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The Santander Climate Change Adaptation Plan is being developed within the framework of the
Santander Capital Natural project, led by Santander City Council. The Plan has been carried
out with the scientific support of researchers from the Department of Geography, Urban and Re-
gional Planning, led by the CINCc Research Group (City, Infrastructures and Climate Change) of
the University of Cantabria (UC, Universidad de Cantabria), together with the Climate Research
Foundation (FIC).

Santander Capital Natural is supported by the Fundacién Biodiversidad of the Ministry for
Ecological Transition and the Demographic Challenge (MITECO) in the framework of the Reco-
very, Transformation and Resilience Plan (PRTR), funded by the European Union - NextGenero-
tionEU. The main objective of the project is to strengthen the role of the network of urban green
areas in the conservation of biodiversity at the local level, enhancing the environmental services
that help to improve the quality of life of the citizens of Santander, and to establish strategies
and actions to make Santander a more resilient city. The project partners include Santander City
Council, SEO/BirdLife, the Asociacién Amica, the Climate Research Foundation, and the Univer-
sity of Cantabria.

The document proposes 85 adaptation measures based on the generation of robust future
climate scenarios and a detailed calculation of the risk to the different foreseeable hazards, ba-
sed on the exposure, sensitivity and adaptive capacity of the city and its population. These future
climate scenarios have been developed by updating the methodology to the Sixth Report of the
Intergovernmental Panel on Climate Change (IPCC6), placing Santander at the international fo-
refront of adaptation. In addition to this robust scientific basis, the plan has been developed over
2023 and 2024 in a continuous participatory process with different institutions and local stake-
holders, involving citizens through various workshops. Various management areas, councils and
functional units of Santander City Council, such as the Fire Brigade and Civil Protection, as well
as regional and state bodies such as CIMA - Research Centre of Environment (Centro de Investi-
gacién del Medio Ambiente), Police (Guardia Civil) and AEMET - Meteorological State Agency
(Agencia Estatal de Meteorologia), have been involved in defining a set of potential threats.

Based on the ‘most recent’ future climate scenarios, the study includes exposure to coastal
flooding and rainfall, as well as the impacts of rising temperatures with drought and heat waves.
As a result of this work, the Santander Adaptation Plan includes a detailed risk study for the
years 2050 and 2100, identifying four adaptation goals: Biodiversity; Resilient City; Health; and
Adapted Society and Economy. The structure of the Plan is articulated around these goals, with



various adaptation objectives for each of them. Measures that will enable Santander to achieve
these goals have been defined in participatory processes.

The main contributions of the Santander Climate Change Adaptation Plan consist of:

The definition of the most up-to-date future climate scenarios for the city of Santan-
der, taking into account the latest scientific advances in the field and positioning
the city at the forefront of local information on future climate.

The participatory approach, which has made it possible to base both the analysis
and the adaptation solutions on the results of the successive participatory processes,
which have involved citizens and various social groups, as well as the active parti-
cipation of local agents involved in the city.

Solutions from a multidisciplinary approach, avoiding ‘maladaptation’. The multi-
disciplinary scientific team drafting the project is made up of 17 researchers from
different areas such as Physics, Meteorology and Climate, Engineering, Geography,
Architecture, Urban Planning, Sociology, Archaeology and Tourism.

The definition of the risk index at census section level and for each of the hazards
detected, which allow for the establishment of control actions, both in terms of
exposure to these hazards and their sensitivity at the micro level, representing a
considerable methodological advance in Municipal Adaptation Plans.

The identification of 85 adaptation measures, with key information and resources to
be implemented in subsequent action plans. Each measure has specific objectives,
baseline information, in many cases with geolocation of points of interest, degree of
urgency and monitoring indicators, among other aspects.

Integration with other studies and strategies of the city. The document is configured
in coordination with and on the basis of previous work on the city of Santander,
making it a reference document. For its preparation, the Plan has rigorously com-
piled and updated more than a hundred databases related to its population, eco-
nomic activities, open spaces, health, safety and civil protection, climate impacts,
efc.



Cecilia Ribalaygua, Francisco Garcia Sénchez

The Santander Climate Change Adaptation Plan is being developed within the framework of
the Santander Capital Natural project, led by the Santander City Council. The document has
been prepared with the scientific support of researchers from the Department of Geography,
Urban and Regional Planning, led by the CINCc Research Group (City, Infrastructures and
Climate Change) of the University of Cantabria (UC), together with the Climate Research
Foundation (FIC).

Santander Capital Natural (SCN) is supported by the Fundacién Biodiversidad of the
Ministry for Ecological Transition and Demographic Challenge (MITECO) in the framework
of the Recovery, Transformation and Resilience Plan (PRTR), funded by the European Union -
NextGenerationEU. The main objective of the project is to strengthen the role of the network of
urban green areas in the conservation of biodiversity at the local level, enhancing environmen-
tal services that help to improve the quality of life of the citizens of Santander, and to establish
strategies and actions to make Santander a more resilient city. Its partners include Santander
City Council, SEOQ/BirdLife, the Asociacién Amica, the Climate Research Foundation, and the
University of Cantabria.

This Adaptation Plan is part of the SCN project, being one of the three actions leading
to the municipal strategy (A1 SCN Strategy), such that by consolidating the results from the
climate adaptation perspective of this Plan (Action A2) and those of the Biodiversity Strategy
Update (Action A3), an integrated municipal green infrastructure project (Action A4) can be
developed. Specifically, this document adds to the results of the other actions of the SCN
project, the analysis of future climate and the risks associated with it, as well as the advisable
adaptation measures to avoid it, with solutions based on nature, and largely supported by the
municipal green infrastructure.

The Adaptation Plan document is divided into 8 chapters, consisting of the following pro-
cess and expected results:

This first, introductory section is articulated around the answers to three key ques-
tions about the need for, and the features of this report.

The second chapter reviews the objectives and approach of the report, while the
third chapter develops the general methodology being followed in this document,
including the phases that led to the development of the plan, its scope and basic
unit of representation.



Chapters 4 and 5 condense this report’s technical analysis, with Chapter 4 as-
similating the results of Climate Hazards from a study of past and present climate
scenarios and their projection into the future. The fifth chapter, on the other hand,
integrates all studies leading to the Risk Indices, which present the results from the
study on exposure and vulnerability. Chapter 5 ends with the diagnosis and the
strategic adaptation proposals of this research study.

Chapter 6 includes 85 Adaptation Measures, including a description of the Adap-
tation Goals and Obijectives, as well as the details of all the Measures in the form
of fact sheets.

The last two chapters incorporate the accompanying plans necessary for the elab-
oration of this plan: the Measure Monitoring Indicators (Chapter 7) and the Partici-
pation Plan developed throughout the project (Chapter 8).

Finally, a cartographic information and risk level tables for the census sections has
been included at the end of the document.




Adaptation plans emerge as planning and action tools for municipalities once the need to
adapt to the consequences of expected variations in the local climate has been identified.
These are documents that enable adaptation decisions for the risks that the municipality will
face as a result of climate change. These changes are accelerating and are already having an
impact on cities, which is why municipalities are looking for agile and efficient tools to organ-
ise their strategies for adapting to this new situation.

What is climate change?

The Intergovernmental Panel on Climate Change or IPCC (2022) in its Sixth Assessment
Report (AR4)' defines climate change as a variation in the state of the climate, which can
be identified in the mean and/or variability of its properties, and which persists for an
extended period over decades or longer. Due to human action, since the Industrial Revolu-
tion, the concentration of Greenhouse Gases (GHG) in the atmosphere has been steadily
increasing, which has already led to modifications in physical-biological systems. Despite
efforts to mitigate GHG emissions, including CO,, the impact of this change is inevitable.
Hence, strategies and plans to combat climate change must include mechanisms for an-
ticipation, prevention and preparation to deal with the occurrence of extreme events and
climate variability.

Why are cities key to adaptation?

Cities are particularly sensitive to the effects of climate change, but they are also the
best-placed decision domains to address adaptation (Dodman et al., 2022)?. The term ‘ad-
aptation’ is used to describe the process of adjustment to actual or projected climate and its
effects, with ‘adaptive capacity’ defined as the ability of systems, institutions, humans and
other organisms to adapt to potential harms, take advantage of opportunities or cope with
the consequences®. Cities are, therefore, best placed to develop this adaptive capacity, min-

I IPCC (2022) Annex ll: https://www.ipcc.ch/report/sixth-assessment-reportworking-group-ii/ IPCC, 2022: Annex II: Glos-
sary [Méller, V., R. van Diemen, J.B.R. Matthews, C. Méndez, S. Semenov, J.S. Fuglestvedt, A. Reisinger (eds.)]. En: Climate
Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to the Sixth Assessment Report of
the Intergovernmental Panel on Climate Change [H.-O. Pértner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck,
A. Alegria, M. Craig, S. Langsdorf, S. Léschke, V. Méller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambri-
dge, UK and New York, NY, USA, pp. 2897-2930, doi:10.1017/9781009325844.029.

2 Dodman, D., B. Hayward, M. Pelling, V. Castan Broto, W. Chow, E. Chu, R. Dawson, L. Khirfan, T. McPhearson, A. Prakas-
h,Y. Zheng, and G. Ziervogel, 2022: Cities, Settlements and Key Infrastructure. En IPCC (2022) Chapter 6.

3 IPCC (2022). Annex II.


https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii
https://doi.org/10.1017/9781009325844.029

imising negative impacts and taking advantage of the potential opportunities provided by
‘this phenomenon’.

What is the background?

Many municipalities have already developed adaptation action plans. More than 900 cit-
ies, towns and villages across Europe have committed to adaptation by joining the Covenant of
Mayors for Climate and Energy. Many others participate in other networks and initiatives (e.g.
100 Resilient Cities, C40 Cities or ICLEI Resilient Cities), which provide them with knowledge
and opportunities to exchange experiences or support in adaptation planning.

Also, participation in EU-funded projects -Life, Interreg or research projects— can also
help cities to access adaptation funding, learn from other experiences or obtain much
needed local climate knowledge from researchers. In the autonomous community of Can-
tabria, other adaptation initiatives have been promoted in nearby municipalities such as
Suances, Polanco, Miengo, Arnuero or Noja, among others, which, despite not having
local adaptation plans, have joined the group of signatories of the Global Covenant of
Mayors for Climate and Energy, as is also the case of Santander, which has been a mem-

ber since 2008.

What is the structure of Local Adaptation Plans?

The general structure of Local Adaptation Plans is based on the creation of future climate
scenarios, detecting the future climate scenarios and detecting climate extremes to identify the
hazards that this situation might entail. After identifying such hazards, the focus is on identify-
ing the risk* of damage due to hazards in different urban areas.

The process of identifying risk varies across different methodologies. The result is more re-
fined when the databases from which exposure and vulnerability are calculated are compre-
hensive, and exposure and vulnerability are complete and comprehensive. In most Spanish
background plans, the future scenario is limited to climate. However, in the case of Santand-
er, a methodological advance is proposed wherein the future climate scenarios are added
to the exposure and vulnerability scenarios for the time horizons. For this, it is necessary not
only to understand the current state of society, the productive structure and the urban fabric,
but also to project their characteristics and morphology into the future.

4 In the context of climate change, risks can arise from the potential impacts of climate change, as well as from human respon-
ses to climate change. Relevant adverse consequences include those on lives, livelihoods, health and well-being, economic,
social and cultural assets and investments, infrastructure, services (including ecosystem services), ecosystems and species.
In the context of climate change impacts, risks result from dynamic interactions between climate-related hazards and the
exposure and vulnerability of the affected human or ecological system to the hazards. Risk can be minimised by a fourth
factor: adaptive capacity. IPCC, 2022, Annex II.



WHY DOES SANTANDER NEED AN ADAPTATION PLAN?

The municipality of Santander is in a privileged situation with respect to other municipalities
where the consequences of climate change are already leaving traces of drought or severe
flooding. Even so, the results obtained on the future climate in the municipality project a certain
level of risk, both due to the climate and the factors derived from these changes in the urban
fabric, infrastructures, biodiversity and the health of the population.

In addition to this external change, the particular social, physical and economic conditions
of the city projected for the future show an increasing vulnerability to the risks detected. Aspects
such as heat waves, which are projected to increase in duration and intensity, will pose an
even greater risk in a scenario where the weight of people over 75 years of age will increase
significantly. This is just one example of the importance of knowing the risks that Santander will
face in a future climate scenario and, hence, of designing a plan to begin to tackle the situation.

In the light of the scientific studies carried out, and considering the environmental, urban,
social and economic variables of the municipality, there are at least 10 reasons for developing
an Adaptation Plan in Santander:

1.2.1. There is scientific evidence of climate risks

The studies show a moderate increase in temperatures for the years 2050 and 2100 in
Santander, both in winters and summers, along with special effects in the summers, which will

Figure 1.1. Exposure to intense wave events
Source: CINCc (UC), 2023.



see a notable increase in the number of heat wave days and tropical nights. A change in the
precipitation regime is also foreseen, spacing out over time and increasing the probability of
extreme rainfall.

1.2.2. Infrastructures and the urban fabric will be affected

Climate change is putting significant pressure on Santander’s infrastructure and urban fabric,
and this trend appears to be intensifying over time. Extreme weather events such as flash
floods and more intense storms are already impacting the city, highlighting the vulnerability
of its existing infrastructure. In addition, the urban fabric faces challenges in terms of storm-
water management and drainage, with more frequent and severe urban flooding threatening
the habitability and safety of its population. Other extreme weather events, such as more
intense and prolonged heat waves, are also putting pressure on urban infrastructure, from
energy systems to water supply and sanitation networks. Increasing urbanisation increases
soil sealing and reduces the absorption capacity of urban areas, contributing to increased
risk of flooding and landslides. To address these challenges, it is crucial to implement adap-
tation measures that build on the city’s green infrastructure and sustainable water manage-
ment practices.

fi

Figure 1.2. Impacts on urban infraestructure due to extreme weather events
Source: CINCc (UC), 2024.



1.2.3. The health of citizens will be affected

Rising tfemperatures due to climate change may increase the incidence and severity of res-
piratory diseases in Santander due to the proliferation of allergens and air pollutants, such as
pollen and smoke from forest fires, which can trigger or worsen conditions such as asthma and
allergic rhinitis. In addition, extreme heat can make breathing more difficult and increase the
risk of exacerbations for people with chronic respiratory diseases such as COPD.

In addition, heat waves, tropical and sultry nights can have a significant impact on the
health of Santander’s citizens and their general well-being.

Some extreme events of this nature can increase the risk of heatrelated illnesses such as
heat stroke, dehydration, exhaustion and aggravation of pre-existing health conditions such
as cardiovascular and respiratory diseases. Also, hot nights, characterised by unusually high
nighttime temperatures, make it difficult to get adequate rest and can lead to sleep distur-
bances, which negatively affect mental health and daytime performance. For vulnerable pop-
ulations, such as the elderly, children and people with chronic illnesses, the impact of these
extreme conditions can be even more severe.

Other climate-related threats, such as the transmission of a wide range of diseases, is a
trend that has already been observed in Europe, and will continue to be present in the coming
decades (EEA, 2021)°. Through the Urban Heat Island and other microclimatic conditions, ur-
ban environments increase the exposure of their populations to vector-borne diseases that are
associated with the increasing presence of exotic species migrating northwards due to climate
change. The Aedes albopictus (tiger mosquito) has become a common species in southern Eu-
rope and transmits diseases such as Zika, dengue and Chikungunya. As climatic suitability for
the tiger mosquito depends on factors such as sufficient rainfall, high summer temperatures and
mild winters, climate change is expected to further facilitate the spread of the tiger mosquito
across Europe with changing temperature and rainfall patterns, thereby increasing suitable
habitat for its proliferation (EEA, 2021).

1.2.4. Local biodiversity will be compromised by climate variations

In addition to other factors of global change, climate is also creating a significant impact on
Santander’s biodiversity. Rising temperatures and changes in precipitation patterns are altering
natural habitats and displacing many plant and animal species to more climatically favourable
areas.

The consequence is a loss of biodiversity, as some species may not be able to adapt quickly
enough or find new habitats suitable enough. Some studies show that marine ecosystems off

5 See: https://www.eea.europa.eu/data-and-maps/indicators/vector-borne-diseases-2/assessment
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the coast of Santander are experiencing changes in species distribution due to rising water
temperatures, which could affect the food chain and local fisheries in the long term.

Figure 1.3. Water stress under new climatic conditions
Source: CINCc (UC), 2024.

Climate change may also have impacts on Santander’s terrestrial biodiversity, such as the
loss of natural habitats due to desertification and soil degradation, as well as an increase in the
frequency and intensity of forest fires. Some changes may lead to a decrease in the diversity
of plant and animal species, as well as the loss of vital ecosystem services, such as pollination
and local climate regulation. Biodiversity conservation in Santander becomes even more cru-
cial in this context, with the need to implement adaptation measures to protect local ecosystems
and ensure their resilience to the impacts of climate change.

Other reasons why Santander should have an Adaptation Plan is attributed fo its differ-
ential characteristics. In addition to the frequency and magnitude associated with adverse
climate events, local characteristics linked to demographics, socio-economics and the envi-
ronment constitute what are known as differential risks of climate change. This reality gives
rise to the following reasons, described below, why Santander needs a Climate Change
Adaptation Plan.



1.2.5. The eminently urban character of the municipality

Urban environments face higher risks of damage from climate change than rural areas due to
the high concentration of population, economic activities and critical infrastructure.

[ entisades ce Pobiacion
[ Municpio de Santander
Municpics vecinos

Figure 1.4. Population entities (residential) that make up the municipality of Santander.
Source: CINCc (UC) - FIC, 2024 based on Population Entities of the National Geographic Institute.

The municipality of Santander covers an area of approximately 36 km? in the heart of the re-
gion’s coastal strip. In addition to encompassing the city, which is the capital of the Autonomous
Community, the municipality includes the towns of Cueto, Monte, Pefiacastillo and San Romén de
la Llanilla, creating an urban continuum with a complex spatial division. The Municipal Register
of Inhabitants for 2022 puts the number of residents in the municipality at 171,657, the base
value for subsequent calculations; although the national institute of statistics (INE) puts the figure
at 171,693 inhabitants (INE, 2023). In Santander, as in other cities, the replacement of natural
vegetation by artificialised surfaces and buildings alters temperature, humidity, wind direction
and rainfall patternsé. Impervious surfaces prevent excessive amounts of rainwater from seeping
info the ground and raise temperatures in cities compared to the surrounding region by storing
heat and creating the socalled ‘urban heat island effect’, among others.

¢ Only 37.73% of the municipal land is permeable.



1.2.6. An increasingly ageing population will be increasingly vulnerable

Currently, the municipality of Santander falls into the category of intermediate cities” where de-
mographic and economic development have left a mark in several areas of territorial planning.
Since 1900, with a population of nearly 55,000 inhabitants, the municipality of Santander has
experienced constant residential and industrial growth until almost the end of the last century,
when it reached about 200,000 inhabitants in 1995. Thereafter began a period of population
decline, with certain fluctuations leading to the current population of under 175,000 inhabitants.

According to the last 10-yearly Population and Housing Census of the INE in 2021, the to-
tal population of the municipality of Santander was estimated at 172,002 people (INE, 2023),
of which approximately 12% were under 16 years of age, 62% were between 16 and 64
years of age, both included, and almost 26% were over 64 years of age.

In the future projection of the distribution of the population of Santander in 2050 and 2100,
the official assumptions (ICANE population projections) of birth rates, migration and current
demographic trends have been considered, as well as foreseeable medical and health care im-
provements. For both horizons, an increase in the proportion of older people in Santander has
been observed, in line with the overall demographic trend of an ageing Spanish population,
given that advances in medical care and quality of life are expected to contribute to greater
longevity. This significant increase in the number of older people highlights an increase in the
municipality’s vulnerability to risks related to rising temperatures and extreme events, both cold
and intense heat.

1.2.7. A large floating population will continue to grow

The current average population density for the municipality of Santander is 4,914 inhabitants/
km2. The census sections with the highest population density are mainly concentrated in the
centre of the urban area. It should be noted that, although this population is permanent through-
out the year, during the holiday season, mainly in summer, the volume of inhabitants increases
considerably, as the city and the region are great tourist destinations. According to ICANE®
data, the total number of overnight stays in the city of Santander in 2022 was 1,066,050,
very similar to the pre-pandemic period. It should be borne in mind that the greatest pressure is
being exerted by extra-hotel tourism models, which are not accounted for in these figures. This
population also increases in the academic period, without necessarily being reflected in either
the national census or the local census.

“An intermediate city is one that possesses and provides infrastructure and public services that allow it to be a platform for
the integration of its territory and at the same time guarantees the intermediation of flows, whether of goods or people; it
has a political and/or administrative function to facilitate territorial management and guarantee citizen participation; its
economic function or economic activities contribute a higher percentage to gross value added compared to the surroun-
ding urban agglomerations and it has a population between 50,000 and 1 million inhabitants.” (GIZ, 2016).

In: https://www.icane.es/data/viajeros-pernoctaciones-estancia-ocupacion-plazas-categorias-zonas


https://www.icane.es/data/viajeros-pernoctaciones-estancia-ocupacion-plazas-categorias-zonas

Today, there is an exponential trend in the growth of holiday homes. In the coming years,
this trend is expected to continue, with the already significant floating population continuing to
increase in a context of climate change and a trend towards deseasonalisation, which implies
the need to strengthen the tourism sector with measures covering climate change adaptation,
mitigation and awareness.
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Figure 1.5. Population density (inhabitants/km?) by census section in the municipality of Santander
Source: CINCc (UC) - FIC, 2024 based on INE’s 2021 Population and Housing Census.

1.2.8. A physical structure will need to adapt to reduce climate impacts

The physical structure of the municipality is characterised by an alternation of parallel eleva-
tions and depressions arranged along a north-east to south-west axis. Differences in orography
and solar orientation in some places accentuate the vulnerability to certain climatic hazards.
The municipality has been developed around the Bay of Santander by filling in and draining
the land corresponding to the marshes and estuary areas, mainly for the installation of port
and industrial activity.

From a morphological point of view, the whole municipality is characterised by its location

on old platforms of marine abrasion, today raised to different levels. In the inner area of the
Bay of Santander, the waters flow into several rivers. Also worthy of note is the wetland formed



by the Las Llamas stream in the watercourse of the same name and other small streams and
marshy areas in the Bay, such as the wetlands of the Raos Canal to the south of the munici-
pality. The morphology of the territory reveals sectors vulnerable to water impoundment that
need to be analysed. Likewise, the rise in sea level poses the risk of the beaches receding, with
consequent economic and social impacts.

Santa Cruz
de Bezana

Rangos altitudinales
MSNM

L Jow
102
[ 3045
B -
B -0
Curva de nivel
[ Municipio de Santander

Municipios vedinos

Camnargo

Figure 1.6. Orography of Santander municipality

Source: CINCc (UC) - FIC, 2024 based on the Digital Terrain Model at 2 m resolution from LIDAR data of the Military
Geographic Institute and contour lines from the National Topographic Base at 1.25.000 scale.

1.2.9. An economic system that will need to adapt

In Santander’s current productive structure, the tertiary sector is the driving force of the mu-
nicipal economy. In addition to the administrative sector, and other minor sectors such as
the secondary industrial and repair sector, the set of activities linked to the tourism sector
has a very high relative weight, with commerce, hotels and restaurants clearly standing
out. The business structure is characterised by a predominance of small and medium-sized
enterprises (SMEs), although large companies, to a lesser extent, represent a very relevant
aspect with respect to the volume of employment in the municipal economy (Ayuntamiento
de Santander, 2016). The tourism sector needs to adapt to a new demand as well as to
new climatic conditions, minimising their effects on visitors and involving them in the local
Adaptation Plan.




The industrial sector, of great historical relevance, has undergone changes in its location
within Santander; its original spaces have been swallowed up by the growth of the city centre.
To the southwest, Santander’s industrial space currently maintains a notable presence, focus-
ing mainly on the Port and the industrial estates of La Albericia, Candina, Campén-Pefiacas-
tillo, Nueva Montaiia-lsla de Oleo, Parayas, Mercasantander, Nueva Montaiia, Primero de
Mayo-Faustino Cavadas, Ciudad del Transporte and Raos. There are also isolated industries
and relatively recent developments such as the Parque Cientifico y Tecnolégico de Cantabria,
a business deployment area located in the district of Adarzo. These large industrial areas rep-
resent impermeable platforms with a strong impact on urban heat islands. Plans to revert and
consolidate Santander’s green infrastructure necessarily involve identifying these spaces and
planning their future in order to help municipal resilience.

Climate change is already a fact. Data from the last few years on rising temperatures and the
floods suffered in some areas, together with some reports of health effects, alert us to the ur-
gency of putting measures in place. These measures, in the short, medium and long term, need
to be defined in order to initiate the process of urban adaptation. Santander has a General
Urban Development Plan dating from 1997, and despite recent efforts to activate the approval
of a new Plan, these urban planning instruments do not have the agility of an Adaptation Plan,
which is necessary to incorporate the uncertainty of the reality we are facing.

Finally, Santander needs a Plan that allows society, institutions and all local stakeholders
involved to know the future projection of the implications of climate change, with a solid scien-
tific basis. Only with such a document, in which various aspects of each census section have
been carefully calculated to identify future vulnerability, will it be possible to make the right
decisions. This Plan will also help in raising awareness, one of the main objectives identified
in the National Plan and the European strategy, as well as in rigorous monitoring (through
indicators) of the improvement of the municipality’s adaptive capacity.

A review of these 10 reasons makes it abundantly clear why Santander needs a Plan, with
adaptation measures that optimise the renaturalisation strategy of Santander Capital Natural.
Moreover, the Plan needs to be implemented in such a way that the increase in the city’s biodi-
versity and improvement of its quality of life is realised under a sustainable framework in time,
based on robust projections of future climate, urban and social scenarios for the years 2050
and 2100.



WHAT FRAMEWORK GOVERNS THIS ADAPTATION PLAN?

This document has been developed on the basis of the regulatory and methodological frame-
works recognised by scientific and political institutions at different scales.

First, the methodological framework of this document is located at three different scales: it
starts from international and European Union (EU) bodies and, in coherence with these supra-
national guidelines, develops the national and regional frameworks.

The European legislation on climate change and adaptation has been mainly driven
by the EU Strategy for Adaptation to Climate Change and the Energy and Climate Union
Governance Framework. The EU Strategy for Adaptation to Climate Change (European
Commission, 2013), subsequently updated in 2021, focuses on ensuring that adaptation
measures are integrated into various sectoral policies. More recently, the European Commis-
sion’s Communication on guidelines for Adaptation Strategies and Plans (Unién Europea,
2023) details and updates the policy framework for ensuring ‘Transformative Adaptation’,
drawing attention to aspects such as ‘maladaptation’, fair climate resilience and the promo-
tion of nature-based solutions. Although the directive is designed for National Level Plans, all
these aspects have been taken into consideration in the definition of Santander’s adaptation
measures.



The European Commission’s 2023 ‘Guidelines for Member States’ adaptation strategies

and plans®, provides guidance to EU countries on how to develop climate change adaptation
strategies and plans. Some of the key aspects of these climate change adaptation policies

include:

Developing a common framework for action: The guidelines establish a common
framework for Member States to develop their adaptation strategies and plans en-
suring coherence and harmonisation in the response to climate change across the
European Union.

Risk-based approach: A risk management approach is promoted that identifies
and assesses the specific climate risks faced by each region or sector, enabling
informed decision-making on necessary adaptation measures.

Public participation and consultation: The importance of public participation and
stakeholder consultation in the development of adaptation strategies and plans is em-
phasised. This ensures that policies are inclusive and reflect the needs and concerns
of civil society, the private sector and other relevant stakeholders.

Integrated approach: Member States are encouraged to integrate climate change
adaptation into all relevant policies, such as urban planning, water management,
agriculture and public health, among others. In short, a holistic and coordinated
response to the challenge of climate change.

Monitoring and evaluation: Requirements are set out for monitoring and evaluating
adaptation strategies and plans, allowing adjustments to be made as necessary,
and ensuring that the measures implemented are effective in reducing vulnerability
to climate change.

The Santander Adaptation Plan has been adjusted to each of these key aspects developed

in the communication. Likewise, and following the criteria developed in the document, in this
section we make special mention of the criteria established in the definition and prioritisation
of the adaptation options. Thus, according to the third phase of the Guidelines to be developed
for the Adaptation Plans established in the document, the following should be undertaken once
the risks have been identified:

9

See the following link: https://www.boe.es/buscar/doc.php2id=DOUE-Z-2023-70034
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Define adaptation options

Assess and prioritise adaptation options

Avoid maladaptation

Address uncertainty regarding the effects of
climate change

Adaptation strategies and actions should also contribute as far as possible to the reduction
of greenhouse gases. On 26 November 2019, the European Parliament adopted a resolution
declaring a ‘Climate and Environment Emergency’ in Europe. The European Commission is,
therefore, proposing a framework for EU climate and energy policies for the period 2020-
2030 that builds on the progress made in meeting greenhouse gas emissions, renewable en-
ergy and energy savings targets. In addition, the European Commission has adopted a set of
proposals to adapt EU climate, energy, transport and taxation policies for reducing net green-
house gas emissions by at least 55% by 2030. The European Green Pact (2019) (European
Commission, 2021), ratified by Regulation (EU) 2021/1119 of the European Parliament and
of the Council establishing the framework for achieving climate neutrality, which also indicates
the need to enhance adaptive capacity and resilience across sectors, takes into account the
UN Sustainable Development Goals to help minimise the consequences of climate change and
address its unavoidable impacts.

The PRTR funds that finance this project are committed to the adaptation of cities to climate
change and are based on principles that promote a comprehensive, participatory and risk-
based approach. It emphasises the importance of community participation in identifying cli-
mate risks and formulating adaptive solutions, as well as building resilience and sustainability




info urban planning. It highlights the need for coordination and cooperation between various
actors, including local, regional and national governments, to ensure an effective and coordi-
nated response to the challenges of climate change in cities.

Spanish legislation related to climate change and adaptation is primarily developed in
the Law on Climate Change and Energy Transition (Gobierno de Espafia, 2021a). This law
sets ambitious targets for the reduction of greenhouse gas emissions, with the aim of achiev-
ing climate neutrality by 2050. Title V of the Law states that effective adaptation actions
reduce the exposure and vulnerability of social, economic and environmental systems to
climate change and can also improve their capacity to recover and re-establish themselves
after a climate-related disturbance. Consequently, adaptation brings economic and social
benefits that justify it.

The law establishes the National Plan for Adaptation to Climate Change (PNACC; Gobier-
no de Espaiia, 2020a) as the basic planning instrument to promote coordinated and coherent
action to address the effects of climate change. The current PNACC defines the objectives,
criteria, areas of application and actions to promote resilience and adaptation, prioritising
ecosystem-based adaptation to climate change. Other reference documents are the National
Strategy for Green Infrastructure and Ecological Connectivity and Restoration. Also, although
not exclusively focused on climate change, the Spanish Circular Economy Strategy (Gobierno
de Espafa, 2020b) holds significant implications for emissions reduction and climate change
adaptation.

At the regional level, on 12 December 2019, the Government of Cantabria approved the
Declaration of Climate Emergency in Cantabria to fight against climate change at the region-
al level, adopting measures to mitigate its effects and promoting strategies in the economic
field that contribute to the same ends. With regard to the ordinances on adaptation to climate
change, the Interdepartmental Commission on Climate Change of the Government of Can-
tabria approved the Strategy for Action against Climate Change in Cantabria 2018-2030 in
a session held on 4 April 2018, whose priority objective is to promote action against climate
change in line with the commitments made by Spain under the Paris Agreement (included in
the Energy and Climate Change Policy Framework 2021-2030).

The Government of Cantabria is currently promoting the updating of the Climate Change
Strategy, which will be one of the tools to guide and facilitate the transition towards a low-car-
bon economy. This will in turn act as a key lever to achieve the Sustainable Development Goals
of the 2030 Agenda as well as the commitments regarding greenhouse gas emissions, and
in general the adoption of adaptation and mitigation measures in the face of the effects of
climate change, in line with the 2015 Paris Agreement ‘Climate Action” and objectives of the
aforementioned European Green Pact and the latest IPCC reports.

In addition, the methodological framework that has served as a reference for the elabora-
tion of this Plan is strongly influenced by the Intergovernmental Panel on Climate Change, as
well as by some national reference guidelines for the elaboration of Adaptation Plans, as well



as some previous documents on municipal risks. The formulation of results in the context of ad-
aptation to climate change must be adjusted to universal reference frameworks for globalising
the understanding of these results and adapting the procedures to standards endorsed by the
scientific institutions of reference.

