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Introduction
( ECOAZUL - MED

Generate a climate service tool with information
that allows anticipating the effects of climate change
on aquaculture, fishing and tourism, assuming different
emission scenarios for the next 40 years on the Spanish

Mediterranean coast
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( (\ECOAZUL - MED

R

Mediterranean region:

« Amplified warming signal to climate change (CC)

« Development of extreme weather events (future increase)

* Prone to suffer socioeconomic impacts derived from CC

* Importance of planning and management of the blue economy
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‘(ECOAZUL - MED

Key sectors for
the
in Spain exposed
to climate
conditions
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Introduction

More frequent heavy precipitation: damages of cages, favouring escapes

Sea water warming: increase pathogens etc.

Changes in water temperature, salinity, ocean currents:
Alterations in marine ecosystems, changes in the temporal distribution of
commercial fish stocks etc., increasing fishing costs.

Temperature increase and more frequent heat waves:
Decrease thermal comfort etc., reducing the n° of tourists.
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Introduction
(ECOAZUL - MED

Adaptation to possible negative impacts of climate
change is crucial to ensure its sustainable
development and must focus on informed decisions,
based on knowledge of the future climate signal
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Methodology
( ECOAZUL - MED

Holistic approach

Quantitative & qualitative research

The tool is adapted to needs and expectations from end-users
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‘( ECOAZUL - MED

Quantitative research

Analysis of a selected, high-resolution, air-sea coupled
ensemble of 4 models from the MED-CORDEX initiative,
for the RCP4.5 and RCP8.5 scenarios

INSTITUTE CNRM LMD cMcc AWI/GERICS

Model characteristics

RCSM name CNRM-RCSM4 LMDZ-MED COSMOMED ROM
Driving GCM CNMR-CM5 IPSL-CM5A-MR CMCC-CM MPI-ESM-LR
Med. Sea NEMOMEDS NEMOMEDS NEMO-MFS MPIOM

Model
Ocean Res. 9-12km 9-12km 6-7 km 10-18 km
Num. of
z-levels 43 43 72 40
(ocean)
Atmosphere
model ALADIN-climate LMDZ CCLM REMO
Aoty 50 km 30km 50 km 25 km
Res.
Coupling o N
troquency Daily Daily 80 min 60 min
Numerical Simulations
Spin up 130 years 40 years 25 years 56 years
Initial
. MEDATALAS MEDATLAS MEDATLAS MEDATLAS
Conditions
CONTROL 1950-2005 1950-2005 1950-2005 1950-2005
RCP4.5 2006-2100 2006-2100 - 2006-2099
RCP8.5 2006-2100 2006-2100 2006-2099 2006-2099
Reforoncos S""(’;‘]"“Z' 3| Heveder etal. (2013) | Cavicchia et al. (2015) Sein et al. (2015)

ol ¥ MINISTERIO
L DECIENCIA
: :' £ INNOVACION

Methodology

Qualitative research

Focus groups, questionnaires,
surveys, workshops with end-users
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Methodology
(qECOAZUL - MED

S

Inputs from stakeholders served to:

Decide the information to be included in the tool

Understand the implications of the results in the different sectors
Generate documents to be provided in the tool

Assess the usability of the tool

Test it works fine, before getting the final version
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ECOAZUL-MED Tool

((ECOAZUL - MED

S
R .

X, +34963250293 M info@kveloce.com

“ ECOAZUL - MED
oy P A

Sea-surface
temperature and

salinity Ocean
Marine heat waves information ECOAZUL-
Ocean currents MED
(-l OOO m) It makes available to society the web
tool that provides climate information
for the coming decades on the Spanish

Mediterranean coast

rrion https://ecoazul-med.com/en/

MORE INFORMATION §

Maximum 2-m air temperature
Relative humidity

Atmospheric Accumulated precipitation
Heavy precipitation

information : »
Days with summer conditions
Atmospheric heat waves

CONFIGURACION DE COOKIES
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ECOAZUL-MED Tool
(ECOAZUL - MED

