temperature anomalies over Alentejo. Dashed/Solid lines represent
RCP4.5/RCP8.5 scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season.
The anomalies are computed with respect to the period 1971-2005. A 5 year running average is applied. Units
are [°C].

Even in the the Alentejo case the decadal variability signal in the TAS anomaly during the XXI
century results more related to the winter contribution (blue lines in Figure 1.1.9), with a less
intense signal induced by the summer variability (red lines in Figure 1.1.9).

Moreover the decadal variability in the three considered cases is in phase (see blue lines in
figures 1.1.5, 1.1.7 and 1.1.9), suggesting a modulation induced by large scale circulation
patterns covering the Iberian Peninsula. A warming of about 1.2 Celsius degrees is expected in
the annual average of TAS in the middle of the century, in both scenarios, strengthening the
reliability of the suggested trend in the next 50 years. The annual mean TAS tendency (linear
trend), during the entire XXI century, is of the order of 0.4°C/decade in RCP8.5 and 0.2°C/decade
in RCP4.5. Both trends are statistically significant.

The model tends to overestimate the precipitation over the Alentejo region (figure 1.1.3) of about
2 mm/d during winter, and the very dry observed summer is well represented: less than 0.5 mmd-
1 are expected during JJA over this region in the present climate. The precipitation decrease
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projected for both seasons (Figure 1.1.4 and Figure 1.1.9) is statistically significant only for the
RCP8.5 scenario, during winter (-0.14 mmd*/decade). Same as in the Aveiro and Cascais cases,
in both scenarios, the decadal variability of the precipitation over Alentejo is modulated by the
winter signal (blue lines in Figure 1.1.9).
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Figure 1.1.10: Projected precipitation anomalies over Alentejo. Dashed/Solid lines represent RCP4.5/RCP8.5
scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season. The anomalies
are computed with respect to the period 1971-2005. A 5 year running average is applied. Units are [mm/d].
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1.2 Climate projections over Northern Europe as represented by a high
resolution regional climate model

This section provides a description of the mean present climate and two possible scenarios for
the XXI century (up to 2100) over Northern Europe (Figure 1.2.1 shows the considered domain),
based on the data set delivered by CMCC to the BASE project users. This data set derives from
results produced by the latest version of the high resolution Regional Climate Model (RCM)
developed at the Rossby Centre, the climate modelling research unit of the Swedish
Meteorological and Hydrological Institute (SMHI). The horizontal resolution of the considered
RCM is about 15 km, allowing the detection of the small scale features of the climate signal.
Temperature and precipitation over the present climate will be discussed in chapter two and their
future projections in chapter three. Chapter four describes present climate and future projections
over two case study regions: Copenhagen and Prague. For a deep discussion on the RCM and
the relative simulations please refer to Scoccimarro and Gualdi (2014).

1500

1000

500

Figure 1.2.1: Northern Europe domain. The picture shows the representation of the orography. Units are [m].
Thered box in the northern/southern part of the domain indicates the Copenhagen/Prague case study domain.
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1.2.1 Present climate over northern Europe

In this paragraph we discuss the ability of the regional model to reproduce the observed present
climate over northern Europe in terms of 2-meter temperature and precipitation comparing model
results to observations.

The simulated 2-meter air temperature (TAS) has been assessed using observational data from
the Climatic Research Unit (CRU, Harris et al. 2013. The data are available at the web site
http://badc.nerc.ac.uk/view/badc.nerc.ac.uk  ATOM dataent 1256223773328276),
representing month-by-month variations in climate over the last century or so. These data are
available on a relatively high-resolution grid (0.5°%0.5°), and they are the result of an analysis
performed on an archive of monthly mean temperatures provided by more than 4000 weather
stations distributed around the world. Simulated precipitation (PR) is compared with observations
from the E-OBS dataset (Haylock et al. 2008) a very high resolution data set with a 0.22° regular
latitude-longitude resolution on a grid with rotated pole in order to have almost equal areas over
Europe. The reference period is 1997-2005, according to the availability of the precipitation
observational dataset within the CMIP5 historical epoch.
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Figure 1.2.2: 2-meter air temperature (TAS) seasonal means as represented by the model (lower panels),
compared to CRU observations (upper panels), during the 1997-2005 period. Left panels show the northern
winter (DJF) means and right panels show the northern summer (JJA) means. Units are [°C]. Colour interval is
1°C.
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The modelled 2-meter temperature captures the main large-scale features of the observed spatial
patterns in both seasons (Figure 1.2.1, left and right panels), despite a tendency to underestimate
TAS over the considered domain, especially during winter (December to February 1 DJF). During
summer (June to August i JJA) the underestimation is less pronounced, except over Alps and
Norway. These biases are similar to the CMIP3 and CMIP5 fully coupled GCMs ones, which tend
to simulate colder winters than observed (Meehl et al. 2007, Cattiaux et al. 2013) and other RCMs
(Dosio et al. 2013).

During winter the mitigation effect induced by the Atlantic Ocean on TAS over the coastal regions
is well kept by the model, such as the corresponding zonal gradient. When compared to
observations, some additional features appears around Czech Republic in the modelled results,
coherently with a realistic representation of the orography (Figure 1.2.1) in very high resolution
RCM results (the horizontal resolution of the model is about one fifth of the CRU one).
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Figure 1.2.3: Seasonal mean precipitation (PR) as represented by the model (lower panels), compared to E-
OBS observations (upper panels), during the 1997-2005 period. Left panels: winter mean (DJF); right panels:
summer (JJA) mean. Units are [mm/d]. Color interval is 0.5 mm/d.
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The seasonal mean rainfall is well captured by the model (Figure 1.2.3), despite a slight model
tendency to overestimate the precipitation especially during summer. The main differences
appear over the mountain regions, where the effects of the improved model orography (compared
to the E-OBS) become more evident.

In general we notice that, for both seasons, the biases over area with complex topography are
common in most RCMs (Piani et al. 2010, their figure 2). The positive bias over the Alps during
winter is less pronounced during summer. Noteworthy, the model is able to represent the two
maxima around the Alsatian region (i.e. the Vosgi mountains), with a slight tendency to
overestimate them in both seasons.

1.2.2 Future projections over Northern Europe

It is well known that over Europe, local thermodynamical mechanisms, including cloud processes
and snow or soil moisture feedbacks, are likely to modulate European temperature changes.
Moreover both large-scale circulation and local processes may particularly influence the fate of
summer heat-waves and winter cold spells (Cattiaux et al. 2013). To investigate future climate
scenarios over Europe we leverage on two CMIP5 Representative Concentration Pathways
(RCPs) defined within the CMIP5 project: RCP4.5 and RCP8.5 scenarios (Riahi et al. 2011, Taylor
et al. 2012). Both scenarios show the largest TAS increments over the eastern part of the
considered domain during winter and over Alps and southern part of Norvay during summer
(Figure 4). The 2071-2100 RCP8.5 mean winter temperature over eastern part of the investigated
domain is about 6°C warmer (Figure 1.2.4, bottom left panel) if compared to the reference period
(1976-2005). This effect is less pronounced in the RCP4.5 scenario (Figure 1.2.4, upper left
panel). The warming is more pronounced during winter, doubling the summer corresponding
value over most of the domain but the Alps, where the warming results similar during both
seasons, ranging from 5°C (in summer, Figure 1.2.4 bottom right panel) to 6°C (in winter, Figure
4 bottom left panel) in the RCP8.5 scenario, and from 2°C (in summer, Figure 1.2.4 top right
panel) to 3°C (in winter, Figure 1.2.4 top left panel) in the RCP4.5 scenario.

In the climate change projections analysed, summer precipitation (Figure 1.2.5, right panels)
appears to increase in the future period of about 20-30% compared to the present climate, over
the northern part in both the RCPs scenarios. During winter a spread increase of about 30-40%
is found over the entire domain, more pronounced in the RCP8.5 scenario. These results are
consistent with previous findings obtained using the CMIP5 multi-model climate change
projections (Scoccimarro et al. 2013). In the southern part of the domain (south of about 50°N),
during summer, the model suggests a tendency to decreased precipitation (right panels). This
signal is consistent between the two investigated scenarios.
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Figure 1.2.4: Changes in 2 meter air temperature at the end of simulated RCPs (2071-2100) with respect to the
historical period (1976-2005) under RCP4.5 (upper panel) and RCP8.5 (lower panel). Left panels: winter mean
(DJF); right panels: summer (JJA) mean. Units are [°C]. Colour interval is 0.5°C.
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Figure 1.2.5: Changes in precipitation at the end of simulated RCPs (2071-2100) with respect to the historical
period (1976-2005) under RCP4.5 (upper panel) and RCP8.5 (lower panel). Left panels: winter mean (DJF); right
panels: summer (JJA) mean. Units are [%] and the colour interval is 5%.
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1.2.3 Future projections at the case study level: the Copenhagen and Prague cases

A more detailed analysis, considering two case studies (Copenhagen and Prague) is the focus of
this chapter. Both Temperature and precipitation are investigated considering annual, winter
(DJF) and summer (JJA) averages, in order to disentangle the relative role of the two different
seasons in modulating long term changes in the mean climate and variability.