The Intergovernmental Panel on Climate Change (IPCC) plays a strategic role in under-
standing and communicating the science of climate change. By bringing together thousands
of scientists from around the world to comprehensively and objectively assess the available
scientific information, the IPCC provides a solid evidence base for understanding the impacts
of climate change, its causes and possible mitigation and adaptation options. Its importance
lies in its ability to translate the complexity of climate science into accessible language and
regular reports that are essential for informing climate policy at global, national and local
levels, as well as for the methodological development of projects such as this. For this Plan,
the precepts contained in the methodological documents for the analysis'®!" of climate vul-
nerability and risk published by the IPCC in its fifth and sixth reports have been applied.

These IPCC reports, in turn, are synergistic with the methodological supports used for
the development of local strategies and plans derived from various international institu-
tions, such as the United Nations'?, the World Bank'?, the European Commission'* and its
specific planning guidelines for urban areas and municipalities'®. This global framework
is considered to be aligned with the precepts contained in official territorial and institu-
tional work guides and plans, through which a practical and operative approach to risk
is achieved that focuses on social perception and considers the diverse casuistry that can
occur in urban areas and municipalities.

10 |PCC (2014). Climate Change 2014; Impacts, Adaptation, and Vulnerability. Contribution of Working Group |l to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 1-32.

" |PCC (2022). Summary for Policymakers. In: Climate Change 202 1: Impacts, Adaptation and Vulnerability. Contribution of
Working Group Il o the Sixth Assessment Report of the Intergovernmental Panel on Climate Change.

12" United Nations (2010). How to develop more resilient cities. A Guide for Local Government Leaders. http://www.unisdr.
org/files/26462_manualparalideresdelosgobiernosloca.pdf

13 World Bank (2011). Guide to Climate Change Adaptation in Cities. Accesible in https://openknowledge.worldbank.org/
bitstream/handle/10986,/27396/653590WP0v200BOUrbanOHandbookOFinal.pdf2sequence=1

14 European Comission (2013). EU Climate Change Adaptation Strategy. Brussels, 16.4.2013 COM(2013) 216 final. Acce-

sible in: http://ec.europa.eu/transparency/regdoc/rep/1/2013/ES/1-2013-216-ESF1-1.Pdf

For further information: https://climate-adapt.eea.europa.eu/en/metadata/guidances/planning-for-adaptation-to-clima-

te-change-guidelines-for-municipalities
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Figure 1.7. Adaptation support tool Climate-ADAPT
Source: Climate-ADAPT, 2023. https://climate-adapt.eea.europa.eu/#t-adap

At the national level, the methodological supports derived from the National Plan for Ad-
aptation to Climate Change'® have been considered, which establishes a general framework of
reference for activities to assess impacts, vulnerability and adaptation to climate change, and
which are likewise included in the precepts of regional ordinances, specifically in the Strategy
for Action against Climate Change in Cantabria 2018-2030 (Gobierno de Cantabria, 2018).

Finally, with regard to the official plans currently in force in the municipality of Santander,
the Santander Municipal Emergency Plan - PEMUSAN - (Ayuntamiento de Santander, 2016)
is of particular relevance. Its objective is to plan the necessary actions to provide a rapid and
effective response to any emergency that may occur within the ferritorial scope of the munici-
pality, and which, in turn, follows the general guidelines of the Territorial Emergency Plan for

Civil Protection of the Autonomous Community of Cantabria (PLATERCANT, 2018).

16 MITECO (2015). Guide for the preparation of Local Climate Change Adaptation Plans. Ministry of Agriculture, Food and
Environment. Available at: https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/publicaciones/publica-
ciones/guia_local_para_adaptacion_cambio_climatico_en_municipios_espanoles_tcm30-178446.pdf
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ADAPTATION PLAN:

APPROACH AND OBJECTIVES

Cecilia Ribalaygua, Laura Asensio Martinez, Francisco Garcia Sénchez

Traditionally, adaptation to Climate Change is dealt with a sectoral perspective in order to
facilitate management and responsibility sharing. However, the intrinsic complexity of this rea-
lity requires an integrated multidisciplinary approach, both for a rational understanding of the
problem at its source and to address its management. The analysis of vulnerability and sectoral
climate risk is tackled with this approach, arriving at solid criteria that allow the prioritisation of
measures that reduce its effects and improve opportunities, avoiding maladaptation. With this
objective in mind, the study is tackled from a holistic approach, with a multidisciplinary team
of 17 researchers from different areas such as Physics, Meteorology and Climate, Enginee-
ring, Geography, Architecture, Urban Planning, Sociology, Archaeology and Tourism, among
others, carrying out the whole process in an integrated manner.

In addition, the Plan is based on a participatory approach, through the design and organi-
sation of processes of social and institutional participation, from its understanding at the begin-
ning of the process, to the identification of risk, as well as the formulation and prioritisation of
measures. This approach has strengthened an integral vision of the results and the adaptation
needs in the face of climate change. Participation has also encouraged institutional linkages
and support for its implementation, as well as public awareness and involvement.




With this dual multidisciplinary and participatory approach, the Santander Adaptation
Plan aims to increase municipal resilience by identifying adaptation strategies based on the
results of risk analysis associated with hazards, exposure and social, environmental and eco-
nomic vulnerability in all census areas.

The specific objectives of the plan are as follows:

Contribute to local knowledge on climate change through the generation of

local-scale climate scenarios based on the recent outputs of the Sixth IPCC
Assessment Report (IPCC AR6).

Identify long-term adaptation measures, as well as concrete adaptation
targets for each of them, ensuring that the scientific results of the study are
transferred and become part of Santander’s resilience strategy.

Define the adaptation measures that need to be developed to achieve the
adaptation objectives, providing scientific information for their implemen-
tation (geolocalised where possible) as well as monitoring indicators for
each of them.

Geolocate and delimit geographical areas and sectors of activity highly
exposed to the main climate hazards, and identify current and future vul-
nerability and risk indices associated with the municipality of Santander.

Facilitate a participatory process to integrate in a consensual manner the
perspectives, knowledge and experiences of scientists, decision-makers,
managers, citizens and key actors at the local level.

Development of tools to support decision-making in the local adaptation pro-
cess, based on scientific and technical knowledge and the updating and sys-
tematisation of local databases, necessary for monitoring vulnerability and
improving adaptive capacity.



METHODOLOGY

Laura Asensio Martinez, Cecilia Ribalaygua, Francisco Garcia Sénchez, Luis Torres Michelena

For the preparation of this document, a methodology of its own has been developed based on
the previously mentioned reference frameworks. This methodology aims to adapt to the local
institutional and physical reality, adapting to the objectives of the Santander Capital Natural
project in which it is embedded, following a multidisciplinary and participatory approach. The
following graph shows the methodological scheme followed in this report.
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Figure 3.1. Methodological scheme
Source: CINCc (UC) - FIC, 2024.
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The Adaptation Plan is typically developed in three main phases. In the first phase, climate
scenarios and future hazards are analysed. This first objective focuses on designing a baseline
study, identifying hazards through participatory workshops, conducting a climate analysis and
projecting priority climate hazards into the future. The second phase involves analysing the risks
associated with exposure and vulnerability for each identified hazard. It includes analysing
zonal and sectoral exposure and vulnerability, as well as conducting participatory workshops
to validate the results. In the third phase, adaptation measures are defined based on the results
of the risk analysis and citizen participation. Adaptation goals and objectives are established,
measures to increase urban resilience are identified and prioritised, and implementation details
are defined, including geolocation and identification of monitoring indicators for each measure.

Following this scheme, the Santander Climate Change Adaptation Plan too has been devel-

oped in three broad successive phases. Each of these phases has further involved four steps,
combining scientific developments with participatory workshops.



PHASES OF THE ADAPTATION PLAN

3.1.1. Phase 1. CLIMATE SCENARIOS AND FUTURE THREATS

The first part of the work focuses on identifying future threats in different areas of the city. This
task, which is key as it is the basis for further work, is divided into four steps:

] . ] Design of the baseline study to address climate risk management, including
the definition of the state-of-the-art, the technical scope of the results, and the
identification of unmet information needs and their technical requirements.

].2 Participatory hazard identification through technical workshops with local
stakeholders from sectors such as emergencies, health, tourism, local govern-
ance, efc.

] .3 Climate analysis, including the assessment of current climate and the gener-
ation of local climate change scenarios based on the Common Management
Information Protocol (CMIP) outputs of the 6th IPCC Assessment Report.

] .4 Future projection of each of the identified priority climate hazards, includ-

ing their modelling and spatiotemporal representation for each of the sce-
narios.

3.1.2. Phase 2. RISK ANALYSIS

In this phase, risks that may be caused by exposure and vulnerability to each of the hazards
are analysed in order to identify the necessary local adaptive capacity.

2. ] Analysis of the exposure (zonal and sectoral) to climate change for each cli-
mate hazard and for each time scenario, taking into account the material,
human and environmental approach. The sectors exposed to each hazard are
also identified.

2.2 Vulnerability analysis for each priority hazard. The degree of vulnerability is
assessed in this phase, taking info account non-climatic factors of sensitivity
and adaptive capacity.

2.3 Zonal and sectoral analysis of climate risk for each priority hazard and time
scenario.

2.4 Participatory workshops with local decision-makers and stakeholders to vali-
date the results of the risk indexes.



Based on the results of the risk assessment, citizen participation and the review of national and
international references, measures are identified and then prioritised and defined to achieve
the adaptation objectives and targets. This phase involves the following steps:

Definition of goals and adaptation objectives.

Identification of measures and mechanisms to increase the urban resilience
of the municipality, its green environment and key sectors to extreme events
resulting from climate change and/or climate variability.

Participatory process of prioritisation of measures. Through the exchange of
available information on exposure and vulnerability, and technical and training
sessions on adaptation options, the degree of prioritisation of measures is as-
sessed.

Definition of adaptation measures. Geolocation and provision of details based
on participatory processes for the proper development of the measures. This
includes a list of reference cases for each measure.

Identification of monitoring indicators for each measure to assess the achieve-
ment of adaptation objectives over time.

Climate risk analysis is indicative of the probability of damage from climate events with a
human, material and environmental focus. The analysis integrates the following basic criteria:

The hazard level in terms of magnitude and recurrence of the main hydro-me-
teorological hazards resulting from climate change.

The degree of exposure to which people, their properties, livelihoods, urban
infrastructure and services or the environment may be subjected.



Sensitivity fo climate change, which will reflect the degree of weakness or
susceptibility to damage from a climate-related stimulus or climate variability
on a social, material, economic and environmental basis.

Adaptive capacity understood as the ability of a system to adjust to change
and to moderate potential damages, take advantage of opportunities or cope
with consequences. It will be indicative of the set of local capacities, resourc-
es and institutions that foster the implementation of effective adaptation meas-
ures.

In the IPCC Sixth Assessment Report (ARS) adaptive capacity assumes the benefits of de-
veloping policies and documents that integrate risk mitigation and adaptation. However, in
defining how to assess risk, the IPPC (2022) assumes the dominant role of the Hazard-Expo-
sure-Vulnerability trinomial, the latter being the essential aspect of sensitivity.

Thus, the IPCC's proposed framework assumes the following interactions as shown in fig-
ure 3.2; climate change, through hazards, exposure and vulnerability, generates impacts and
risks that can exceed the limits of adaptation and cause loss and damage. Human society
can adapt, maladapt and mitigate climate change, while ecosystems can adapt and mitigate
within their own limits. Ecosystems and their biodiversity provide livelihoods and ecosystem
services. Human society impacts ecosystems and can restore and conserve them.
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It also defines the following risk reduction options. The recognition of climate risks can strength-
en adaptation and mitigation actions as well as risk-reducing transitions. Action is enabled by
governance, financing, knowledge and capacity building, technology and catalytic conditions.
Transformation involves systems transitions that strengthen ecosystem and societal resilience’.

The overall integration of the risk components for each of the hazards analysed is generally
formulated as follows:

V=S5/AC V = Vulnerability Index

R=H1/3+E1/3+V1/3 R = Risk Index

The time horizon of the climate risk indices is applied to the current situation to determine
the baseline, which is then calculated with future climate information (climate variables) taking
info account the uncertainty levels of climate projections associated with extreme events. The
basic climate scenarios of the CMIPé models are analysed as: SSP1-2.6, SSP2-4.5, SSP3-7.0
and SSP5-8.5, which form the so-called Tier 1.

With regard to the time horizon, shortterm climate conditions are analysed (2010-2040) for
deriving the most pressing recommendations in the climate context and focusing attention on the
most relevant information for policies in the coming years. This is carried out along with the ana-
lysis for the medium (2041-2070) and long term (2071-2100), so as not to lose sight of the
end of the century, when the expected changes will be more pronounced and the interventions
needed to deal with their impacts will be of greater magnitude. In turn, it allows the approaches
reflected in the Adaptation Plan to be aligned with the adaptation policies at the national level
through the National Plan for Adaptation to Climate Change (PNACC) 2021-2030, and at the
regional level through the Cantabria Climate Change Strategy 2018-2030.

This scope of results is developed under the impact chain analysis approach. For each
impact chain, maps of climate hazard (H), exposure (E) and vulnerability (V) of the affected
system are developed, including population, housing, infrastructure, environment and biodi-
versity, economy and tourism. In turn, each of these impact chains can consider one or several
dimensions of study, human, material or environmental approach, depending on the case.

With regard to the unit of representation of risk, the development of indicators and the
results of the vulnerability and climate risk indices are applied as a functional unit of analy-
sis and representation the census section from the official cartography of the Santander City
Council (year 2021). This division of the municipal territory of Santander into 8 districts and
148 census sections is carried out according to the operational criteria, such as facilitating sta-

' In a), the colours of the arrows represent the main human society interactions (blue), ecosystem interactions (including
biodiversity) (green) and the impacts of climate change and human activities, including loss and damage, under continued
climate change (red). In b), the colours of the arrows represent human system interactions (blue), ecosystem inferactions
(including biodiversity) (green) and reduction of impacts of climate change and human activities (grey).



tistical studies, and is defined, fundamentally, by a criterion of population volume. The census
sections of Santander comprise a population area of 1,500-2,000 inhabitants (Ayuntamiento
de Santander?).

This division has been modified in two of its census sections, Sections 011 and 009 have
been specifically grouped together in order to enable their correspondence with the cartog-
raphy and census section codes published by the National Statistics Institute (INE) in its latest
update in 2021. The municipality of Santander is finally divided info 147 census sections
distributed across 8 census districts covering an area of 35.8 km?.
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Figure 3.3. Cartography of census sections and districts in the municipality of Santander.
Source: CINCc (UC) - FIC, 2024 based on the official cartography of Santander City Council, year 2013.

This unit (census sections) has been selected for several reasons:

() On the one hand, its use offers the possibility of associating relevant thematic in-
formation from official sources, available for example through the Population and
Housing censuses, which finally allows the generation of specific vulnerability
indicators at the most detailed level possible, covering the entire municipality of
Santander.

2 See the following web link: http://datos.santander.es/resource/2ds=distritos-secciones&id=4df3d23-3784-4eea-99bc-2da
c7dab6576


http://datos.santander.es/resource/?ds=distritos-secciones&id=4df3d23-3784-4eea-99bc-2dac7dab6576
http://datos.santander.es/resource/?ds=distritos-secciones&id=4df3d23-3784-4eea-99bc-2dac7dab6576

(i) As these mapping units have an official status, it enables their common use by local
staff and regional, even national, authorities to identify urban areas that are par-
ticularly exposed and vulnerable to various climate hazards.

(ii) Due to its detailed territorial scale, its use is appropriate to capture the physical and
socio-economic reality of the municipality and to highlight the inequalities present
in the territory that affect the climate risk pattern of the municipality. Therefore, its
consideration represents not only a statistical unit but also a physical or local control
and planning unit.

Finally, it should be noted that the results will be applicable to the entire municipality of
Santander; although the adjacent area will be analysed for such physical-environmental and
socio-economic conditioning factors that may have a direct influence on the municipality.

METHODOLOGICAL ADVANCES OF THE STUDY

This study has a strong methodological basis in national and international frameworks, as de-
tailed in the previous section. However, the access to spatialised sources and databases has
made it possible for the study to make some significant methodological advances, which will
enable us to have a robust Adaptation Plan. The main methodological advances are as follows:

3.3.1. High degree of robustness in defining the future climate as a basis for work

A rigorous scientific analysis starts with a study of the possible outcomes of the climate change
simulation, and then quantifies in some detail the likely effects of climate change in each of
the different scenarios. These simulations of future climate represent what we have to adapt to
and form the basis on which vulnerability, risk and adaptation analysis is built. It is, therefore,
essential that these simulations meet the technical and scientific requirements for their use in
adaptation, in line with the state-of-the-art of climate science.

== Firstly, work has been done on a local scale, because although climate change is a
problem with global causes (GHGs all over the planet), its consequences are and
will be local. These changes will also be very different at quite close points, espe-
cially in topographically complex terrains. For this reason, it is offen necessary to
resort to downscaling techniques.

== Another important requirement is the need to adequately consider and quantify the
uncertainties inherent in any climate simulation, for which it is necessary to work
with as many projections as possible, obtained from different global Climate Mod-



els, different assumptions of future GHG concentrations, and different downscaling
tools, efc.

Since assessing the effects of each of these projections may be too time-consuming,
a proper quantification of uncertainty requires the application of specific methodol-
ogies to get an idea of the range of possible effects.

It can also be argued that before simulating the future, the simulation tools should be
tested by estimating the observed climate at the study area in recent times, through
extensive verification of the downscaling tools and verification of the Climate Mod-
els. This analysis must be carried out for each study area and on a local scale, as
both the downscaling tools and the Climate Models may perform well in a given areq,
but not in other areas of the planet, or even in other nearby locations.

These verification and validation processes, in addition to allowing the rejection of those models
or tools that do not exceed a minimum level of reliability, are essential for a better quantification of
uncertainties (the better the results, the lower the uncertainties) and for creating a solid base.

The second step in addressing climate risks is to analyse the vulnerability of the elements and
the set of systems exposed to climatic events. Recent impacts related to extreme weather events
such as heat waves, droughts, floods, cyclones and forest fires reveal important differences
between the vulnerability and exposure of ecosystems and human systems to current climate
variability. In other words, observed damages are not directly and solely correlated with the
level of hazard (intensity and frequency) at which hydrometeorological events occur, but are
also affected by non-climatic factors, such as the multidimensional inequalities that often result
from uneven development processes. These differences shape the differential risks of climate
change, which in turn can be sectoralised. Thus, in order to address climate change risk and
impact analysis, there is a widely agreed framework on the need to consider vulnerability as
an indispensable variable in the risk equation.

Vulnerability is a complex term, subject to continuous institutional and governmental de-
bate, which encompasses both sectoral fragilities (sensitivity) and opportunities to benefit from
or adapt to expected change (adaptive capacity). According to the definition given by the
current framework proposed by IPCC Working Group II°, the term vulnerability is defined as
the “propensity or predisposition to be adversely affected. Vulnerability comprises a variety of
concepts including sensitivity or susceptibility to damage and lack of capacity to respond and
adapt”. Although vulnerability is a factor independent of exposure, its analysis is not key for
systems that are not threatened by any hazard. Such assessments have not only been shown
to increase knowledge about risks and potential impacts of climate change, but have also be-

3 See IPCC (2022).



come one of the main tools used by decision makers responsible for creating and developing
regulations, legal instruments, plans and actions for climate change mitigation and adaptation
at national, regional and global scales (Fussel & Klein, 2006).

Finally, the integration of the results of the three previous components (hazard, exposure and
vulnerability) makes it possible to obtain the risk and impact associated with each analysed event.

The general relationship between these three component is given by: R (risk) = H (hazard)
x E (exposure) x V (vulnerability). And its general definition is as follows: “’Potential for conse-
quences where something of human value (including humans themselves) is at risk with an un-
certain outcome”’. Risk is often represented as the probability of occurrence of hazardous events
or frends multiplied by the consequences should such events occur. Risks result from the interplay
of vulnerability, exposure and hazard (IPCC, 2022b; MITECO, 2022). Risk assessment has,
therefore, the objective of defining a qualitative and/or quantitative synthetic coefficient that
represents the convolution of the probabilities of different hazard intensities (H), in relation to
the conditions of exposure (E) and vulnerability (V) in a given area.

The calculation of future territorial and population scenarios is essential for a rigorous projec-
tion of risk in the face of climate change. Scenarios make it possible to anticipate how the
geographic distribution of the population and land use will evolve in the future, which is crucial
for understanding how the population, its urban fabric and ecosystems may be affected by
climate impacts. By projecting urban expansion, for example, it has been possible to identify
areas at risk of floods, droughts or other extreme weather events, but also to count on the future
adaptive capacity of the nucleus. Similarly, by estimating population growth, it has been pos-
sible to integrate the distribution of the population and the population profile of Santander in
the 2050 and 2100 scenarios into the calculation. This information provides a solid basis for
adaptation planning, allowing the implementation of specific measures to reduce vulnerability
in areas identified as critical in the future scenarios.

The reference documents for these calculations are based on the current General Urban
Development Plan, which establishes the sectors with residential and industrial land use as well
as with objective variables for buildability and the provision of open spaces and green areas.
As for socio-economic variables, the main documents that define future trends on society, pro-
ductivity and competitiveness are those published by the Ministry of the Presidency (Gobierno
de Espafa, 2021b)* and the determinations as defined by the Independent Authority for Fiscal
Responsibility “AIREF” (AIREF, 2023)°.

4 Oficina Nacional de Prospectiva y Estrategia del Gobierno de Espafia (coord.). Espafia 2050: Fundamentos y propuestas
para una Estrategia Nacional de Largo Plazo. Madrid: Ministerio de la Presidencia. 2021.

5 See the document at: https://www.airef.es/wp-content/uploads/2023/03 /OPINI%C3%93N-SOSTENIBILI-
DAD/230324.-Opinio%CC%8 1n-sostenibilidad-largo-plazo-AAPP.-Incidencia-demografi%CC%8 1a.-web. pdf


https://www.airef.es/wp-content/uploads/2023/03/OPINI%C3%93N-SOSTENIBILIDAD/230324.-Opinio%CC%81n-sostenibilidad-largo-plazo-AAPP.-Incidencia-demografi%CC%81a.-web.pdf
https://www.airef.es/wp-content/uploads/2023/03/OPINI%C3%93N-SOSTENIBILIDAD/230324.-Opinio%CC%81n-sostenibilidad-largo-plazo-AAPP.-Incidencia-demografi%CC%81a.-web.pdf

3.3.4. Monitoring the impact of adaptation measures

The development of a tool for monitoring the effect of measures on local adaptive capacity
through indicators is critical for several reasons. First, it provides a mechanism for evaluating the
effectiveness of implemented adaptation measures, allowing policy makers and stakeholders to
monitor and adjust actions as needed to ensure that the desired results are being achieved. In
addition, these tools provide a way to measure and communicate progress toward adaptation
goals, facilitating accountability and transparency in the decision-making process. Finally, by
providing objective, evidence-based data on the impact of adaptation measures, these tools
can inform future adaptation strategies and policies, helping to strengthen the resilience of the
city of Santander to the impacts of climate change.

With these objectives, approach and methodology, the Adaptation Plan has been elabo-
rated, the results of which are included in the three phases of this document: climate scenarios
and future threats (chapter 4); risk indices by census areas (chapter 5); and definition of adap-
tation measures (chapter 6).
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IDENTIFICATION AND PRIORITISATION
OF CLIMATE HAZARDS

To select the climate hazards to be considered in the Adaptation Plan, it is necessary to have
updated contextual information on the existing/observed climate hazard scenario in the mu-
nicipality, together with the most relevant associated climate parameters in each case and at
the specific level. In addition, databases on climate-related disasters or hazards, together with
multi-scale indicators of climate vulnerability and human development, or climate action plans,
often compose a main and close source of information. Finally, this early detection of climate
risks is technically complemented by local support tools, such as the consultation of experts and
the analysis of the social perception of climate risks.

In this case, the procedure to identify the climatic hazards with the greatest incidence and
relevance in the municipality of Santander consisted of the compilation and analysis of four
basic sources of information:

Consultation through existing knowledge and adaptation support tools. Con-
textual and European level.

Documentary information sources, including regional and local territorial
strategies and plans, scientific articles and university publications, among
others. Regional and local level.

Public consultation through group workshops with relevant stakeholders. Lo-
cal level.




Historical records of documented adverse weather damage in the municipao-
lity. Local level.

Once each of these sources has been evaluated, climate hazards in the municipality are
prioritised using the multi-criteria analysis method, which consists of a semi-quantitative combi-
nation of a set of objective criteria that represent the specific incidence of each of the hazards
in the territory, including their magnitude and frequency, as well as the damage caused in
human and material terms. This process also takes info account two major types of climate
hazards:

Direct, i.e., clearly associated with the occurrence of extreme weather events
and climate variability, such as heat waves, droughts or extreme rainfall.

Derived, those that are influenced by the climate, generally as an exacerba-
ting factor, but do not have an essentially meteorological or climatic origin,
such as disease transmission.

The following sections analyse in detail the results obtained for each of the information
sources and, finally, show the procedure and criteria used in the final prioritisation of climate
hazards to be considered in this framework.

Preliminary Consultation through Climate Screening Tools

The European Climate Adaptation Platform (Climate-ADAPT)! aims to help Europe adapt
to climate change by making it easier for users to access and share data and information on
expected climate change, climate vulnerability and risk, and adaptation strategies and actions.
At the level of climate impacts, coastal areas and floodplains in the western parts of Europe
are specifically defined as multi-sectoral hotspots. The Atlantic region in particular is likely to
present various challenges related to increased extreme precipitation events, river and coastal
flooding or winter storms, among others.

Climate-ADAPT also makes tools available to the public that support adaptation planning.
Among the latter, as a case in point, the Urban Adaptation Support Tool (UAST) aims to help
cities, towns and other local authorities develop, implement and monitor climate change ad-

! The European Climate Adaptation Platform (Climate-ADAPT) is the result of a partnership between the European Commission
and the European Environment Agency (AEMA).



aptation plans. The tool provides access to various sets of information generated in European
cities, specifically the map viewer collects information from various sources on the observed
and predicted spatial distribution and intensity of high temperatures, floods, water scarcity,
forest fires and vector-borne diseases. The results of the basic screening of the tool for the city
of Santander are shown below:

TABLE 4.1. Climate-ADAPT climate dataset for Santander.

TYPE
OF HAZARD INDICATOR USED VALUE FOR SANTANDER
Projected number of exireme heatwaves (2020- 1 -Low level
2052; RCP 8.5; number in 33 years)
Extreme Annual number of degreedays of cooling or 31 - low level
Temperatures refrigeration (1990 - 2015 average)
Variation in the percentage of summer days High impact scenario
classified as heatwave” between 1951-2000 and (Q0th percentile):
2051-2100 40-50 Medium level
For RCP 8.5: 0.6-1m
Very high level
Sea level rise in metres (2081-2100)
Coastal For RCP 2.6: 0.20.4m
Flooding Medium level
Percentage of the city centre flooded in a Tm sea 2.08% of the urban core
level rise scenario (without defences) flooded Low level
Pluvial Projected percentage change in extreme winfer 5 low or Moderate level
ﬂo;;l/;: . precipitation events (from 1971-2000 to 2071-
J 2100; RCP8.5)
Shortage, Projected frends in drought frequency (2071-2100; | 5.98 Medium level RCP 8.5
Water Scarcity | months per 30-year period)
Wildfire danger (1981-2010; seasonal severity 1.15 low level RCP 8.5
index)
Fires
Predicted wildfire danger (2071-2100; seasonal 0.99 low level RCP 4.5
severity index|

()]



Continuation TABLE 4.1

TYPE
OF HAZARD

INDICATOR USED VALUE FOR SANTANDER

Climate suitability | Climatic suitability for the figer mosquito (Aedes 99.96 Very high level
for diseases albopictus) 2008-2009 reference city: Bilbao)

Source: CINCc (UC) - FIC, 2024 based on data from the Urban Adaptation Support Tool (UAST) of the European
Climate-ADAPT platform.©

Available at: https://climate-adapt.eea.europa.eu/en/knowledge/tools/urban-adaptation

A Heat waves are defined as three consecutive days in which both the maximum and minimum temperatures exceed their
respective 95th percentiles of the historical period. The analysis is based on 50 climate model projections from the Coupled
Model Infercomparison Project Phase 5 (CMIP5) (Taylor et al., 2012), under the RCP8.5 climate scenario.

B Pluvial flooding in urban areas is the result of a combination of heavy rainfall and a high proportion of impervious surfaces. VWhen
water cannot infilirate info the ground, the high amount of surface runoff can exceed the capacity of the drainage system and lead
to flooding. Due to climate change, heavy rainfall is likely to become increasingly frequent in many parts of Europe.

C The aim of this tool is to provide an overview of current and future climate hazards facing European cities, rather than at a
specific level. The information associated with each indicator can be found at the following link: https://climate-adapt.eea.
europa.eu/en/knowledge/tools/ urban-adaptation/Urban-Adaptation-viewer-datasets

In Santander, the time series of maximum temperature observed for the period of record
from 1971 to 2005 shows a clear trend towards a sustained increase. As it can be seen in
figure 11, the observed annual maximum temperature records show averages of 14 - 15°C
for the 1970s, reaching averages of around 16.5°C for the last five years of the 20th century.

Escenarios AdapteCCa - Temperatura méxima - Datos en rejilla (media) - Histérico - Afio completo - Santander

1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004
Afio

Modelos individuales (azul punteado) - Media (en azul negrita) - Observaciones (en negro cuando proceda)

Figure 4.1. Medium temperature, Adaptecca Scenarios
Source: Adaptecca, 2022. http://escenarios.adaptecca.es

In 2010, the University of Cantabria prepared the Regional Probabilistic Scenarios of
Climate Change in Cantabria in collaboration with the Spanish State Meteorological Agency,
based on the outputs of the global models of the 4th IPCC Report, which are considered in


https://climate-adapt.eea.europa.eu/en/knowledge/tools/urban-adaptation
https://climate-adapt.eea.europa.eu/en/knowledge/tools/urban-adaptation/Urban-Adaptation-viewer-datasets
https://climate-adapt.eea.europa.eu/en/knowledge/tools/urban-adaptation/Urban-Adaptation-viewer-datasets
http://escenarios.adaptecca.es

the Climate Change Strategy currently in force. The results of these scenarios indicate average
temperature increases of 3°C by the end of the century (4 = 2°C for the worst scenario, A2),
wich are somewhat milder for the coastal region. They also confirm a decrease in precipitation
throughout the region in the second half of the century with low uncertainty, reaching decreas-
es of 20% throughout the region. They also indicate changes in the distribution of precipitation,
with larger decreases in spring and autumn. Consequently, the climate classification for the
end of the century based on such projections with the intermediate and pessimistic scenari-
os indicate a clear trend towards a Mediterranean-type climate for the eastern region, with
Mediterranean-oceanic transition climates progressively shifting from the coastal to the current
Atlantic climate (Gutiérrez et al., 2010)2.

Escenarios AdapteCCa - Temperatura méxima - Datos en rejilla (media) - RCP 4.5 - Aflo completo - Santander (Cantabria)

Modelos individuales (azul punteado) - Media (en azul negrita)

Escenarios AdapteCCa - Temperatura maxima - Datos en rejilla (media) - RCP 8.5 - Afio completo - Santander

Modelos individuales (azul punteado) - Media (en azul negrita

Source: Adaptecca, 2022.

Subsequently, regionalised climate change projections for the whole of Spain were pub-
lished on the Adaptecca® platform, based on the global projections of the IPCC’s Fifth Assess-

2 Gutiérrez, J.M., Herrera, S., San Martin, D., Sordo, C., Rodriguez, J.J., Frochoso, M., Ancell, R., Fernandez, J., Cofifo,
A.S., Pons, M.R. & Rodriguez, M.A. (2010). Escenarios Regionales Probabilisticos de Cambio Climdtico en Cantabria:
Termopluviometria. Universidad de Cantabria, Consejeria de Medio Ambiente, Gobierno de Cantabria.