Climate Oceanic
information Atmospheric
Emission RCP4.5
scenario RCP8.5
2025-2034
. . 2035-2044
Time period 2045-2054
2055-2064%
Time frequenc semslie]
9 y Monthly
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ECOAZUL-MED Tool
Qf OAZUL - MED max. 2-m air temperature

Winter Spring Summer Fall

Climate information:
Maximum 2-m air
temperature

Control (°C)

Emission scenario:
RCP8.5

Future change (-C)

Time period:
2025-2034

Time frequency:
Seasonal

No. of models
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ECOAZUL-MED Tool
Qf: OAZUL - MED max. 2-m air temperature

Winter Spring Summer Fall

10° -5° 0° 5° 10° -5°

Seasonal average for the
control time period
(1976-2005)

Control (°C)

Future change (2025-2034)
relative to the control: +
values indicate warming

Future change (°C)

N° of models from the
ensemble (4) which project
warming

No. of models
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ECOAZUL-MED Tool
Qf: OAZUL - MED max. 2-m air temperature

Winter Spring Summer Fall

Seasonal average for the
control time period
(1976-2005)

N
N
Control (°C)

. 200
Summer: max. daily ;
temperature 1.5°C higher 15 2
than in control summers L
0 £

0.5 *

N° of models from the
ensemble (4) which project
warming

o = N W A
No. of models
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ECOAZUL-MED Tool
Qf: OAZUL - MED max. 2-m air temperature

Winter Spring Summer Fall

Seasonal average for the
control time period
(1976-2005)

N
S
Control (°C)

. 20 G
Summer: max. daily g
temperature 1.5°C higher 15 g
than in control summers o
- 3

0.5 B

Values close to 4, indicate
more robust results

o = N w A
No. of models
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ECOAZUL-MED Tool
ECOAZUL - MED

Equivalent to the previous figure, but computed with
monthly frequency

max. 2-m air temperature max. 2-m air temperature max. 2-m air temperature max. 2-m air temperature
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ECOAZUL-MED Tool
(ECOAZUL - MED
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To make the tool more usable and increase the user's literacy and awareness, it
provides a compilation of resources with very direct messages for the different
target audiences

Documentation and resources

SUPPORT MATERIALS: DISSEMINATION MATERIALS SCIENTIFIC MATERIALS OTHER RESOURCES
« User's manual * Reports: * Posters * Generic
o Socio-economic impacts
3 : derived f li
* Video-tutorial erived from our climate + Papers * For the 3 sectors
conditions

 Infographics:

o Participative activities
performed

o Policy recormmendations

o |Implications of results on
blue and green jobs

o Case study for strategic
management of coastal

tourism e H
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‘ (ECOAZUL - MED

To make the tool more usable and increase the user's literacy and awareness, it
provides a compilation of resources with very direct messages for the different
target audiences
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ECOAZUL-MED Tool

Documentation and resources

SUPPORT MATERIALS: DISSEMINATION MATERIALS

* Reports:
o Socio-economic impacts
derived from our climate
conditions

* User's manual

* Video-tutorial

 Infographics:

o Participative activities
performed

o Policy recormmendations

o |Implications of results on
blue and green jobs

o Case study for strategic
management of coastal
tourism

SCIENTIFIC MATERIALS OTHER RESOURCES
s Posters « Generic
+ Papers * For the 3 sectors

Stakeholder inputs were taken
into account for the creation of
many materials!
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Case Study
(ECOAZUL - MED

1 »

5= FUTURE CLIMATE CONDITIONS DERIVED FROM OUR TOOL

L 5

Summer maximum 2-m air temperature Thermal discomfort will enhance in summer
N° of days with heat wave conditions Heat waves could become the new normal

Subtle changes in precipitation A proper management of water resources is key

Total precipitation is similar, but heavy

° . T
N° of days with heavy precipitation orecipitation increases
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Case Study
QEEOAZUL - MED

CASE STUDY: Use of ECOAZUL-MED data for Strategic Planning of the Coastal Tourism

ai' FUTURE CLIMATE CONDITIONS DERIVED FROM OUR TOOL

f N° of days with heat wave conditions

f N° of days with heavy precipitation

Un1ver51clad H
de Alcald VE I O c E




Case Study

(( ECOAZUL - MED

CASE STUDY: Use of ECOAZUL-MED data for Strategic Planning of the Coastal Tourism

IS IT FEASIBLE TO EXTEND THE HIGH TOURIST SEASON TO LATE SPRING-EARLY FALL?