The Copenhagen Case

A box of 1°x1°, centered in Copenhagen is considered when averaging 2 meter temperature and
precipitation fields to represent future climate evolution in the region (see red box north of 55 °N
in Figure 1.2.1). Only grid point over land are taken into account. Noteworthy, sensitivity tests
suggest no particular dependence of the projected results on small changes in the
dimension/position of the defined box. Figure 1.2.6 shows the 2 meter temperature anomaly
projected in the two considered scenarios, computed with respect to the present climate period
(1971:2005). The annual TAS average is expected to increase up to 4 °C at the end of the XXI
century following the business as usual scenario RCP8.5 and 2 °C following the more moderate
RCP4.5 scenario. In both scenarios the contribution of the winter warming (up to 5 °C in RCP8.5)
seems to be the dominant component of the annual average, since summer warming is expected
to do not exceed 3 and 1.5 °C in RCP8.5 and RCP4.5 respectively.
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Figure 1.2.6: Projected 2 meter temperature anomalies over Copenhagen. Dashed/Solid lines represent
RCP4.5/RCP8.5 scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season.
The anomalies are computed with respect to the period 1971-2005. A 5 year running average is applied. Units
are [°C].
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The decadal variability signal in the TAS anomaly during the XXI century results more related to
the winter contribution (blue lines in Figure 1.2.6), with a less intense signal induced by the
summer variability (red lines in Figure 1.2.6). It is interesting to note that in the middle of the XXI
century, a warming of about two Celsius degrees is expected in the annual average of TAS, in
both scenarios, strengthening the reliability of the suggested trend in the next 50 years. The
annual mean TAS tendency (linear trend), during the entire XXI century, is of the order of 0.4
°C/decade in RCP8.5 and 0.2°C/decade in RCP4.5. Both trends are statistically significant (the
statistical significance mentioned through the paper is verified at the 99% level with a bootstrap
method).

Despite a slight tendency of the model to overestimate the precipitation over the Copenhagen
region (Figure 1.2.3), there are no substantial differences in winter and summer precipitation
amount during the present climate. This is not confirmed in a warmer world (i.e. following RCP8.5
scenario), where summer precipitation is projected to increase up to 50% (Figures 1.2.5 and
1.2.7) and with a halved increase (less than 30%) during the corresponding winter period. The
differences between precipitation projections in the two scenarios are not pronounced and the
decadal variability seems to be modulated by both winter and summer precipitation (blue and red
lines in Figure 1.2.7, respectively). Interms of precipitation, no significant trends are found in the
first 30 years of the XXI century in both scenarios. On the other hand, considering the entire time
series, all of the seasons/RCPs (Figure 1.2.7) show statistically significant trends, with a
maximum of 0.1 mmd-/decade for the RCP8.5 during summer.
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Figure 1.2.7: Projected precipitation anomalies over Copenhagen. Dashed/Solid lines represent
RCP4.5/RCP8.5 scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season.
The anomalies are computed with respect to the period 1971-2005. A 5 year running average is applied. Units
are [mm/d].
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The Prague Case

Same as for the Copenhagen case, a box of 1°x1°, centered in Prague is considered when
averaging 2 meter temperature and precipitation fields to represent future climate evolution in the
region (see red box south of 51°N in Figure 1.2.1). Figure 1.2.8 shows the 2 meter temperature
anomaly projected in the two considered scenarios, computed with respect to the present climate
period (1971:2005). The annual TAS average is expected to increase up to 4.2 °C at the end of
the XXI century following the business as usual scenario RCP8.5 and 2.5 °C following the more
moderate RCP4.5 scenario. These results are very similar to what is found in the Copenhagen
case study described before. In both scenarios the contribution of the winter warming (up to 6°C
in RCP8.5) is still the dominant component in determining the annual average, since summer
warming is expected to do not exceed 3 and 1°C in RCP8.5 and RCP4.5 respectively.
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Figure 1.2.8: Projected 2 meter temperature anomalies over Prague. Dashed/Solid lines represent
RCP4.5/RCP8.5 scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season.
The anomalies are computed with respect to the period 1971-2005. A 5 year running average is applied. Units
are [°C].

Even in the Prague case the decadal variability signal in the TAS anomaly during the XXI century
results more related to the winter contribution (blu lines in Figure 1.2.8), with a less intense signal
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induced by the summer variability (red lines in Figure 1.2.8). Moreover the decadal variability in
the two considered cases is in phase (see blue lines in Figures 1.2.6 and 1.2.8), suggesting a
modulation induced by large scale circulation patterns covering the northern part of Europe. A
warming of about two Celsius degrees is expected in the annual average of TAS in the middle of
the century, in both scenarios, strengthening the reliability of the suggested trend in the next 50
years. The annual mean TAS tendency (linear trend), during the entire XXI century, is of the order
of 0.5°C/decade in RCP8.5 and 0.2°C/decade in RCP4.5. Both trends are statistically significant.

The model tends to overestimate the precipitation over the Prague region (Figure 1.2.3)
especially during summer. The maximum precipitation over Prague is registered during summer,
in both observations and model results. The precipitation increase projected for the summer
season (Figure 1.2.5 right panels and Figure 1.2.9) is less pronounced than what is expected for
the winter season (Figure 1.2.5 left panels and Figure 1.2.9), suggesting a weaker seasonal
cycle in the future over Prague.

The differences between precipitation projections in the two scenarios are not pronounced, with
a slightly stronger signal in RCP8.5 scenario. In this scenario, the decadal variability seems to be
modulated by both winter and summer precipitation (blue and red lines in figure 7, respectively),
but the variability in the two seasons in not in phase, inducing a smoothed decadal signal in the
annual average (black line in Figurel.2.9). Even in this case study no significant trends are found
in the first 30 years of the XXI century in both scenarios. Considering the entire time series, only
RCP8.5 scenario shows a significant trend in winter (0.06 mmd*/decade) and annual (0.05 mmd-
/decade) precipitation (Figure 1.2.9, blue and black solid lines respectively).
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Figure 1.2.9: Projected precipitation anomalies over Prague. Dashed/Solid lines represent RCP4.5/RCP8.5
scenario. Black lines refers to annual averages. Red/blue lines refers to summer/winter season. The anomalies
are computed with respect to the period 1971-2005. A 5 year running average is applied. Units are [mm/d].
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2 Impacts and Adaptation Strategies 7 Preliminary Results
from Case Studies

Authors: Ad jeuken; Ana Iglesias; Anders Branth Pedersen, André Vizinho; Andreas
Hastrup Clemmensen; Anne Jensen; Anne-Mari Rytkénen; Dabo Guan; Duncan
Russel; Eliska Lourencova; Filipe Alves; Gil Penha-Lopes; Grit Martinez; Inés
Campos; Jenny Troeltzsch; Jouni Paavola; Margaretha Breil; Milla Maenpaa;
Oliver Gebhardt; Pedro Iglesias; Sébastien Foudi; Sgren Gram; Timothy Taylor;
Volker Meyer; Helle @rsted

Introduction
By Inés Campos and Filipe Alves

This chapter reports on the preliminary findings of BASE case study reserach, by providing an
overview of impacts and adaptation strategies in different groups and specific case studies. These
groups were formed during task 4.1 and have been described in deliverable 4.1.

Within the subgroups, case studies vary in their geographic, social, political and economic
characteristics, but also in their research approaches, a few being retrospective, others
retrospective and prospective. While some case study owners are developing cost-benefit
analysis of adaptation actions which have already been implemented, others are developing
integrated assessements of potential adaptation actions (including economic analysis).
Additionally, while in some cases there is a strong stakeholder engagement through participatory
approaches and methodologies, in others analysis draws from non-participatory methods, models
and tools.

Finally, from the point of view of climate adaptation, case studies vary greatly in their impacts and
existent or potential adaptation actions (in some cases, adaptation measures are still not known,
and will result from the ongoing research). The table below summarizes impacts and adaptation
measures in all case studies. Most cases already have some information on past, present or
future adaptation actions. Preliminary findings will be described in detail in sections 2.1.1t02.1.28

Table 2.17 List of Case Studies, Impacts and Adaptation Actions studied

Alentejo (FFCUL) Drought || Water scarcity || Heat Water Retention
Waves Landscapes
Agriculture (AU) Flooding || Shift of Seasons To be determined
Agriculture South Moravia Droughts || Flooding To be determined
(CZECH GLOBE)
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Case Study CC Primary Impacts Adaptation Actions

analyzed during BASE

Agriculture Usti Region Droughts || Flooding To be determined
(CZECH GLOBE)

Green roof (CZECH Flooding || Water Scarcity Land use/land cover
GLOBE) changes
Dartmoor (EXETER) To be determined
Aveiro (FFCUL) Extreme Weather Events || Sea Re-localization of

Level Rise population || Dike-in-dune

|| Sand feeding

South Devon Coast Sea level rise || Flooding To be determined
(EXETER)
Timmendorf (El) Extreme weather events || Coastal Defense System
Flooding (Dike)
Kalundborg (DBT) Flooding || Sea level rise To be determined
Venice (CMCC) Flooding from Sea level rise Pavement levels ||
Emergency services/Alert
Systems
Cascais (FFCUL) Water scarcity || Heat Waves Green Corridor ||

Reduction in water
distribution waste and
losses || Training and

awareness raising

workshops
City of Prague (CZECH Flooding To be determined
GLOBE)
Copenhagen (AU, DBT) Flooding || Storms || Sea level Green/Blue spaces for
rise water retention || Dike
JENA (UF2) Flooding || Extreme temperatures Measures to mitigate heat

stress, e.g. Degree and
way of soil sealing, size
and characteristics
green/blue structures
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Case Study

CC Primary Impacts

Adaptation Actions

LEEDS (Uni Leeds)

Flooding || Extreme weather

events

analyzed during BASE

sustainable drainage
system, ecosystem
services for upstream
peatland, hard-
engineering solutions for
river flooding

Mental Health UK (Exeter)