3 See the following website: https://escenarios.adaptecca.es/#8&model=EURO-CORDEX-EQM.average&variable=tasmax&s-
cenario=rcp85&temporalFilter=year&layers=AREAS&period=MEDIUM_FUTURE&anomaly=RAW_VALUE


https://escenarios.adaptecca.es/#&model=EURO-CORDEX-EQM.average&variable=tasmax&scenario=rcp85&temporalFilter=year&layers=AREAS&period=MEDIUM_FUTURE&anomaly=RAW_VALUE
https://escenarios.adaptecca.es/#&model=EURO-CORDEX-EQM.average&variable=tasmax&scenario=rcp85&temporalFilter=year&layers=AREAS&period=MEDIUM_FUTURE&anomaly=RAW_VALUE

ment Report, within the framework of the PNACC Scenarios initiative, particularly the 2017
PNACC Scenarios collection. The available data was mainly drawn from two sources: point
projections from the Spanish State Meteorological Agency (AEMET) and gridded projections
from the international Euro-CORDEX* initiative (CORDEX, 2023). The average maximum tem-
perature observed in the last decade was around 16.5°C in Santander, which according to
these scenarios will increase by approximately 1°C according to the RCP4.5 (intermediate)
scenario by the end of the century, and by approximately 3°C according to the RCP8.5 (pes-
simistic) scenario.

These changes, in the case of coastal areas like in Santander, will have an impact on
the occurrence of adverse climatic events, such as sea level rise, variations in wave height
and intensity, extreme rainfall or increases in water temperature (Gobierno de Cantabria,

2018).

According to the Santander tide gauge, in a period of 55 years (between 1945 and 1999)
the sea level has risen by 2mm per year. Identical conclusions are reproduced in the work
entitled ‘Climate Change on the Spanish Coast’ published by the Institute of Environmental Hy-
draulics and the University of Cantabria (IH Cantabria - UC, 2014), which indicates increases
in mean sea level in the Atlantic-Cantabrian area of between 1.5 and 1.9 mm/year during
1900-2010, following the observed global average trend. Considering this average trend
scenario, the sea level in 2040 would have risen by 6 cm, which would mean average retreats
of close to 3m, including some beaches in Santander.

Santander is also exposed to coastal flooding or sea surges along beaches, and surround-
ing estuaries and marshes, which serve as flood plains. Flooding in these areas is even more
accentuated when the flood peak coincides with the high tide. Especially strong waves affect
the northern and eastern coastal areas of the municipality owing to swell, and the interior of the
bay mainly due to the southerly wind. The most sensitive areas correspond to Avenida Garcia
Lago and the area around 2nd Sardinero Beach (Ayuntamiento de Santander, 2016).

On the other hand, general flooding occurs in the municipality due to in situ or pluviometric
precipitation, which causes temporary flooding of public roads, infrastructure and buildings.
This is mainly due to the accumulations caused by heavy rainfall, which can cause the collapse
of the sewerage network, especially when associated with strong tides that act as a risk inten-
sification factor (Ayuntamiento de Santander, 2016).

4 See the following link: https://www.euro-cordex.net/


https://www.euro-cordex.net/

4.1.1. Participatory workshops with local stakeholders for hazard screening

In December 2022, the first Technical Workshop on Climate Change Risk Perception in
Santander was held as an initial step for the drafting of this Adaptation Plan. This is the first of
a series of participatory meetings developed throughout the project, accompanying the differ-
ent phases of the study, focused on both technicians and citizens.

The main objective of the event was to gather key information from relevant actors in relo-
tion to the perception of climate change-related threats in the municipality of Santander. The
session was attended by 22 people representing, among others, Civil Protection force and
firefighters, in charge of directly managing the risks; the Departments of Environment, Tourism
and Health of Santander City Council; CIMA of the Government of Cantabria; AEMET; as well
as researchers on climate change, health, urban planning and land use planning, and entities
specialised in nature, such as SEOQ/BirdLife.

The first questionnaire of this consultation
process consisted of assessing a long list of
plausible hydrometeorological hazards (di-
rect and derived) for the municipality with the
final objective of prioritising the importance
and frequency of each of them, specifically
for Santander.

Figure 4.3. Participatory session, risk perception workshop
Source: CINCc (UC) - FIC, 2024.



Results
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Figure 4.4. Percentage final score for direct climate hazards, frequency and intensity
Source: CINCc (UC) - FIC, 2024.

The aggregate rating of all respondents (a total of 21) indicates a higher relevance for
coastal climate hazards, including coastal flooding and sea level rise, along with windstorm
events accompanied by extreme wind, followed by pluvial flooding from extreme precipitation
events, followed by heat waves, droughts, and tropical nights, and lastly by peri-urban fires.
These levels of relevance remain almost unchanged for both criteria analysed, the magnitude
and frequency of the hazard.

Regarding the incidence of climate-related hazards, the aggregate assessment of all re-
spondents indicates a higher relevance for the increase of invasive species together with an
increase of new disease vectors, with a final score of 23% and 22%, respectively. This is
followed by a proliferation of allergenic pollens and insect pests, both with a final score of ap-
proximately 19% and, in last place, an increase in the incidence of Saharan dust, with almost
17% of the final score.

Analysis of Historical Records

Historical records of hazardous weather events in the municipality of Santander were col-
lected through the Transparency Portal of the Insurance Compensation Consortium (Consorcio
de Compensacién de Seguros, CCS)®, attached to the Ministry of Economic Affairs and Digital
Transformation. The databases were provided for the period 1996-2021 and include records
of floods, sea surges and atypical cyclonic storms (TCA).

5 Consorcio de Compensacién de Seguros (CCS) is a public business entity attached to the Ministry of Economic Affairs and

Digital Transformation, through the Directorate General of Insurance and Pension Funds. It performs multiple functions in the
field of insurance, including those related to the coverage of extraordinary risks.



A total of 6,573 damage files have been processed for the registration period, of which al-
most 77% belong to TCA files. These files correspond to a total of 133 events, of which almost
70% correspond to pluvial floods derived from extreme rainfall, which is the most frequent type
of event in the municipality, with an average annual occurrence of between 3 and 4 events,
while sea surges and TCA have annual frequencies of less than 1.

In terms of economic impact, in the municipality of Santander, the recorded events have
caused costs of almost 18.3 million euros, of which 47% are derived from pluvial flooding,
40% from TCA events and around 13% from sea surges.

The information provided by the CCS also makes it possible to analyse the location of the
events recorded by postcodes and the types of assets or goods that have been affected by each
type of event. Based on their location, about 93% of the accumulated costs due to sea surges
occur in Postal Code (PC) 39005, which coincides with the coastal area of the eastern area
of the municipality. 75% of economic damage due to flooding occurs in postal codes 39011,
39001, 39005 and 39002, which coincide with the south-western sector and densely popu-
lated areas, mainly in the central districts of the capital. Finally, 73% of economic damage due
to TCA occurs in PCs 39011, 39001, 39012, with a similar distribution to the previous one.

As for the types of assets or goods that have been affected by each type of event: more
than 70% of the costs caused by sea surges occur in shops and warehouses, more than 15%
in dwellings and about 13% in vehicles and automobiles. Flooding costs also occur mainly
in shops and warehouses causing more than 58% of the total costs. This is followed by costs
caused by civil works (almost 17%). TCAs cause the highest costs in housing, shops and ware-
houses, with 35% and 40%, respectively, and about 23% in industrial buildings.

In addition to the information provided by the Insurance Compensation Consortium (CCS),
some historical records or ephemerides, defined as relevant meteorological events due to their
historical, anecdotal or climatological value, are presented below (AEMET, 2023).

10 September 1581. Heavy downpours in Santander, with great loss of life and
property.
29 December 1777. A strong tornado hit the city of Santander and nearby towns.
A letter of the time relates that ‘it came out as a kind of volcano with such a strong
wind that everyone thought that most of the houses in Santander were going to the
ground’.

5 February 1915. Southerly windstorm causes the sinking of the steamship ‘Alfonso
XIlI" in Santander.

15 February 1941. An Atlantic storm with 951.9 mb, the lowest pressure ever
recorded in Santander, produces a surada (south winds episode), with winds in
excess of 150 km/h, which fanned a fire until it caused a great fire in the city, con-
suming buildings in 37 streets.

7 August 1943. High of 40.2°C in Santander.



@ 10 March 1955. In Cantabria, clouds eclipse the sun and it becomes completely
dark three times during the morning. The phenomenon is observed in Santander
and in a coastal area of about 30 km.

@ 27 August 1983. Santander airport recorded 96.2 mm in one hour.

@ 7 June 1987. Strong gale along the Cantabrian coast, from Galicia to the French
coast, 90 km/h recorded in Santander.

@ 16 December 1989. Southern storm with winds reaching 147 km/h at Santander

airport.
@ 27 December 1999. Gusts of 172 km/h at Santander and 167 km/h at Santander
airport.
@ 3 October 2006. Gusts of 161 km/h at Santander and 118 km/h at its airport.
@ 14 February 2007. Gusts of 130 km/h in Santander.
@ 7 March 2007. Wind gusts of 140 km/h in Santander.
@ 2014, 2016 and 2018, major impacts on the coast due to winter storms.

In 2016, the municipality of Santander, together with the Fire Brigade, developed a con-
tingency plan to deal with the diversity of phenomena that has occurred in the city throughout
its history. In terms of response and defence against risks, including those arising from adverse
weather conditions, the Santander Municipal Emergency Plan (PEMUSAN) addresses both a
risk analysis and a battery of local response measures to the magnitude of the weather events
observed. Within this classification, the PEMUSAN first makes a general identification and a
final assessment of those risks that have an impact on the municipality of Santander.

Below is a summary table of the climate-related risks analysed in the PEMUSAN, together
with their corresponding assessment:

TABLE 4.2. Risk analysis, PEMUSAN

CLIMATE-RELATED EVENT | RISK ASSESSMENT A PR?\IB&%!IEITY DA/\Ij\IfGDllfﬁEDDEX e
Pluvial floods IR: 15 Medium Risk 3 5
Cravitational movements IR: 4 low Risk 2 2
Adverse weather events IR: 12 Low Risk 6 2
Vegetation fires IR: 30 Medium Risk 6 5

Source: CINCc (UC) - FIC, 2024 based on PEMUSAN (2016).

>

Risk Index (IR): High [A): Greater than or equal to 40. Medium (M]): 15 to 30. Low (B): Less than or equal to 12.

Probability Index (Pl): 2 No recorded occurrence. 3 Some occurrence recorded every fen years. & More than five recorded
occurrences per year.

w

C Predicted Damage Index (ID): O No damage. 2 Minor damage to property and/or a few people slightly affected. 5 Major
material damage or many people affected.



For each of these events, the PEMUSAN includes a fact sheet, which also identifies vul-
nerable sectors, exposed areas, potential damage, risk indicators and preventive measures
to be adopted. Pluvial floods have the potential to cause circulatory collapse and a variety
of multiple damages.

In the case of adverse meteorological phenomena, these events have the potential to cause
housing evictions, possible health impacts on atrisk population groups, and other social and
economic implications. Specifically for wind-related phenomena, those with an intensity of
more than 80 km/h, or gales, which in turn can be from the sea or land, are indicated as ad-
verse, while vegetation fires have the potential to cause damage to people, property and the
environment due to the destruction of flora and fauna in the burnt areas.

Prioritisation of Climate Hazards in the Municipality

The methodology used to prioritise and select the main hydrometeorological hazards in the
municipality is based on the multi-criteria analysis method, whose obijective is to determine the
degree of incidence of each hazard based on its occurrence

This method also considers the frequency and magnitude of the hazard, and the potential
impact or damage it causes, including human damage in terms of human lives, injuries or
casualties, material damage to housing and infrastructure,or the economic and environmental
damage caused to the municipality.

For each hazard, the final value and order of relevance is obtained according to its occur-
rence. The formulation used has two advantages:

It implies that the final assessment depends to a large extent on the scores assigned
in the local workshop, because this source of information is local, is developed
specifically in the context of climate hazard analysis, and integrates the social and
institutional vision of the municipality in a multidisciplinary way.

It allows for smoothing of the inherent divergences arising from the use of multiple
sources of information with different occurrence indicators, some of which are also
subject to interpretation under expert judgement.

The results of the multi-criteria analysis indicate an occurrence of highest relevance for coast-
al flooding, followed by windstorms, sea level rise and pluvial flooding. Droughts are ranked
second, followed by peri-urban fires and, finally, heat waves and tropical nights.

In terms of derived hazards, the emergence of new disease vectors is followed by the
emergence of new invasive species and increased levels of allergenic pollens. It is worth men-
tioning that it is possible that certain threats, mainly those of slow onset such as heat waves,
may become more relevant in the future. Therefore, these initial results are combined with the



results of the climate analysis, which will improve the level of knowledge on emerging hazards
in Santander.

CLIMATE ANALYSIS
AND LOCAL SCENARIO GENERATION

4.2.1. Current Climate Analysis

The coastal location of the municipality provides a mild climate, both in winter and summer,
without marked climatic extremes. According to the Képpen climate classification, Santander
has a characteristic oceanic climate of type Cfb (West Coastal Maritime), with a temperate
climate marked by cool summers (average temperature of the warmest month below 22°C),
abundant and well-distributed rainfall throughout the year. The annual thermal oscillation of
mean monthly temperatures is low (A8°C).

Rainfall is abundant in spring and autumn in particular, although significant reductions
have been detected in recent years. Variations in the percentage of humidity can be signifi-
cant, although high values predominate. Temperatures are mild throughout the year and there
are very few episodes of extreme cold or heat. Summers are generally mild, with mild tem-
peratures and winters are cold, but not extreme due to the thermoregulatory effect of the seq,
with temperatures rarely dropping below 0°C and an average of one snow day per year. In
general terms, average temperatures in the municipality range from a mean in maximums of
24.5°C in August to a mean in minimums of 5.8°C in February. A characteristic phenomenon
in Santander are the episodes of south winds, with a notable intensity of more than 80 km/h,
which cause high temperatures and low humidity, with a particular effect on the health of
some groups of the population.

4.2.2. Generation of Local Climate Change Scenarios (CMIPé)

Introduction

The most robust tool for simulating climate are Climate Models (CMs), by means of which
it is possible to simulate the general atmospheric circulation in an efficient way. However,
due to their resolution (around 100 km) they are unable to simulate smaller-scale atmospheric
phenomena that are of great importance in local climatology. In order to overcome this and
other limitations of CMs, what are known as regionalisation or downscaling techniques are
used.
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This project proposes to use a two-step statistical regionalisation methodology developed
by the Climate Research Foundation (Ribalaygua et al., 2013) and widely tested in a multitude
of national and international projects. This methodology has been applied to the variables
temperature (both maximum and minimum) and precipitation.

The method works in two successive steps:

The first step, called analogue stratification, consists in selecting, from a reference da-
ta bank, those days with atmospheric configurations most similar to those of problem
day ‘X'. The similarity measure used compares the resemblance between the predictor
variables used to characterise the atmospheric synoptic situations. These variables de-
termine the synoptic forcing causing the descents and ascents of air, which generate
cloudiness and precipitation. The aim is also to provide information on the direction
of the surface wind, which makes it possible to study the effects that topography has
on the rising air masses and, therefore, on the spatial distribution of cloudiness and
precipitation.

The second step applies different methods depending on the variable to be calculated:

To estimate daily minimum and maximum temperatures, a multiple linear regres-
sion with automatic forward and backward predictor selection is performed for
each variable.

In the case of precipitation, it is estimated by simple averaging of the k analo-
gous days most similar to ‘X'".

The FICLIMA methodology, shown in the figure 4.5 below, has some advantages over other
statistical methodologies, which are reflected in the table 4.4 below:

The problem of stationarity is minimised by the selection criferion of predictors, based on theorefical
considerations, reflecting the physical relationships between predictors and predictands, physical
relationships that should not change over time.

When using the analogue selection method alone, and given that the final simulation will be based on
the most analogue days, the value assigned fo the studied meteorological variable will be limited by the
observed value it has on those analogue days, i.e., its margin of variability will be given by the variability
of the past itself (higher or lower values would never be calculated). However, the second step introduced
in the FICLIMA methodology allows us to overcome this limitation: the daily linear relationships established
for temperature and the redistribution of precipitation based on the disfribution function allow us to simulate
values that can exceed the limitation of the initial observed values.



Continuation TABLE 4.4

The verification results are considerably better than those of the vast maijority of stafistical and dynamic methodologies
with which they have been compared in various national and international projects. These excellent verification
results have been verified in the different areas of the planet where it has been tested, and are jusified by the solid
theorefical foundations on which FICLIMA is based.

Source: FIC.

1. Analogue stratification: Euclidean distance using normalized predictand fields
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Figure 4.5. Outline of FICLIMA methodology
Source: FIC.

Data and study area

The location of the municipality in the north of the Iberian Peninsula, bordering the Can-
tabrian Sea, implies climatic characteristics of the temperate oceanic type, with mild, rainy
winters and cool, relatively rainy summers. In order to carry out the regionalisation process, it
is necessary to have a set of data, which are summarised in figure 4.6.
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Figure 4.6. Outline of data required for the study.
Source: FIC.

For the study, a set of observed data obtained from meteorological stations of the network
of the State Meteorological Agency (AEMET) is available. figure 4.7 shows the location of the
observatories with data for each of the variables.

TABLE 4.5. Set of Climate Observatories

VARIABLE NUMBER OF OBSERVATORIES
28

Temperature

Precipitation 18

Wind 8

Relative Humidity Q

Pressure 4
Source: FIC.



Figure 4.7. Available observatories of the AEMET network
Source: FIC.

The observed data are subjected to strict quality control and homogenisation (Monjo et al.,
2013), discarding such data that do not exceed the established quality standards.

The ERAS and ERA5-Land Reanalysis database and the different climate models complete
the generation of scenarios.

Climate Models

The project has been developed with the climate models of the 6th phase of the CMIP
(CMIP6) as well as the emissions scenarios defined within this phase, the Shared Socioeco-
nomic Pathways (SSPs). Statistical techniques, due to their computational speed, allow work-
ing with a large number of climate models (n) and SSPs (m), so that a set of (n x m) climate
projections will be obtained. The climate models are run continuously from the past into the
future; once the control period is simulated, the run is separated into as many runs as SSPs are
considered. For each climate model there is, therefore, a control simulation called ‘Historical’
for the period 1951-2014 (although the reference period here is taken as 1985-2014) and
4 SSPs for the period 2016-2100 (SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5).

Ten daily resolution climate models, collected within CMIP4, have been used. Through-
out the different phases of this project, improvements have been made to the quality of the
climate models up to the current Earth System Models (ESM) (Benestad, 2010). Furthermore,



new emission scenarios have been defined in each of the phases, adjusting to the new ad-
aptation and mitigation needs in the face of climate change. CMIP6 has a common set of
future scenarios comprising land use and emissions, as required for future SSPs (Eyring et

al., 2016).

TABLE 4.6. Set of models from CMIP6 used in the study

CMIP6
MODELS RESOLUTION RESPONSIBLE AGENCY REFERENCES
ACCESS-CM2 1.258°x1.8758° | Australian Community Climate and Earth|  Bi et al. (2020)
System Simulator [ACCESS), Australia
BCC-CSM2-MR 1.125°x 1.1271° Beijing Climate Center (BCC), China Wu et al. (2019)
Meteorological Administration, China
CanESM5 2.812°x 2.790° | Canadian Centre for Climate Modeling | Swart et al. (2019)
and Analysis [CC-CMA|, Canada
CESM2-WACCM | 0.95° x 1.25° National Center for Aimospheric Cetileman et
Research (NCAR), USA al. (2019)
CNRM-ESM2-1 1.406° x 1.401° CNRM (Centre National de Seferian (2019)
Recherches Meteorologiques),
Meteo-France, France
EC-EARTH3 0.703°x 0.702° EC-EARTH Consortium ECEarth
Consortium (2019)
MPI-ESM1-2-HR 0.938°x 0.935° Max-Planck Institute for Mefeorology Cettelman et
(MPIM), Germany al. (2017)
MRIFESM2-0 1.125°x 1.121° | Meteorological Research Institute (MRI), Yukimoto et
Japan al. (2019)
NorESM2-MM 1.250°x 0.942° Norwegian Climate Centre (NCC), Bentsen, M. et
Norway al. (2019)
UKESM1-0-LL 1.875°x 1.250° UK Met Office, Hadley Centre, Good et al. (2019)
United Kingdom

Source: Author’s elaboration.
Note: The models were provided by the Climate Model Diagnostics and Intercomparison Programme archives (PCMDI).



Results of the Climate Projections

The climate projections have been generated for each of the observatories available for
each variable. The results obtained in the generation of future climate scenarios for the different
variables are shown below, based on the results presented below by the medians of each SSP
(thick lines). The "1 109X’ observatory at Santander Airport is taken as a reference:

Both maximum and minimum temperatures are expected to increase progressively
throughout the 21st century. In the case of maximum temperatures, increases of
between 1.38°C and 2°C are expected by mid-century, depending on the emis-
sions scenario considered, and between 1.41°C and 3.83°C by the end of the
century. These increases would mean that the average maximum temperature would
increase from around 18.94°C to between 20.32°C and 21.02°C by mid-century
and between 20.35°C and 22.77°C by the end of the century.

In the case of minimum temperatures, the expected mid-century increases range
from 1.65°C in the most favourable case to 2.41°C in the least favourable case,
which would mean that the average minimum temperature would reach values of
between 11.94°C and 12.70°C. By the end of the century, the average minimum
temperature is expected to rise between 1.67°C and 4.63°C, so that the average
minimum temperature values would be between 11.96°C and 14.92°C.

No significant changes in annual accumulated precipitation are expected. All emis-
sion scenarios show a similar behaviour in terms of the future evolution of precip-
itation, so that it will be around 1200-1300 mm/year. The rainfall distribution is
expected to be altered with respect to the current distribution. Rainfall is expected
to be more intense and concentrated over time than evenly distributed over longer
periods.

Humidity is expected to behave very similarly to the current climatic situation in the
region, without significant changes, especially in the middle of the century. Depend-
ing on the model and the scenario considered, at the end of the century, maximum
humidity may vary between -2.5% and 1%, while minimum humidity may vary
between -5% and 2.5%.

The expected pressure behaviour is very similar to that observed today with oscilla-
tions of £1 hPa at the end of the century.

For the mean wind, very slight decreases are observed, ranging from 0.25 m/s
(0.9 km/h) to 0.5 m/s (1.8 km/h). The expected variations in the maximum gust,
both mean and maximum, are expected to be very similar to those expected in the
mean wind. In the case of maximum gusts, these will decrease from a maximum

intensity of about 93-94 km/h to 88-92 km/h by the end of the century.



Future climate scenarios for temperature (maximum and minimum)
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Figure 4.8. Expected maximum temperature increases for the 21st century.

Note: Represented as 30-year moving averages, according to the SSPs represented with respect to the average of the
period 1976 - 2015 (taken as reference). Simulations of all models on the observatory ‘1109X". The lines show the
median of all values for each SSP; the shadows cover from the 10th to the 90th percentile.

Source: FIC.
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Figure 4.9. Expected minimum temperature increases for the 21st century.

Note: Represented as 30-year moving averages, according to the SSPs represented with respect fo the average of the
period 1976 - 2015 (taken as reference). Simulations of all models on the observatory ‘1109X". Lines show the median
of all values for each SSP; shadows cover from the 10th to the 90th percentile.

Source: FIC.



Future climate scenarios for precipitation
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Figure 4.10. Expected absolute precipitation values (mm) for the 21st century.

Note: Represented as 30-year moving averages, according to the SSPs represented with respect fo the average of the
period 1976 - 2015 (taken as reference). Simulations of all models on the observatory ‘1109X’. The lines show the
median of all valves for each SSP; the shadows cover from the 10th to the 90th percentile.

Source: FIC.

Future climate scenarios for relative humidity
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Figure 4.11. Expected increases in maximum humidity for the 21st century
Source: FIC.



SANTANDER AIRPORT (CANTABRIA): Average minimum annual humidity
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Figure 4.12. Expected minimum humidity increases for the 21st century.

Note: Represented as 30-year moving averages, according to the SSPs represented with respect to the average of the
period 1976 - 2015 (taken as reference). Simulations of all models on the observatory ‘1109X". Lines show the medi-
an of all values for each SSP; shadows cover from the 10th to the 90th percentile.

Source: FIC.

Future climate pressure scenarios
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Figure 4.13. Expected pressure changes for the 21st century

Note: Represented as 30-year moving averages, according to the SSPs represented with respect to the average of
the period 1976 - 2015 (taken as reference). Simulations of all models over the observatory ‘1109X". Lines show the
median of all values for each SSP; shadows cover from the 10th to the 90th percentile.

Source: FIC.



Medium wind future climate scenarios
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Figure 4.14. Expected average wind increases for the 21st century.

Note: Represented as 30-year moving averages, according to the SSPs represented with respect fo the average of the
period 1976 - 2015 (taken as reference). Simulations of all ace models over the ‘1109X’ observatory. The lines show
the median of all values for each SSP; the shadows cover from the 10th to the 90th percentile

Source: FIC.

Future climate scenarios for maximum wind speed
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Figure 4.15. Expected values of average maximum southerly wind gust for the 21st century.

Note: Represented as 30-year moving averages, according to the SSPs represented with respect fo the average of the
period 1976 - 2015 (taken as reference). Simulations of all models on the “1109X’ observatory. Lines show the median
of all values for each SSP; shadows cover from the 10th to the 90th percentile.

Source: FIC.



Maximum wind speed. South direction, id = 1109X
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Figure 4.16. Values of maximum wind gusts from the South for the 21st century

Note: Represented as 30-year moving averages, according to the SSPs represented with respect fo the average of the
period 1976 - 2015 (taken as Reference). Simulations of all models on the observatory ‘1109X’. The lines show the
median of all valves for each SSP; the shadows cover from the 10th to the 90th percentile.

Source: FIC.

4.2.3. Climate Scenarios Summary

According fo the climate data obtained from the historical period and projected to 2100, the
anallysis conclude the following values for all climate scenarios:

*  Average maximum temperature: From a historical value between 16-19°C, a max-
imum temperature range of 21-23°C is projected for 2100.

*  Average minimum temperature: From a historical value between 8-11°C, a minimum
temperature range of 13-15°C is projected for 2100.

*  Precipitation: Averages similar to the present are maintained with slight variations.
The annual distribution may be altered, with total precipitation concentrated in
shorter periods.

*  Heat waves: From a historical value between 3-4 days, an increase to 9-10 days of
heat wave duration is projected for 2100.

e Temperature heat wave (intensity): From a historical value between 26-29°C, a tem-
perature of 29-32°C is projected for 2100, implying an increase in total intensity.

*  Torrid Nights: From a historical value between O-1 day/year, a notable increase to
6-9 days/year is projected for 2100.

In summary, results state that the future climate context in Santander will continue the fol-
lowing pattern:



Progressive temperature increases throughout the 21st century, 1.3°C-3.8°C in 2100.
Slight variations in rainfall patterns, but more torrential rainfall.

Increases in the number of hot days with a consequent increase in the frequency of
heatwave episodes, as well as in their duration and maximum intensity.
Significant increases in the number of progressively tropical, equatorial and torrid
nights throughout the 21st century.

The objective of this phase is to analyse the selected climate hazards for the municipality of
Santander for both the historical or current period and for projected future periods.

The hazards selected from the participatory process and the analysis of historical events
are as follows:

Pluvial Flooding from Extreme Precipitation
Atypical Cyclonic Storm (TCA)

Fluvial Flooding

Urban Heat Islands

Heat Waves

Episodes of Warm Nights

Meteorological Drought

Extreme Wind, Galernas and South Wind
Coastal Flooding

The occurrence (distribution, intensity, duration and frequency) of these events is modelled
through the main climate variables analysed (temperature, precipitation, wind and humidity)
from the regionalised climate change scenarios for Santander, based on the CMIP outputs of
the IPCC 6th Report. This modelling process is specifically applied to climate hazards such
as droughts, heat waves, extreme wind events, and pluvial floods, among others. For coastal
flooding and sea level rise hazards, the assessment is based on the recent results obtained by
the PIMA-Adapta® Costas project, within the framework of the Climate Change Adaptation
Strategy.

¢ PIMA Adapta Costas (2020). Conocimiento y accién frente a los riesgos derivados del cambio climdtico. Oficina Espafiola
de Cambio Climdtico. Ministerio para la Transicién Ecolégica y el Reto Demogrdfico, Madrid.



EXTREME PRECIPITATION EVENTS

This block analyses the roads in the municipality with a probability of flooding due to
the occurrence of extreme precipitation events, defined as episodes when the accumulated
precipitation in one hour or less is of an intensity equal to or greater than 15mm/h, or whose
accumulated precipitation in 12 hours is of an infensity equal to or greater than 40mm/h
(Ayuntamiento de Santander, 2016). It is important to consider that this procedure does not
address a detailed modelling of the flood hazard for roads, which should consider, among oth-
ers, the municipal drainage system at a detailed scale, as well as the runoff and accumulation
of flow generated by exireme precipitation events considering current and future conditions for
different return periods. However, with the consideration of the CMIPé climate scenarios, it will
be possible to delimit a valid cartography that allows the calculation of the potential exposure
to this hazard.

The methodology proposed for the analysis of roads with a high probability of flooding in
the municipality of Santander includes the following steps:

Analysis of topographic subsidence conditions in the longitudinal profile of the mu-
nicipality’s roads (Blue Spots” modelling).

Analysis of the documented areas of waterlogging, obtained from the mapping
provided by the Santander City Council (2016), and from the records of interven-
tions carried out by the Fire Brigade of the municipality from 2018 to 2022 due to
extreme rainfall events.

Validation and final delimitation of areas of high probability of road flooding in the
municipality, based on the results of Blocks 1 and 2.

Assessment of the trend of extreme rainfall events in the municipality under climate
change conditions in the short, medium and long term, based on local scenario
outputs derived from CMIP6 models.

In the last step of this procedure, a rigorous assessment of the projected trend in the
occurrence of extreme rainfall events in the municipality of Santander is provided, in terms
of intensity, duration and frequency, as well as for each of the local-scale climate change
scenarios, based on the recent outputs of the IPCC 6th Assessment Report.

The Hazard Index for rainfall events in Santander is obtained by normalising the mean
frequency value obtained for the different climate scenarios for each time horizon. As
shown in table 4.7, the normalised index presents values above 0.6 for all periods, which
implies that the mean frequency of extreme rainfall events does not double for the long-term
climate projections with respect to their historical frequency. The mean annual frequency of
extreme rainfall events for the set of climate scenarios is almost 3 events/year, with mean
Hazard Index scores for the Santander census sections around 0.63 in the historical peri-

7 https://climate-adapt.eea.europa.eu/en/metadata/tools/the-blue-spot-model-a-key-tool-in-assessing-flood-risks-for-the-cli-

mate-adaptation-of-national-roads-and-highway-systems


https://climate-adapt.eea.europa.eu/en/metadata/tools/the-blue-spot-model-a-key-tool-in-assessing-flood-risks-for-the-climate-adaptation-of-national-roads-and-highway-systems
https://climate-adapt.eea.europa.eu/en/metadata/tools/the-blue-spot-model-a-key-tool-in-assessing-flood-risks-for-the-climate-adaptation-of-national-roads-and-highway-systems

od. For the projected periods, absolute increases of around 0.5 events/year on average
are expected, reaching a frequency of 4.5 events/year for the long-term projection period.

TABLE 4.7. Mean annual frequency and mean hazard indexes

AVERAGE FREQUENCY MEDIUM HAZARD
OF EVENTS INDEX

HISTORICAL PERIOD (1985-2014)

SHORT TERM (2016-2040)

MEDIUM TERM (2041-2070)

LONG TERM (2071-2100)
Source: CINCc (UC) - FIC 2024.

Results show the average values of extreme rainfall events and the following Normalised
Hazard Index for the municipality of Santander (figure 4.17).
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Figure 4.17. Normalised Hazard Index for extreme rainfall events

Note: obtained by averaging the frequency for the different climate scenarios and for each time horizon per census
section; for historical (top left), projected short (top right), medium (bottom left) and long term (bottom right).

Source: CINCc (UC) - FIC, 2024.



ATYPICAL CYCLONIC STORM

Atypical cyclonic storm (Tormentas Ciclénicas Atipicas [TCA]), is defined as an extremely
adverse atmospheric event, including tornadoes and extraordinary winds. For the present study,
the TCA phenomena in the municipality of Santander have been analysed as episodes that com-
bine extreme winds, above 84 km/h, and intense precipitation, of more than 40 mm accumulat-
ed in one day. For such episodes, two indices of frequency and duration have been analysed:

@ Frequency, analysed as the average number of days with TCA per year.

@ Average duration of the event, analysed as the average number of consecutive
days in the year with TCA.