EXTREME ACTIONS:

TEMPERATURES AND i
e MEAT Warbn . Wgtgr/energy saving measures and
efficiency
$climate comfort o Carbon footprint monitoring

WINTER
COMFORTABLE

TEMPERATURES « Modification of “tourist seasons”

+ Extension of the high summer season towards April-
May, September-October A A
N . SEASON WEEK SUMMER HIGH SEASON « Climate change adaptation plans

* Maintenance of the Easter holidays

 Establishment of a winter tourist season because of “

anticyclonic conditions

e Sustainable urbanism

OIYVN3JS
JONVHI ILVIITO

JANUARY APRIL JuLy OCTOBER DECEMBER

It may be doable, but the possible interferences
between thermal comfort and heavy precipitation E ACTIONS:

EASTER SUMMER HIGH o Water and energy

should be carefully examined. e ol e

e Cooling in hotels
and apartments

OIdVN3I3S
J9NVHI 3LVINITO ON

Based on: de la Vara et al. (2024). Climate change impacts on the tourism sector of the Spanish
Mediterranean coast:Medium-term projections for a climate services tool. Climate Services, 34,
100466. httos://doi.ora/“lO,1016/i.c||ser 2024100466
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Case Study
ECOAZUL - MED

CASE STUDY: Use of ECOAZUL-MED data for Strategic Planning of the Coastal Tourism

* More information about this case study is available in an infographic from the ECOAZUL-MED website, as
well as in the corresponding paper