Extreme events/flooding

Options for treatment

Cornwall Health (Exeter)

Mixture including Flooding,

Heatwaves, temperature and

precipitation increase

Primary, Secondary and
Tertiary health
interventions

Kalajoki River Basin
(Syke)

Flooding (from precipitation)
Shift of Seasons

Flood Risk management
plans (FRMP) ||, River
basin management plans
(RMB)

Iberian (UPM; BC3;
FFCUL)

Water scarcity || Droughts

Re-thinking water
usage||Co-benefits water
and health

Mekong Delta (Deltares)

Flooding || Water Scarcity

To be determined

Brasil (FFCUL)

Extreme weather events

Reforestation ||
Sustainable University

Cuba (FFCUL)

Extreme weather events

Early warning System ||
Urban small scale farming

US East Coast

Extreme Weather events

Intruments to support
adaptation actions
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2.1 Agriculture and Forestry

Overview of Impacts and Adaptation Challenges
By Anders Branth Pedersen and Helle @sted Nielsen

According to the European Commissions strategy on adaptation to climate change (2013b: 3):

AClimatic changes will have ¢ onsaupuresoucesgwateror t he
soil) leading to significant changes in conditions for agriculture and industrial production in some

areas. Global warming may provide opportunities for specific sectors in certain areas, such as

increased crop yields and forest growth, more hydropower or less energy needed for heating in
northern Europe. However, the potenti al regional

FAOG6s (20009: 8) expectation is that agricultural
global warming, at least through a transitional period, though most areas will be adversely
af f e ¢ this might rise food security concerns.

In general, agriculture is a key sector for the st udy of cl i mat.e.agacditarglt at i on
production is widely affected by both biophysical impacts of climate change as well as the resulting
socio-economic impactso (FAO, 2007). Farmers are used to cope with year to year changes in

climate, but human-induced climate change is expected to accelerate the need and magnitude of
farmersdé6 adaptation ( Wh e BEuropean Comniission i(HCf 2013b: 133 00 9) .
expects that impacts of climate change on agriculture willbeincr easi ngly visi bl e t o\

(BASE Deliverable 4.1, p.18)

Additionally, accordingtoan UNCTAD (20 1 3 : i i i ) agncdtpreis nbt pnlyithiefly.affegted

by global warming but also one of its driving for
As described in Deliverable 4.1 of BASE fABiophysi
and forestry can roughly be divided intot he f ol | owi ng categorieso (FAO,

2009; Hoffmann (2013)):

Physiological effects on crops, pasture, forests and livestock (quantity, quality)
Changes in land, soil and water resources (quantity, quality)
Increased weed and pest challenges

Shifts in spatial and temporal distribution of impacts

Sea level rise and changes to ocean salinity

Sea temperature rise causing fish to inhabit different ranges
Socio-economic impacts are for instance (ibid):

Decline in yields and production

Reduced marginal GDP from agriculture

Fluctuations in world market prices

Changes in geographical distribution of trade regimes

Increased number of people at risk of hunger and food insecurity

=A =4 =4 4 =4 4 4 4 -4 A -4 -4 -4

Migration and civil unrest
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In BASE agricultural case studies focus on:

1 Climate adaptation responses to flooding problems in two Danish predominantly rural
municipalities.

1 Climate adaptation responses to drought and water availability problems in two regions of
the Czech Republic.

Drought adaptation in the region of Alentejo in Portugal.

Climate adaptation in the Tagus River Basin of Spain.

The agricultural case studies will provide an overview of the status and the focus of climate
adaptation efforts in case communities and countries, indicating what kind of risks and
opportunities farmers are aware of, respond to and how they respond. Likewise they will provide
a state of the art review of national and EU adaptation responses for the agricultural sector and
its effect on the ground.

The agricultural case studies will add to the sparse literature on costs and benefits of climate
adaptation in agriculture. Some of the case studies will provide knowledge on specific industries
- hop and wine production in the Czech Republic, and sugar production in Denmark.

The BASE agricultural subgroup is commonly addressing five groups of research questions within
agricultural climate adaptation:

1 How do farmers perceive climate adaptation and the need for climate adaptation actions?
What is their risk perception? How are farmers motivated to take actions?

1 What climate adaptation actions have farmers already taken (if any)? And what are the
costs? Are there any experienced benefits? (information to be used in WP3 and WP6)

1 Howis climate adaptation knowledge disseminated from the top (municipality, government
etc.) to the bottom (farmers)? (information to be used in WP2 and 7)

1 How s climate adaptation knowledge fed into the top (municipality, government etc.) from
the bottom (farmers)? (information to be used in WP2 and7)

1 Do farmers experience conflicts between climate adaptation policy and sectorial policies
(e.g. in the CAP)? (information to be used in WP2 and 7)

One of the primary instruments for making comparative analyses among the BASE agricultural
case studies is farmer questionnaires which will be send to farmers in the four different countries.
The agricultural case studies will all have a common pool of questions i these common questions
will make it possible to make comparative analyses between agricultural climate adaptation in the
four countries. The common questions are centered around the following subjects:

1 Perception of climate change i is climate change occuring according to farmers?

1 Observation of climate related events (e.g. more heavy precipitation, drought etc.).
1 Crop effect of climate related events.
1

Change in practice (e.g. choice of crops) due to climate related events (and other types of
factors).
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9 Economic importance of climate related events compared with other factors influencing
farm economy.

Concern about future climate related events.

Who has the responsibility for protecting the farm from potential negative effects of climate
change?

9 Barriers for adaptation measures.

Besides the common questions, each case study is having some questions regarding socio-
economic background and other questions adapted to the local context.

Below follows a description of the case studies. Regarding the Portuguese case study there is a
description of early results too.

2.1.1 Alentejo Region

By Inés Campos and André Vizinho

Alentejo is a Southern region of Portugal characterized by a Mediterranean climate with temperate
winters, very hot and dry summers with long periods of no rain; with a reduced anual precipitation
(average about 600mm /m2 .year), high maximum temperatures in the summer (> 30C) and
periodic droughts. The region is generaly characterized by a high risk of desertification due to the
present quality of soils, land use patterns and predicted increase in the frequency of droughts,
reduced precipitation and heat.

In Alentejo, the original characteristics of the soil and landscape coupled with the effects of
deforestation and intensive cereal cultures led to increased soil erosion and reduced agricultural
productivity (ENNAC, 2010). This reduced productivity, and an increased mechanization, as well
as the European open market and consequent competition with cereal cultures from other
European countries and the world, led to a reduction in employment in agriculture in Alentejo and
a massive migration from rural to urban areas (Belo et al., 2009). Therefore, in this region there
is a strong need to identify and evaluate traditional or innovative adaptation options for water
scarcity, drought and soil erosion in agriculture and forestry in order to support sustainable
livelihoods and ecosystems, and prevent further land abandonment (Figueiredo et al, 2011), as
well as further migration of people (ENNAC, 2010). Because Alentejo is similar to many
Mediterranean regions, the solutions identified here have a high potential of replication and
adaptation to other Mediterranean regions.

Impacts

Based on H e i ménsnatithg indices (Heim, 2002), drought can be divided into four categories:
(1) meteorological, (2) agricultural, (3) hydrological and (4) socioeconomic. Alentejo is likely to be
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most affected by meteorological, agriculture and socioeconomic drought, according to the
National Climate Change Adaptation Strategy for the region (ENNAC, 2010). Meteorological
drought is defined by a reduction of precipitation associated with other atmospheric conditions
(such as evaporation, heat, wind and air moisture), creating a lack of water and dryness.
Agricultural drought is characterized by the lack of water in the soil needed for the agricultural
crops. This kind of drought is dependent on the type of crops and land cover of the region, which
affects the water in the soil. Finally, socioeconomic drought is associated with the supply and
demand of some economic activities, affecting human well-being.

Alentejo agriculture landscapes can be broadly described as being of two types: irrigation farming
and rainfed agriculture (also referred as dryland farming). This means that while some regions
are irrigated by dams and local rivers, others depend on rainwater. Soil erosion and agriculture
and socioeconomic draught (Heim, 2002) may be highest in rainfed farming lands. Moreover,
while in both types of landscapes, efficient water management and soil preservation are important
issues, adaptating to a changing climate in rainfed landscapes needs to account for social and
political dimensions, since apart from water retention solutions, there is a need for a transition to
a more sustainable way of living in those landscapes.

Case Study Research and Adaptation

The case study is developed along two levels of research.

At the first level, we investigate how farmers and different bottom-up rural initiatives are adapting
to climate change impacts, namely drought, and develop economic assessments of solutions for
retaining more water in a dry landscape. The main objectives of this research level are to compare
bottom-up and top down perspectives on the strategies and policies for adaptation, and identify
prioritarized measures to be assessed through cost benefit analysis.

Within this research level we have:

1 done a participatory workshop to discuss climate change adaptation options for the region of
Alentejo (on November, 2013) through the interaction of high level and local stakeholders,
namely regional and national planners, decision makers, researchers, farmers and NGOs.
Webve <call ed t hPasticipatory IStk @fpArttoh €limate Adaptation in
Alentejo.

1 and a questionnaire to 30 farmers, to identify current and possible agricultural practices that
support adaptation to agricultural drought.

Within the second level of analysis, our focus has been on an in-depth study of innovative
adaptation measures and projects in the region of Alentejo, that are engaging in changing the
ways of living in a rainfed agricultural area, where over the past 30 years there has been a growing
land abandonment and socioeconomic desertification. Within this research level, we have
planned:

1 an in-depth analysis of an autonomous adaptation project in the region, designated as the
Convergence Center at Aldeia das Amoreiras;

1 and ain-depth analysis of Tamera ecovillage, to support a cost-benefit analysis its off-stream
lakes (a solution for retaining water in the landscape).
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We will now describe in more detail each of these research levels.