The measurement of TCA occurrence is analysed for the historical period (1985-2014)
and projected into the future, for the short (2016-2040), medium (2041-2070) and long term
(2071-2100). Future projections are obtained from the average of the outputs of 10 climate
models for a total of 4 emission scenarios, as set out in the IPCC éth Report (SSP1-2.6, SSP2-
4.5, SSP3-7.0 and SSP5-8.5). The representation of these phenomena by census section is
based on the average number of nights per year for each time horizon, as a representative
measure.

The results for each of the TCA occurrence indices in the municipality of Santander are
presented below (table 4.8).

TABLE 4.8. Average number of TCA per year in Santander

HISTORICAL AVERAGE:

0.141575 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
Short Term (2016-2040) 0.124126 0.139725 0.152720 0.140067
Medium Term (2041-2070) 0.134185 0.178395 0.130459 0.125216
Llong Term (2071-2100) 0.109309 0.140246 0.167540 0.126663

Source: CINCc (UC) - FIC, 2024 based on local climate scenarios from the outputs of the sixth IPCC report

With regard to the average temporal frequency, TCA episodes in Santander occured
on average once every 7 years in the historical period, and are expected to have a modera-
tely stable frequency in the future, with an event occurring every 5 to 9 years depending on
the scenario considered. In the case of the average duration of the TCAs, no table of values
is included for each scenario, since it remains at 1 both for the historical period as well as
for all the projected scenarios, i.e., they are one-off events, or events that occur on specific,
non-consecutive days.



FLUVIAL FLOODING

The hazard of fluvial flooding is considered on the basis of the flooding results generated
within the National Floodplain Mapping System for return periods of 10, 100 and 500 years
(MITECO, 2020). Fluvial flooding has a relatively low incidence within the municipality of
Santander, with flood zones only appearing in the west of the municipality, coinciding with
areas bordering the Otero Stream, which is approximately 1.3 km in length, belonging to the
Pas-Miera System of the Western Cantabrian Hydrographic Demarcation.

The fluvial flood areaq, in particular, covers a total surface area of 8.22 ha within the munic-
ipality, of which 5.72 ha correspond to areas with a return period of 10 years (high probabili-
ty), 1 ha corresponds to areas with a return period of 100 years (medium probability), and the
remaining 1.50 ha corresponds to areas with a return period of 500 years (low probability).
The fluvial flood area would affect a single census section of the municipality, where the per-
centage of threatened surface area would be 0.027%.
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Figure 4.18. Fluvial Flood Hazards 10, 100 and 500 year return periods
Source: CINCc (UC) - FIC, 2024 based on SNCZI data (MITECO, 2020)
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URBAN HEAT ISLANDS

Heat islands are a phenomenon of urban areas that experience higher temperatures than
the surrounding areas due to human activity. The heat island effect is characterised by higher
temperatures in cities than in the surrounding areas and is more pronounced at night.

The main causes are the heat accumulation on structures, such as buildings, pavements or
asphalt, which absorb more heat and release it more slowly. Added to this is the heat and air
pollution generated by traffic and industry, which trap solar radiation and prevent heat dissipa-
tion, which in turn increase air temperatures.

This exacerbates the consequences of climate change in cities and reduces the quality of life
of city residents. High temperatures, especially, can affect the health of urban citizens, causing
general unrest, respiratory problems, sunstroke, dehydration, fatigue and even increased mor-
tality from heat stroke. In addition, they have direct energy and economic impacts. Mainly in
summer, heat islands generate an increase in energy demand from air conditioning, which in
turn increases the price of electricity.

The detection of Urban Heat Islands (UHI) can be approached from ambient temperature
data collection with remote sensors such as weather stations or tools that allow temperature
records on the ground, or from obtaining data through satellite images. In this sense, the use of
remote sensing images allows the calculation of Land Surface Temperature (LST). The LST data
collected from the satellite, in this case, have been compared and correlated with selected ambi-
ent temperature data from nearby surface weather stations. As a result of this correlation, it has
been possible to apply the equation for the conversion of LST values to ambient temperature per
pixel, cropped to the municipal area of Santander. Finally, the geometry of the islands in areas
of high urbanisation has been spatially delimited, applying the criterion of selecting areas with
an ambient temperature 2°C above the peripheral ambient temperature. Finally, a validation
procedure has been carried out by applying the Expert Criteria, using temperature data taken
in Santander by the Smart City project.

As a result, the LST has been obtained through Landsat 8 images for 1 July as an example
scenario to subsequently address the delimitation of potential heat islands (figure 4.19).

Finally, a validation process of the potential areas delimited in the previous step has been
carried out, which includes validation through the temperature data taken in Santander by
the Smart City project from 2012 to 2023, and a validation based on expert criteria. This
procedure consisted in testing the results of the potential delimitation of heat islands by the
team of local experts with extensive knowledge of the subject. Taking into account the two pre-
vious aspects and considerations, the delimitation of the UHI proposed for Santander should
be considered as a first analytical approximation that should, in any case, be complemented
with ambient temperature data in the city with adequate coverage and distribution in future
initiatives.
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Figure 4.19. Results of the Land Surface Temperature calculation
Source: CINCc (UC) - FIC, 2024 based on Landsat 8 image (01/07/2022)
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Figure 4.20. Percentage of Area Threatened by Potential Diurnal Heat Islands by Census Sections
Source: CINCc (UC) - FIC, 2024.




The hazard of Urban Heat Island episodes in Santander is represented in figure 4.20 by
the percentage of surface area threatened by the Diurnal Urban Heat Island phenomena throu-
gh the census section. The areas with the highest percentages of surface area threatened by
UHI, above 75% of their surface area, are concentrated in the south, southwest and centre of
the municipality. The coastal sections to the east, southwest and east, on the other hand, show
no or very low values of threatened surface area.

HEAT WAVES

Heat waves have been defined as episodes of at least three consecutive days with maxi-
mum temperatures above the 95th percentile of the historical series of maximum daily temper-
atures for the months from April to September.

The following heat wave threat indices have been analysed within this framework:

Number of heat waves per year
Average duration of heat wave
Number of heat wave days per year

Average and maximum heat wave intensity

In order not to extend the information related to this type of event, the project shows the
most characteristic indices that display the future dynamics of the phenomenon (number of
heat waves and average duration). According to the historical series observed for the period
1985-2014, the average number of heat waves per year in the municipality of Santander is
approximately 1.2. The scenarios projected in the short term predict a notable increase in
the average number of heat waves per year, rising to values between 2 and 2.5 heat waves
per year for the most optimistic scenario, SSP1-2.6, and the pessimistic scenario, SSP5-8.5,
respectively. That is, the occurrence of these occurrence of these episodes will double in the
coming years. In the medium term, the number of heat waves per year is around 3, reaching
4 for the SSP5-8.5 scenario. This trend continues towards the end of the century, reaching 6
heat waves per year for the SSP3-7.0 scenario, and exceeding 7 heat waves per year for the
most pessimistic scenario, SSP5-8.5 (table 4.9).

The average duration of heat wave episodes in Santander, according to the average of the
climate models for the period 1985-2014, is approximately 4.5 days. The projected scenarios
also indicate an increasing trend in the average duration of such episodes in the medium and
long term, albeit more moderately. For the short term, the climate scenarios predict an average
duration between 5 and 5.5 days, with this threshold being maintained for the middle and
end of the century in the most optimistic scenario. For the intermediate scenarios, SSP2-4.5
and SSP3-7.0, the mid-century and end of the century periods are expected to last between 6
and 7 days on average, respectively. In the most pessimistic scenario, SSP5-8.5, the average
duration of the heat wave could double compared to the historical average, reaching values
of 9.7 days of average duration of these episodes (table 4.10).



TABLE 4.9. Average number of heat waves per year in Santander

OR A A R A

» 6 D Vi » . D :
Short Term (2016-2040) 2.19313 2.09226 245672 2.55703
Medium Term (2041-2070) 2.65326 3.10226 3.96508 4.22697
Llong Term (2071-2100) 2.77366 4.32831 5.99306 7.01242

Source: CINCc (UC) - FIC, 2024 based on local climate scenarios based on the outputs of the sixth IPCC report

TABLE 4.10. Average duration of heat wave episodes in Santander

HISTORICAL AVERAGE:

4.45443

SSP1-2.6

SSP2-4.5

SSP3-7.0

SSP5-8.5

Short Term (2016-2040) 5.13939 4.80084 5.20159 5.52596
Medium Term (2041-2070) 5.65013 6.09086 6.04402 7.03383
Llong Term (2071-2100) 5.38460 6.82348 7.38716 Q.7208

Source: CINCc (UC] - FIC, 2024 based on local climate scenarios based on the outputs of the sixth IPCC report

Two combined indicators have been used to represent the threat of heat wave events in
Santander by census sections:

(i) Number of heat wave days per year which, in turn, includes forecasts of the average
duration and frequency of such episodes.

(i)  Maximum intensity of the heat wave. For each of the time horizons considered, av-
erage values representative of the set of scenarios analysed, previously normalised,
are obtained and combined.

Both heat wave days and maximum intensities show significant changes for all projected
climate scenarios in each time scenario compared to the historical average. This means that the
normalised heatwave threat levels tend to almost double by the end of the century compared
to historical values.
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Figure 4.21. Heat wave Hazard Index for Santander
Note: Historical period (top left), projected short (top right), medium (botiom left) and long term (bottom right).
Source: CINCc (UC) - FIC, 2024.

TABLE 4.11. Average values per time horizon of maximum intensity and heatwave days per year

HEAT WAVE MAXIMUM HEAT
DAYS HEAT WAVE

PER YEAR WAVE INTENSITY HAZARD INDEX
Historical Average (1985-2014) 10.23 29.06 0.57
Short Term (2016-2040) 19.41 29.52 0.66
Medium Term (2041-2070) 30.02 290.79 0.77
Llong Term (2071-2100) 51.48 30.19 0.95

Source: CINCc (UC) - FIC, 2024.
Note: For set of climate scenarios and average results of the combined Hazard Index.



TROPICAL AND TORRID NIGHTS

A tropical night is one in which minimum temperatures do not fall below 20°C, while equo-
torial or torrid nights are those in which the minimum temperature does not fall below 25°C,
according to the AEMET.

Results of the Analysis of Tropical Nights in Santander

The average annual frequency of tropical nights in Santander, referring to consecutive day
events, for the series observed in the historical period from 1985 to 2014 is 1.160349. According
to local climate change scenarios, based on recent IPCC outputs (éth IPCC Report), the projected
mean frequency of tropical nights in Santander for the short term is around annual mean values close
to 3, for all emission scenarios. For the medium term, it is around annual mean values between 3
and 6; and for the long term, it is around annual mean values between 3 and 10 consecutive nights.

TABLE 4.12. Average frequency of Tropical Nights events with minimum temperature of 20°C
in Santander

SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
Short Term (2016-2040) 2.787025 3.190978 3.348073 3.036371
Medium Term (2041-2070) 3.636427 4.493451 5.924965 6.181109
Llong Term (2071-2100) 3.475246 6.361529 2.097015 ?.889041

Source: CINCc (UC) - FIC, 2024 based on local climate scenarios based on the outputs of the sixth IPCC report

The mean annual duration, referring to consecutive days, of tropical nights or nights with
minimum temperatures of 20°C in Santander for the series observed in the historical period from
1985 to 2014 is 1.837181. According to local climate change scenarios, based on recent
IPCC outputs (6th IPCC Report), the projected average duration of tropical nights in Santander
for the short term is around 3 to 4 annual mean values, depending on the emission scenario;
for the medium term, it is around 4 to 6 annual mean values; and for the long term, it is around
4 to 9 annual mean values.

TABLE 4.13. Average duration of Tropical Nights with a minimum temperature of 20°C in Santander

SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
Short Term (2016-2040) 3.458352 3.331906 3.822967 3.823205
Medium Term (2041-2070) 4.042616 4.578436 5.205120 5.751033
Llong Term (2071-2100) 3.792237 6.093193 7.215842 8.758299

Source: CINCc (UC) - FIC, 2024 based on local climate scenarios based on the outputs of the sixth IPCC report




Results of the Equatorial or Torrid Nights Analysis in Santander

The average climate projections for the medium term increase the values to approximate-
ly 0.8 hot nights per year on average in Santander, with projected minimum values of around
0.23 for the SSP1-2.6 scenario, and maximum values of 1.78 for the SSP5-8.5 scenario
(table 4.14).

For the long term they increase the values to approximately 4 torrid nights per year on av-
erage in Santander, with projected minimum values of around 0.19 for the SSP1-2.6 scenario,
and maximum values of 9 for the SSP5-8.5 scenario (table 4.15).

TABLE 4.14. Average frequency of Torrid Night events with minimum temperature of 25°C
in Santander

HISTORICAL = 0.005508 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
Short Term (2016-2040) 0.046056 0.053913 0.091899 0.05374
Medium Term (2041-2070) 0.089231 0.222254 0.314885 0.494965
Llong Term (20/1-2100) 0.076732 0.350549 1.490410 2.632053

Source: CINCc (UC) - FIC, 2024 based on local climate scenarios based on the outputs of the sixth IPCC report

TABLE 4.15. Average duration of Torrid Nights with a minimum temperature of 25°C in Santander

HISTORICAL = 0.005508

SSP1-2.6

SSP2-4.5

SSP3-7.0

SSP5-8.5

Short Term (2016-2040) 0.126627 0.116973 0.134218 0.09728
Medium Term (2041-2070) 0.138409 0.314264 0.49166 0.895114
Llong Term (2071-2100) 0.135956 0.554091 2.181558 3.03577

Source: CINCc (UC) - FIC, 2024 based on local climate scenarios based on the outputs of the sixth IPCC report

METEOROLOGICAL DROUGHT

The importance of drought lies in its impact and the sectors it affects. What differentiates
the different types of droughts are the intensity, duration and spatial coverage of the phenom-
enon and the sector it affects (Hayes et al., 2011). Understanding the shortterm behaviour
of these phenomena is of great importance to minimise negative impacts. The risk associated
with a drought event is a consequence of the natural characteristics of the event itself and the
vulnerability of society to it.



The analysis of meteorological drought episodes, by their very nature, is not limited to the
administrative areas of a municipality. Its incidence has a regional character with a direct im-
plication on the availability of water resources for human consumption.

The mean values expected for the SPI (Standardised Precipitation Index) have a general
negative trend but are considered normal. The mean values expected for SPI are estimated
to be normal for the short and medium term and moderately dry and very dry for the long
term. As shown in the figure 4.22, the shortterm drought hazard level presents a negative
trend but within the threshold of natural climate variability in Santander. This negative trend
increases in the medium term. Finally, for the long term, a severe threat level is expected,
showing a moderately dry drought threshold with respect to the medium-term accumulated
drought.
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Figure 4.22. Drought Hazard Index
Source: CINCc (UC) - FIC, 2024.

EXTREME WIND, GALERNAS AND SOUTHERLY WIND

In the municipality of Santander, the predominant wind direction is west, with north-west-
erly winds also being very frequent, having average speeds of 13.87 km/h and 13.43
km/h respectively (Ayuntamiento de Santander, 2016). Winds of more than 91 km/h occur
between September and April. Every year there are storms from both the north-west and
south-west, with gusts of over 100 km/h. In general, the wind conditions two types of weath-
er situations:



Humid situations:

They are produced when winds blow from the north to the west, laden with humidity due
to their maritime origin. These, when they meet the Cantabrian mountain range, rise and cool
down, producing condensation phenomena. This causes clouds to form and stagnate against
the mountain range, causing more or less persistent rainfall.

Dry situations:

Originating from north-easterly and easterly winds, these are of continental origin, dry and
cold. In this situation the sky is usually clear, although heavy frosts occur.

When caused by southerly winds, these situations are dry with an abnormal increase in
temperature. Humidity can drop to 40% and the temperature can reach 30°C, even in the
middle of winter.

Any area of the municipality is exposed to episodes of extreme wind, although to a greater
extent in coastal areas and exposed slopes. It should be noted that the upper area of the munic-
ipality is divided into the northern and southern slopes, so that more interventions are recorded
along the southern slope when the wind blows from this side and vice versa. Specifically, south-
erly winds represent the most common risk situations in the municipality. According to the PEMU-
SAN, extreme winds are defined as winds with an intensity of more than 80 km/h, regardless of
their direction. Winds in Santander have an impact on the occurrence of coastal storms F7, (50-
61 km/h), rough seas, swells of 3 to 4 metres, and the occurrence of galernas, a characteristic
wind storm of the Cantabrian sea, consisting in the shift from south winds or calm conditions to:

At sea, sudden change of wind, increasing and turning north-west with F7.

On land, a sharp turn of the wind to the north-west, increasing suddenly with strong
gusts of more than 60 km/h along the coast.

For the present study, both types of episodes have been analysed: (i) winds of intensity
greater than 80 km/h, and (i) gusty winds from a southerly direction. For each of these varia-
ble intensity events, the following frequency and duration indices have been analysed:

Frequency, analysed as the average number of extreme wind events per year.

Average duration of the event, analyzed as the average number of consecutive days
per year that extreme wind events occur.

In order to represent the threat from extreme wind events in Santander by census sections,
the mean normalised value per census section of the maximum gust of a southerly component
has been used. As shown in the figure 4.23, the level of hazard due to the occurrence of
episodes of extreme wind shows geographical variability within the municipality, generally
tending towards relatively higher values for the north-eastern sections, but nevertheless re-
maining with values between 0.86 and 1, i.e., with a low amplitude range. This is due to the



fact that, as a result of the analysis carried out, the average or maximum south wind gusts,
as well as, in general, the extreme wind episodes will have a very slight downward trend in
both absolute and relative terms, with respect to the historical period, where the maximum
values are reached.
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Figure 4.23. Extreme wind hazard index for Santander
Note: Historical period (top left), projected short (top right), medium (bottom left) and long term (bottom right).
Source: CINCc (UC) - FIC, 2024.

Therefore, the occurrence of extreme winds and maximum gusts of the southern component
for the set of climate scenarios projected in each time scenario does not present very notable
changes with respect to the historical average, which means that the normalised hazard levels
for extreme wind episodes tend to remain above 0.86 in all the time scenarios.



TABLE 4.16. Mean values of maximum gust in km/h and Combined Threat Index
MAXIMUM GUST [ MAXIMUM GUST | MEDIUM HAZARD

(AVERAGE) (RANGE) INDEX
Historical Period (1985-2014) 103.21 96.67-108.27 0.95
Short Term (2016-2040) 100.67 94.53-105.49 0.93
Medium Term (2041-2070) 100.32 94.46-104.97 0.92
long Term (2071-2100) 99.44 93.54-104.10 0.92

Source: CINCc (UC) - FIC, 2024.

Note: By time horizon and for set of climate scenarios

COASTAL FLOODING

In the field of coastal areas, PIMA Adapta® has been developing a wide range of coastal
habitat restoration and shoreline stabilisation actions along the entire Spanish coastline. This
initiative, framed within the Spanish Coastal Climate Change Adaptation Strategy, which was
approved in 2017, has a repository of high-resolution databases generated for the assessment
of coastal flooding, including areas of coastal flooding and flood depth for both the historical
period and the future for the 2050 and 2100 horizons with a return period of 100 years. This
future modelling is also established for the RCP4.5 and RCP8.5 emissions scenarios, interme-
diate and pessimistic, respectively.

For the Community of Cantabria, the results of the Adapta Costa Report (2019-2021) are
accessible through the official Geographic Information Viewer of the Government of Can-
tabria. The areas and depths of coastal flooding for the historical period and for the most
pessimistic scenario (RCP8.5 in the period 2100) are shown in figure 4.24 and table 4.17.

At the municipal level, the area of coastal flooding for the historical period and with a
100-year recurrence is 108 ha with maximum depth levels close to 10 m in the lowest areas.

The mid-century projections indicate increases in flood area of approximately 5%, being a
few tenths higher for the RCP8.5 scenario. And finally, the projection scenarios for 2100 indi-
cate increases in coastal flood area of approximately 24% for RCP4.5 and 30% for RCP8.5,
with maximum flood depth levels close to 11.4m. The results of the incidence of coastal flood-
ing in the municipality of Santander for each of the scenarios considered are shown in figure

4.24 and table 4.17.

8  See: hitps://www.miteco.gob.es/es/cambio-climatico/planes-y-estrategias/pima-adapta.html
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Figure 4.24. Coastal Flood Areas and Flood Depth 2100 RCP8.5
Source: CINCc (UC) - FIC, 2024 based on data from the Adapta-Costa Cantabria Report (2019-2021)

TABLE 4.17. Index changes due to sea level rise

MEDIUM SCENARIO FLOOD AREA RANGE DEPTH C?I?(I;I\S\;E %C{J;é’;\GE
(TRTOO YEARS) (Ha) (m) H|ST(i|)§;CA|_ HISTORICAL
Historical 108.34 0.001 - 9.9008
Projection RCP4.5 2050 113.37 0.001-10.059 +5.03 +4.64%
Projection RCP8.5 2050 114.24 0.001-10.1473 +5.90 +5.44%
Projection RCP4.5 2100 131.90 0.001-10.8353 +23.56 +21.75%
Projection RCP8.5 2100 141.35 0.001-11.4132 +33.01 +30.47%

Source: CINCc (UC) - FIC, 2024 based on data from the Adapta-Costa Cantabria Report (2019-2021)







RISK ANALYSIS

Laura Asensio Martinez, Francisco Garcia Sédnchez, Nareme Herrera Lépez, Cecilia Ribalaygua

CLIMATE EXPOSURE ANALYSIS

According to the definition in the 6th IPCC Assessment Report (MITECO, 2022'), exposure is
defined as the presence of people, livelihoods, species or ecosystems, environmental functions,
services and resources, infrastructures or economic, social or cultural assets in places and en-
vironments that could be adversely affected. For the present framework, this is directly related
to the occurrence of climate-related hazard events, both for the current horizon and for the
projected short, medium- and longterm horizons. The steps to address the exposure analysis
are as follows:

@ Identification of the set of elements that may be affected by each of the priority climate
hazards in the municipality of Santander. In this sense, and in general, five large sets
of elements or exposure components have been identified:

1 Resident population
2 Residential buildings and housing

3 Infrastructure, utilities and recreational facilities (roads, power lines, railway infra-
structure, port area, buildings for public services, such as sports complexes, industri-
al or recreational facilities, etc.)

4 Economic assets (shops, offices, industrial or agricultural buildings and hotels)

5 Areas of interest and natural resources (beaches, coastal habitats, ecosystems,
etc.).

@ Obtaining the set of exposed elements by means of cartographic intersection in
a Geographic Information System (GIS) environment for each of the hazard sce-
narios analysed in the previous section. As a result of this intersection, the level

! Climate Change: Impacts, Adaptation and Vulnerability (Summary Guide to the IPCC Sixth Assessment Report, Group l)

Available at: https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/publicaciones/publicaciones/guia_
local_para_adaptacion_cambio_climatico_en_municipios_espanoles_tcm30-178446.pdf


https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/publicaciones/publicaciones/guia_local_para_adaptacion_cambio_climatico_en_municipios_espanoles_tcm30-178446.pdf
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/publicaciones/publicaciones/guia_local_para_adaptacion_cambio_climatico_en_municipios_espanoles_tcm30-178446.pdf

of climatic exposure is obtained at the municipal level for each of the elements
considered.

@ Calculation of indicators of the level of climate exposure per census section per
set of elements and climate scenario. This phase is dedicated to the generation
of standardised climate exposure indicators at census section scale, understood
as a representative measure of the level of climate exposure by group or set of
elements.

@ Calculation of the Final Combined Exposure Index for each of the climate sce-
narios considered. This includes an initial summation of the values obtained per
component and a new normalisation of the data series, taking as maximum value
the highest value of the census section for the most pessimistic scenario.

Below, we present Santander’s exposure results for each of the hazards analysed.

EXTREME RAINFALL EVENTS

The exposure results for this hazard have been obtained through the analysis of water-log-
ging points in extreme rainfall conditions with a special effect on floodable roads by census
section.

For the study of the trend of extreme rainfall events in Santander, the periodicity of episodes
of accumulated rainfall of 40 mm per day or more has been analysed for the historical series
of 1985-2014. Thereafter, these results have been projected under local scenarios of climate
change in the short, medium and long term.

According to the average of the climate models for the historical series, there are about 3
extreme rainfall events per year in the municipality of Santander. In the short term, an increase
in the frequency of such events is expected, reaching values of 3.5 events/year on average for
all the scenarios analysed. In the medium term, extreme rainfall events could occur between
3.5 and 4.5 times a year on average and depending on the scenario, and around 5 events/
year in the long term in the most pessimistic scenario, SSP3-7.0.

TABLE 5.1. Results of the Frequency of Extreme Rainfall Events in Santander

HISTORICAL AVERAGE:

SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5

2.93878

Short Term( 2016-2040) 3.59749 3.56932 3.54964 3.51727
Medium Term (2041-2070) 3.63165 3.88392 4.18938 4.46125
Llong Term (2071-2100) 3.73712 4.42478 4.83402 5.15589

Source: CINCc (UC) - FIC, 2024 based on local climate scenarios from the outputs of the sixth IPCC report




The analysis combines different processes and data sources, such as the analysis of top-
ographic subsidence conditions (Blue Spots), the analysis of waterlogging areas documented
by PEMUSAN, and the evaluation of trends of extreme rainfall events under climate change
conditions.

Based on its validation, it has been established that:

The set of road sections coinciding with local depressions in the terrain or modelled
blue points are considered to be floodable sections with high uncertainty.

On the other hand, the roads coinciding with the flood risk areas established by the
PEMUSAN are considered floodable sections with low uncertainty and high proba-
bility, with variation at P10 years.

Endorheic zones or sinkholes have been detected, using the ‘Blue Spots’ level 1 modelling
methodology, which allows an initial detection of local depressions in the territory. For this pur-
pose, a Digital Elevation Model (DEM) with a sufficient level of detail has been used to obtain
an adequate representation of the transformations introduced by the layout of the road. For this
purpose, the 2 m resolution Digital Terrain Model of the National Geographical Institute has
been used, obtained from the LIDAR data (2nd Coverage).

From this DEM, the process needs to calculate those areas that, due to their relief morphol-
ogy, could become waterlogged in situations of intense rainfall.
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Source: CINCc (UC) - FIC, 2024.



Subsequently, by means of flood risk mapping provided by the Santander City Council,
based on the Municipal Emergency Plan drawn up in 2016 and the geolocation of the records
of interventions carried out from 2018 to 2022 by the Fire Brigade of the municipality, the
points of conflict that may be exacerbated by periods of extreme rainfall in the future have
been validated.

The process of delimiting flood-prone roads likely to flood due to extreme rainfall events in
the municipality of Santander integrates the results obtained and analysed in the previous steps
with the following criteria:

@ The set of road sections coinciding with local depressions in the terrain or mod-
elled blue points are considered to be flood-prone sections with high uncertainty.
The possible occurrence of flooding along them will depend on the magnitude
of an extreme rainfall event and the state of the drainage system and municipal
sewers.

@ All roads coinciding with the flood risk areas established by the PEMUSAN are con-
sidered flood-prone sections with low uncertainty and high probability, taking into
account return periods of 10 years. These areas also assume a low capacity, insuffi-
ciency or deterioration of the municipal drainage system.

@ The set of roads included in the intervention records, which coincide in geolocation
and description, are considered to be flood-prone sections with low uncertainty and
variable probability, as the magnitude of the events that generate these interventions
are not documented.

The set of roads included in the infervention registers, which coincide in geolocation and de-
scription, are considered to be floodable stretches with low uncertainty and variable probability.
The results show the surface area exposed in both conditions and the percentage of the total km?
of roads in the affected municipality.

TABLE 5.2. Characteristics according to level of uncertainty

% OF TOTAL Km?
OF MUNICIPAL
ROADS IN THE
MUNICIPALITY

ESTIMATED Km?

CATEGORY DESCRIPTION OF FLOODABLE
ROADS

Roads located in  local  ground
depressions. No flooding events have 0.645985 13.24%

been documented.

Roods with  documented  flooding
events at local level, PEMUSAN and 0.17079 3.5%

Firefighters Intervention Record

Source: CINCc (UC) - FIC.
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Source: CINCc (UC) - FIC, 2024.

This analysis and modelling does not consider the municipal drainage system on a detailed
scale, such as runoff and accumulation of flow generated by extreme rainfall events, consider-
ing current and future conditions for different return periods, as this technical information is not
managed by the entity managing the drainage network. However, in technical meetings held
with local technical managers, the current capacity of the system to resolve specific flooding
events and adequately drain the public space has been reported. In any case, the information
accumulated is sufficient for the municipality to have a map of exposure that allows it to focus
on and prioritise strategies for action

FLUVIAL FLOODING

For the fluvial flooding areas analysed, two main sets of exposure elements or components
have been identified:

Road infrastructure, especially roads and railway infrastructure. The base cartography
comes from the National Topographic Base at detailed scale (IGN, 2022).

Economic assets, specifically herbaceous crop areas, and natural resources, specifical-
ly natural land areas covered by woodland, scrubland, grassland or natural pasture.
The base mapping is from the high-resolution SIOSE Land Cover and Uses (PNOA,
2017).



Exposed Road Infrastructure

A total of 6 sections of secondary paths, with a length of 381.3 metres, are located in ar-
eas threatened by river flooding within the municipality of Santander. The cutting off of these
roads due to fluvial flooding events could temporarily limit access to certain nearby private
properties.

Roads

Exposed Roads

Figure 5.3. Detail of the section of the conventional railway line that is located
in areas of river flooding
Source: CINCc (UC) - FIC, 2024.

In addition, a small section of the conventional railway line with a length of 152.5 metres
is also exposed to the hazard of fluvial flooding, which specifically corresponds to the first
section of the entrance to the municipality at its western end. In this case, although the length
of the section is shorter, the occasional flooding could generate a temporary interruption in the
regular transit of the railway line.



Exposed Railway

Conventional Railway

Figure 5.4. Detail of the section of the conventional railway line that is located
in areas of river flooding.
Source: CINCc (UC) - FIC, 2024.

Exposed Crops and Exposed Natural Terrestrial Areas

TABLE 5.3. Distribution of vegetation cover in the flood zone

COVERAGE AREA (Ha)

Woodland 0.083061

Herbaceus crops 0.074942
Scrub 0.204449
Pasture 1.918821
Pasture - scrub 1.622782
Crassland 2.170966
Land with little or no vegetation 1.342482
Artificial green area and urban freees 0.048441

Source: CINCc (UC) - FIC, 2024.



The fluvial flooding area contains an area of 749.4 m? for arable crops and a remaining
area of 7.34 ha with various natural vegetation covers, including natural grasslands, pastures
and scrubland.

Herbaceous crops

Scrub

Pastureland

Pastureland - Scrub

Meadows

Land withlittle or no vegetation

Artificial green area and urbantrees

7“4 Floodable Areas

Figure 5.5. Crops and natural areas exposed to river flooding events
Source: CINCc (UC) - FIC, 2024.

URBAN HEAT ISLANDS

The resident population exposed to diurnal urban heat islands (UHI) has been obtained
from the intersection between the area proposed as UHI and the official mapping of inhab-
itants per plot of the Santander City Council, using the approximation estimation method
through population densities per plot, for those areas exposed.

A total of 58,964 people reside in plots located within the areas proposed as ICU for
the municipality of Santander as a whole. At census section level, the percentage of exposed
resident population shows a high variability. The highest percentage values are concentrated
in certain central sections coinciding with the consolidated urban centre of the municipality,
together with the south-western sections, including the industrial areas and the port area. On
the other hand, the east coast and a large part of the north coast have zero values.
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Figure 5.6. Resident Population Exposed per plot to Potential Diurnal Heat Islands

Source: CINCc (UC) - FIC, 2024.
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Figure 5.7. Percentage of Resident Population Exposed to Potential Diurnal Heat Islands
Source: CINCc (UC) - FIC, 2024.



EXTREME SOUTHERLY WIND

In the case of extreme wind events, the PEMUSAN zoned the municipality info two large
areas, those experiencing north winds and Galician winds, and those exposed to south winds,
with these slopes experiencing the greatest number of interventions.

| Santa Cruz

de Bezana

Zona de Riesgo
I Viento Norte y Gallego
Viento Sur
Camargo [ Municipio de Santander

Figure 5.8. Zones at risk from strong winds in the municipality of Santander

Source: CINCc (UC) - FIC, 2024 based on information from the Santander Municipal Emergency Plan,
Santander City Council, 2016.
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Figure 5.9. Exposed Elements and Degree of Exposure to Extreme Wind
Source: CINCc (UC), 2024.



Figure 5.10. Exposure to north-northwest and south-southwest winds
in the areas defined by PEMUSAN (2016)
Source: CINCc (UC), 2024.