Climate Services 34 (2024) 100466

Contents lists available at ScienceDirect

FUTURE CLIMATE CONDITIONS DERIVED FROM OUR TOOL RELEVANT FOR COASTAL TOURISM
Climate Services
e Summer maximum 2-m N° of days with heat wave Changes in precipitation g ot dayswith
air temperature conditions in summer Subtle, but the decrease will heavy precipitation ELSEVIER joumnal homepage: www slsavior cam/locatn/clisar
The ECOAZUL-MED project (2021-2024) 2025-2034: 1.2°C 2025-2034: 15-20 be greater in the next 2025-2034: 2-4%
aims to develop, for the first time, a 2055-2064: 3.4°C 2055-2064: 40 decades per season Original research article )
publicly accessible web tool that In the next decades Heat waves could A proper management of  Total precipitation is similar, . s . 5 >4
provides climate information derived thermal discomfort will become the new normal s 'EISIW'C“ is key, but heavy precipitation Climate change impacts on the tourism sector of the Spanish Mediterranean %55
from high-resolution, regional, air-sea enhance in summer in the coming decades ‘;5':':::: :j‘:"t“‘j‘:’:‘;z) increases, aggravating coast: Medium-term projections for a climate services tool
coupled climate ulations. This tool the curgent situstion "
will allow to anticipate the effects of Alba de la Vara ™, William Cabas ", Claudia Gutiérrez ", Jorge Olcina‘, Alba Matamoras *,
P: B
climate change on aquaculture, Francisco Pastor”, Samira Khodayar*, Maite Ferrando
fishing, and coastal tourism, * Kok (Senor orepe SL.J, Plassde b R 19, rcors A, ' 400, Yoo, i
considering different climate change * Deparementof Pysics nd mm_un.mnyumu-uml—qg-
= f— ok Atk
scenarios for the next 40 years along Koo B e e o e A e
the Spanish Mediterranean coast
HIGHLIGHTS
« Impact of climate change on tourkn Is studied with regional air-sca coupled models.
+ Texnperare and precipitation extremes will be more requert a the area.
o - « Urgent adaptation measures are peeded 1o ensure the sector’s sustainability.
R P P A « A possible adaptation measure 1 the ¢xtension of the high 5600 (0 spring /el
tf’ jﬁhﬂ" 3 » Results bere shown have boen generaind whilst creating a new climaie service iool,
et o=gi].!
ur results indicate less favorable ! ARTICLE INFO ABSTRACT
conditions for the coastal tourism - o el
J Keywords: muun.m-use.u.dm”mumnmumm.mﬁedmmm »—n!y
sector in summer in the near- (2025- ) Cllzate change
034 decade) di v'i 3 af'| - particulsely impoctant for ey g
2 and gml' VG prgevths. promote  sustainable development of these activities and provide key information 10 stakeholders, it is
(2055-2064) future scenarios. The T eReSE] Comlonim pocenmry 10 M0eIpHE chasges 2 M. Toks, I
fc interact; which In thi 3
latter reveals more extreme condi- First row: Maximum air  First row: n® of days of heat First row: daily precipitation First row: % of days with b sl et o egioul sien oupled clnae mode ialaions o M CONDEX.ar 1o (1) sty the cmatie
tions in a few decades regarding temperature [°C) in the waves per season In the (mmjday] in the control (1976- heawy precipitation for the conditions: o e Spimish Meditervaotn consts 1 the pit Secadeld) i () 10 Mstis e postibllity of
S Even control period (1976-2005). control (1976-2005). Second 200S). Second row: future control (1976-2005). Second " how
g Second row: future change of row: future change in the n* change in daily precipitation row: future change in the % of drier i the e, especlally n sumaner. Heat waves snd beavy peecipitation will become moee frequent. Thermal
though changes for 2025-2034 are the maximum alr  of heat waves (decade 2025- (mmy/day)(decade 2025-2034), days with heavy precipitation discomfort will Increase in summer and summer conditions are extending towards spring and fall. Our work
subtle, these highlight the need to temperature (decade 2025-  2034) Positive  values Positive values indicate more (decade 2025-20%4). Positive ymnm?nwpﬁ::ﬂ:::MMmi?.ﬁ:;m:f:wm.m:mmm..:.,mh.
d 1 2034) Positive values indicate  indicate more heat waves. precipitation. Third row: n® of  values indicate more intense stakeholders. m‘lv:yllpun of the projest ECOAZULMED, which aims 10 create a climate service tool 1o
watming. Third row: n® of the  Third row: n” of ensemble ensemble models that project  precipitation, Third fow: n apttiine e Kiimmgemient of relessint BeAioet f he Kine ecoriainy I 1he Spemi MatNeTTORARI IARE.
ensemble models that project  models that project an @ precipitation increase ensemble models that project
3 future increase in the increase in the days with an increase in the days with
maximum air temperature. heat wave. heavy precipitation.
region is one of the world areas with already evident effects of
climate warm snd Eliahir, 2020). Coastal tourism has
IS IT FEASIBLE TO EXTEND THE HIGH TOURIST SEASON TO LATE SPRING-EARLY FALL? Foacaical mplicetions hosendiriy o e P of the Mdieerunaan sotes s 3
reat tervitorial imprint (Galcott, 2020; Fosse, 2021). To promote
Cli hange s causing important alterations in the main cli- " el iy
OUR RESULTS INDICATE... e lemcans i the coting docwdes oo e MeBtembonse o e Ml e chadge togton wal T

s . mendations for an effective adaptation. In the Mediterranean
+ An increase of the n° of days with « Thermal conditions in September-October are

summer conditions (maximum air more more favourable for the development of Whllst the extension of the high

Ae lava H

Based on: de |la Vara et al. (2024). Climate change impacts on the tourism sector of the Spanish
Mediterranean coast:Medium-term projections for a cllmate servicestool. Climate Services, 34,
100466. https://doi.org/101¢™~
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Conclusions
(Ef OAZUL - MED

To sum up...