Level 17 Regional assessment of climate change adaptation

To develop a regional integrated assessment of climate change adaptation actions, by
approaching the regionés challenges in adap
our methodol ogy appr oac h ewssandbtakshelder womtkshdpa r me r

30 semi-structured interviews have been done to Alentejo farmers, between May and July, 2014.
Farmers were chosen based on their geographical location, size of their property and type of
farming practices. Interview results are currently being analysed. Information was collected on the
f a r mpercaptions about climate change, and the problem of increased drought in Alentejo; on
farming practices that support soil regeneration and irrigation, on the perceived impact of policies
and regulations to support sustainable farming.

Two stakeholder workshop have been projected: one focussing on discussing existent adaptation
knowledge for the region and possible adaptation solutions; the second focussing on designing
an adaptation plan for Alentejo, using the Scenario Workshop method. The first workshop took
place on November, 20", 2013. The second is scheduled for November, 2014.

The November 2013 event brought together 36 stakeholders from academia; NGOs, regional and
national authorities and decision-makers to map out the state of the art of the knowledge of climate
adaptation in the region, highlighting its core challenges, barriers and opportunities.

The wor ks hop ParticipatonysState df thé Art on Adaptation to Climate Change in
Alentejofi a rfatused on the Agriculture and Forestry sectors. The main objective was to share
the existing knowledge on climate change with the different stakeholders, while at the same time
discuss the prioritization of research and adaptation actions and identify next steps and
cooperation possibilities.

In the morning session of the workshop, participants (maximum one per institution) were invited
to provide very quick presentations on their research related to climate change adaptation in the
Alentejo region.

Image 2.2.1: Participatory State of the Art
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The presentations can be found online in Pdf format. To access them, click on the image or the
link bellow.

=TT , AT © 0% MecbafmEC)

R

https://drive.google.com/folderview?id=0B851o0FGazkUXbVJEcVIKWURMaW8&usp=sharing

In the afternoon session, participants were randomly divided in four different discussion groups.
Theiwor | d caf ®0 met h o & & hsirgciuredwcanversatioralgrocess m iwhich the
participants discussed four topics in different tables, with individuals switching tables periodically
and getting introduced to the previous discussion at their new table by a facilitator. Each group/
table had about 7-9 people.

Image 2.2.2: Participatory State of the Art

At the end of the four sessions of group discussions, the outcomes of the group discussions were
presented to all the participants by the facilitators.

In general, the participants agreed on the need to update information on local impacts. There was
a general agreement about missing information regarding: indirect impacts (e.g. soil salinization
due to increase of irrigation), synergies with other non-climatic impacts (e.g. cattle stocking
density), cross-cutting impacts (e.g. decrease of groundwater levels) and positive impacts (e.g.
opportunities to grow new varieties).

Another topic discussed was the priorization of the main adaptation measures of Climate Change
in the Agriculture and Forestry sectors of the Alentejo region, based on the Portuguese national
adaptation strategy (ENAAC).

During the discussion sessions, the official selection of adaptation measures for Portugal
[Agriculture and Forests Sectorial Report of the Portuguese National Adaptation Strategy] drawn
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from the agriculture and forestry strategy, was read and explained to the participants. Afterwards
each participant was given the task to attribute five dots to the list of adaptation measures. Those
measures with more dots were then proposed to be in the priority list of adaptation actions for the
Alentejo region in the agricultural and forestry sectors. Furthermore, the groups identified
adaptation measures that, although not present in the national strategy, were considered very
important, relevant and prioritary.

The list of adaptation measures considered priorities were:

0 Increase the knowledge in climate change scenarios (!)

o Promote the efficient use of water (!)

o0 Reinforce mechanisms and instruments needed to improve forests and fight land
abandonment (!)

0 Reinforce the role of agriculture and forestry in the protection of soil and water (!)

0 Soil conservation and promotion of organic matter in soils

o Preservation of water resources

0 Agricultural insurances

0 Increase the capacity for water storage and irrigation

o Protect and restore water lines

o Environmental education in schools

0 Rural extension / farmers counselling

o Value the animal, vegetable and microbe genetic patrimony

0 Keep the population inhabiting rural areas *

o Promote access to land and the renewal of farm owners and workers.

0 Support the creation and adoption of precision models for animal grazing rotation in
time and area covered*

o Pay farmers based on their ecological services*

o0 Create alert systems for environmental impact (using indicators of impact and not of
effect)*

o Develop simple technologies for the use of natural species adapted to future climates*

0 Adjust the cultures calendar to climate*

o Promote a local and systemic view on farm and regional planning*

o Promote applied and interdisciplinary research*

0 Create and disseminate useful knowledge*
[The measures marked with * are new and are not mentioned in the national strategy of the adaptation]

Regarding financiang mechanisms, policies and strategies for adaptation, participants agreed that
National Rural Development Plan (NRD) was considered by most as the only support base for
adaptation policy and implementation in the region. Participants concluded that the NRD should
finance both mitigation and adaptation actions, while supporting soil conservation approaches or
sustainable irrigation techniques, which ar
Moreover, it was considered that sustainable agriculture should always integrate adaptation

e

adeq

actions which are mostly considered Ano regreto n

soil erosion and rural desertification are already a problem, regardless of climate change.
Participants thought that essentially two types of action should be undertaken: (i) the production
of scientific knowledge on climate change and (ii) the implementation of alternative sustainable
farming practices.
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Regarding strategies and policies, participants

supportbases 6 i nt egr ateeadn ipd amlnaomg 6 and a Acontinuously
and real l'ife informationo.
Concerninglong-t er m pl anning, it was not ecultthlarte d hiirs tilse c|

arenas, since regional planning is fundamentally based in municipal annual plans, which,

according to the participants, reflect dominant economic and political interests for the short-term.

Moreover, it was emphasized that most municipal plans find it difficult to integrate an impalpable

reality, still perceived as a set of assumptions towards a possible future, as is the case of climate

change. Participants were thus more inclined to recommend that all adaptation actions are of a
Anmbegreto type, and ar e abdeeonomicdevetopniemt. iFlrthetnrmre,t o r egi
it was suggested that there should be an effort to produce scientific knowledge which is useful for

l and use planning and devel opment that meets the

As regards political strategies and research topics, it was noted that it would be important for

agriculture research to be a driver for economic and demographic development. Framers should

be seen as agents of change and as service providers to their communities. The importance of

the relocation of new families in rural Alentejo was also highlighted as an adaption action, and it

was noted that agroindustry and the farmerdés part
should be interlocked with a continuous investment in environmental education.

Participants also agreed on improving Science-Practice interfaces, arguing that Aiseful
information does not reach people that need it and want it and it was highlighted that
communication should be of higher quality and quantity and it should integrade data and societal
relevant information.

Level 27 In-depth analysis of adaptation project

Level 2 has started with an in-depth research of the Convergence Center of Aldeia das Amoreiras
(CCAA), a local project against rural abandonment. Analysis of the Convergence Center took
place between June and November, 2013.

The Convergence Center (CCAA) was designed in 2005 as part of a program against rural
desertification of a Portuguese Environmental NGO (GAIA) that promotes sustainable living and

ecological practices. The Center operates at the Amoreiras village, a village with about 150

people, mostly construction workers (29%) and farmers (15%) and over 40 years old (60%),

located at the Odemira district in Alentejo, which is the biggest district in Portugal (a total area of

1720, 25 km2), but has only about 26.000 residents. The Center is understood as a physical and

i mmateri al meeting point where people may fAconver
fconvergence c e n tanizations, dindiiduas;, eartidts awodr gcientists, from
multidisciplinary backgrounds, have converged over the years in a joint strategy to promote rural

lifestyles, supporting new governance dynamics, ecological living and local social and economic
development. The groupb6s activities i ncl ud econggraction,h wor k
community art, cultural initiatives, environmental education and local governance.

To understand the impact of Centro de Convergéncia da Aldeia das Amoreiras (CCAA) in
promoting local adaptive capacity, and on sustainable adaptation actions for the region, we opted
for a retrospective analysis of the case study where stakeholders were engaged from the
beginning stages of the study. Our methodological approach followed the systematization of
experiences method (Thede, 1999; Jara, 2010).
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The systematization of experiences method is an action-research approach (Whitehead, and

McNiff, 2006) to retrospective analysis, which can be described as a comprehensive participatory

project retrospective (Kerth, 2000) where all members are engaged in co-designing the process.

OQur core research question in this analysis has
adaptation project?9

To prepare the project retrospective we conducted in-depth Interviews to 17 out of the 30 people
who, over a period of seven years, were part of CCA and lived (for one or more years), or still live,
in the village. Following the interviews, our meetings lead to the organization of the three-day
Residential Workshop.

The retrospective results have shown that the presence of this group and its dynamics of influence

promoted a transition to a sustainable village by creating a space for dialogue between old and

traditional practices and new practices on land use, as well as new social and governance

dynamics. We argue that this influence has grown beyond the frontiers of the village, and along

the whole district of Odemir a, Al entej o, which or
Ber muda Tr i angrécenllysimitanpjeststhave been blooming, led by new residents

concerned with the effects of drought. We are currently mapping these offshoot projects and

assessing their adaptation actions. Moreover, the intentional migration of new families engaged

in this type of projects has had a positive impac
the case of the CCAA, the average age of its members, as they moved to the region was 27; the

average age of the new residents currently residing in the village or nearby villages in a ratio of

15 Km is 33. These people have also brought their children or had children since their arrival.

Field diary notes registered a total of 14 children that came with the new residents, and interview

respondents were parents of 12 young children. This is an important contribution in a rural area

with aged population and deserted or closed schools. Currently, according to workshop results,

between 40 to 50 people aged between 25 and 40 have moved to villages and its neighboring

lands, with the intention of promoting ecological lifestyles and offset social desertification, as a

result of their interactions with CCAA.