Figure 5.11. Distribution of extreme wind exposure in different areas of the city
Source: CINCc (UC), 2024.

The previous images (figures 5.8-5.11) show some areas of exposure to extreme wind,
both in the case of north-westerly and southerly wind phenomena. However, for the purposes
of calculation, the southern wind has been considered as a priority.

The level of exposure derived from southerly winds has been analysed on the basis of the
percentage of the surface area of the census section whose slopes have this orientation.



MAR CANTABRICO

Indice de Expasicion Viento Sur

Normalizado

BAHIA DE 0-025

SANTANDER

Note: Obtained as a percentage of the area of the census section that is south-facing.

Source: CINCc (UC) - FIC, 2024.

COASTAL FLOODING OR SEA SURGES

Resident Population Exposed

The resident population exposed to coastal flooding events is obtained from the intersection
between the flood stain of each scenario and the available official mapping of inhabitants per plot. The
use of this approximation method has certain limitations, as it does not take into account, for example,
those residing on the upper floors of these plots; and must, therefore, be interpreted under conditions
of overestimation and high uncertainty. Another issue to take into account is the presence of a floating
population that may be potentially exposed to coastal flooding events, i.e., tourists and visitors or

related population. Due to their high spatiotemporal dynamism, their estimation is highly complex.

For the scenario projected to 2050 and RCP 8.5, the estimated population in flood areas
is approximately 341 people, which represents an overall increase of 1496% compared to the
historical one. Again, there is an increase in the values for the neighbourhoods exposed in the
historical period, as well as affecting new neighbourhoods, specifically in the north and south

of the municipality, coinciding with urban land of a residential nature.
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Figure 5.13. Resident population exposed to coastal flood hazards
Note: For the projected scenario RCP8.5 to 2100 with a return period of 100 years by census sections.
Source: CINCc (UC) - FIC, 2024.

TABLE 5.4. Resident population exposed by coastal flooding and scenarios, historical and projected.

MEDIUM SCENARIO EXPOSED RESIDENT INCREASE OVER
(TR100 YEARS) POPULATION TOTAL HISTORICAL (%)
Historical 27 residents
Projected RCP4.5 2050 Q6 residents 255.5%
Projected RCP8.5 2050 120 residents 344.4%
Projected RCP4.5 2100 197 residents 629.6%
Projected RCP8.5 2100 431 residents 1496.3%

Source: CINCc (UC) - FIC, 2024.

Residential Construction and Exposed Housing

The residential buildings exposed to coastal flood hazard in each of the scenarios consid-
ered have been obtained from the mapping of buildings of the General Directorate of Cadastre
(Catastro, 2023). Exposed residential buildings may be totally or partially contained within the
flood areas. In addition, the number of ground floor housing corresponding to exposed residential
buildings has been estimated for each scenario, through specific queries to the open data of the



electronic headquarters of the cadastre. There are 5 dwellings on the ground floor that are ex-
posed to coastal flooding for the municipality as a whole, both for the historical scenario and for
the scenarios projected at mid-century. This figure increases to 7 and 9 dwellings exposed for the
scenarios at the end of the century, RCP 4.5 and 8.5, respectively. The results obtained for each of
the coastal flood hazard scenarios are presented in table 5.5 and figures 5.14 and 5.15 below.

TABLE 5.5. Results for Residential Construction and Exposed Housing

EXPOSED RESIDENTIAL BUILDINGS ESTIMATED
MEDIUM SCENARIO EXPOSED
(TR100 YEARS) INCREASE OVER [ GROUND FLOOR

: HISTORICAL (%) DWELLINGS
Historical 8 10,112 5
Projected RCP4.5 2050 8 10,112 0 5
Projected RCP8.5 2050 12 11,759 16.3 5
Projected RCP4.5 2100 19 14,485 43.2 7
Projected RCP8.5 2100 27 18,101 79.0 Q

* Built-up floor area
Source: CINCc (UC) - FIC, 2024.

Figure 5.14. Detail of the location of residential buildings exposed to coastal flooding in the N, E and S.
Note: For the scenario projected to 2050 (RCP8.5, Tr100 years).
Source: CINCc (UC) - FIC, 2024.
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Note: For the projected scenario to 2100 (RCP8.5, Tr100) in the municipality of Santander
Source: CINCc (UC) - FIC, 2024.

It can be observed that in the port sector, the flood stain could affect some residential
areas. However, it is plausible that given the protection conditions of the Varadero sector,
and with constructive actions of a defensive and punctual nature, these properties would not
be affected.

EXPOSED INFRASTRUCTURE AND FACILITIES

This block assesses the municipal infrastructure located in the coastal flooding areas for
each of the scenarios, including road and port infrastructure, buildings used for public ser-
vices, industrial and recreational facilities, and the municipality’s historical complexes. The
databases used come from the National Topographic Base (IGN, 2022) at a detailed scale
(1:2000) and from the building databases of the General Directorate of Cadastre (INSPIRE
Servicio Catastral, 2023).

The assessment of the exposed infrastructure as a whole presents several different units
of measurement, depending on the specific type of element analysed. In order to analyse the
level of exposure for the set of elements contained in this group at the census section scale, the
results obtained for each scenario and element have been previously normalised on a scale of
0 to 1. This allows, firstly, to compare the level of exposure between each of the scenarios and
between each of the census sections, while identifying those sections with a higher concentra-
tion of infrastructure and facilities exposed to coastal flooding in a comprehensive manner. The



results of the level of exposure in infrastructure and facilities, obtained for the year 2100 and
the scenario RCP8.5, are presented in table 56 and figure 5.16 below.

TABLE 5.6. Set of infrastructures and facilities exposed to coastal flooding

PUBLIC
BUILDINGS,
EXPOSED VIALS INDUSTRIAL AND
MEDIUM SCENARIO RECREATIONAL [ HISTORIC
(TR100 YEARS) FACILITIES SITES (m2)
STATION
PORT OF
FC (m?)
Historical ] 2 208 7 140,770 4,538
Projected RCP4.5 2050 1.3 2.3 208 8 | 42,789 6,765
Projected RCP8.5 2050 1.9 2.3 208 8 | 42,789 8,016
Projected RCP4.5 2100 3.2 3. 1,357 10 | 44,851 12,977
Projected RCP8.5 2100 4.1 3.5 3,100 12 | 58,377 18,045

* Built on Ground Floor
Source: CINCc (UC) - FIC, 2024.
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Figure 5.16. Level of Exposure in Infrastructure and Facilities due to Coastal Flood Hazards
Note: For the scenario projected to 2100 (RCP8.5, Tr100) by census sections in the municipality of Santander.
Source: CINCc (UC) - FIC, 2024.




ECONOMIC ASSETS EXPOSED

The analysis of economic assets exposed to coastal flooding events is carried out through
the identification of commercial premises, offices, buildings used for agricultural activities, res-
taurants and hotels located totally or partially in the areas of incidence of each of the scenarios
considered. The databases used come from the National Topographic Base (IGN, 2022) at a
detailed scale (1:2000) and from the building databases of the General Directorate of Cadastre
(INSPIRE Servicio Catastral, 2023).

TABLE 5.7. Set of economic assets exposed to coastal flooding for each of the scenarios

O RCIA OR O R O DI=D,
O AND O OR AGR RAL A
D ARIO
R100 AR INCREASE N2
OVER N.° OVER
HISTORICAL (%) ORICA
Historical 5 10,253 - 27 2,376 -
Projected RCP4.5 2050 5 10,253 0 28 2,390 0.6
Projected RCP8.5 2050 7 11,576 13 28 2,390 0.6
Projected RCP4.5 2100 Q 12,824 25 31 2,594 Q.2
Projected RCP8.5 2100 12 | 14,334 40 38 2,903 22.2

Source: CINCc (UC) - FIC, 2024.

Figure 5.17. Detail of concentration of buildings exposed to coastal flooding
Note: For agricultural activities and for the scenario projected to 2100 (RCP8.5, Tr100) in the northern sector
Source: CINCc (UC) - FIC, 2024.



Figure 5.18. Detail of the concentration of economic assets in the East Coastal Sector
Note: For the scenario projected to 2100
Source: CINCc (UC) - FIC, 2024.
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Figure 5.19. Level of Exposure of Economic Assets to coastal flooding

Note: For the scenario projected to 2100 RCP8.5, (Tr100) by census section in Santander
Source: CINCc (UC) - FIC, 2024.




The results obtained for each of the scenarios are calculated at census section level, including
the exposed surface area. The normalised exposure results in economic assets to flood hazards
for the end-of-century scenario RCP8.5 are presented in figure 5.19 from the previous page.

AREAS OF INTEREST AND NATURAL RESOURCES ON DISPLAY

The analysis of areas of interest and natural resources exposed to coastal flooding events
is carried out through the identification of beaches and coastal habitats located in the areas of
incidence of coastal flooding for each of the scenarios considered. The mapping of beaches in
the municipality comes from the Adapta-Costa Cantabria Report (2019-2021), and the map-
ping of coastal habitats considered comes from the National Inventory of Terrestrial Habitats

(MITECO, 2005).

TABLE 5.8. Set of natural resources exposed to coastal flooding
EXPOSED BEACHES EXPOSED COASTAL HABITATS

e | AReA lN(C)[\{/EEAI\zSE AREA INSB/EE?SE
HEICREAS (Ha) |*SUP] Historical | (Ha) |*SUP] HisToRIcAL
(%) (%)
Historical 32.89 | 87.15 - 41.87 | 24.2 -
Projected RCP4.5 2050 | 33.72 | 89.34 2.5 42.3 | 245 1.23
Projected RCP8.5 2050 | 33.78 | 89.50 2.7 42.3 | 245 1.23
Projected RCP4.5 2100 | 34.84 | 92.32 5.9 46.6 | 269 1.3
Projected RCP8.5 2100 | 35.20 | 93.30 7.1 48.4 | 28.0 15.6

Source: CINCc (UC) - FIC, 2024.

The municipality has 15 beaches covering an area of almost 38 hectares, of which 7
correspond to sandy beaches within the urban area. In general, the percentage of beaches
exposed fo coastal flooding events is very high in all the scenarios considered, from values of
more than 87% for the historical scenario, to more than 93% of the exposed beach area for
the most pessimistic scenario, RCP8.5 projected to 2100 (figure 5.20).

The exposure results obtained for each of the scenarios are also calculated in this case
at the census section level. For each of the scenarios and for each section, the percentage
of exposed beach area in relation to the total beach area of the census section has been ob-
tained. figure 5.21 shows the results obtained for the historical scenario and for the scenario
projected to 2100, RCP8.5, Tr100 years.
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Figure 5.20. Coastal Flood Exposure Map
Source: CINCc (UC) - FIC, 2024.
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Figure 5.21. Percentage of beach area exposed to coastal flooding
Note: Per census section for the scenario projected to 2100 (RCP8.5, Tr100)
Source: CINCc (UC) - FIC, 2024.
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Figure 5.22. Coastal habitats of Santander.
Source: CINCc (UC) - FIC, 2024.
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Figure 5.23. Percentage of area of coastal habitats exposed to coastal inundation
Note: Per census sections for the projected scenario to 2100 (RCP8.5, Tr100)
Source: CINCc (UC) - FIC, 2024.



On the other hand, the municipality of Santander has an area of approximately 173 hec-
tares of terrestrial coastal habitats, mainly represented by coastal vegetation present on the
cliffs, and various alliances of species, such as quercineae, Cantabrian alder groves, meso-
phyll meadows, Erica heaths, gorse heaths, among others, which are mainly distributed to the
north, north-east of the municipality (figure 5.22).

The area of terrestrial coastal habitats exposed to coastal flooding events ranges in ab-
solute values from 41 to 48 ha, for the historical and projected scenario to 2100 (RCP8.5,
Tr100), respectively, which represents 24% to 28% of the total area of coastal habitat in the
municipality in percentage terms, with a projected increase of approximately 15% for the most
pessimistic scenario compared to the historical scenario (figure 5.23).

Combined Exposure Index for Coastal Flood Hazards

In the previous sections, exposure indicators have been obtained for each of the compo-
nents analysed for coastal flood hazard events, as a sum of the exposure values normalised
by type of element included in each component. However, the Combined Exposure Index
allows for:

An identification of those census sections with the highest concentration of elements
exposed to coastal flooding using a multi-dimensional or multi-sectoral approach.

A holistic view of the information, i.e., a comprehensive and combined assessment
that, nevertheless, can be broken down into different components in a coherent and
consistent manner, as they are derived from precise elementary quantifications of
the territory.

A relative comparison o the level of exposure between multiple climate scenarios,

assessment the level of change, analysis of the trends in the territory and derivation
of possible higher priority intervention points from the exposure component.

The final results of the Combined Exposure Index for the historical scenario, the projected
2050 and RCP8.5 and the projected 2100 and RCP8.5, are presented below.
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Figure 5.24. Combined Exposure Index (dimensionless) to Historical Coastal Flood Hazards
Source: CINCc (UC) - FIC, 2024.
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Figure 5.25. Combined Exposure Index (dimensionless) to Coastal Flood Hazard 2050
Source: CINCc (UC) - FIC, 2024.
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Figure 5.26. Combined Exposure Index (dimensionless) to Coastal Flood Hazard 2100
Source: CINCc (UC) - FIC, 2024.
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VULNERABILITY ANALYSIS

Vulnerability is defined as the ‘propensity or predisposition to be adversely affected’. Vulner-
ability encompasses a number of concepts and elements, such as sensitivity or susceptibility
to harm and adaptive capacity, which involves being prepared to cope and adapt to the
problem (IPCC, 2022a). In general, the vulnerability of ecosystems and people to climate
change differs substantially between regions. Even within regions, it is influenced by aspects
such as intersecting socio-economic development patterns, unsustainable land and ocean
use, inequity, marginalisation, historical and current patterns of inequality, among many other
demographic issues.

During 2010-2020, human mortality from floods, droughts and storms was 15 times higher
in highly vulnerable regions compared to regions with very low vulnerability (IPCC, 2022b).
Vulnerability at different spatial levels is typically exacerbated by inequality and marginali-
sation linked to gender, ethnicity, low income or combinations of these, especially for many
indigenous peoples and local communities. Also in the future, human vulnerability will continue
to be concentrated where the capacities of local, municipal and national governments, com-
munities and the private sector are least able to provide basic infrastructure and services. Key



infrastructure systems such as sanitation, water, health, transport, communications and energy
will become increasingly vulnerable, if design standards do not take into account changing
climatic conditions.

VULNERABILITY ANALYSIS METHODOLOGY AND PHASES

The methodology for approaching the vulnerability study is centred on a mixed process
that combines the assessment of specific factors of sensitivity and adaptive capacity at the lo-
cal level with a social, economic, material and environmental approach, together with expert
judgement, through the following phases of development:

Identification of climate vulnerability factors for each of the prioritised
hazards. This phase includes the initial development of a list of climate vulnerability
factors derived from local literature and document review processes. This initial list
of potential factors is subjected to public assessment through citizen workshops with
key institutional participation.

Collection of information and assessment of vulnerability indices. For the
relevant vulnerability factors, the available official sources of information that enc-
ble their evaluation are analysed. Once these sources of primary information have
been collected, contrasted and validated, the vulnerability assessment is addressed
through indicators, understood as a measure that characterises the vulnerability of
a system, specifically for the socio-economic, environmental and material compo-
nents. For each of the key vulnerability factors, at least one representative vulnera-
bility indicator is developed.

Normalisation of the values of the evaluated indices with respect to the
highest value that the series can reach. This normalisation makes it possible to
relativise the magnitude of the index and enables its comparison and subsequent
integration. For this purpose, the linear normalisation method is applied to obtain
values from O to 1.

Integration and development of a final climate vulnerability index for each
of the key hazards, obtained by combining each of the normalised vulnerability
indices and weighted according to their relevance. This relevance is analysed by
combining the relevance value given by the set of respondents in the risk percep-
tion workshop, together with the relevance value given under expert judgement.
This weighting makes it possible to establish an order of hierarchy and relevance
between the standardised indices for each of the hazards.

Analysis of projected vulnerability to 2050 and 2100. This last phase in-
cludes the definition of hypotheses and scenarios of change for each of the sensitivi-
ty factors analysed for 2050 and 2100. As a result of these hypotheses, percentage
change forecasts will be established, which will be applied at census section level
with respect to the value obtained for the current horizon.



STANDARDISATION AND COMBINATION OF INDICATORS

Once phases 1 and 2 of defining indicators and obtaining specific data for them have
been completed, the standardisation of the set of sensitivity indicators assessed will enable
their subsequent integration. The final vulnerability index for each of the hazards is usually
based on a combination of quantitative data or indicators, so it is necessary to incorporate
a method of control and standardisation of variables that makes them comparable with each
other while allowing their standardised integration into a final indicator. The ‘objectivity’ of
quantitative data is maintained after the standardisation process, providing essential infor-
mation relating fo the context or factor analysed in each case.

The normalisation process is carried out using the simple linear method to obtain values
from O to 1, therefore, as a result of the normalisation process, rates are obtained with values
that are presented in a constant range between O and 1, taking into account the minimum and
maximum values reached by the series, by means of the following equation:

Z = (x, — minimum (x)) / (maximum (x) - minimum (x))
where:

Z: The i- "= normalized value in data set.
x.: The i- ' valye in data set.
minimum (x): The minimum value in the data set.

maximum (x): The maximum value in the data set.

For certain sensitivity factors, an additional process of combining indicators is carried
out, with the aim of comprehensively assessing complex circumstances that do not depend
on a single indicator or several independent indicators. In other words, a given reality
under a specific context, such as precarious housing, depends, in turn, on several specific
multidimensional variables or circumstances that have a synergistic effect. For these cases,
the sum of the values of their respective indicators per census section is first calculated and
then the result is normalised using the same linear procedure. The following tables show the
Sensitivity Indicators (socio-economic, material and environmental), which include the set of
factors and indicators evaluated, together with the normalisation and combination method
used in each case.



TABLE 5.9. Socio-economic sensitivity

> SENSITIVITY METHOD
FACTOR INDICATOR OF SENSITIVITY STANDARDISATION

lovel of | 1: Percentage of population with
SE1 [5€° Eocm income per consumption unit below UNEAR O TO 1
poverly by income 60% of the median at the national level
SE2-1: No. of Dwellings <45m?
low-income sections / No. of
. Dwellings census sectfion
SE 2 ff'rﬂioi':' POVerY | SE9-2: No. of 1bedroom dwellings LINEAR O TO1
ve fo housing / No. of dwellings census section [COMBINED)
precariousness
SE2-3: No. of Dwellings without
collective or private heating / No.
of Dwellings census section
SE 3 | Unemployment level SE3-1: % Unemployed popu|0ﬁon UNEAR O TO 1
> / Labour force by census sectfion
= |sp g |levelofsocid SE4-1: Gini index INEAR O TO 1
= inequality
77}
Z Insufficient SE5-1 % Population illiterate, uneducated
S0 SE 5 e or with first degree / Population LUNEAR O TO 1
(@) education level .
= >15 years old by census section
% SE6-1: Percentage of population
(o) residing outside the optimal service
= spe | Isufficient level of areas of public health facilities. LUNEAR O TOT
O health coverage SE&-2: Percentage of census section (COMBINED)
§ area outside the optimal service
areas of public health facilities
SE7 L‘;Zlu"’”o” density | SE7.1. N® inhabitants / km? INEAR O TO |
SE8-1: % Populotion aged >65 years / UNEAR O TO |
s g Presence of Total population of the census section
vulnerable groups SE8-2: % Population aged <5 years /
. . LINEAR O TO 1
Total population of the census section
ET_\::(L; fcsizdgr:(;lence SEQ-1:Percentage of employed in
SEQ I pend dependent sectors / Total Employed LUNEAR O TO 1
(employed in climate- . ,
deoend Population by census section
epenaent sectors
SE 10 | Gender differences EE 10 :Percen.toge of women LNEAR O TO 1
Y census section

Source: CINCc (UC) - FIC, 2024.




TABLE 5.10. Material sensitivity

Percentoge of Dwellings

. INDICATOR METHOD
SERSHRARERACIOR OF SENSITIVITY STANDARDISATION

MATERIAL SENSITIVITY

M1 | Age of dwellings in pre-1940 buildings / fofal LUNEAROTO 1
dwellings by census section
, , M2-1: % of dwellings with poor
pg | Construction quality 1 ion qudlity / Total No. of INEAR O TO 1
deficiency in housing , ,
dwellings per census section
Poor state of M3-1% dwellings in dilapidated, bad
M3 | maintenance of or substandard condition / Total number LINEAR O TO 1
dwellings of dwellings in the census section
M4 | Building density level | M4-1: No. of dwellings / ha UNEAR O TO 1

Source: CINCc (UC) - FIC, 2024.

TABLE 5.11. Environmental Sensitivity, Quality of Life and Social Well-being

level of social poverty

A1-1 Builtup volume / census

> METHOD
SENSITIVITY FACTOR INDICATOR OF SENSITIVITY STANDARDISATION

Al due 1o housin section surface area LINEAR O TO1
= precoriousnes% A1-2 % Impervious urban area (COMBINED)
E o / census section area

< -1 Estimated % pop affected
EE , by noise > 65 dB per census
= | A2 NO|se”|e;/e| and section (FB indicator CBA- 004) L(l(lél(gﬁ/l\QB?NTEcl))}
= 3 arpetion A2-2 Air Pollution Level Atmospheric
b P
Eg Pollution from Vehicular Traffic
u_.’é A3-1: Tourist Function Rate
P [a) (bed places/ 100 inhab)
=S P
§< A3 | Tourist lovel A3-2: Socio-environmental Pressure Index LINEAR O TO1
%E QUIIST pressure feve taking info account fourist areas (Mobiles) (COMBINED)
(-4 <I-I5 A3-3: Unregulated Accommodation
E Tourist Function Rate [Airbnb)
= level of anthrooi A4-1: Deficit of m? of green areas per
Ad er\éjs:reg opic inhabitant compared to the optimum of UNEAR O TO 1
P 20m? / inhabitant per census section




Continuation TABLE 5.11

5 METHOD
SENSITIVITY FACTOR INDICATOR OF SENSITIVITY STANDARDISATION

Presence of .

50 A5 | environmentally AST: é) SHISES ared of degraded LUNEAROTO 1
= degraded areas areas by census section
Qm
Eg Inadequate coverage | A6-1: Estimated population of the
(S E A6 | of the municipal waste | census section outside the optimal LNEAR O TO 1
% management system | coverage level of waste management
Eg Presence of buildings | A7-1: % of Buildings with no
m§ A7 | without energy energy certification or with UNEAR O TO 1
§Q certification certification below class E

Z
§< Poulation far from A8-1: % Population >400m of public
ZE A8 puat green area of 0.5Ha minimum LINEAR O TO 1
of green areas sup. (CBS002 of the BF)
SO
E Population without AQ-1: % Estimated population by census
— i private green spaces section without private green spaces INEAR O TO |

Source: CINCc (UC) - FIC, 2024.

Integration of Climate Sensitivity Indicators

Once the process of standardisation of the set of indicators has been completed, the final
integration of the indicators for each of the climate hazards is carried out. The integration
process involves the development of the following successive tasks:

] Identification and selection of climate sensitivity indicators that impact each of the
climate hazards

2 Assessment of the level of relevance (‘weight’) of each of the indicators by climate
hazard

3 Calculation of the final Climate Sensitivity Index for each of the hazards assessed
in the municipality, through the sum of values achieved for the set of indicators
per census section, weighted by their relative weight or level of importance. This
integration, therefore, offers the possibility of combining several inputs to create an
integrated analysis of sensitivity, incorporating weights or relative importance with
a double analytical focus, importance given for each indicator and for each hazard
assessed.

N
Weighted average = EXI.P(XI.) = X, P{x, )+ x,P{x,) + x,P(x,) + ...+ x P(xy)

i=1




Both the selection process and the importance of sensitivity indicators are based on two
sources of information:

Results obtained in the participatory workshop with key actors, specifically those
related to the vulnerability and sensitivity block (social and institutional percep-
tion);

Results obtained from the expert analysis based on the survey of 5 researchers from
the team of the University of Cantabria and the Climate Research Foundation. The
specific weight per indicator is obtained by adding the final score obtained per
indicator (i+ii), divided by the final score captured for the set of indicators for each
threat, as a factor of one.

In this method, the result of each indicator has been projected into the future for the 2050
and 2100 scenarios by incorporating official projections. For each of the climate sensitivity
indicators analysed in the municipality of Santander, hypotheses of change for 2050 and
2100 have been established on the basis of a wide range of official documentary references
with implications for territorial and political trends at the municipal level.

Results of the Projected Climate Sensitivity Index to 2050 and 2100
Projected Climate Sensitivity to Pluvial Flooding

For the flood hazard from extreme rainfall events, the mean value of the Santander sen-
sitivity index is 0.56, approximately 12% higher than the base value of the index. For this
scenario projected to the middle of the century, the highest minimum values, around 0.22, are
expected. Also higher maximum values, reaching a value of 1 in neighbourhoods in the south
of the capital, higher than the maximum of 0.9 are reached in the current horizon. The sharpest
increases are reached mainly in peripheral neighbourhoods to the north, south and east of the
municipality (figure 5.27).

For the projected scenario (2100), a decreasing trend is observed in the sensitivity index,
with an average value of 0.52, 4.18% higher than the base scenario. The largest decreases
occur in sections located along the south coast and in the centre of the capital (figure 5.28).
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Figure 5.27. Normalised Index of Climate Sensitivity to Rainfall Flood Events 2050
Source: CINCc (UC) - FIC, 2024.
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Figure 5.28. Normalised Index of Climate Sensitivity to Rainfall Flood Events 2100
Source: CINCc (UC) - FIC, 2024.



Projected Climate Sensitivity to Extreme Temperature Events

Finally, for the extreme temperature event hazard, the mean value is 0.59, 9.7% lower
than the base value of the index. For this projected mid-century scenario, a generalised de-
crease in the sensitivity index values is expected.
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Figure 5.29. Normalised Index of Climate Sensitivity to Extreme Temperature Events 2050
Source: CINCc (UC) - FIC, 2024.

In the scenario projected at the end of the century, the average value of the lowest sensitivity
index of the municipality, of around 0.49 is reached, almost 20% lower than the base value
of the index. For this scenario, the lowest sensitivity values are foreseen for both the lower and
upper end of the index, reaching maximums of up to 0.78 in certain sections of the consolidated
urban centre. This decreasing trend is also generalised, mainly associated with the northern and
western suburbs.
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Figure 5.30. Normalised Index of Climate Sensitivity to Extreme Temperature Events 2100
Source: CINCc (UC) - FIC, 2024.

Projected Climate Sensitivity to Meteorological Drought Events

For the meteorological drought hazard, the average value of the municipal sensitivity
index is 0.55, approximately 9% lower than the base value of the index. For this projected
mid-century scenario, a generalised decrease in sensitivity index values is expected, which
is mainly observed in the northern, western and southern suburbs, together with some highly
sensitive neighbourhoods in the centre of the capital (figure 5.31).

For the scenario projected at the end of the century, the lowest average value of the mu-
nicipality’s sensitivity index, of around 0.48, is reached. For this scenario, the lowest values
are expected for both the lower and the upper end of the index. This decreasing trend is also
generalised, mainly associated with the northern and western suburbs (figure 5.32).
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Figure 5.31. Normalised Index of Climate Sensitivity to Meteorological Drought Events 2050
Source: CINCc (UC) - FIC, 2024.
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Figure 5.32. Normalised Index of Climate Sensitivity to Meteorological Drought Events 2100
Source: CINCc (UC) - FIC, 2024.




Projected Climate Sensitivity to Extreme Wind Events

For this hazard, the average value of the sensitivity index is 0.56, 9.3% lower than the
base value of the index. For this scenario projected to the middle of the century, a gener-
alised decrease in the values of the sensitivity index is foreseen, reaching minimum values
above 0.31 for some neighbourhoods located along the diagonal that runs through the

municipality (figure 5.33).

For the scenario projected at the end of the century (figure 5.34), there is a general down-
ward trend and a marked decrease in the sensitivity index compared to the previous scenario,

with an average value of 0.45 for the municipality, 27% lower than the base scenario.

e
b !
Santa Cruz
de Bezana

indice de Sensibilidad frente a Viento Extremo
(Proyeccion a 2050)
| 020-035

[ o35-045

B cas-0c0

Il o007
Moo

|:| Municipio de Santander

. ‘Camargo. -
L e i / Municipios vecinos

Figure 5.33. Normalised Index of Climate Sensitivity to Extreme Wind Events 2050
Source: CINCc (UC) - FIC, 2024.
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Figure 5.34. Normalised Index of Climate Sensitivity to Extreme Wind Events 2100
Source: CINCc (UC) - FIC, 2024.
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Projected Climate Sensitivity to Coastal Floods

The mean value of the normalised climate sensitivity index for coastal flooding is 0.54 for
2050, which is a final increase of about 3.3% compared to the mean value obtained for the
current horizon. Overall, the climate sensitivity to coastal flooding tends to decrease in the me-
dium term in the northern peripheral sectors, while it displays an increasing trend in the urban
centre sections (figure 5.35).

By the end of the century, the sensitivity to coastal flooding is around average values of
0.49, which represents a reduction of 5.9% with respect to the base value of the index. In
this scenario there is a general downward trend in the municipality as a whole, with minimum
values below 0.19 in sections to the north of the capital, and sharp decreases in sensitivity for
sections of the south coast and the centre of the capital.
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Source: CINCc (UC) - FIC, 2024.




CLIMATE RISK ANALYSIS

Risk represents the potential for losses that may occur to an exposed subject or system as a
result of the convolution of hazard, exposure and vulnerability. Risk can be expressed mathe-
matically as the probability of exceeding a certain level of economic, social or environmental
consequences at a certain location and over a certain period of time.

[Sensitivity — Adaptative Capacity]
VULNERABILITY

RISK INDEX = HAZARD + EXPOSURE +

In this framework, risk is conceptualised holistically or integrally, according to the integration of
social, economic, material and environmental approaches. Therefore, for the urban scale consid-
ered, risk is not only related to the potential occurrence of an event, but also to the vulnerability of the
municipality as an infernal risk factor, i.e., its capacity to withstand the hazard and its implications.

This vulnerability is analysed through a broad set of sensitivity factors at the census section scale,
considering that the adaptive capacity will be implemented through the adaptation measures in-
cluded in this document, including key aspects such as the updating of the various risk management
and urban planning documents, as well as management, awareness and training mechanisms.

Key risk

- Representative key risk

- Variation by warming,
development and adaptation
SCEnanos

- interactions across key risks

Reasons for concern
- llustrative pathways
- Global expert judgement

Exposure

Figure 5.37. Risk Components
Source: IPCC, 2022b.

The IPCC 6th Assessment Report incorporates the inherently complex nature of climate risk,
vulnerability, exposure and impacts, including feedbacks, cascades, non-linear behaviour and
the potential for surprise.



By assessing the degree of exposure and vulnerability (socio-economic, material and environ-
mental) to the hazards analysed, four types of risk have been identified. The first group includes
risks related to extreme rainfall, which mainly affects roads in the urban area, with phenomena of
flooding or surface runoff, and may also involve periods of flooding in watercourses and troughs.

Another large risk group includes phenomena derived from extreme temperatures, with a
special incidence on surface temperatures. These situations contribute to urban heat islands,
heat waves and the occurrence of hot nights with particular health impacts. In addition, periods
of meteorological drought can be exacerbated by this phenomenon. A third group is related
to extreme wind. This document, in particular, has focused on the impacts of southerly winds.
Finally, the fourth group includes coastal flooding due to the set of impacts from sea level rise,
combined with storm surges or the influence of stormy periods, or the south wind.
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5.3.1. Risks from Extreme Rainfall

Risk from Pluvial Flood Events on Roads

The risk index for pluvial flooding events on roads for each time horizon and census section
is obtained by combining and normalising three variables: (I) the Hazard Index, obtained from
the average of the frequency of extreme rainfall events in the different climate scenarios; (Il) the
result of floodable roads as a representative measure of the level of Exposure, calculated as a
percentage of km? of roads with a probability of flooding with respect to the total km? of roads in
the municipality; and (lll) the Climate Sensitivity Index for current and projected extreme rainfall

events in 2050 and 2100.