The ECOAZUL-MED project makes available to society a
web tool that provides climate information for the coming
decades on the Spanish Mediterranean coast for the
adaptation of aquaculture, fishing and coastal tourism to
climatic conditions and thus promote their sustainable

development
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(( ECOAZUL - MED

Focus groups with actors from the different sectors to understand the influence of
climate, as well as to discuss if preliminary information to be included in the tool
was relevant and if other information could be included

Surveys (Delphi method) to assess potential socio-economic impacts of climate
conditions derived from our tool on their sectors

Workshops with a general audience to assess the usability of the tool

Surveys to test the final version of the tool
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(( ECOAZUL - MED

 Model data was either downloaded from the Med-CORDEX server or provided by
the corresponding institution

- This ensemble was chosen because results from these simulations were used in
previous works e.g., Darmaraki et al. (2019)

« We chose the RCP4.5 because it is a stabilisation scenario and the RCP8.5 because
is the most radiative one and provides an amplified signal

Un1ver51dad H
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(( ECOAZUL - MED

- Data was interpolated into a common grid of about 10 km with the Inverse Distance
Weighting (IDW) method. This offers a good and fast performance with results
comparable to other interpolation methods.

 Weights are proportional to the inverse of the distance (between data point and
the prediction location)

Un1ver51dad H
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(( ECOAZUL - MED

«  Whilst the performance of the models has been individually validated in dedicated papers, we
aim to identify possible model outliers for the studied variables within the RCSM'’s.

* Following de la Hoz et al. (2018), we use the mean square error (MSE) and the standard deviation
(std). In particular, the MSE between the historical model data and the same period for the
reanalysis was calculated.

« An outlier is defined as the RCSM for which the value of the MSE is out of the limits defined by the
ensemble mean = std of the MSE of all models times 1.5 (see e.g., Chaudhary and Lee, 2016). For all
the ensemble members the criteria is met, which means that none of them is out of range for the
selected variables.
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(( ECOAZUL - MED

‘HWEFI index. A heat wave is defined as a period of at least 6 consecutive days during
which the daily maximum temperature is above the 90th percentile calculated with
the control period using a 5-day moving average.
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(( ECOAZUL - MED

Marine heat waves are defined as a period of at least 5 consecutive days during which
the daily sea surface temperature is above the 90th percentile, calculated with the
control period using a 5-day moving average.
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(( ECOAZUL - MED

Heavy precipitation conditions are met when daily accumulated precipitation exceeds
the 90th percentile calculated with the control period.
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(( ECOAZUL - MED

« For this analysis, we first studied the maximum 2m air temperature, heat waves,
precipitation and heavy precipitation patterns with a seasonal frequency.

 Then, to assess the possibility of extending the high tourist season towards late
spring and early fall, we also examined precipitation, heavy precipitation, days with
temperature above 25°C, and days with the SST above 18°C, which determines swim

temperature.

« We find that in terms of temperature conditions, especially in the long term, late
spring/early fall will be suitable for swimming and beach conditions, but care
should be taken with heavy precipitation, since it tends to increase in frequency.
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(( ECOAZUL - MED

« We obtain an increase in the summer mean T2MAX between 1 and 2 -C for 2025-
2034. In 2055-2064, the increase reaches up to 3-4 -C.

« The number of days with heat waves will increase in all studied seasons in the
future. In summer, regardless of the scenario chosen, the increase can reach up to
15-20 days in the 2025-2034 decade. In the longer term (2055-2064), the rise in the
number of days with heat wave conditions can reach up to 40 days or more.

« In 2025-2034, precipitation experiences small changes with respect to the control.
Both scenarios project drier conditions regardless of the season.

- The % of days with high precipitation in 2025-2034 will experience a generalized
increase that varies between 2 and 4 % per season regardless of the scenario
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(( ECOAZUL - MED

« We used the Delphi method, which is a projective technique that consists of interrogating agents with
the help of successive questionnaires, to reveal convergences of opinions and deduce possible
consensus (Crisp et al., 1997). A total of anonymous 13 agents, of which 5 belong to the coastal tourism
sector, 4 to aquaculture and 4 to the fishing sector, participated. The online questionnaires contained
guantitative answers, in which participants had to provide scores ranging from 1to 5, and qualitative
blocks, where they were able to elaborate their responses. After 2 rounds of questionnaires, we found
consensus in the different points, or the information provided was sufficient to understand the causes
for the dissent. The insights learnt from the analysis were compiled in a report which can be found on
the ECOAZUL-MED website and was submitted to the participant stakeholders to raise awareness and
inform them about the project and the results obtained for the three 3 sectors of interest.

Un1ver51dad H
de Alcald ve I n c e