Based on these findings, a key conclusion from our retrospective analysis it that an adaptation

strategy identified for this area dealing with desertification and the threat of drought, is what we

have called the Aintentional mi grationd phenomena
from big cities (mostly from Lisbon) have followed their dreams for a life in a rural village, but have

also come with the intent to contribute to adaptation to drought and desertification, through their

everyday life practices and working activities. Further research is ongoing to determine how
fiintentional msumportad lacallyn throughcirdenvieviss ¢o other adaptation projects

which are also being studied in Alentejo, namely Tamera; and a survey to farmers in the region.

Apart from identifying the fAintentional ming r at i on
the last seven years the Convergence Center group developed a number of activities and projects

that to some extend have met its initial objectives of fighting rural exodus and soil desertification.

These activities include demonstrating and introducing irrigation and farming techniques new to

the area and that promote more efficient soil water retention and soil regeneration; and at the

social and governance levels promoting and participating in local associations and networks that

support the development of local production and consumption, and counter tendencies for social
desertification. Finally, at the cultural level, the group has lead a number of artistic activities both

with and for the local population who have made the local cultural and artistic landscapes more

attractive and dynamic.
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At this stage, level 2 of the Alentejo case study continues with a Cost-Benefit Analysis of
adaptation measures on water retention, namely of the off-stream lakes in the Tamera ecovillage
project. Expected results for this CBA will be available in October, 2014.

2.1.2 Denmark: two rural municipalities
By Anders Branth Pedersen and Helle @rsted Nielsen

The case study on Danish agriculture focuses on climate adaptation responses in predominantly
rural municipalities. The study analyses the climate adaptation activities of two Danish
municipalities (Lolland and Holstebro) and farmer responses to these and revolves around two
main research questions (besides the common questions for the agricultural subgroup): 1) The
first question concerns policy coherence, that is the interaction between local climate adaptation
responses and strategies at local, national and EU level as well as conflicts and synergies
between climate adaptation responses and agricultural policies. Consequently, the case study
focuses on multiple levels: Farm level, local level (municipalities), regional level, national level
and EU level. 2).The other main question concerns the use of knowledge in the design of, and
decision making strategies regarding, climate adaptation responses among key actors at the local
level.

The main impact focus of the Danish case studies is flooding although a range of other aspects
of climate adaptation will also be addressed through the planned farmer questionnaires (see
below). Directive 2007/60/EC (EC 2007) requires Member States to assess if water courses and
coast lines are at risk from flooding, and to map the flood extent and assets and humans at risk
in these areas, and to take adequate and coordinated measures to reduce this flood risk.

Impacts

Denmark ex per i ences a t e Dgnmarkais Etuated im thmea Zoree :between three
European climatic zones (Borea influence in the north, Atlantic influence in the west and
Continental influence in the east); the climate throughout Denmark is a mixture of these
influences. Generally, the western parts of the country have atlantic climate and the eastern parts

a more continent al influenced climateo (Weatheron

In the 21st century Denmark expects sea water rise of beetween 10-120cm, more extreme
precipitation, more precipitation in general, warmer climate, more wind and more powerful storms.
Potentially, more precipitation can affect the risk of flooding from watercourses and lakes (Ministry
of Environment and Ministry of Transport 2011, klimatilpasning.dk).

In general, higher temperatures and an extended season are expected to increase the agricultural
production in Denmark. New crops as winter-wheat, winter-oats, winter-broadbeens, sunflowers,
soya beans, feed maize and grapes for wine production will probably be possible to grow in the
future. The potential for growing feed crops will increase. On the other hand, areas with spring-
barley, spring-wheat and maybe potatoes will probably shrink and there will be an increase in
weed, insects and fungis, what might increase pesticide consumption. There is a risk for new
types of livestock diseases in Denmark. Increased precipitation will lead to more floodings and
problems with more wet fields. Leaching of nitrogen to watercourses, lakes and the sea might
increase. If increased precipitation leads to an increase in wetlands there might be environmental
benefits of this. Wetlands can e.g. increase recreational benefits and lower climate gas emissions
(klimatilpasning.dk, April 2014).
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The Danish Meteorological Institute (DMI) operates with different scenarios for Danish climate
changes in the period until 2100 (see Figure 2.2.3). Scenario A2 and B2 are based on IPCC
scenarios while EU2C is based on the EU goal of temperature increases of no more than 2
degrees based on the level before the industrial era. Before 2050 there is not much difference
between the scenarios and therefore decisions are here based on only one scenario i A1B.

Climate changes towards 2100 AIB | A2 | B2 | EU2C

Temperature, year +2.9 +3.2 +25 +1.9
(x0.3°C) (£ 0.3°C) (x 0.2°C) (x 0.2°C)
Temperature, winter +35 + 3.8 + 3.0 +2.3
(x 0,3°C) (£ 0.3°C) (= 0,3°C) (= 0.2°C)
Temperature, summer +2.2 +2.6 +2.0 +1.5
(x 0.2°C) (x0.2) (x 0.2°C) (x 0.1°C)
Precipitation, year +14 % +15% +11% +9 %
(x 6 %) (7 %) (= 6 %) (= 4 %)
Precipitation, winter +25% +27 % +21% +17 %
(+ 6 %) (7 %) (x5 %) (= 4 %)
Precipitation, summer +5% +5% +3% +2%
(= 8%) (= 9%) (= 7%) (5%
Maximum precipitation 24-hours +21 % +20 % +22 %
Wind
Middle wind over sea +4% +4 % +2% +1%
Max strength of storms +4% +10 % +1% +1%

Figure 2.2.3 Scenarios for Danish climate changes
Source: Danish Meteorological Institute cited at klimatilpasning.dk.

Case study research and adaptation

Holstebro Municipality and Lolland Municipality both include areas which are among ten Danish
areas which have been appointed by the Danish Government, based on historical data and the
criteria in Directive 2007/60/EC, as areas which might experience extreme climate events in the
future (Ministry of Environment and Ministry of Transport 2011). The report descripes the
appointment process, including a hearing process in the Danish municipalities, which was not a
demand from the European Commission. At some crucial points, farmers in Lolland and Holstebro
can expect very different consequences of climate change. In Holstebro, farmers might be part of
the solution for solving flooding problems in the nearby city of Holstebro, while in Lolland many
farmers experience flooding problems at their own farm.

It is well documented that the city of Holstebro experiences damaging flooding problems from
time to time. A time series for the water level in the watercourse Storaen, running through
Holstebro city, goes back to 1918. At a minimum of nine occasions Storden has overflowed its
banks in Holstebro city. The 1970 flood can be considered a 100 year event as the 1970 water
level is the highest registered for the period (Ministry of Environment and Ministry of Transport
2011). In 2011, Holstebro again experienced flooding problems (Holstebro Municipality 2014).
One of the suggested responses to the flooding problems is to use the farmers along the
watercourse Storden as water managers solving the problems for the city of Holstebro (Holstebro
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Municipality 2014). The case study on Holstebro is centeredon6t he f ar mer s as
For instance by analysing how much compensation farmers will need to be motivated to take
agricultural land out of production and becoming water managers.

The island/municipality of Lolland was among those Danish areas hit by a severe storm surge
back in 1872 which led to servere destruction and loss of human lives. The likelihood and possible
effect of another 1872 events has been analysed in several projects (Ministry of Environment and
Ministry of Transport 2011). The 1872 incident can be considered a trauma on the two islands of
Lolland and Falster, which were the hardest struck areas in Denmark i 52 people were killed by
the storm on Falster and 28 on Lolland (Lokalhistoriske Arkiver i Sydgstdanmark 2014). The 1872
incident led to a strengthening of the dikes at Lollands south coast and to a draining of large areas
behind the dike to Nakskov Fjord (ibid). Since 1872, there has been several floodings on Lolland.
The last severe incident was in August 2011, where a substantial part of the crops was lost.
Lolland is very central for the Danish sugar production as a large part of the Danish sugar beet
crop is located at Lolland. Some possible actions to solve the problems at Lolland could be to:

Improve the dike.

Better management of (rain) water behind the dike.

Integrated coastal zone management.

Private adaptation options (farmers): change in crops and farming practices.

Too Joo I I

The Danish case study will address all the common subjects and research questions of the
agricultural subgroup (see above). Methodologically, the case study is based on document
analysis, semi-structured qualitative interviews and quantitative questionnaires to farmers. Semi-
structured qualitative interviews are performed with central stakeholders. Online questionnaires
have been developed for:

1 App. 200 farmers organised in a farmer organisation in the Holstebro area.

1 App. 200 farmers organised in a farmer organisation in the Lolland area.

1 App. 1500 farmers in a national survey (in collaboration with the NORD-STAR
centre og excellence which AU is leading).

The questionnaires are running in April 2014.

2.1.3 South Moravian Region
By Eliska Lorencova

The South Moravian Region lies in the southeast of the Czech Republic, on the borders with
Austria and Slovaki a. The region is home t
Agricultural land covers 60 % of the area of the region, of which 83 % is arable land. A particular
specialty of South Moravia is winegrowing, with more than 90 % of the total area of vineyards in
the Czech Republic. Moreover, water management also plays an important role in this region.