The normalised risk index for flooding on roads due fo exireme precipitation events maintains
low to moderate values for both the historical and projected shortterm periods in almost the en-
tire municipality, except for certain neighbourhoods in the centre of the capital and the southern
coast, where relatively higher values are reached, below 0.88. The average risk index in the



municipality is 0.45 and 0.49 for the historical and projected shortterm periods, respectively.
For the medium and long term, a generalised increasing trend is observed, mainly towards medi-
um or medium-high values in the normalised risk index, maintaining in both cases very moderate
values in the northern and eastern sectors of the municipality. The average for the medium and
long term is 0.55 and 0.57, respectively, reaching maximum values, mainly associated with
residential neighbourhoods in the south, coinciding with the consolidated sector of the capital.
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The normalised risk index for rainfall flooding events with significant impact on roads in the
city centre shows a severe impact in different sections of the Castilla-Hermida neighbourhood,
and with smaller but equally important values in other areas of the centre, in the area around
the Estaciones, as well as in neighbourhoods such as Calle Alta and San Fernando. It should
be borne in mind that the variability of rainfall can compromise the existing drainage system,
so specific studies related to extreme rainfall in short periods should be considered for the sec-
tors indicated. The detailed analysis of the real conditions of the drainage network in the face
of these projections makes it possible to define the need to extend the network with a separate
system or increase the sections of the existing collectors.

In any case, the proposal of the Adaptation Plan follows the criteria of sustainability and
environmental protection, prioritising the creation of a separative network with rainfall harvesting



measures and the combined implementation of nature-based solutions, sustainable drainage sys-
tems and increasing the permeability of urbanised soils to favour sustainable management of ex-
treme rainfall. Given the high cost of these measures, it is considered necessary to prioritise urban
sectors in which to develop adaptation solutions. Therefore, the urban sector of Castilla-Hermida
and the central areas of the city of Santander should be placed on the priority list of investments
aimed at reducing the impact of extraordinarily intense rainfall in short periods of time.

TABLE 5.12. Neighbourhoods and census sections at high risk of Extreme Rainfall impacts

EXTREME RAINFALL

MEDIUM
TERM

CENSUS

POURHOOD SECTION CURRENT

Calle Alta - Cabildo 3907501009
3907505005
3907505006
3907505007
3907505008
Castilla - Hermida 3907505009
- Pesquero 3907505011
3007505012
3907505014
3907505015
3907505013
3907501001
Centro 3907501002
3907501008
3907505001
3907505002
Estaciones - Catedral 3907505004
3007505010
3007505003
3907502004
3907502012
3907506001
3907506003

San Fernando

Source: CINCc (UC) - FIC, 2024.



Risk from Fluvial Flood Events

The risk index for fluvial flood events is obtained by combining the normalised values of
hazard, which is indicative of the percentage of the area under threat, exposure, expressed
as the percentage of exposed roads, and the sensitivity values for flood events in the current

period (figure 5.39).

Fluvial flooding has a relatively low incidence within the municipality of Santander. Flood
zones only appear to the west of the municipality, coinciding with areas bordering the Arroyo
Otero stream, which is approximately 1.3 km long and belongs to the Pas-Miera system of the
Western Cantabrian Hydrographic Demarcation. This fluvial flood zone would affect a single
census section of the municipality. The percentage of surface area threatened for this section
would be 0.027%. Furthermore, within this sector, the exposed roads barely reach 0.5% of
the total roads, so that, in general, the risk from fluvial flooding is low in Santander, with the
possibility of triggering occasional impacts by cutting off access to private properties, or by
temporary interruptions of the railway line.
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Source: CINCc (UC) - FIC, 2024.

As indicated above, the only census section affected, and with a low level of risk of river
flooding, is in the Camarreal - Ojdiz / El Alisal neighbourhood. Although the impact of this
threat on the territory is very low, the natural value of this sector should be enhanced and the



area should be environmentally restored in coordination with the municipality of Santa Cruz
de Bezana, with the aim of reducing possible impacts on the railway infrastructure and the
natural environment.

TABLE 5.13. List of neig/’;bourhoods with the highesf risk indexes for river f/ooding
NEIGHBOURHOOD |CENSUS SECTION RIVER FLOOD

Camarreal - Ojaiz / El Alisal | 3907508004
Source: CINCc (UC) - FIC, 2024.

5.3.2. Risks from Extreme Temperatures

Risk from Diurnal Heat Island Episodes

The normalised risk index for diurnal urban heat island phenomena in the municipality of
Santander shows low or null values for the northern and eastern sections of the municipality.
The southern areas of the municipality, coinciding with the port sector and residential sec-
tions of the centre, constitute the areas with the highest level of risk for the diurnal urban heat
island phenomena. Several risk factors converge in these areas, as they concentrate high
percentages of surface area exposed to such hazards, with high percentages of population
and, in general, several conditions of human and environmental sensitivity.

These risk levels are mainly applicable to human health, and can cause general malaise,
respiratory problems, sunstroke, dehydration or increased fatigue. Therefore, it can have an
impact on the number of deaths or hospitalisations due to heat stroke from extreme temperature
events, mainly for older population groups. These phenomena also aggravate the consequenc-
es of climate change in cities, for example by increasing the number or intensity of warm (torrid
or equatorial) nights (figure 5.40).

The list of census sections and neighbourhoods with the highest risk indices corresponds
to those defined in table 5.14. Given the volume of people living in the area around Cas-
tilla-Hermida, and some sectors of the city’s central areas, priority should be given in these
neighbourhoods to carrying out actions to adapt to this phenomenon. Likewise, as has been
pointed out in terms of the degree of exposure, the industrial estates close to the port sector,
Parayas and Candina in particular, present high levels of risk with a direct effect on the peo-
ple who work in these areas.
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Figure 5.40. Risk Index for Potential Diurnal Heat Islands

Source: CINCc (UC) - FIC, 2024.

Camargo

Some of these areas should be identified as Priority Adaptation Areas and the necessary
corrective measures established, with a notable increase in vegetation, soil permeability and
the use of high albedo materials.

TABLE 5.14. List of neighbourhoods with the highest heat island risk indices
BOURHOOD O A AND
3907505005
3907505006
3907505007
3907505008
3907505011
3907505012
3907505014
3907505015

Estaciones - Catedral / 3907505003
Castilla - Hermida - Pesquero 3007505013

Castilla - Hermida - Pesquero

()]



Continuation TABLE 5.14

NEIGHBOURHOOD CENSUS SECTION HEAT ISLAND
3907501001
Centro 3907501004
3907501005
3907505004
3907505010
La Tierruca 3907502007
3907508021
3907508029
3907502010
San Fernando 3907502012
3907502026

Estaciones - Catedral

Pefacastillo — Hermanos - Calderén

Source: CINCc (UC) - FIC, 2024.

Risk from the Occurrence of Warm Nights

The risk level for the occurrence of warm nights is applicable to human health and to the
whole of the territory covered by the municipality of Santander. According to various sources,
the ideal temperature for a good night's rest is between 16°C and 20°C, so that the occur-
rence of these events has a direct effect on the well-being of society, associated with difficulty
in falling asleep and which, in turn, is related to other conditions such as accumulated fatigue
or anxiety.

For the evaluation of the risk derived from the occurrence of warm nights, the results of
the analysis of nights with minimum temperatures of 22°C in Santander have been used,
specifically, through the average number of nights with minimum temperatures of 22°C, as a
representative measure of the hazard, together with the results of climate sensitivity obtained
for extreme temperature events for the current horizon and projected to 2050 and 2100, both
previously normalised.

The normalised risk index for the occurrence of warm nights maintains low to moderate
values for both the historical and projected shortterm periods in almost the entire municipal-
ity, with the exception of certain neighbourhoods in the centre of the capital and the south
coast, where relatively higher values are reached, always below 0.55. The average risk
index for the municipality is 0.34 and 0.38 for the historical and projected shortterm peri-
ods, respectively. These values are also strongly influenced by the sensitivity component with



respect to the hazard component, which maintains a very insignificant incidence until the
middle of the century.

For the medium term, there is a general increasing trend towards medium to high values
in the normalised risk index. The average in this case stands at 0.46, reaching peaks of up
to 0.65, mainly associated with neighbourhoods in the consolidated sector of the capital. For
these projections, a relatively large decrease in the climate sensitivity component is expected,
but this is not sufficient to offset the increase in the hazard index (figure 5.41).

This trend continues and increases towards the end of the century, where the highest risk
levels are expected in general terms, with averages of around 0.7 and maximums of up to
0.87. This strong increase in the level of risk for the end of the century is mainly due to a strong
increase in the average number of warm nights expected with respect to previous periods,
which will also be accompanied by a higher incidence in residential neighbourhoods in the
south, including an important part of the centre of the capital.
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Figure 5.41. Normalised Risk Index for the Occurrence of Warm Nights

Note: For historical (top left), projected short (top right), medium (bottom left)
and long term (bottom right) periods by census sections.

Source: CINCc (UC) - FIC, 2024.



The impact of warm nights will be very palpable in the long term in the neighbourhoods
and census sections identified in the following table 5.15. The areas around Calle Alta, Esta-
ciones, some sectors of the centre and Castilla-Hermida have high values along with other
sectors of lower urban density.

TABLE 5.15. Neighbourhoods and census sections affected by high risk indexes due to Warm Nights

NEIGHBOURHOOD

Calle Alta - Cabildo

WARM
NIGHTS

LONG
TERM

CENSUS

SECTION

3907501009
3907501010
3907506002
3907506013

Calle Alta -
Valdecilla

3907506006

3907506007

3907506014

Castilla - Hermida -
Pesquero

3907505005
3907505006
3907505007
3907505011
3907505012
3907505014
3907505015
3907505013

Cenfro

3907501003
3907501004
3907501005
3907501007
3907501008
3907503004
3907503006

Source: CINCc (UC) - FIC, 2024.

NEIGHBOURHOOD

Estaciones

Catedral

| 3907505002

| 3907505010

WARM
NIGHTS

CENSUS

SECTION

3907505004

3907505003

los Castros - Fndo
de los Rios

3907507008

los  Castros
Pinares - V. C°

3907507018

Prado - San Roque

3907503005

Puerto Chico

| 3907503010

3907503009

3907504002

San Fernando

| 3907502010
| 3907502025

| 3907506001

3907502005

3907502012

3907502026

3907506003

Tetudn
Via Cornella

| 3907501006

3907504004

3907503002




In any case, this phenomenon has severe implications for people’s health, particularly
affecting vulnerable elderly people. The adaptation of dwellings, with improved insulation,
favouring cross or forced ventilation, as well as control and management through early
warnings and monitoring of the most vulnerable population are measures that should be
prioritised in the urban sectors identified here.

Risk from Heat Wave Episodes

For the assessment of the risk from heat wave episodes, the results of the normalised
heat wave hazard index obtained for the historical period and projected in the short, medi-
um and long terms, which combine the intensity and frequency of these episodes, together
with the results of climate sensitivity captured for extreme temperature events for the current
horizon and that projected to 2050 and 2100, are used (figure 5.42).
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Figure 5.42. Normalised Risk Index for the occurrence of heat waves

Note: For historical (top left), projected short (top right), medium (bottom left)
and long term (bottom right) periods by census sections.

Source: CINCc (UC) - FIC, 2024.



The normalised risk index for the occurrence of heat waves maintains values of relative
importance for all the periods analysed, with minimum values above 0.47. Furthermore, it
is expected that these adverse episodes will have a greater incidence in the central districts
of the capital, maintaining relatively lower values for the rest of the peripheral sectors of the
municipality.

The normalised risk index presents average values of 0.6 in the historical period and 0.66
for the projected period in the short and medium terms, with maximums below 0.78, 0.83
and 0.85 respectively. For the long term, there is a generalised upward trend in the risk index,
reaching an average value of 0.73 and peaks of 0.87, mainly associated with neighbour-
hoods in the consolidated sector of the capital and the port sector. For the projected periods,
a relatively large decrease in the climate sensitivity component is expected, but this is not
sufficient to offset the increase in the hazard index. Therefore, this strong increase in the risk
level by the end of the century is mainly due to a strong increase in the expected hazard index
compared to previous periods.

The neighbourhoods and census sections that reach very high risk values at the end of
the century are shown below. The identification of vulnerable people in these sectors makes
it possible to establish guidelines and programmes for risk management in the face of
events of these characteristics. Areas of the city centre and the neighbourhood of Cabildo,
Calle Alta, in Castillo-Hermida, Ferndndez de los Rios and San Fernando, are particularly

sensitive to this phenomenon and already have census sections that exceed very high risk
thresholds (table 5.16).

In these sectors, priority should be given to a series of actions focused on controlling the
most vulnerable populations exposed to this type of phenomena, with early warning protocols
and emergency health management.

TABLE 5.16. Neighbourhoods and census sections with high long-term heat wave risk indices

HEAT WAVES
CENSUS

NEIGHBOURHOOD
SECTION HISTORICAL MTEEDR';j\M

3907501009
3907501010
3907506002
3907506013
3907506006
3907506007
3907506009
3907506014

Calle Alta - Cabildo

Calle Alta - Valdecilla




Continuation TABLE 5.16

NEIGHBOURHOOD

Campogiro - Cajo

CENSUS
SECTION

3907506010

Castilla - Hermida -
Pesquero

3907505005

3907505006

3907505007

3907505008

3907505009

3907505011

3907505012

3907505014

3907505015

Castilla -Hermida

3907505013

Cazona

3907502024

HISTORICAL

3907508006

Centro

3907501001

3907501002

3907501003

3907501004

3907501005

3907501007

3907501008

3907503004

3907503006

Centro / Estaciones

3907505001

Ciudad Jardin - Cuatro

Caminos

3907502008

3907502009

3907502013

Estaciones - Catedral

3907505002

3907505004

3907505010

Estaciones - Castilla

3907505003

G. Ddvila - Los Castros

3907507005

La Tierruca

3907502002

3907502007

3907502022

HEAT WAVES

MEDIUM
TERM




Continuation TABLE 5.16

HEAT WAVES

CENSUS

MEDIUM
SECTION
HISTORICAL TERM

NEIGHBOURHOOD

Los Castros - 3907507008
Fernando de Los Rios 3907507009
e L 3907507013
P(i)r?o reossfr;s De(lDS 3907507014 _
3907507015
3907507018
3907503003
3907503005
3907503007
3907503008
3907503013
3907503014
3907503009
3907503010
Puerto Chico 3907504001
3907504002
3907504003
3907502004
3907502005
3907502006
3907502010
3907502011
3907502012
3907502015
3907502025
3907502026
3907506001
3907506003
3907506005
San Francisco - 3907507002
Pronillo 3907507003

Camino

Prado - San Roque

San Fernando




Continuation TABLE 5.16

HEAT WAVES

MEDIUM
TERM

CENSUS
SECTION HISTORICAL

NEIGHBOURHOOD

3907504004
3907504005
Tetuén 3907504006
3907504007
3907504008
3907501006
3907502020
Via Cornella 3907502021
3907503001
3907503002

Source: CINCc (UC) - FIC, 2024.

Heat waves are evolving into events of greater magnitude, duration and affecting more
people, requiring a comprehensive approach that incorporates a public health perspective,
preparedness and response, and early warning (OPS, OMS, 2019). The number of deaths
attributable to heat during the period 2000-2009 for Santander was 16 people (Carmona et
al., 2016). However, we do not have up-to-date detailed figures on the impact of excessive
heat. Absolute values are available for the whole community of Cantabria. The system for
monitoring daily all-cause mortality (MoMo)? was developed in 2004, within the framework of
the ‘Plan of preventive actions against the effects of excessive temperatures’, coordinated by
the Ministry of Health, to reduce the impact on the health of the population as a consequence
of excess temperature.

The MoMo Panel (Ministerio de Sanidad, 2023) updates daily estimates of excess mor-
tality due to all causes and attributable to an excess or defect in temperature, by population
(national, Autonomous Community and provincial), sex and age group. The evolution of
deaths attributable to excess temperature has been very erratic in recent years, with 3 deaths
in 2019, 7 in 2020, 2 in 2021 and 3 in 2022. However, Cantabria suffers a notable in-
crease in the period studied (1 May to 31 October), with the figure rising to 76 deaths in
2023.

It should be noted that the episodes of heat waves in 2023 were extraordinary and unusu-
al, with a very high incidence between the months of August and September. The orographic
conditions of the community of Cantabria determine the propensity for increased heat impact

2 See: Ministerio de Sanidad (2023). https://momo.isciii.es/panel_momo/


https://momo.isciii.es/panel_momo/

in some valleys in mountainous areas, where high ozone concentrations occur. In sectors
where the physical limits imposed by the topography are not so evident, generally along the
coast, the situations are less agressive. However, in the light of the data, we cannot rule out the
impact that heat waves have on coastal municipalities such as Santander.
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Figure 5.43. Observed and estimated deaths, attributable to excess temperature
Source: MOMO, 2024.
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Figure 5.44. Direct and indirect impacts of extreme heat exposure
Source: CINCc (UC), 2024, based on data from OPS, OMS (2019).




The excess mortality recorded in 2023 shows a temporary situation that cannot be extrap-
olated to future episodes; however, we must be aware of the magnitude of the phenomenon
and ensure an adequate response for the management of heat waves.

The direct and indirect impacts of exposure to extreme heat are reflected in figure 5.44
and involve a set of situations that can put health and assistance services in a critical situation,
while entailing a considerable cost in resources and materials for the public health and civil
protection system.

Risk from Meteorological Drought Episodes

The Meteorological Drought Risk Index in Santander is obtained by integrating the results
of the Drought Hazard Index for each time horizon, captured as a normalised average value
of the SPEI accumulated at 24 and 60 months, together with the results of the current and
projected climate sensitivity index in the medium and long terms. The Drought Risk Index for
the short, medium and long terms is analysed as a relative value that tries to establish a devi-
ation with respect fo the historical period, considering the historical drought as the reference
or base value (figure 5.45).

The normalised risk index for drought episodes maintains low to moderate values in the
short term, with average values around 0.38 and maximum values below 0.58, remaining
at the risk threshold with respect to the historical period and with a higher incidence for the
southern areas, mainly due to their greater sensitivity.

The risk for successive periods is increasing, mainly due to increases in the 24-month and
60-month cumulative SPEI, indicating a trend towards drier thresholds, respectively. The medi-
um and longterm normalised risk index has mean values around 0.46 and 0.58, and maxima
below 0.65 and 0.75, respectively. In both cases, it is expected that these adverse episodes
will have a higher incidence in the central districts of the capital, maintaining relatively lower
values for the rest of the peripheral sectors of the municipality.

For the projected periods, a relatively significant decrease in the climate sensitivity com-
ponent is expected, which, however, is not sufficient to counteract the increase in the hazard
index. Therefore, this increase in the risk level by the end of the century is mainly due to the
successive increase in the expected hazard index compared to the reference period.

It should be noted that the phenomenon of drought will be exacerbated by the end of the
century and there are numerous neighbourhoods and census sections that may be affected with
high risk index (table 5.17). The neighbourhoods of El Cabildo, Calle Alta, Castilla-Hermida
and Pesquero, as well as San Fernando, have been identified as very high risk sectors in the
medium and long terms. It is, therefore, necessary to establish and prioritise a control-monitor-
ing and response programme in these urban sectors given the numerous effects that they have
on services and public risk management.
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Figure 5.45. Meteorological Drought Risk Index
Source: CINCc (UC) - FIC, 2024.

TABLE 5.17. Set of neighbourhoods and census sections with high drought risk indices
DROUGHT

NEIGHBOURHOOD CENSUS SECTION
SHORT TERM | MEDIUM TERM | LONG TERM

3907501009
3907501010
3907506002
3907506013

3907506006

Calle Alta - Valdecilla 3907506007 |

Calle Alta - Cabildo

3907506014
Campogiro - Cajo 3907506010
3907505005
3907505006
3907505007
Castilla - Hermida - 3907505011
Pesquero 3907505012
3907505014
3907505015
3907505013
3907502024
3907508006

Cazona




Continuation TABLE 5.17

NEIGHBOURHOOD

Cenfro

CENSUS SECTION

3907501001

3907501003

3907501004

3907501005

3907501007

3907501008

3907503004

3907503006

Ciudad Jardin - Cuatro
Caminos

3907502008

3907502009

3907502013

Estaciones - Catedral

3907505002

3907505004

3907505010

3907505003

La Tierruca

3907502002

3907502007

Los Castros -
Fernando de Los Rios

3907507008

3907507009

Los Castros - Los
Pinares - V. Del
Camino

3907507013

3907507014

3907507015

3907507018

Prado - San Roque

3907503005

3907503008

3907503013

Puerto Chico

3907503009

3907503010

3907504002

3907504003

San Fernando

3907502004

3907502005

3907502006

3907502010

DROUGHT
SHORT TERM | MEDIUM TERM

LONG TERM

()]




Continuation TABLE 5.17

DROUGHT
SHORT TERM | MEDIUM TERM | LONG TERM

NEIGHBOURHOOD CENSUS SECTION

3907502011
3007502012
3907502015
3907502025
3907502026
3907506001
3907506003
3907506005
San Francisco - 3907507002
Pronillo 3907507003
3907504004
Tetudn 3907504006
3907504007
3907501006
3907502020
3907502021
3207503002

San Fernando

Via Cornella

Source: CINCc (UC) - FIC, 2024.

Risk from Episodes of South Wind Gusts

For evaluating the risk from the occurrence of southerly wind gusts, the results of the nor-
malised hazard index are used, obtained through the mean value per census section of the
maximum southerly wind gust for the historical period, and projected in the short, medium
and long terms, together with the results of climate sensitivity captured for extreme wind
events for the current horizon and projected to 2050 and 2100. This is done together with
the results of exposure, obtained through the percentage of south-facing surface area per
census section.

The normalised risk index for the occurrence of southerly wind gusts maintains values
of relative importance for all the periods analysed, with minimums of O for the sections free
of south-facing slopes, and minimums above 0.39 for the remaining sections (figure 5.46).
Furthermore, it is expected that these adverse episodes will have a greater incidence in the



southern sector of the municipality, including the port area and central districts of the capital,
maintaining relatively lower values for the rest of the peripheral sectors of the municipality.

The normalised risk index presents average values of 0.69 in the historical period and
0.68 and 0.66 for the projected period in the short and medium term, with maximums reach-
ing levels of 0.97, 0.96 and 0.92, respectively. For the long terms, there is a general down-
ward trend in the risk index, reaching an average value of 0.62 and peaks of 0.87, mainly
associated with neighbourhoods in the consolidated sector of the capital. This decrease in the
projected periods is mainly due to a decrease in the future climate sensitivity index, together
with a decrease, in this case, not very noticeable in the hazard index.
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Figure 5.46. Normalised Wind Risk Index for Southerly Wind Gusts
Source: CINCc (UC) - FIC, 2024.

The following is a list of neighbourhoods with their census sections that maintain very high
risk indices for south wind gusts, despite the general reduction of wind in the long ferm (to-
ble 5.18). With a very uneven distribution, the impact of this phenomenon on buildings can be
considerable, which is why their maintenance with the revision of facade elements and possi-
ble loose parts in roofs and ceilings must be programmed and managed by the private sector.



Dwellings located on high points and facing south, south-east along with heights of more than
five storeys are particularly vulnerable to this phenomenon.

On the other hand, the health effects of this climatic component must be considered by the

health services and the vulnerable population in these sectors must be monitored.

TABLE 5.18. Neighbourhoods and sections that maintain high /ong-ferm Extreme Wind
Risk Indices

EXTREME WIND

NEIGHBOURHOOD | CENSUS SECTION
CURRENT MTE;I'B\M

3907501009
Calle Alta - Cabildo 3907506002

3907506013
Calle Alta - Valdecilla 3907506014
Castilla - Hermida - 3907505007
Pesquero

3907501003
Centro 3907501004

3907501008
Puerto Chico 3907503009
San Femando 2907502025

3907506001

Source: CINCc (UC) - FIC, 2024.

5.3.4. Coastal Flood Risk

Risk from Coastal Flood Events on the Urban Environment
The Normalised Risk index for coastal flooding events shows very high values for the sector
coinciding with the Sardinero coasts in all the scenarios analysed with respect to the rest of the

coastal sectors of the municipality.

For the historical scenario (figure 5.47), the risk index maintains moderate values for the
coastal sector in the north of the municipality, including the coastal area bordering the San



Pedro del Mar estuary, Bafiaperros and El Bocal. The same shows relatively low values for the
rest of the threatened coastal neighbourhoods to the north, east and south of the municipality.

In the middle of the century (figure 5.48), for the RCP8.5 emission scenario, a similar level
of risk is foreseen with respect to the historical scenario. This could also affect the urban neigh-
bourhood adjacent to the Sardinero sector, due to the greater extension of the coastal flooding
area in that sector for that period.

At the end of the century (figure 5.49), for the RCP8.5 emission scenario, greater increases
in the level of risk are expected, mainly for the eastern and southern sectors of the municipality,
as well as new neighbourhoods that could be impacted by coastal flooding events. The risk
index reaches its highest value in this scenario in the Sardinero sector, followed by the consol-
idated urban sector in the south of the municipality.
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Figure 5.47. Normalised Coastal Flood Hazard Index, Historical Scenario
Source: CINCc (UC) - FIC, 2024.
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Figure 5.48. Normalised Coastal Flood Risk Index, Projected Scenario to 2050 (RCP8.5)
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Figure 5.49. Normalised Coastal Flood Hazard Index, Projected Scenario to 2100 (RCP8.5)
Source: CINCc (UC) - FIC, 2024.




TABLE 5.19. Neighbourhoods and census sections at medium, high and very high long-term risk
of Coastal Floods

COASTAL FLOODING

NEIGHBOURHOOD CENSUS SECTION
CURRENT MEDIUM TERM | LONG TERM

Puerto Chico 3907504001

Tetudn 3907504008
3907504009
3907504010
Sardinero 3907504011
3907504012
3907504013
| | 3907505008
Castilla - Hermida 3907505009
- Pesquero
3907505015
Monte 3907508009
3907508011
Cueto
3907508012
i 3907508007
an koman ce la Lanilla 3907508024

Source: CINCc (UC) - FIC, 2024.

Rising sea levels, with extreme phenomena such as storm surges, pose a clear risk to the
coastline of the city of Santander. The most significant impacts occur on the beaches of the mu-
nicipality, with retreat and loss of sand, putting pedestrian areas and infrastructures at risk. The
neighbourhood of El Sardinero and the surrounding beaches, especially the Second Beach, is
a highly vulnerable sector, which has maintained very high risk indices throughout the different
periods analysed. This situation can cause the height to rise in certain coastal areas where, in
periods of intense southerly winds, the water can affect various sectors of Castilla-Hermida and
Puerto Chico. Likewise, the northern beaches along the neighbourhoods from Cueto to San
Romdn de la Llanilla may be affected and increase the risk values.

DIAGNOSTIC AND STRATEGIC PROPOSALS FOR SCN

F. Garcia, C. Ribalaygua, N. Herrera, L. Asensio, C. Gil, J. Gonzdlez, D. Rasilla, P. Ferndndez, S. Pérez, F. Conde

Based on a comprehensive diagnosis, several strategic proposals for Santander Capital Nat-
ural have been proposed. These are thematic projects that bring together the main ideas and



solutions contributed throughout the process, both in the technical and citizen workshops as
well as in the technical sessions held with experts.

Following the development of hazard-specific risk indices, the cross-cutting conclusions identify
four main risk groups facing Santander. The impact of extreme precipitation, high tempera-
tures, potential health and building impacts caused by extreme wind and, finally, impacts on
the coastline due to coastal flooding. These risk groups highlight the need to address a set of
adaptation measures for an effective response to Santander’s climate resilience.

Addressing the risks associated with pluvial flooding events, especially in critical urban
areas such as Castilla-Hermida and Santander city centre, requires priority attention. These
locations show a severe impact due to rainfall variability, which compromises the existing
drainage system and requires the extension of the network with separative systems or the in-
crease of collector sections.

Although the risk of fluvial flooding is practically non-existent, it is advisable to identify and
protect these areas that are currently little affected in order to reduce future risks, and to work
with the municipality of Santa Cruz de Bezana fo restore these areas environmentally.

Also noteworthy is the risk associated with high temperatures, which requires the definition
of Urban Adaptation Areas (Garcia, 2019), emphasising the need to implement adaptive
actions in industrial estates close to the port, as well as in areas with a high density of vul-
nerable population. Heat waves, prolonged drought and the threat of hot nights also require
attention, especially in densely populated neighbourhoods such as Calle Alta, Las Estaciones
and Castilla-Hermida, where it is recommended to improve housing conditions and establish
early warning protocols to protect the vulnerable population.

Exposure to extreme winds, especially those of a southerly component, has a special effect
on the vulnerable population as well as on high-rise buildings along the first line of impact of
wind gusts.

To complete this diagnosis, it highlights the risk associated with rising sea levels in com-
bination with storm events or storm surges, mainly affecting the beaches of the municipality,
such as El Sardinero, and the need to establish various protection measures in other vulnerable
coastal areas.

It, therefore, highlights the need to take measures to protect the population and infrastruc-
ture from the risks associated with climate change in the city of Santander, favouring early
recovery from extreme events. The set of measures proposed below seek to respond to these
risks by controlling and managing the impacts associated with them.



5.4.2. Strategic Proposals for Santander Capital Natural

In coherence with the previous diagnosis, four strategies have been proposed focused on the
challenge of facing the main impacts deduced for the future scenario in the municipality of
Santander, within the framework of the Santander Capital Natural project. These proposals
identify the main adaptation objectives based on the needs detected in the study along with
the collaboration of institutions and experts, as well as citizens.

1. Developing Green Infrastructure
as a Cross-cutting Adaptation Resource

The benefits that nature brings in terms of health, well-being, environmental sustainability
and resilience to climate change, lead to the need to incorporate this resource as a key tool
in the improvement of cities. In the context of climate change, some of the services provided
by green infrastructure contribute dramatically to the improvement of air quality, the mitiga-
tion of greenhouse gases, the regulation of urban climate and the adaptation of the urban
fabric to direct threats, especially extreme rainfall and rising temperatures.

Therefore, the identification and development of a strong green infrastructure in the city of
Santander is a key cross-cutting measure to achieve a truly resilient city. Green infrastructure
must be planned, designed and maintained to maximise its benefits while minimising negative
impacts. To ensure its effectiveness, it must consider:

Connectivity of green spaces.
Type of vegetation.
Water management.

Q Q@ @ Q

Community participation.

Ecosystem connectivity of green infrastructure is necessary to promote biodiversity and
provide strategic ecosystem services for urban adaptation in Santander. Ecological corridors
and connectivity between green areas can contribute to increasing the resilience of urban
ecosystems to climate change impacts, such as heat waves, floods and droughts, by helping
to regulate the water cycle, improve air quality, control soil erosion or provide habitats for
pollination and pest control.
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In the case of Santander, the Vaguada de Las Llamas corridor has become the centre of grav-
ity of a complex multifunctional system that allows connectivity between the rural areas of the
north and the landscaped poles, generally in private areas, of the east (El Sardinero) and south-
west (Nueva Montafia). A green structure with a very marked east-west component, defined by
the topographical conditions whose protection and promotion should be a strategic issue, needs
to be introduced in the regulatory documents for the development of urban planning.

Therefore, the design of the municipal green infrastructure should optimise the potential for
connectivity between public and private green spaces. An initial assessment of private plots
of land destined for landscaped or naturalised green spaces, either due to a lack of buildings
or specific uses, totals almost three million m? of surface area. This is equivalent to 44% of the
existing green space of the urban land.

The development of the Green Infrastructure Plan, incorporated as a specific action within
the Santander Capital Natural Strategy, offers the opportunity to integrate potential private
space sites that can be integrated into the ecosystemic network. These green spaces facilitate
the connection of the powerful urban green facilities that function as strategic linear corri-
dors, the Magdalena Peninsula and the coastal cliffs (Peligros - Magdalena - El Camello), the
north-eastern coastal green system (El Faro, Matalefias Park - Mesones Park), the transversal
corridors (Las Llamas - Parque de Sotileza or del Agua - Parque del Doctor Morales or de la
Vaca - La Remonta) and their extensions towards Pefacastillo as far as the marshes of the Ra-
os Canal. Not to forget the extensive rural space in the north where it is possible to recover,



through its network of paths and trails, a linear network of once abundant coastal holm oak
wood, which enhances the natural values of the area and protects it from the influence of the
north and north-westerly winds.

Figure 5.51. Potential connectivity between private and public green spaces
Source: CINCc (UC), 2024.




Santander’s historical natural conditions® are far from the future climate scenarios de-
veloped by the FIC for this Plan (using the latest statistical downscaling techniques). The
future climate scenarios depict a horizon in which a generalised rise in temperatures may
compromise the resilience of the traditional tree and shrub species that have developed in
the municipality.