The aim of South Moravian Region case study is to investigate suitable and sustainable
adaptation measures and strategies in the agricultural (particularly wine growing) and water
management sector to deal with changing climate (mainly water availability), while incorporating
perceptions of local stakeholders. Moreover, our aim is to investigate perceptions of local
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stakeholders towards climate change (in particular drought) as well as preferences towards
suitable adaptation measures and strategies in the agricultural sector.

Impacts

As agricultural practices are climate-dependent and yields vary over years depending on shorter
term weather patterns, the agricultural sector is particularly exposed to climatic change (Moriondo
et al., 2010). Changes in temperatures and rainfall patterns directly affect crop yield and
subsequent food production and indirectly effect changes in water availability (Nelson et al.,
2009).

Galud et al. (2009a) describes the maidforagioi mat e

ecosystems in the Czech Republic. These risks include: (a) hydrometeorlogical extremes (such
as storms, short periods of very warm weather in winter, spring frost, flood, drought, heat wave,
etc.), (b) occurrence of harmful agents (pathogens, pests, weeds), and (c) change of farming
conditions (changes and shifts in production regions).

The case study area is located in a temperate climate zone. Usti region together with South
Moravia are one of the driest areas in the Czech Republic with yearly precipitation approximately
450 mm.

Based on drought analysis performed by Brazdil et al. (2009), the results for the area of the Czech
Republic during time period 18811 2006 indicate a clear tendency towards prolongation and
greater severity of drought episodes. Moreover, the study confirms the statistically significant
tendency of more intensive dry episodes in the region, driven by temperature increase and
precipitation decrease. These drought episodes have a substantial impact on national and
regional agricultural production, with yields being consistently lower than in normal years.

Drought can be characterized as fisneaky ext
longer time period (weeks to months) and can cause extensive economic losses. Due to climate
change, increasing frequency and intensity of dry periods is expected. The impact of drought can
be apart from the length and intensity influenced by the season of the occurrence (e.g.
phenological phase) and also by suitable adaptation measures (e.g. change of cropping,

reme

irrigation, increased runoff fromreser voi rs) ( Galud et al ., 2009b) .

Case study research and adaptation

As this case study is prospective, it does not have any long adaptation history. At the national
level, national adaptation strategy has not been approved yet and discussion regarding climate
change adaptation is slowly emerging. Very few programs currently exist to support adaptation
on the national, regional level.

In general, the National subsidy program of the Ministry of Environment "Support of restoration of
natural landscape features" aims to design and implement adaptation measures to mitigate the
impacts of climate change in water, forest and non-forest sectors.

The case study is focusing on perception of local farmers (wine growers) to climate change
impacts, such as drought and preferences towards suitable adaptation measures and strategies
in the agricultural sector.

To investigate suitable and sustainable adaptation measures and strategies in the agricultural
(particularly wine growing) and water management sector to deal with changing climate (mainly
water availability), while incorporating perceptions of local stakeholders. Moreover, the aim of
South Moravian case study is to investigate perceptions of local stakeholders towards climate
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change (in particular drought) as well as preferences towards suitabl adaptation measures and
strategies in the agricultural sector.

Our main research questions are:
1 How is the climate change adaptation concept integrated in key sectors?

I What are the main challenges resulting from climate change in agriculture (mainly wine
growing) and water sectors in region?

1 What are the current adaptation measures in agricultural and water sectors that deal with
changing climate? What is the estimation of their costs and benefits?

1 How local farmers and other relevant stakeholders perceive the concept of climate change
and adaptation?

1 What are the potential future adaptation measures that should be implemented to deal with
climate change?

I What are the barriers and opportunities of implementation adaptation policies?

Our Stakeholders include:

9 Local farmersi wine growers - key stakeholder with regard to the climate change perception,
adaptation actions

1 Farmer association - Union of the Wine producers of the Czech Republic - stakeholder
officially representing the wine growing sector i sectoral representative

Companies 1 regionally based sectoral companies i local scale

Water management authorities - stakeholder mainly responsible for potential measures in
water sector i regional scale

1 Regional Authority of the South Moravian Region - regional management authority i regional
scale.

Methodology

1 Semi-structured interview with relevant stakeholders
1 Questionnaire-based survey (data collection) i that would investigate farmers perceptions to
climate change, current adaptation measures and costs

Analysis of relevant documents and policies in sectors
PRIMATE tool might be used (if data relevant for CBA are available)
Our expected outcomes include:

A

Assessment of stakehol dersdé attitudes towards cl

=A =4 4 4 =

Investigating preferences towards suitable adaptation measures and strategies in the
agricultural sector, analysis of current adaptation measures and pathways (incl. barriers and
opportunities) and their assessment;

1 Identification and analysis of future adaptation measures.
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2.1.4 Usti

By Eliska Lorencova

Usti Region lies in Northwest Bohemia and shares a border with Germany. It is one of the most
densely populated regions in the Czech Republic, with the tradition in industrial and agricultural
production. Concerning the agricultural sector, hop cultivation is the traditional agricultural activity
in the region. More than 73 % of the total hop planting area in the Czech Republic is situated in
the Usti region.

Based on the climate scenarios in the period 2051-2100, hop yield will decline up to 7-10% and
a oquality d-acldeontarnit byal842%. The concentration of hop cultivation in a
comparatively small part of the Czech Republic makes it more vulnerable than if the crop were
grown in more areas with diff er ent c¢cl i mates (Mognl et al .,

The aim of Usti Region case study is to investigate suitable and sustainable adaptation measures
and strategies in the agricultural (particularly hop growing) and water management sector to deal
with changing climate (mainly water availability), while incorporating perceptions of local
stakeholders. Moreover, the aim of Usti case study is to investigate perceptions of local
stakeholders towards climate change (in particular drought) as well as preferences towards
suitable adaptation measures and strategies in the agricultural sector.

Impacts

As agricultural practices are climate-dependent and yields vary over years depending on shorter
term weather patterns, the agricultural sector is particularly exposed to climatic change (Moriondo
et al.,, 2010). Changes in temperatures and rainfall patterns directly affect crop yield and
subsequent food production and indirectly effect changes in water availability (Nelson et al.,
2009).

The case study area is located in the temperate climate zone. Usti region together with South
Moravia are one of the driest areas in the Czech Republic with yearly precipitation approximately
450 mm. Similarly to South Moravia, this case study is prospective, it does not have any long
adaptation history.

Case study research and adaptation

The case study is focusing on perception of local farmers (hop growers) to climate change
impacts, such as drought and preferences towards suitable adaptation measures and strategies
in the agricultural sector. Our core research objective is to investigate suitable and sustainable
adaptation measures and strategies in the agricultural (particularly hop growing) and water
management sector to deal with changing climate (mainly water availability), while incorporating
perceptions of local stakeholders. Moreover, the aim of Usti case study is to investigate
perceptions of local stakeholders towards climate change (in particular drought) as well as
preferences towards suitable adaptation measures and strategies in the agricultural sector.
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Thus, our main research questions are:
1 How is the climate change adaptation concept integrated in key sectors?

1 What are the main challenges resulting from climate change in agriculture (mainly hop
growing) and water sectors in region?

1 What are the current adaptation measures in agricultural and water sectors that deal with
changing climate? What is the estimation of their costs and benefits?

1 How local farmers and other relevant stakeholders perceive the concept of climate change
and adaptation?

1 What are the potential future adaptation measures that should be implemented to deal with
climate change?

1 What are the barriers and opportunities of implementation adaptation policies?

The main stakeholders are:

1 Local hop farmers i key stakeholder with regard to the climate change perception, adaptation
actions (cca 100-120 hop growers in the region) i local scale

9 Farmer union - Hop Growers Union - stakeholder officially representing the hop growing sector
I sectoral representative

Companies i regionally based hop business companies i local scale

Water management authorities - stakeholder mainly responsible for potential measures in
water sector i regional scale

1 Hop research institute i research institute focusing on research in the area of cultivation,
harvest and post-harvest treatment of hops i research institution

f Regional Authority of the Usti Region i regional management authority i regional scale

Our methodology uses the following techniques:
1 Semi-structured interview with relevant stakeholders

1 Questionnaire-based survey (data collection) i that would investigate farmers perceptions to
climate change, current adaptation measures, potentially their costs

Analysis of relevant documents and policies in sectors
PRIMATE tool might be used (if data relevant for CBA are available).

Our main expected outcomes, include:
T Assessment of stakehol dersoé6 attitudes towards cl

1 Investigating preferences towards suitable adaptation measures and strategies in the
agricultural sector, analysis of current adaptation measures and pathways (incl. barriers and
opportunities) and their assessment

1 Identification and analysis of future adaptation measures
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21.5 Spaini Agriculturein the Tagus Basin
By Ana Iglesias

Agriculture in the Tagus basin faces a multiple exposure to serious challenges that will bring an
uncertain future: markets, policy and climate. The conciliation between strict regulations and
intensified pressures on markets, with projected restrictive conditions of decreased precipitation
require a deep analysis of adaptation options able to integrate all these aspects in the decision
framework.

Agriculture in the Tagus is typically Mediterranean, with a mixture of dryland and irrigated
systems. Extensive dryland systems include cereals and pastures that sustain a large livestock
industry. Irrigated crops include alfalfa and grain maize, also for animal feeding. In addition there
are large areas devoted to fruit tree production and grapes for wine that are irrigated with highly
technified systems in some areas.