In this future climate context, not all contemporary plant species will have a chance of
survival. For this reason, the Plan provides a list of adapted plant species. The aim is to
provide a list of species adapted for planting by the municipal technical services and within
the actions included in the Santander Capital Natural project, based on the analysis of the
potential behaviour of these species under the new conditions. Although it is worth noting
the possibility of finding favourable microclimates in certain areas of the city, the stress that
these species may suffer in the near future must be taken into account. In this analysis, the
assessment carried out by Dr. Mariano Sénchez Garcia (Real Jardin Botdnico de Madrid) at
the request of the drafting team stands out, where he identifies the behaviour of the current
species in a scenario of increased temperatures and a change in the predicted rainfall re-
gime (see table 5.20).

The table shows 42 tree and shrub species with their expected behaviour in 2050 and
2100 using a four-colour traffic light. Green represents favourable behaviour in relation to
climate change for each horizon. Yellow represents species that, by 2050, can be used with
some caution depending on where they are planted. These species require surfaces that are
slightly protected from the afternoon sun in the summer months, by establishing new zoning or
by placing them in partial shade from other plants.

Practically all species, in the distant horizon (2100), will worsen their ability to withstand
environmental conditions, and will be located in the orange and red bands. Species in these
conditions require irrigation in the face of heat waves and periods of drought. A suitable
strategy would be to plant in semi-shaded areas or in the shade of trees or large shrubs and in
places where a certain amount of water is stored in the subsoil after rainfall.

3 In order to understand the origins of the ecosystemic connectivity of the municipality, and within the SCN project, in February

2023, Sebastian Pérez and Sara Nofez proceeded to collect a total of 15 sediment samples to be studied from a palyno-
logical point of view in the mediaeval necropolis of Los Azogues, Santander. The samples showed relatively homogeneous
characteristics throughout the sequence studied. From this analysis, it can be deduced that the site would be composed of
a deciduous forest in terms of the tree layer, where species such as oak, willow and hazel have a good presence in the
landscape. These species are accompanied by other species typical of deciduous woodland, such as alder, birch and ash,
thus demonstrating a relatively humid climate.

The thesis of a humid climate is also supported by the presence of hydro-hygrophilous vegetation, such as different
types of ferns. However, the space surrounding the site would have been dominated more by open areas, in which herba-
ceous vegetation was the most important, with very few shrubs. Specifically, the landscape domain corresponded to grass
pastures together with anthropic-nitrophilous communities, which could be evidence that this population would have been
linked, among other things, to economic production activities, since these grass pastures would correspond to pastures for
livestock use.



TABLE 5.20. List of species proposed for planting in Santander
N.° SPECIES | 2050 | 2100

] Quercus robur ]
2 Quercus pyrenaica
3 | Quercus ilex subsp. llex
4 Castanea sativa
5 | Fagus sylvatica
6 Betula alba /celtiberica
7 | Fraxinus excelsior
8 | Alnus glutinosa
9 | Tilia platyphyllos
10 | Tilia cordata
11 Salix alba
12 | Salix atrocinerea
13 Ulmus glabra
14 | Ulmus minor
15 | Juglans regia
16 | Acer campestre
17 | Acer pseudoplatanus
18 Prunus avium
19 | Prunus mahaleb
20 | llex aquifoliun
21 Laurus nobilis
22 | Arbutus unedo
23 | Phillyrea latifolia [Taxon]
24 | Rhamnus alaternus
25 | Pistacia lentiscus
26 | ligustrum vulgare
27 | Frangula alnus
28 | Coryllus avellana
29 Crataegus monogyna
30 | Malus sylvestris
31 Pyrus cordata /pyraster
32 | Sorbus aria
33 | Sorbus aucuparia
34 Prunus spinosa
35 | Berberis vulgaris
36 | Cornus sanguinea
37 Euonymus europaeus
38 | Sambucus nigra
39 | Viburnum lantana
40 | Viburnun tinus
4] Rosa canina
42 Rosa semperviren

Source: CINCc (UC), 2024, based on a list provided by the Santander City Council.



With global change, new gardening techniques also need to be developed, as tradi-
tional methods do not always provide adequate adaptation, and care should be taken
to create inorganic beds or mulches, so that rainwater is used as much as possible and
evaporation from the sun is reduced. For example, using combinations of plantings and the
placement of stones with specific terraces for each plant or group of plants, thus capturing
rainwater with appropriate treatment of the subsoil. In this sense, rain garden solutions can
be an effective measure by encouraging landscape design techniques that maximise water
efficiency.

In view of the expected changes in the annual distribution of rainfall and the increase in
the number of days with high temperatures and the duration of heat waves, it is essential to
manage water appropriately. Urban green spaces, both public and private, require adapted
management, based on by-laws that are consistent with climate change. In addition to the
aforementioned techniques in the use of species adapted to the future climate of Santander and
the design of green spaces to reduce water consumption, wherein rainwater storage must be
conceived as a priority, it is also key to control water losses and leaks in the distribution system.
Prioritising efforts on leakage detection and consumption savings will allow better adaptation
to periods of drought.

We believe that community participation in the development and maintenance of munici-
pal green infrastructure (both public and private spaces) is crucial to obtain maximum bene-
fits. Training programmes and awareness-raising campaigns on drought and water manage-
ment, as well as the promotion of proper water management and the adoption of sustainable
gardening practices, will achieve the resilience objectives of a good citizen-driven ecosystem
network.

The climate scenarios show that the total amount of precipitation in the long term will
not change significantly. However, the increase in dry periods means that torrential rainfall
events in short time periods will increase. Therefore, the municipal drainage network may be
compromised and sewage may be discharged to the surface, posing a risk to public health
and the environment. Flooding can cause property damage, traffic disruption and safety risks
to people.

To cope with pluvial flooding and reduce the impacts of extreme rainfall events in Santand-
er, it is necessary fo implement a series of strategies to increase permeability and drainage

capacity.

The improvement and redesign of the municipal sewerage network in the areas identified
as being at risk involves the enlargement of the sections of the existing collectors, as well as
the implementation of a separate rainwater network to manage the flow of rainwater more
efficiently and avoid saturation of the sewerage system. Sectors such as the area around the



Town Hall in Calle Jesis de Monasterio, Calle Gerardo de Alvear and Av. de Candina in the
industrial estate of the same name, or some sections of Calle Castilla, may require specific
studies for the implementation of improvements to the network.

Likewise, surveillance and control of the rainwater evacuation network of the various tun-
nels in the city must be reinforced, as these sections are particularly vulnerable to vehicular
collapse due to waterlogging and flooding.

Figure 5.52. Ponding in the tunnel of Calle Burgos, Santander
Source: CINCc (UC), june 2023.

Some recurrent areas with flooding events, such as the Santiago Mayor Urbanisation in
Nueva Montafia or Joaquin Salas Street near the Mercasantander industrial estate, can be
solved with technical solutions aimed at controlling the opening to the sea and the drainage
system of the Raos Canal, implementing the evacuation system.

In addition, the construction of storm tanks is an effective strategy to reduce the impact of
extreme rainfall events. Storm tanks are underground storage structures that temporarily retain
excess rainwater and release it in a controlled manner into the drainage network, thus pre-
venting overflows and flooding. The municipality already has this type of infrastructure, but the
installation of new tanks at other points of interest cannot be ruled out.
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Figure 5.53. Location of possible areas of ponding (Santiago Mayor - Av. de Parayas).
Source: CINCc (UC), 2024.

In order to promote the permeabilisation of urban areas, one of the main measures is the
adoption of Sustainable Urban Drainage Systems (SUDS). These are drainage systems based
on techniques capable of capturing and temporarily retaining rainfall, using elements such
as permeable pavements or rain gardens, among others. The various SUDS solutions allow
water to infiltrate slowly into the subsoil, reducing the volume of surface runoff that reaches
the drainage network. It is essential that these measures are integrated into an overall water
cycle management strategy, considering both green infrastructure and nature-based solutions.
By combining the creation of green corridors and the protection and restoration of water eco-
systems (which act as natural buffers against flooding), renaturation projects of impermeable
spaces, such as the transformation of paved areas into parks and private areas, will contribute
to increase the absorption capacity of the soil and reduce runoff, thus mitigating the risk of
flooding.

3. Incorporate Urban Design Solutions to Combat Heat Islands

For the city of Santander to become more resilient to extreme heat and reduce the im-
pacts of urban heat islands, strategies must address both mitigation and adaptation to cli-
mate change.

In terms of mitigation strategies, the promotion of sustainable modes of transport such as
cycling and clean public transport will contribute to a significant reduction in greenhouse gas
emissions, reducing urban warming generated by motorised vehicles. In terms of adaptation,
sustainable urban planning is needed to encourage the increase of urban vegetation by plant-
ing trees and creating shaded areas to reduce ambient temperatures. In addition to absorbing
carbon dioxide, urban trees have a thermoregulatory capacity and help to improve air quality
with consequent positive effects on the health of the population.
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Santander’s urban heat islands are determined, at certain times of the year, by the munic-
ipality’s orographic conditions, the direction and intensity of the wind and the concentration
of high temperatures driven by paved surfaces (sectors with low ground permeability, with
large asphalted surfaces and paved with low albedo tiles, or sectors with a concentration of
activities and buildings). To the south of the natural promontory of Pefiacastillo, on both sides
of Avenida Primero de Mayo in the residential neighbourhoods of Luis Pombo, Pefiacastillo,
around Mercasantander or Nueva Montafia, surface temperatures can be notable, as well as
in the areas close to the port area, Candina, Parayas and Ciudad del Transportista. In other
densely populated neighbourhoods such as El Alisal, La Albericia, around Cuatro Caminos,
Calle Alta, Las Estaciones and Castillo-Hermida, or in areas of the city centre, next to the
Town Hall or on the southern slopes of Paseo de Canalejas, improving the thermal insulation
of dwellings with energy-efficient ventilation systems and airconditioning equipment is recom-
mended. The installation of cool roofs (cool and landscaped roofs), which reflect radiation,
helps to reduce the temperature in buildings and reduces the effect of urban heat islands; and
these solutions are of particular interest in industrial areas.

Finally, there is considerable room for improvement in public spaces. High-albedo pave-
ments can be used, streets and recreational areas can be designed with materials and colours
that reflect sunlight and reduce heat absorption. Also, water fountains that act as natural cool-
ing systems can be incorporated, and shaded areas can be created using urban trees as the
main adaptive resource.



4. Readjusting the Coastline to Adapt to Sea Level Rise
and its Associated Effects

The rise in sea level, in combination with extreme storm events or storm surges, has a special
effect on the Santander coastline. This phenomenon has already been recorded, especially on
the beaches of the Sardinero, as well as other effects in different vulnerable coastal areas identi-
fied through the state project, PIMA Adapta.

Global warming causes thermal expansion of the oceans and melting of ice caps and
glaciers, resulting in a progressive net rise in sea level. Changes in the tidal run have caused
waves and currents to erode the coastline, while the construction of coastal infrastructure
and other developments and anthropogenic activities have altered the natural balance of the
coasts, increasing their vulnerability to erosion. To address shoreline retreat, adaptation meas-
ures are required, such as restoration of coastal habitats, coastal spatial planning and land use
planning that takes into account the risks associated with climate change and sea level rise.

In the case of the coastal front of the beaches of El Sardinero, the retreat of the coastline
could force a rearrangement of the uses and the current physiognomy of the environment,
putting at risk infrastructures and buildings along the edge of the beaches, such as the prom-
enade and car park on El Camello Beach, the Balneario de la Concha (La Concha Beach),
the former Balneario de Pombo (First Beach of El Sardinero), and the buildings known as Cor-
mordn and Parque de Trueba on the Second Beach of El Sardinero. This redevelopment could
entail the demolition of the buildings and the extension of the intertidal space, increasing the
beach area. The current Mesones Park and its promenade at the foot of the Second Beach of
El Sardinero could be altered in its physiognomy, relocating its route and giving up part of its
surface area to the sandy stretch. In any case, these interventions will have to be analysed in
depth as the uncertainty associated with the wave penetration line resulting from the rise in sea
level and the associated extreme events are reduced (figure 5.55).
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Figure 5.55. Exposed areas and possible actions on the waterfront
Source: CINCc (UC), 2024.



At the end of the promenade at Calle Manuel Garcia Lago, next to the Hotel Chiqui, it is
possible to arrange the coastal space between the cliff and the viewpoint with a structure of
semi-natural pools distributed to reduce wave energy, taking advantage of the experience of
projects in this line such as the European LIFE COSTAdapta project, which promotes the de-
sign of innovative and progressive systems of tidal pool-reef for the adaptation of the coast.

In the interior of the Bay, the coastline can be affected by the erosive action of waves, with
winds from the south-southeast. The alternative of using protection solutions with hard infra-
structures must be analysed in detail due to the implications of this type of intervention on the
landscape. In the port areq, it may be necessary to raise the height of the quays to avoid the
penetration of waves in southerly wind storms.

Santander, as a coastal municipality, also requires strategies for the management of its
coastal space connected to the ecosystem services offered by green areas. The blue spaces,
both those associated with inland waters and marine waters, and the transitional spaces of the
maritime-terrestrial public domain (estuaries, bays, coastal lagoons, coastal strip, breakwater
areas, beaches, marshes, etc.) (hydrodiversity), are areas of unquestionable heritage value
and a great resource as strategic blue infrastructure for the sustainable development* and
resilience of Santander. In relation to EU community policies, such as blue growth or the blue
economy, incorporating them into current and future plans, instruments and policies, should
be proposed.

The municipality of Santander has several sectors in where blue spaces pose particular
potentialities and limitations in the face of climate change:

Northern cliff strip with a high degree of naturalness and landscape value connect-
ing with the peri-urban coastal countryside landscapes.

Protected inner beaches, the most used and valued natural space in the city (walk-
ing, playing, bathing, swimming, surfing, etc.), but also with notable threats in the
context of current climate change.

An urban seafront where the natural elements, their components and dynamics
have a notable influence on the many and intense uses that are made of this blue
space.

Inner rim of the bay and marshes where industrial activity and other residential and
commercial uses are interspersed with natural spaces.

4 Sustainable development must be supported by promoting public awareness of the risks faced by green areas and the
coastline through educational, training and cultural programmes in the framework of SDG 11 (Sustainable Cities and
Communities), 13 (Climate Action) and 14 (Marine Environment) and the 2030 Agenda. Programmes such as the ‘Sentinels
Cantabria’ initiative, or ‘The Sea Starts Here. Don’t throw rubbish into the sewer’, an international initiative already present
in other Spanish cities, or “Agents of Change: Geography and Education for Sustainability”, which promotes sustainability
contents among the different educational centres in Cantabria, are some examples of demonstrative actions that focus on
the knowledge and conservation of this adaptive resource.



For the conservation and enhancement of the environmental quality and sustainable use of
Santander’s blue spaces, it will be necessary to develop a comprehensive land-use planning
instrument for the enhancement of the seafront and to coordinate it with other recent projects
such as the ‘Plan Bahia’, promoting the interconnection with the green ring and facilitating the
creation of a ‘Santander Blue Belt’, with adaptation measures such as the creation of a drain-
age and rainwater evacuation system in the roads near the main beaches, especially flood
areas (extendable to the rest of the seafront in the future), reducing spillages and improving
water quality.

The tourism potential of blue spaces as an economic driver requires an in-depth analysis of
the challenges posed by climate change, developing a blue tourism strategy that guarantees
resilient use. Examples of this could be the evaluation of the retreat of the beaches of the mu-
nicipality and their economic impact, or the analysis of the future evolution of the singular surf
breaks of interest for surfing (the Vaca Gigante, or the historical breaks of El Sardinero), which
could lead to the definition of a Surfing Reserve for Santander as a fourist asset.
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Based on the above diagnosis, and with the participation of citizens and the collaboration
of experts and people with technical and institutional responsibilities, a set of measures have
been designed to enable Santander to achieve its adaptation objectives. These measures
are grouped into four fundamental adaptation goals: Resilient City, Biodiversity, Health, and
Adapted Society and Economy.

Given the need to promote adaptation measures that respond to the possible impacts derived
from climate variability, and assuming the difficulty of reducing greenhouse gas emissions in
the short term, the Adaptation Plan is articulated as the tool for transformation towards adapta-
tion. According to the summary of the AR6 Synthesis Report for policy makers (IPCC, 2022b),
this ‘transformative’ capacity occurs with measures that prioritise equity, social justice, climate
justice, rights-based approaches and inclusiveness. It is such measures that lead to more sus-
tainable outcomes, reduce trade-offs and promote climate-resilient development.

At this stage of defining adaptation measures, and in line with the ‘Guidelines on Member
States’ adaptation strategies and plans, the measures of the Santander Adaptation Plan have
been defined by following the recommendations set out in its Annex Il (Unién Europea, 2023):

The most vulnerable groups in society are often most affected by
climate change, so climate change impact and vulnerability assessments must pay
attention fo the disproportionate consequences for disadvantaged groups of people
and geographic areas. To achieve fair resilience, it is essential to avoid unequal
burdens and to leave no one behind.

With this in mind, the Santander Adaptation Plan has identified vulnerable
groups at the census section level and defined risk levels for each hazard from dif-
ferent perspectives, gender, age groups, and socio-economic inequality. The anal-
ysis of the various sensitivity indicators has made it possible to establish measures
focused on generating a more adapted and safer society.



All adaptation work takes place in a constantly changing context
and is associated with a high level of uncertainty. Adaptation is, therefore, a
continuous process whose outcomes are difficult to predict. In some cases, ad-
aptation efforts can result in unintended and undesirable negative consequenc-
es, referred to as ‘maladaptations’. The adaptation measures outlined in this
plan have been reviewed and evaluated from a ‘maladaptation’ perspective,
identifying further problems in their implementation. Understanding the causes
of vulnerability and the impacts derived from exposure, despite the degree of
uncertainty, allows for a high degree of effectiveness of the measures. As a
methodological advance, the Santander Adaptation Plan projects risk to the
hypothetical conditions of the city for the long-term horizon, so the degree of
uncertainty is significantly reduced.

The European Green Deal in general, and EU adapto-
tion and biodiversity policies in particular, call for greater efforts to implement
nature-based solutions much faster and on a much larger scale than is currently
the case.

The Adaptation Plan addresses a range of measures focusing on the guidelines
set out in the communication: conservation and restoration (including renaturation);
sustainable management of green infrastructure; and creation of new ecosystems
designed for specific adaptation needs (such as green roofs or hybrid solutions for
coastal management).

Climate resistance testing detects potential risks in a
specific area arising from hazards related to climate events. The tests are carried
out by collecting and creating information on the effects of climate change (the
element to be made resilient) and on the vulnerability of systems and objects to
such effects.

The exhaustive analysis of the threats, exposure and social, economic and
environmental sensitivity of Santander guarantees the contribution of basic infor-
mation that has been contrasted in the different debates developed in the par-
ticipatory workshops. The exchange of information between the various entities
participating in the consultative process and the contributions of different citizen
groups have allowed us to assess the climate resilience of the different actions
proposed.

The characteristics of the measures designed for Santander, in addition to meeting the
adaptation criteria mentioned above, are aligned with the different institutional frameworks
reviewed in the introductory chapter, and meet the following requirements.

Measures that can be implemented in the short and medium terms, executable in pe-
riods not exceeding 10 years. However, some of the measures can be developed in
longer periods due to their technical or managerial complexity.



Focused on strengthening adaptive capacity, improving local understanding and
preparedness, implementing training capacities, as well as ensuring an effective
response to climate change through concrete actions.

Measures with proven environmental, economic and social benefits that outweigh the
cost of implementation.

Measures with relatively low costs, although given that their benefits can be signif-
icant, they can be implemented assuming a certain degree of uncertainty in effec-
tiveness.

Flexible or reversible measures that do not imply a drastic break with the existing
situation and can be improved over time with technological advances or new capa-
bilities.

Taking these aspects into account, measures are contemplated that respond to the different
typologies, which can be grouped under the different headings:

Soft or adaptive capacity measures: Strengthen adaptive capacity. They support the
improvement of risk management (both with advances in the understanding of the
phenomenon, as well as in risk management or training issues).

‘Green’ adaptation measures based on ecosystems and green infrastructure: Spe-
cific actions based on ecosystems and green infrastructure that increase urban
resilience.

Hard or gray infrastructure measures: Engineering works that minimise the effects of
risk.

Hybrid measures or solutions (green + gray): Combination of engineering works with
green measures based on ecosystems or green infrastructure.

Following these criteria, the methodology discussed below has been proposed for the se-
lection and prioritisation of Santander’s adaptation measures.

In line with the European Union Communication on Adaptation Plans (2023), the following
methodology has been structured in two fundamental phases: First, with the definition of adap-
tation options and the creation of a portfolio of options; and then moving on to the participa-
tory phase of co-assessment and prioritisation of adaptation options.



Adaptation Options

Based on the risk assessment, taking into consideration the hazards, their exposure and the
sensitivity associated with them, the process of identifying specific measures to address all of
the identified phenomena began. To this end, the drafting team made a long proposal of meas-
ures selected from an exhaustive bibliographic review of various Spanish local plans in similar
situations and configuration, and a set of international examples of interest to Santander. In
addition, the diagnosis of local exposure and vulnerability conditions allowed the identification
of concrete measures that at the municipal and neighbourrhood level can reduce the level of
risk. In this phase, a total of 558 measures were grouped by the lines of action related to the
impacts, according fo table 6.1:

TABLE 6.1. Long list of measures

LINES OF ACTION N.® MEASURES LINES OF ACTION N.® MEASURES

Human Health 20 Education and Society 64
Natural Heritage and Biodiversity 52 Primary Sectfor 31
Water and Water Resources 57 Industry 11
City, Urbanism, Building 73 Finance and Insurance 16
Coasts and Marine Environment 19 Social Cohesion 5
Climate and Climate Scenarios 28 Mobility and Transport 66
Energy 55 Cultural Heritage 16
Tourism 6 Transversal: Other 39

Source: CINCc (UC) - FIC, 2024.

With this broad spectrum of adaptation options, an adjusted list of specific measures was
defined and evaluated for the specific case of Santander. As with the first long list of options,
this group of measures was structured along the following lines of action:

A prioritisation process under expert criteria reduced the number of adaptation measures to
a total of 215. This prioritisation, through a quantitative assessment of each measure between
0 and 10 points, was carried out by the drafting team, experts in the scientific field and staff of
the technical team of the City Council of Santander. Subsequently, the set of pre-selected meas-
ures was contrasted with citizens and risk experts during four participatory workshops where
88 measures were grouped into adaptation goals and objectives. Finally, the set of measures
selected and prioritised for Santander was reduced to 85 actions distributed across four major
goals and ordered according to the degree of priority given in the participatory process.



TABLE 6.2. Adjusted list of specific measures

LINES OF ACTION MEA,\;GRES LINES OF ACTION MEAI\;GRES
Human Health 14 Education and Society 22
Natural Heritage and Biodiversity 25 Primary Sectfor 8
Woter and Water Resources 26 Industry 5
City, Urbanism, Building 34 Finance and Insurance 6
Coasts and Marine Environment 11 Social Cohesion 2
Climate and Climate Scenarios 16 Mobility and Transport 17
Energy 18 Cultural Heritage 5
Tourism 5 Transversal: Other 1

Source: CINCc (UC) - FIC, 2024.

The four goals that group the set of measures together reflect the principles and strate-
gies defined in the policy framework and cover the broad spectrum of adaptation solutions
required: Biodiversity; Resilient City; Adapted Health; and Adapted Society and Economy.
For each goal, a series of adaptation objectives have been established, with the design of a
corresponding set of measures.

TABLE 6.3. Validated List of Goals, Objectives and Measures

N.® OF OBJETCTIVES | N.° OF MEASURES

Biodiversity 3 11
Resilient City 7 31
Health 4 20
Adapted Society and Economy 6 23

Source: CINCc (UC) - FIC, 2024.

The information for the development of a subsequent Action Plan for each of these meas-
ures is included in an individual sheet. Each sheet includes information on the type of meas-
ure, the threats to which it responds, the territorial scope of the action, the mission of each
of these measures, the level of priority of the action, including its quantitative assessment
and, finally, the follow-up indicators that allow the degree of achievement of the goals to be
evaluated.



The measures designed respond to the adaptation objectives necessary for the fulfillment of the
four major goals that lie ahead for Santander to become a resilient city.

The Biodiversity Goal focuses on fostering a resilient green infrastructure adapted to the
future climate, while favouring biodiversity and enhancing ecosystem services. Factors that
should encompass several fundamental aspects to ensure its effectiveness and longterm sus-
tainability include the following:

Conservation and Ecological Restoration: The goal prioritises the conservation of
existing natural habitats and the restoration of degraded areas. The goal is not only
to protect areas of high biodiversity value but also to connect habitat fragments to
form ecological corridors that allow for the movement and adaptation of species in
the face of climate change.

Design and Planning of an Integrated Green Infrastructure: Green infrastructure
will contribute to integration with the urban environment, promoting the multifunc-
tionality of spaces. This includes the creation of urban parks, community gardens,
and the implementation of green roofs and facades. Green infrastructure should be
designed to maximise carbon sequestration, improve stormwater management, and
promote ecological connectivity.

Adaptation to Climate Change: Green infrastructure must be resilient to the impacts
of climate change. It is, therefore, necessary to consider future climate change sce-
narios in the planning and management of these areas, ensuring that they can with-
stand and recover from extreme events such as floods, heat waves, and droughts.
The selection of plant species should be strategic, prioritising those that are native
and resilient.

Ecosystem Services Enhancement: The goal recognises and enhances the ecosys-
tem services that green infrastructure provides, such as climate regulation, biodi-
versity support, mental and physical health benefits for people.

Community Involvement and Awareness: Community participation in planning,
stewardship, and maintenance of green infrastructure needs to be encouraged.
Monitoring and Evaluation: A monitoring and evaluation system should be estab-
lished to measure the effectiveness of implemented actions.



By addressing these aspects, the Biodiversity Target can effectively guide the transition to
a resilient and biodiverse city, creating systems that not only support local flora and fauna, but
also benefit Santander society and contribute to climate change mitigation and adaptation.

OBJECTIVES

B ] Promote biodiversity and soil quality for greater urban resilience.

B2 Make urban green infrastructure an ally against climate change impacts.

B3 Ensure the participation of society in the management of green infrastructure in the
face of climate change.




Promoting biodiversity and soil quality for greater urban resilience

Promoting biodiversity and soil quality in urban areas is essential for building cities that
are more resilient to the challenges of climate change and environmental degradation. An
effective strategy to achieve this is the renaturation of paved surfaces, transforming them into
green areas that increase soil permeability and promote biodiversity. This not only improves
water management, preventing urban flooding through the natural absorption and filtration of
rainwater, but also contributes to the creation of habitats for various species.

Excessive paving in cities limits the soil’s ability to absorb and filter water, exacerbating
runoff problems and increasing the risk of flooding. Renaturalising these areas by reintroduc-
ing high quality soils and vegetation improves soil infiltration capacity, recharges the subway
aquifer, and improves water quality through natural filtration processes.

Urban green areas are vital for biodiversity, providing habitats for insects, birds and
small mammals. The selection of native plants in these renaturation projects, with control of
invasive species, is key to providing food and shelter for local wildlife, contributing to bio-
diversity conservation. These areas not only enrich the urban landscape, but also provide
essential ecosystem services, such as climate regulation, carbon sequestration and air quality
improvement.

Implementing renaturation measures requires careful planning and collaboration be-
tween different stakeholders, including the City Council, communities and environmental
experts. It is also essential to integrate these green spaces into the urban fabric so that they
are accessible to all citizens, thus providing additional social benefits such as recreational
and wellness spaces.

Five adaptation measures are included in this objective:

Greening paved surfaces
Renaturalisation of private areas
Control of invasive species
Renaturalisation of river corridors

Demonstrative actions and promotion of Nature-based solutions



Greening paved surfaces

Constructive Heat waves, pluvial flooding Municipal

Renaturalise large paved areas by increasing the permeability of soils with the provision of high quality
soils for the promotion of biodiversity.

Source: CINCc (UC] - /‘.:/C, 2024
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Reference: Un pafs para renaturalizarlo. (Equipo EYS Municipales, 2022)
More information at: https://www.eysmunicipales.es/articulos/un-pais-para-renaturalizarlo

Percentage of permeable surface area / Municipal surface area

Percentage of permeable surface of open spaces / Total surface of open spaces



https://www.eysmunicipales.es/articulos/un-pais-para-renaturalizarlo

Renaturalisation of private areas

Nature-based solutions Heat waves, pluvial flooding Neighbourhood

Greening the urban environment in the common spaces between blocks and block courtyards.

Source: CINCc (UC] - FIC, 2024

Reference: Plan municipal del Valle de Egiiés. [Ayuntamiento del Valle de Egiés, 2024).

More information at: hitps:/ /www.valledeegues.com/recurso_turistico_cp/sarriguren,/

Percentage of surface area of private green areas / Surface area of public open spaces

Percentage of green areas in private spaces / Private non-builtup areas



https://www.valledeegues.com/recurso_turistico_cp/sarriguren/

Control of invasive species

Nature-based solutions Heat waves, wind / Derived Municipal
threats - disease vectors

Control and eradicate invasive species by generating a comprehensive system of data collection and
species evolution.

Source: CINCc (UC] - FIC, 2024

Reference: Proyecto para la eliminacién del Plumero de Pampa en la Mancomunidad de Servicios de

Uribe Kosta (SOPELA, 2023)

More information  af: https://sopela.eus/areas-municipales/ sostenibilidad/ proyecto-para-a-
eliminacion-del-plumero-depampa-enia-mancomunidad-de-serviciosde-uribe-kosta/

Percentage of surface area with degraded areas / Municipal surface area

Number of invasive alien species per hectare



https://sopela.eus/areas-municipales/sostenibilidad/proyecto-para-la-eliminacion-del-plumero-de-pampa-en-la-mancomunidad-de-servicios-de-uribe-kosta/
https://sopela.eus/areas-municipales/sostenibilidad/proyecto-para-la-eliminacion-del-plumero-de-pampa-en-la-mancomunidad-de-servicios-de-uribe-kosta/

Renaturalisation of river corridors

Nature-based solutions Heat waves, drought, pluvial flooding Punctual

Renaturalise river corridors, such as the Arroyo Otero river corridor, removing any barriers to water
and biological flow. Increase the renaturation of the municipality’s minor streams (Tejona, Regata and
Molinucos) and the Raos Canal.
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Source: CINCc (UC) - FIC, 2024 based on data from PEMUSAN (2016)

Reference: Estrategia para la restauracién y renaturalizacion de los ecosistemas fluviales en el Término
Municipal de Loja vy la reduccion del riesgo de inundacién del entorno urbano del rio Genil a su paso
por Loja (Paseo del Genil).

More information af: https://fundacion-biodiversidad.es/ .

River corridors and water bodies naturalised, created or restored (No., m?

Surface area of Blue Infrastructure / Municipal surface area



https://fundacion-biodiversidad.es/proyecto_prtr/estrategia-para-la-restauracion-y-renaturalizacion-de-los-ecosistemas-fluviales-en-el-termino-municipal-de-loja-y-la-reduccion-del-riesgo-de-inundacion-del-entorno-urbano-del-rio-genil-a-su-paso-por-l/

Demonstrative actions and promotion of NbS B1.5

Education Heat waves, drought, pluvial Neighbourhood
flooding, coastal flooding, wind

Demonstrate actions fo increase biodiversity and public green infrastructure for replication in private
spaces.

Reference: High Line, Nueva York, Estados Unidos. (Friends of the high line, 2024)
More information at: https://www.thehighline.org/about/

No. of demonstration actions of NbS solutions

No. of communication and awarenessTaising projects
No. of knowledge transfer activities



https://www.thehighline.org/about/

Making urban green infrastructure an ally in the face of climate
change impacts

Transforming urban green infrastructure into a key ally against climate change impacts is
an appropriate strategy to increase urban resilience. This adaptation involves several innova-
tive measures that harmonise urban spaces with the natural environment, fostering a sustaina-
ble and resilient coexistence.

Climate change-adapted revegetation is the first step towards this goal with the selection
and planting of native and resilient species, capable of surviving and thriving under the new
climatic conditions. This practice not only enhances urban biodiversity, providing habitats for a
wide range of species, but also improves air quality and provides green spaces for community
recreation.

Incorporating nature-based solutions (NBS) for coastal protection is another vital measure,
especially in urban areas vulnerable to erosion and sea level rise. Techniques such as shore-
line restoration, erosion protection, infroduction of native species for wave protection not only
protect coastlines from physical impacts, but also support biodiversity and boost the local
economy through tourism and fisheries.