Irrigated agriculture is the main user of water (over 50% of total water use) in the Tagus basin.
Water for agriculture competes with water foe ecosystems and water for people (i.e., urban areas
and recreation).

Impacts

The trends of decreasing precipitations and increasing temperatures in the basin intensify this
situation and are of special international concern in the context of climate variability and change
(IPCC, 2013). The large climate variability i characteristic of the region- makes drought events
appear as a recurrent phenomenon in the area, causing important damages in both the economy
of farmers and the environment (Iglesias and Moneo, 2005).

Agriculture is extremely important for rural development in the basin, and changes in the climate
conditions have important implications in different social, environmental and economic aspects,
requiring a level of coordination among sectors that is not easily reached. Pressures derived from
agricultural activity or population demands, on one side, and standards imposed by the Water
Framework Directive on demand satisfaction and water quality on the other, derive in
management conflicts that are hardened and emphasized during drought periods. Emerging
policies seek to balance water for human use and water for environmental needs (Iglesias and
Moneo, 2005).

These normative recent developments (WFD and the CAP reform) expose the uncertainty facing
the Tagus agriculture sector in general and farmers in particular, therefore the baisn stands at a
crucial point and adaptation strategies are extremely important.

Case study research and adaptation

Adaptation to climate change is part of complex, multi-disciplinary effort overarching a wide range
of stakeholders with different interests, technical expertise, and priorities. Successful planning
requires effective land and water planning. Economic factors continuously push the intensification
of land and natural resources use even if there is a generalised acceptance of the risk associated
to climate change. A better understanding of interactions among climate, agriculture and society
is absolutely essential for any modification in the management of agriculture in the Tagus Basin.

The potential adoption of strategic measures to avoid or mitigate the impacts of climate change
in agriculture is necessary. One of the main difficulties in adaptation planning is the lack of
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previous experiences in similar conditions and the insufficient data records to foresee the potential
results of such adaptation measures.The case study will address to two main adaptation
guestions:

1 How can current knwoledge contribute to the design of adaptation practices?

1 How can farmers contribute to adaptation?

Methodology

The first question will be addressed with a technical review of the adaptation practices and the
opportunities to establish policy linkages with the Common Agricultural Policy. The information
will be based in a semi-quantitative analysis of the adaptation practices, their potential effort to
benefit ratio and the possible policy instruments to implement them.

The second question will be addressed by semi-structured interview with relevant stakeholders.
Additionally a questionnaire-based survey (data collection) i that would investigate farmers
perceptions to climate change, current adaptation measures. The results may be analysed with
the PRIMATE model.
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2.2 Biodiversity and Ecosystems Services

Overview of Impacts and Adaptation Challenges
By Eliska Lorencova

Anthropogenic climate change is one of our greatest environmental, social and economic threats
(Stern, 2007). Moreover, climate change is a significant driver in the natural ecosystems
distribution and functioning (Parmesan and Yohe, 2003). Current projections show that if global
mean temperature rise beyond 2 to 3°C above pre-industrial levels, between one fifth and one
third of European species could be at increased risk of extinction (Lovejoy and Hannah, 2005;
IPCC, 2007). Therefore, maintenance and enhancement of healthy ecosystems plays important
role in climate change mitigation and adaptation (EEA, 2008). This section reviews preliminary
results from BASE case studies in this group.

Within the Ecosystem services and biodiversity sub-group, there are two case studies focusing
on climate change adaptation i Green Roof case study in the Czech Republic and Dartmoor case
study in the UK. Both case studies are located in national parks that provide a wide range of
ecosystem services and substantially contribute to human well-being. Case studies investigate
different aspects of Ecosystem Based Adaptation in Europe.

The two case studies are at different stages of climate change adaptation. In case of Dartmoor
National Park, a climate adaptation strategy has been developed in 2011. Dartmoor case study
aims to understand the current climate change adaption plan and its development process, by
identifying the positions of several actor groups, barrier and opportunities to adaptation as well as
risks and vulnerabilities.

On the other hand, i n Parla(Sreen ®dof) tBeuadeptatian stbsegyihasn a |
not been yet approved even at national level, and therefore the debate on climate change
adaptation is emerging slowly, although the impacts are already happening. The main aim of
Green Roof case study is to analyse current adaptation action, assess potential future impacts,
propose adaptation measures and analyse their feasibility. Engagement with local stakeholders

and participatory development of adaptive scenarios is integral part of this research.

2.21 Green Roofs Case Study

By Eliska Lorencova

Green roof case study is focusing on ecosystem services and biodiversity in a Central-European
mountainous forested range Gumava (Black Forest,
most extensive forest landscapes in central Europe located in the southern part of the Czech

Republic. The area of National Ppaotetted (Andscape areaihas 99684, 0 6 4 h a
ha. Together with the neighbouring Bavarian Forest National Park in southeast Germany, the

Gu ma v a nal Rarkicavers one of the largest forest areas in central Europe, also called the

Green Roof.
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Figure23.1: Location of Gumava in the Czech Republic

Impacts
Climate change threatens the Gumava regiom by dec
storm Kyril!/ in 2007, another storm in 2011) and

impacted by acid deposition and bark beetle calamites which lead to deterioration of more than
50% of the forest canopy. Therefore, the regeneration of forest in the light of climate change is an
important aspect of cultural ecosystem services (e.g. recreation and aesthetic perception of
ecosystems).

Case study research and adaptation

The provision of ecosystem services useanGlandava i s
cover (LULC). However, Gumava has been undergoi nce
and conflicts about the desirable proportion of various LULC types have arisen, with recreational

landscape being growingly pronounced at the expense of forested area. This trend is enhanced

also by climate change and natural disturbances, e.g. bark beetle outbreaks or windstorms.

Therefore, the assessment of changes in ecosystem service levels, caused by developing LULC,

is of increasing interest from both the scientific and governmental point of view. The present case

study brings an opportunity to utilize various models (e.g. INVEST) to evaluate based on the

scenarios (that also include ecosystem-based adaptation measures) the delivery of ecosystem

services in the study area, with an emphasis on regulating and provisioning services, such as

carbon sequestration, nutrient retention, sediment retention and timber production. The results

will contribute to the current debate and will bring valuable knowledge on the interaction between

climate change and ecosystem services.
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Our core objective is to understand potential climate change impacts on biodiversity and the
ecosystem services sector (together with tourism and forestry sector), with the aim to propose
integrated adaptation measures that would support climate change adaptation in the region from
an ecosystem services perspective. The main aim is to analyze current adaptation action, assess
potential future impacts, propose adaptation measures and analyze their feasibility. Engagement
with local stakeholders and participatory development of adaptive scenarios is integral part of this
research.

Main research gquestions:

a) Analysis of current status of the study area ¢
measures and potential future climate change impacts:

T What current adaptation measures are employed ir
their adoption climate change impacts?

1 How is climate change adaptation represented in local sectors (e.g. tourism, forestry) and
strategic documents?

9 What are the potential climate change impacts with regard to ecological and socio-economic
indicators?

b) Specification of adaptation measures (short-, medium-, long-term) with respect to
expected climate change impacts based on scenario workshop.

I What adaptation measures are proposed by relevant stakeholders?

1 What scenarios and adaptation measures are not well accepted by the stakeholders?

c) Assessment of proposed adaptation measures and actions, costs and benefits (CBA)

1 Whatis the impact of proposed adaptation measures on biodiversity and ecosystem services?

d) Analysis of proposed adaptation measures and actions implementation potential,
barriers and opportunities.

1 What are the barriers and opportunities of proposed adaptation measures?

2.2.2 Dartmor case study
By Roos Den Uyl, Eliska Lorencova

Dartmoor National Park is an upland located nature conservation area (with several peaks rising
up to 600 meters) in the South West of England covering about 954km. A wide range of
ecosystem services is provided by the Dartmoor area including: provisioning services such as
food provision and fresh water availability; regulating services such as regulating soil erosion and
regulating water flow; and cultural services such as sense of place/inspiration, tranquility and
recreation (Natural England, 2014).
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Figure 2.3.2: Location of Dartmoor National Park (source: Google maps)

Impacts

The Dartmoor Nati onal Park Authority states that

temperature in the South West increased by 1.37°C, the number of days of air frost decreased by
20.9 days. Annual precipitation also increased between 1961 and 2006, with the largest increase
seen in autumn (28.6%). Conversely, there was a small decrease in summerrain( 8. 8 %) 0
2011, p. 5). The Dartmoor National Park Authority expects climate change impacts to continue in
future, and states that adaptation actions are needed in Dartmoor to prepare for further climate
change impacts. Natural England (2014) also expects climate change to impact Dartmoor, and
identifies sever al climate change pressures

1 An increased frequency of drought in the summer months might result in dry out of specific
plant species affecting their functions for water and carbon storage. The drought periods might
also lead to more frequent and intensive moorland fires and erosion.

1 Increased autumn and winter precipitation levels could lead to higher water levels in upland
streams, resulting in more frequent downstream flooding.

1 Climate change could lead to an extended growing season and enhanced growth rates of
vegetation.
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1 Increased pressure to expand coniferous plantation and woodland (impacting on open
character) might occur. The coniferous plantations are planted to enhance water filtering,
minimise downstream flooding, storing and sequestering carbon dioxide and providing low-
carbon fuel sources (through coppice management).

9 Increase in the occurrence of pests and diseases and spread of hon-native and alien species
might occur due to climate change.

1 Climate change may result in increased demand for renewable energy sources, such as
turbines within the open | andscapes adflavinghydr oel
rivers.

9 Increase in extreme weather events may change farming and woodland practices, which
consequently may have an impact on the character of the landscape.

Case study research and adaptation

Our core objective is to understand how planning processes takes place oriented at adapting to
climate change i mpacts on ecosystem services and
services to climate change. In this case study, we will:

1 analyse (retrospectively) how the climate change adaptation strategy for this area
(coordinated by the Dartmoor National Park Authority, published in 2011) was developed;

identify how the implementation process is taking place;

assess whether there are potential future risks which are not yet being addressed by the
current strategy;

1 and whether the strategy would allow for additional or alternative adaption actions which may
contribute to reducing vulnerability of Dart mo
impacts.

Our case study research shows the complex institutional setting for Dartmoor, and analyses how
this climate change adaptation strategy was developed within this setting, and how the setting
has shaped the implementation process. The case study includes engagement with local
stakeholders to identify barriers and enablers encountered in the implementation process, to
assess possible risks and vulnerabilities not yet addressed by the current strategy, and to identify
possible additional or alternative adaption actions. An array of public organizations is involved the
management 0§ ecd3ymtent sewvioces. The most prominent actor is the Dartmoor
National Park Authority, which is referred to as a special purpose, freestanding local authority
created under the Environment Act 1995, and is governed by 22 appointed members.

Otherpublicact or s involved the management of Dartmoor 6s

1 the Environment Agency, a governmental agency involved in developing and implementing a
flood risk plan for South Devon;

1 the Devon County Council, the regional government under which Dartmoor resides;
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91 the Natural Devon/Devon Local Nature Partnership, which is an umbrella body which brings
together and includes everyone with an interest in securing the benefits of our natural
environment, affiliated and supported by the Devon County Council;

1 the Ministry of Defense, who uses several areas in Dartmoor for military practice, and leases
lands from the Duchy Foundation;

1 the Dartmoor Commoners Council, which comprises commoners of most commons or groups
of common, and a complex representation structure, and which makes regulations about most
matters, which is concerned with the management of the commons, the welfare of the stock
de-pastured there and arbitrates in disputes between commoners;

DEFRA, UK&6s national mioch & RutalrAffairsp f Environment, F c

and Natur al England, who is the governmentos ad
also gives advice on Dartmoor.

Furthermore, several semi-pu bl i ¢ organi sations are involved in
ecosystem services, including:

1 Dartmoor Farming Futures, which is referred to as an initiative to improve agri-environment
delivery on common land and to reflect a wider range of ecosystem services. It is led by the
Dart moor Nati onal Par k Aut hor it y.,l andhNaturaDar t mo o
England. The work seeks to overcome concerns over the appropriateness of some Higher
Level Stewardship agreements to address the full suite of ecosystem services and the lack of
ownership of their agreements by commoners;

1 and the Dartmoor Access Forum, which is referred to as an independent advisory body which
was established by the Dartmoor National Park Authority; its purpose being to give advice to
the National Park Authority and other organizations, on how to make the countryside of
Dartmoor more accessible and enjoyable for recreation (taking into account environmental,
social and economic interests).

And several private organisations are involved i
services, including:

1 the Duchy of Cornwall, a private organization from the Prince of Wales, which owns about
27300 hectares in Dartmoor, which is about a small third of the park;

the Sout hwest regional office of National Far mer

and various other local agricultural groups, such as Dartmoor Livestock Protection Society
and South West Uplands Federation.

Our case study further analyses the role and contributions of experts and expertise in the
development of the climate change adaptation strategy, in its current implementation process,
and in the assessment of possible risks and vulnerabilities for Dartmoor National Park. The
Dartmoor adaptation strategy appears to have been developed on the back of expert advice and
a strong evidence base. The case study investigates which type of knowledge was used and in
which way in the development of this strategy, and which knowledge needs are currently
articulated and why (to adapt and/ or reduce vul ne
climate change impacts). In particular, this study includes an analysis of how the Adaptation
Strategy from the European Commission and the UK National Adaptation Strategy facilitate
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knowledge use and needs in more localised settings. In that way, this case study contributes to
our understanding of context-specific knowledge usage needs in local responses to climate
change, and why higher-level adaptation strategies assist or not in such context-specific
knowledge needs.

Finally, our case study examines the dynamics in the relationship between the UK National
Adaptation Strategy and the EU Adaptation Strategy, and the local Dartmoor adaptation strategy.
At the local level, specific environmental, economic, social and political contexts present a variety
of climate change challenges and institutional responses. The case study investigates how the
higher level strategies assist in local institutional responses to climate change, which synergies
and tensions can be observed between (supra-) national and local institutional responses to
climate change, and what may explain these synergies and tensions. Thus, this case study also
contributes to enhancing our understanding of synergies and tensions between local and (supra-
) national responses to climate change, in particular to reduce vulnerability of ecosystem services
to climate change impacts.

This case study is in a relatively early stage, further results will be provided with deliverables 5.2
and 5.3.
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2.3 Coastal Zones

Overview of impacts and adaptation challenges
By Inés Campos

The coastal group includes four case studies: Aveiro Coast (Portugal); Timmendorfer (Germany);
South Devon Coast (UK) and Kalundborg (Denmark).

Direct i mpact s asseslevaeltieedindistormBurdes.Beadevekrise estimated
by IPCC (2007b)f or t hi s century ranges from 20 up to 59

The following reports from each case study and their preliminary findings, highlight several indirect
impacts such as: increased vulnerability of coastal communities to flooding and extreme events;
severe impacts on economic activities (such as tourism, agriculture and fishing and sea farming
activities); losses of biodiversity; and even the relocation of vulnerable populations.

What the four cases have most in common is their expected impacts, but their geographies, socio-
political and economic landscapes, as well as local responses to adaptation impacts differ in
various ways. Though the coastal group has been working together to integrate similar
methodologies 1 i.e. Scenario Workshop; Adaptation Pathways; Interviews; Economic
Assessment of Costs and Benefits - , comparability will be higher between some case studies.

Both in the Aveiro Coast and South Devon Coast cases, adaptation is strongly linked to social,
institutional and governance conditionings. In these prospective case studies the potential for
comparability is significant, even more so since both are using the Scenario Workshop method to
design adaptation plans and promote their implementation, but are also concerned with multilevel
governances processes that contribute to building up local adaptive capacity. Timmendorfen and
the Kalundborg case studies are retrospective and ongoing: both have adaptation plans, which
resulted from participatory decision making processes, and which have been or are being
implemented. The Kalundborg case study has also used Scenario Workshop and will provide
interesting comparisions to Aveiro and South Devon.

Moreover, comparative analysis of the Aveiro Coast, South Devon and Kalundborg case studies
may provide interesting insights on how levels of public participation in decision-making influence
adaptation preferences and planning at the local level. Thus, potential for comparing future
research findings is significant, either due to similarities between the four cases, or due to their
differences.

In the subsections below case study impacts and adaptation strategies are described for each
case.

2.3.1 Aveiro Coast: From Barra Beach to Aredo
By Inés Campos and André Vizinho

The case study area is a dune barriere located at the Southern Aveiro district coast of Portugal,

namely from ABarrao to AAre«o0 Beach. The area ext
a coastal stretch o f nearly 20 km, bet ween the sea and t he

different coastal urban settlements were developed, each with a distinct history and social
composition: Barra; Costa Nova and Vagueira. Barra, right next to the main city of Aveiro (district
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capital) is mostly composed by permanent residences. To the South, Costa Nova is the most
ancient settlement, traditionally occupied by a mix of fishermen and tourists (high social classes
from the inland regions), whereas Vagueira was only a small fishermen village until the late 80s.

Image 2.4.2 - Costa Nova Beach

The sediment balance in Barra, Costa Nova and Vagueira has been strongly affected by harbour
infrastructures built since the early 1800s; and by numerous dams build upstream the Douro and
Vouga Rivers (Vouga flows to the Aveiro Lagoon), which have prevented sediments from flowing
downriver to the feed sand reposition of the Atlantic beaches.
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Image 2.4.3 - Vagueira Beach

Impacts

Currently, the coastline is retreating very vast due to coastal erosion and sea level rise. It has
been recognized as one of the most vulnerable low-lying coasts in Europe when it comes to storm
surges and flood risks (Shmidt et al, 2012). According to recent studies, sea level may rise up to
a meter in 2100 and it is expected an increase in extreme events, particularly storm surges, which
are already frequent in the region during the winter months (Shmidt et al, 2012). Climate indirect
impacts include aggravated coastal erosion and loss of beach sand; recurrent flooding; loss of
revenues in tourism and water sports; destruction of urban infrastructures, and devaluation or
destruction of residential areas.

Existing flood risk models (adapted by BASE) from the AdaptaRia project of Aveiro University and
Project CHANGE point to an unavoidable dislocation of some populated areas (see Map 2.4.1 -
Costal Erosion until 2100; and Map 2.4.2 - Flood Risk until 2100), as well as changes in
economic activities, namely agriculture and fisheries, and touristic activities.
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Map 2.4.1- Coastal Erosion until 2100 from Barra to Are&do Beach
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Map 2.4.1- Coastal Erosion. Areas:

1 - Barra beach and urban settlements

21 Costa Nova Beach and urban settlements

31 Between Costa Nova Beach and Vagueira (farming fields)
4 - Vagueira Beach and urban settlements

51 South of Vagueira and Aredo beach (farming fields)
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Map 2.4.2 - Flood Risk until 2100

Case study research and adaptation

We found the success of this case study depended on the close engagement of local stakeholders
throughout the implementation of the chosen methodologies.

Locally, adaptation planning to date has been based on piecemeal disconnected solutions, often
responding to emergency situations. Long-term planning is difficult to put in practice given the
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