New methodologies for adaptive landscaping include designing green spaces that require
less maintenance and resources, opting for droughttolerant plants and efficient irrigation sys-
tems that minimise water use. This approach reduces the demand for potable water for irriga-
tion and promotes the sustainable use of water resources.

Water harvesting strategies for urban landscaping, such as rainwater capture and reuse,
are essential. These systems not only reduce pressure on municipal water supplies, but also
contribute to sustainable stormwater management, reducing runoff and flood risk.

Each of these measures contributes to creating an urban green infrastructure that not only
addresses the challenges of climate change, but also promotes a healthier, more biodiverse
and pleasant environment for urban living. Objective B.2 consist of the following four adapta-
tion measures:

Climate change-adapted revegetation
Incorporation of NbS for coastal protection
New methodologies for an adapted gardening

Water harvesting strategies for urban landscaping



Climate change-adapted revegetation

Nature-based solutions Heat waves, drought, wind Municipal

Plant species adapted fo climate change from the catalogue validated by the Plan and monitoring of
their evolution.

.Source: CINCe (UC]- FIC, 2024
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Value: 9,23

Reference: Adapta Biofilia (Diputacién de Badajoz, 2024)
More information at: hitps://transicionecologica.dipbadajoz.es/ proyecto,/adapta-bicfilia

Percentage of species adapted fo the future climate / Total municipal catalogue of species



https://transicionecologica.dip-badajoz.es/proyecto/adapta-biofilia

Incorporation of NbS for coastal protection

Nature-based solutions Coastal flooding Punctual

Incorporate nature-based solutions for the containment of the coastline, especially beaches, reinforcing
dune systfems and marine ecosystems, and avoiding intervention through protective infrastructures with
impacts on the landscape and coastal heritage.

B2.2
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Source: CINCc (UC) - FIC, 2024 ba.
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Reference: Nature-based solutions frente al cambio climdtico: restauracién de dunas y marismas (Uhina,

B. 2020)

More information at: https://www.ehu.eus/cdsea/web/wp-content/uploads/2017 /03 /Articulos_
Uhina_bea2020.pdf

Length (m) (km] of urban green infrastructure for coastal protection

il e
sed on data from PEMUSAN 2016



https://www.ehu.eus/cdsea/web/wp-content/uploads/2017/03/Articulos_Uhina_bea2020.pdf
https://www.ehu.eus/cdsea/web/wp-content/uploads/2017/03/Articulos_Uhina_bea2020.pdf

New methodologies for an adapted gardening  B2.3

Management Heat waves, drought, wind Municipal

Adapt current gardening practices fo future climatic conditions (mainfenance, planting of species.).

Source: SEQO/Birdlife, 2024

Reference: Nuevos pasos para adaptar la jardineria municipal ol cambio climético (Eldiarioex, 2023)

More information at:  htips://www.eldiario.es/exiremadura/sociedad/nuevos-adaptarjardinerio-
municipalclimatico_1_1720721.html

Annual volume of water reused in municipal irrigation

Percentage of adapted species / Total number of species in municipal catalogue



https://www.eldiario.es/extremadura/sociedad/nuevos-adaptar-jardineria-municipalclimatico_1_1720721.html
https://www.eldiario.es/extremadura/sociedad/nuevos-adaptar-jardineria-municipalclimatico_1_1720721.html

Water harvesting strategies
for urban landscaping

Nature-based solutions Pluvial flooding, drought, heat waves Punctual

New planfings in climate-protected areas, shaded, shaded beds or predominantly inorganic mulches to
maximise rainwater harvesting and avoid loss through evapotranspiration.

Reference: Las 10 ciudades mds sostenibles: Lideres en practicas de Management del agua. (Tappwater,
2023).

More information at: https://tappwater.co/es/blogs/blog/ 10-ciudadesmas-sostenibles-gestion-del-
agua

Annual volume [m?) of rainwater collected and stored

Annual volume [m?) of water reused for municipal irrigation / Annual volume (m?) municipal irrigation
water



https://tappwater.co/es/blogs/blog/10-ciudades-mas-sostenibles-gestion-del-agua
https://tappwater.co/es/blogs/blog/10-ciudades-mas-sostenibles-gestion-del-agua

Ensuring society’s participation in the management of green
infrastructure in the face of climate change

Ensuring the participation of society in the management of green infrastructure effectively
addresses the challenges of climate change, especially with regard to the conservation of
coastal areas and marine biodiversity, as well as the stewardship of natural areas. This collec-
tive participation not only fosters greater environmental awareness and responsibility among
citizens, but also ensures that conservation strategies are more inclusive, sustainable and tai-
lored to local needs and values.

The conservation of coastal spaces and the protection of marine biodiversity require a
collaborative approach, where local communities, non-governmental organisations, businesses
and governments work together to develop and implement management plans that promote the
resilience of these ecosystems. The active participation of society can take many forms, from
involvement in beach clean-ups and natural shoreline restoration, e.g., coastal oak groves,
to involvement in citizen science projects that monitor the health of marine ecosystems. These
actions not only contribute to environmental conservation, but also strengthen community ties
and promote a sense of ownership and responsibility towards natural resources.

On the other hand, wilderness stewardship involves the management and protection of
these areas by the local community, in collaboration with landowners and environmental au-
thorities. This conservation model allows citizens to participate directly in the protection of
their environment, adopting sustainable land use practices, habitat restoration and prevention
of invasive species. Land stewardship encourages a more decentralised management adapted
to the specific characteristics of each natural area, ensuring that conservation measures are
effective and supported by the community.

Encouraging citizen participation in the management of green infrastructure and nature con-
servation is essential to create a more resilient and environmentally engaged society. Through
environmental education, volunteerism and community collaboration, effective strategies can
be developed to respond to the challenges of climate change, protecting and restoring our
valuable ecosystems for future generations.

Two main adaptation measures are defined in Objective B.3:

Conservation of coastal areas and marine biodiversity

Stewardship of natural areas



Conservation of coastal areas
and marine biodiversity

Nature-based solutions Coastal flooding, pluvial Punctual
flooding, heat waves

Creafe a programme for the conservation, environmental quality and sustainable use of blue spaces,
as well as programmes tfo increase and monitor marine biodiversity in the immediate coastal strip in
coordination with competent coastal administrations.

Source: CINCc (UC) - FIC, 2024
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Reference: Programa LIFE Infemares. (Life Infemares, 2024)

More information at: https://intemares.es/en/

Area [m?) of coasfal space threatened by loss of biodiversity

Area [m?) with coastal and marine restoration projects
Identification of discharges and effluents [no.) on the coastline



https://intemares.es/en/

Stewardship of natural areas

Planning Coastal flooding, pluvial flooding, Municipal
heat waves, drought

Define a strategy for the stewardship of natural areas with continuous monitoring of their state and

evolutionary process.

B3.2
T hreas degradadas
B Areas naturaies

(] prayes

Camargo N d

Source: CINCe (UC) - FIC, 2024 based on daia

Reference: Programa de Fomento de la Custodia del Territorio para la Conservacién y el Desarrollo Sostenible
de los Espacios Naturales Protegidos de Andalucia (Portal ambiental de Andalucia, 2021)

More information at: https: //www.juntadeandalucia.es/medioambiente/ portal /areastematicas/espacios:
profegidos,/dinamizacion-socioeconomicarespaciosprotegidos/ programafomentocustodia-ferritorio

Surface area of degraded areas / Surface area of natural areas
No. of natural areas with management and conservation plan {land stewardship)

e D

Sanfander City Council

from



https://www.juntadeandalucia.es/medioambiente/portal/areas-tematicas/espacios-protegidos/dinamizacion-socioeconomica-espacios-protegidos/programa-fomento-custodia-territorio
https://www.juntadeandalucia.es/medioambiente/portal/areas-tematicas/espacios-protegidos/dinamizacion-socioeconomica-espacios-protegidos/programa-fomento-custodia-territorio

RESILIENT CITY GOAL

Making cities resilient to climate change involves a multidimensional approach that adapts
both the urban fabric and critical infrastructure to future challenges. This goal is achieved
through the development and implementation of innovative urban planning tools capable of
anticipating climate impacts and designing effective adaptation strategies.

To reduce the impact of extreme temperatures, the development of green infrastructure,
such as parks and green roofs, which can provide shaded areas and help reduce the urban
heat island effect, should be encouraged. These areas not only improve the quality of life and
well-being of citizens, but also become tools for the thermal regulation of cities.

Extreme rainfall events require special attention with improved drainage systems and storm-
water management techniques, such as rain gardens and permeable pavements, which allow
for the efficient absorption and management of excess water, thus reducing the risk of urban
flooding.

In the face of rising sea levels, it is necessary to strengthen coastal management and de-
velop protection zones that can absorb coastal phenomena, protecting critical infrastructure
and residential areas close to the coast. This should be complemented by reassessment and,
if necessary, relocation of the most vulnerable infrastructures. Early warning protocols and
rapid response systems are crucial fo minimise damage and ensure public safety in the face
of extreme weather events. Warning systems must be accessible and comprehensive, ensuring
effective communication and rapid mobilisation of resources and emergency services.

Therefore, it is necessary to implement efficient rainwater harvesting and reuse systems,
improve the efficiency of irrigation in urban green spaces, and develop policies that promote
responsible water use among citizens. Together, these measures and strategies contribute
to building more resilient cities, capable of facing and adapting to the challenges imposed
by climate change, ensuring the sustainability, safety and quality of life of their inhabitants.

OBJECTIVES

R] Developing tools to enable planning for a climate-resilient city

R2 Reducing the impact of extreme temperatures on the urban fabric

R3 Reducing the impact of extreme precipitation on the urban fabric

R4 Reducing the impact of sea level rise on the coastline

R5 Be prepared with protocols for early warning and response to exireme events

R6 Optimising and controlling water resources in a climate change scenario



Objective R.1: Developing tools to enable planning for climate-resilient city

Developing adaptation strategies with a multidisciplinary approach involves collaboration
between experts in environment, urban planning, agriculture, public health and other relevant
areas. This integrated approach ensures that solutions are holistic and address multiple aspects
of the climate challenge.

Climate-smart urban planning is a tool for incorporating climate considerations into the de-
sign and management of urban spaces. A planning policy that integrates green infrastructure,
sustainable public spaces and biodiversity conservation areas into the urban fabric is needed.
In addition, urban development practices that minimise environmental impact and promote
energy efficiency and rational land use should be adopted.

The Blue Infrastructure Plan focuses on sustainable water management, using natural sys-
tems such as wetlands, restored urban rivers and infiltration areas to improve the quality
and availability of water resources in urban environments. Within this aspect, coastal spaces
should be considered, which in the case of Santander have various strategic functions.

Adaptation Monitoring and Evaluation Protocols are essential to ensure that the measures
implemented are effective over time. The protocols allow for monitoring progress, identifying
areas for improvement and adjusting strategies as necessary to maintain urban resilience,
including control of the energy system, housing conditions or the use and transformation of
rural land.

R1.1 Development of adaptation strategies with a multidisciplinary approach
R1.2 Drafting of a climate-adapted urban planning

R1.3 Blve Infrastructure Plan

R1.4  protocols for Monitoring and Evaluation

R1.5 Adapted electrical system

R1.6 rProtected agricultural land

R1.7  Control of unhealthy areas in buildings



Development of adaptation strategies
with a multidisciplinary approach

Planning Heat waves, pluvial flooding, Municipal
coasfal flooding, drought, wind

Avoid maladaptation by planning effective measures with a multidisciplinary approach, including
landscape, socioeconomic, environmental, efc., criteria.

Source: Getty Images (CC).

Reference: Mejora de la adaptacion intersectorial al cambio climdtico en el sudeste de Queensland,
Australia.

More information at: https://link.springer.com/article/10.1007/s10113-013-0442-b#citeas

No. of secfors benefiting from the adaptation action

GHG reduction value of the adaptation action [mitigation benéfits)



https://link.springer.com/article/10.1007/s10113-013-0442-6#citeas

Drafting of a climate-adapted urban plan

Planning Heat waves, pluvial flooding, Municipal
coasfal flooding, drought, wind

Infegrate adaptation criteria info urban planning: 1. Future climate scenarios; 2. Delimitation of Urban
Adaptation Areas (AAU) and 3. General Systems of Open Spaces as a reserve for adaptation.

Source: Getty Images (CC). :

Value: 9,38
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Reference: Disefio de un escenario estratégico para la regién central de Arizona-Phoenix
More information at: https:/ /www.sciencedirect.com/science/article/pii/S0169204619309478.

Existence of future climate analysis in urban planning
No. of Urban Adaptation Areas identified
Surface area (m?) of the General System of Open Spaces destined to climatic refuges



https://www.sciencedirect.com/science/article/pii/S0169204619309478

Blue infrastructure plan

Planning Pluvial flooding, coastal flooding Municipal

Create a Blue Infrastructure Master Plan for Santander, with a strategy adapted fo climate change.

Source: CINCc (UC), 2024.

Reference: Integracion de la infraestructura azulverde en la Planning urbana en las ciudades de
Chennai y Kochi, India.

More information at: hitps:/ /www.sciencedirect.com/science/article/pii/S0264837722004823

Identification of blue spaces

Area of naturalised water bodies created or restored
No. of blue spaces with ecological functions



https://www.sciencedirect.com/science/article/pii/S0264837722004823

Protocols for monitoring
and evaluation

Planning Heat waves, pluvial flooding, Municipal
coasfal flooding, drought, wind

Create a protocol for monitoring adaptation criteria in public and private works projects, justifying the
progress achieved.

Source: Covenant of Mayors

Value: 9,64

Reference: Propuesta de mefodologia para planes de adaptacion climdtica a nivel local (Plataforma de
riesgo y adaptacion climética territorial (PRACT), 2022)

More information at: htips://www.adaptacionclimatica.cl/assets/ pdf/Metodologia-de-adaptacion. pdf

No. of monitoring profocols by areas or sectors of activity

No. of adaptation measures carried out or promoted by actions



https://www.adaptacionclimatica.cl/assets/pdf/Metodologia-de-adaptacion.pdf

Adapted electrical system

Planning Heat waves Municipal

Adapt the load capacity of the municipal electricity system to peak demand due to extreme femperatures.

Source: Getty Images (CC).

LOW Value: 7,00

Reference: Adaptacion del sector eléctrico de California al cambio climdtico. (Klotz, M., y Schéuble,

B.2011)
More information at: hitps://link.springer.com/article/10.1007 /s10584-011-0242-2

No. of safety and resilience assessments of the municipal electricity system

Time fo resfore service in the event of grid outage or collapse
Percentage of diversification of supply sources / Degree of external dependence



https://link.springer.com/article/10.1007/s10584-011-0242-2

Protected agricultural land

Planning Heat waves, pluvial flooding, Punctual
derivated vectors

Protect municipal agricultural land to promote greater food sovereignty.

LOW Value: 6,62

Reference: Agenda de la alimentacion urbana (Organizacién de las Naciones Unidas para la

Alimentacion y la Agricultura (FAO), 2024)
More information at: https:/ /www.fao.org/urban-agriculture/es/

Total annual agricultural area / Municipal area
Diversity and typology of organic crops / Total agricultural area
Soil organic matter level (Annual values)



https://www.fao.org/urban-agriculture/es/

Control of unhealthy areas in buildings

Planning Health — derivated vectors Punctual

Identify unhealthy spaces in old buildings that may have damp, and dingy underfloors.

LOW Value: 6,15

Reference: Control de espacios y viviendas en situaciones de insalubridad Alyuntamiento de Terrassa,

2024)

More information af: https: / /www.terrassa.cat/es/ controld-espais--habitatges-en-situacio-d-insalubritat

No. of dwellings in unhealthy conditions / Total no. of dwellings in the municipality



https://www.terrassa.cat/es/control-d-espais-i-habitatges-en-situacio-d-insalubritat

Objective R.2: Reducing the impact of extreme temperatures on the urban fabric

To reduce the impact of extreme temperatures on the urban fabric, it is essential to imple-
ment measures that promote heat mitigation and improve the thermal comfort of urban spaces.
Planting trees in temperature-critical areas is an effective strategy, as trees provide shade and
reduce air temperature, helping to create cooler and more pleasant microclimates.

Increasing green roofs and green facades is another key measure. Green roofs and green
facades act as natural insulators, reducing heat absorption in buildings and helping to main-
tain cooler temperatures inside. These infrastructures improve air quality, absorb carbon diox-
ide and provide habitats for urban biodiversity.

The creation of climate-protected public spaces provides areas for rest and recreation dur-
ing periods of extreme heat. Public spaces should be designed with shading elements, such
as pergolas, canopies or plant structures, as well as with heat-reflecting materials, such as
permeable paving and high-albedo surfaces.

Increasing high albedo surfaces, i.e., those that reflect solar radiation, helps to reduce heat
absorption in the city and mitigate the urban heat island effect. The use of reflective materials
in streets, squares and car parks, as well as the use of cool roofs, helps to achieve these ob-
jectives.

Revegetation of roads and footpaths provides multiple benefits, including reducing soil
temperature, retaining moisture and improving the urban landscape. Also, the creation of cli-
mate-compatible pedestrian routes, connecting green and shaded areas, facilitates sustainable
mobility and promotes outdoor physical activity.

Together, these measures not only help to reduce the impact of extreme temperatures on
the urban fabric, but also contribute to creating cities that are more sustainable, healthier and
more resilient fo climate change. Six measures have been selected for Objective R.2:

R2. 1 Tree planting in temperature-critical areas
R2.2 increasein green roofs and green facades
R2.3 Climate-protected public spaces

R2.4 increase of high albedo surfaces

R2.5 Revegetation of roads and paths

R2.6 Creation of climate-friendly pedestrian routes



Tree planting in temperature critical areas

Nature-based solutions Heat waves, pluvial flooding Municipal

Increase the number of trees fo obtain increased evapotranspiration and urban coolness in areas
identified as potential heat islands.

R2.1

2 v 4 Arbolado Urbano
Camargo ‘ / . = 0 | I 112 de calor

Source: CINCc (UC] - FIC, 2024.

Reference: El papel del paisaje arbéreo para reducir los efectos de las islas de calor urbanas en las
ciudades brasilefias de Curitiba y Sao Paulo

More information at: https://link.springer.com/article/10.1007 /s00468-021-02230-8

Surface area of new naturalised areas / Areas with potential for high temperatures

No. of frees and shrubs planted in identified high temperature areas



https://link.springer.com/article/10.1007/s00468-021-02230-8

Increase in green roofs and green facades

Constructive Heat waves, pluvial flooding Punctual

Increase the area of green/cool roofs and green facades with a programme that identifies the most
viable buildings and sefs shortterm fargets.

Source: University of Cantabria

- mornviee [EETCNE  veoww ow

Reference: El edificio residencial 'Agora Garden’ (Taiwan) como jardin vertical

More information at: https://www.constfruible.es/2019,/03 /01 /edificioresidencialagora-garden-
eleva-taiwan-jardin-verticalforma-helicoidal

Area of green - cool roofs / Total area of roofs in heat island zones

Value: 8,31

Area of green facades



https://www.construible.es/2019/03/01/edificio-residencial-agora-garden-eleva-taiwan-jardin-vertical-forma-helicoidal
https://www.construible.es/2019/03/01/edificio-residencial-agora-garden-eleva-taiwan-jardin-vertical-forma-helicoidal

Climate-protected public spaces

Constructive Heat waves, pluvial flooding Neighbourhood

Incorporate in the design of public spaces areas of protection from rain and sunlight to improve their
thermal comfort.

Source: CINCc (UC), 2024

Reference: Proyecio de mejora del confort térmico en el casco antiguode Trebujena [Ayuntamiento de
Trebujena, 2022)

More information af:  Confort  Térmico  Trebujena.  htips://contrataciondelestado.es/wps/wem/
connect/b6194d6a-d3fc-497/f-a1db-31c1cc959525/DOC20221109082350PROYECTO
+DE+OBRAS+QUE+INCLUYE+PPTP+Y+ANEXO+SUBSANACION. pdf?MOD=AJPERES%20

No. of public spaces with weather profection features

No. of infrastructures and equipment for protection from rain and sunshine



https://contrataciondelestado.es/wps/wcm/connect/b6194d6a-d3fc-497f-a1db-31c1cc959525/DOC20221109082350PROYECTO+DE+OBRAS+QUE+INCLUYE+PPTP+Y+ANEXO+SUBSANACION.pdf?MOD=AJPERES%20
https://contrataciondelestado.es/wps/wcm/connect/b6194d6a-d3fc-497f-a1db-31c1cc959525/DOC20221109082350PROYECTO+DE+OBRAS+QUE+INCLUYE+PPTP+Y+ANEXO+SUBSANACION.pdf?MOD=AJPERES%20
https://contrataciondelestado.es/wps/wcm/connect/b6194d6a-d3fc-497f-a1db-31c1cc959525/DOC20221109082350PROYECTO+DE+OBRAS+QUE+INCLUYE+PPTP+Y+ANEXO+SUBSANACION.pdf?MOD=AJPERES%20

Increase of high albedo surfaces

Constructive Heat waves Neighbourhood

Increase high albedo surfaces on pavements and roofs in industrial areas, especially in sectors affected
by urban heat islands.

| Edificios Actividad Industrial

[ 1s1a de calor

Camargo T
Source: CINCc (UC) - FIC, 2024.

Reference: Rendimiento térmico del pavimento y contribucién al clima urbano y global (Federal Highway
Administration, US Department of Transportation)

Value: 8,00

More information at: https:/ /www.fhwa.dot.gov,/pavement/enstewardship.cfm

Paved area with high albedo / Total paved area

Percentage of high albedo industrial roof surface in heat island areas



https://www.fhwa.dot.gov/pavement/enstewardship.cfm

Revegetation of roads and paths

Planning Heat waves, pluvial flooding, wind Municipal

Develop revegetation inferventions using bushes and native frees on rural roads and paths to create
shaded areas and wind profection.

Caminas y otros itinerarios.

~——— Sendas PRL

Source: CINCc (UC] - FIC, 2024.

= Sendas GRL

Reference: Corredor verde OliverValdefierro, Zaragoza
Més informacion: https: / /www.zaragoza.es/ ciudad/urbanismo,/arquitect,/valdefierrooliver. him

Length (m) of revegetated paths or frails

Percentage of the network of paths and frails with tree cover



https://www.zaragoza.es/ciudad/urbanismo/arquitect/valdefierrooliver.htm

Creation of climate-friendly pedestrian routes R2.6

Constructive Heat waves Punctual

Link vertical pedestrian routes {ramps and stairs) fo shaded rest areas.

Source: CINCc (UC), 2024

Reference: Buenas Practicas en Accesibilidad Universal {Junta de Comunidades de Castilla Lla Mancha,

2012)

More information at: htips://www.castillalomancha.es/sites/default/files/documentos /2012051 1/
librobuenaspracticasaccesibilidaduniversal. pdf

Surface area of open spaces with protected areas / Total surface area of open spaces

No. of frees per total length of roads and footpaths in public areas



https://www.castillalamancha.es/sites/default/files/documentos/20120511/librobuenaspracticasaccesibilidaduniversal.pdf
https://www.castillalamancha.es/sites/default/files/documentos/20120511/librobuenaspracticasaccesibilidaduniversal.pdf

Objective R.3: Reducing the impact of extreme precipitation events on the urban
fabric

Measures that effectively manage excess water and reduce the risk of flooding can be
taken to control extreme rainfall in the urban fabric. The implementation of Sustainable Urban
Drainage Systems (SUDS) allows the use of natural techniques to manage rainwater, such as
permeable green areas, retention ponds and green roofs, allowing water infiltration into the
ground and reducing surface runoff.

The implementation of a separate sanitation network is another strategic measure. This net-
work separates stormwater from wastewater, channelling it into sustainable drainage systems
rather than mixing it with treated wastewater. Reducing the load on the drainage network and
wastewater treatment plants minimises the risk of overflows during heavy rainfall events.

The creation of permeable public and private spaces is a common measure to increase the
absorption capacity of the soil and reduce runoff. This is achieved through the use of permea-
ble paving, rain gardens, landscaped areas and permeable green areas that allow rainwater
to gradually infiltrate into the ground. The rain garden network consists in the creation of land-
scaped areas designed to capture and retain rainwater, allowing it to infiltrate into the ground,
thereby reducing the risk of flooding. In this sense, capture in water ponds and reservoirs is
also an efficient measure. Rain gardens can be located in public spaces as well as on private
properties, such as residential gardens and commercial areas, but also along high-capacity
roads and high slopes that generate a large volume of water in surface runoff. Adapting street
furniture or developing strategies in urban planning are also necessary measures among those
selected for Obijective R.3.

The selected measures are as follows:

R3.1 sups implementation

R3.2 Implementation of a separate sanitation network
R3.3 Permeable public and private spaces

R3.4 Rain garden network

R3.5 Climate-adapted public transport stops

R3.6 Strategies for urban development

R3.7 Implementation of water recharge reserves



SUDS implementation

Constructive Heat waves, pluvial flooding, drought Punctual

Implement a network of Sustainable Urban Drainage Systems (SUDS) that confribute fo soil permeability,
surface runoff management, and improved bathing water quality.

4 R3.1
f(_;gmar&_ : ey E e = : || —— Viskes Inund. Baja Incertidumbre

Source: CINCc (UC] - FIC, 2024.

Value: 8,69
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Reference: The Circle, solucion sostenible frente a inundaciones en Normal (lllinois) (Hoerr Schaudt, 2010)
More information at: https: / /www.hoerrschaudt.com/project/ uptown-normal /2parent=90

No. of Susfainable Urban Drainage Systems implemented

Permeable area promoted by SUDS / Municipal permeable area



https://www.hoerrschaudt.com/project/uptown-normal/?parent=90

Implementation of a separate sanitation network R3.2

Constructive Pluvial flooding Municipal

Develop a separate sewerage network and sform fanks for extreme rainfall control.

Reference: El camino del agua en el paisaje urbano, Neighbourhood de Bon Pastor, Barcelona

More information at:
https://aus.arquitectes.cat/wp-content/uploads/2014,/05 /2017 _Soto_Perales_SuDSBonPastor_Ben.
pdf

Percentage of the sewerage network of a separate nature with respect fo the fofal

Volume (hm?) collected by storm tanks



https://aus.arquitectes.cat/wp-content/uploads/2014/05/2017_Soto_Perales_SuDSBonPastor_Bcn.pdf
https://aus.arquitectes.cat/wp-content/uploads/2014/05/2017_Soto_Perales_SuDSBonPastor_Bcn.pdf

Permeable public and private spaces

Planning Heat waves, pluvial flooding, drought Municipal

Ensure that at least 50% of the surface area of identified public and private open spaces is permeable.

Camﬂl’d:ﬁ Wi = off 7‘ o= 0 : . - 2V Piblicas < 50% permeabllidad |
Source: CINCc (UC] - FIC, 2024.
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Reference: Proyecto de ordenacion urbana en el Neighbourhood de Vallcarca en Barcelona

Value: 8,54

More information  af:  https://ciclica.eu/es/ projects/ proyecto-de-ordenacionurbanaenetbarrio-de-
vallcarcaren-barcelona/

Percentage of permeable open spaces / Total area of open spaces



https://ciclica.eu/es/projects/proyecto-de-ordenacion-urbana-en-el-barrio-de-vallcarca-en-barcelona/
https://ciclica.eu/es/projects/proyecto-de-ordenacion-urbana-en-el-barrio-de-vallcarca-en-barcelona/

Rain garden network

Nature-based solutions Pluvial flooding Punctual

Create a network of Rain Gardens for surface runoff, especially along high-capacity roads and highly
impermeable urban sections.

R3.4
- = I vioes pendiente muy ekevaca
Camargo of = o 0 : I visies pendiente media y slevada

Source: CINCc (UC) - FIC, 2024.

Reference: Jardines de lluvia en Salamanca en el marco del proyecto LIFE Via de la Plata
More information at: hitps:/ /www.lifeviadelaplata.com/jardinesdelluvia/

Installed area of rain gardens

Rain garden catchment area



https://www.lifeviadelaplata.com/jardines-de-lluvia/

Climate-adapted public transport stops

Constructive Heat waves, pluvial flooding, wind Punctual

Adapt the design of bus shelters to wind and precipitation exposure to provide shelter during the winfer.

A
T\
f——

Source: CINCc (UC), 2024.

Reference: Refugios populares adaptados al clima: Evaluacion sobre el terreno (University of Technology
Sydney (UTS), 2018

More  information  af: hips://www.uts.edu.au/isf/explore-tesearch/projects/ climate-adapted-
people-shelters#: ~:texi=The%20Climate%20Adapted’%20People%20Shelters%20%2 8 CAPS%29%20
project%20has, heat%20and?%20exireme%20weather%20events%20in%20Vestern%20Sydney

No. of bus stops protected from wind and precipitation



https://www.uts.edu.au/isf/explore-research/projects/climate-adapted-people-shelters#:~:text=The%20Climate%20Adapted%20People%20Shelters%20%28CAPS%29%20project%20has,heat%20and%20extreme%20weather%20events%20in%20Western%20Sydney
https://www.uts.edu.au/isf/explore-research/projects/climate-adapted-people-shelters#:~:text=The%20Climate%20Adapted%20People%20Shelters%20%28CAPS%29%20project%20has,heat%20and%20extreme%20weather%20events%20in%20Western%20Sydney
https://www.uts.edu.au/isf/explore-research/projects/climate-adapted-people-shelters#:~:text=The%20Climate%20Adapted%20People%20Shelters%20%28CAPS%29%20project%20has,heat%20and%20extreme%20weather%20events%20in%20Western%20Sydney

Strategies for urban development

Management Pluvial flooding Municipal

Employ land-use transfer strafegies fo increase the presence of permeable zones in dense areas.

R3.6

i, S : Areas residenciales que requlere!
Camargo A/ ik \; == 0 o) | ] incremento de la permeabilidad |

Source: CINCc (UC] - FIC, 2024.

Reference: Proyecto Madrid-Rio (Besomi, A. 2011)

More information at: hitps://www.archdaily.co/co/02-89344/ proyectomadrid-iomrio-arquitectos-
asociadosy-west-8

No. of land use transfer projects for refrofitiing

Permeable area generated with land-use transfer projects



https://www.archdaily.co/co/02-89344/proyecto-madrid-rio-mrio-arquitectos-asociados-y-west-8
https://www.archdaily.co/co/02-89344/proyecto-madrid-rio-mrio-arquitectos-asociados-y-west-8

Implementation of water recharge reserves R3.7

Constructive Pluvial flooding Municipal

Create recharge water reservoirs by protecting sectors prone to flooding identified in the Blue Spots
mapping

R7

- Areas susceptibes de
embalsamiento de agua

LOW Value: 5,92

Reference: Consfruccién de balsas para la recarga del acuifero del Baix Camp en el marco del proyecto

LIFE REMAR

More information af:  https://www.comaigua.cat/-/la-recarga-delacuifero-delbaix-camp-proyecto-
seleccionadoenda-primerafase-delprogramarife-2020-delo-union-europeo-

Identified surface area of water recharge reservoirs

Annual volume (hm?) of abstraction from recharge ponds



https://www.comaigua.cat/-/la-recarga-del-acuifero-del-baix-camp-proyecto-seleccionado-en-la-primera-fase-del-programa-life-2020-de-la-union-europea-
https://www.comaigua.cat/-/la-recarga-del-acuifero-del-baix-camp-proyecto-seleccionado-en-la-primera-fase-del-programa-life-2020-de-la-union-europea-

Objective R.4: Reducing the impact of sea level rise on the coastline

In order to reduce the impact of sea level rise on the coast, measures must be implemented
to protect coastal infrastructure and buildings, as well as to conserve natural ecosystems that
act as barriers against erosion and flooding.

Firstly, it is proposed to adapt infrastructures and buildings to sea level rise through the
design and development of coastal space. It is sometimes necessary to make the lower floors
of existing buildings permeable, to build containment reinforcements, to redesign public space
to adapt it to the impact of waves or to relocate critical infrastructures outside risk areas. Risk
control measures should be implemented to effectively manage the hazards associated with
sea level rise. Safety perimeters can be established in vulnerable coastal areas and surveil-
lance systems can be developed to monitor the behaviour of the sea during coastal storms and
extreme weather events.

Coastal sediment conservation is another important strategy to reduce the impact of sea
level rise. Coastal sediments act as natural barriers that absorb wave energy and protect the
coastline from erosion. Maintaining the integrity of these ecosystems by protecting coastal
areas and restoring degraded habitats is essential to preserve their function as buffers against
sea level rise.

Proper planning of the coastline will reduce impacts and, in extreme situations, restore the
functionality of these sectors in less time. Santander’s beaches are particularly prone to impacts
from sea level rise. The redesign of the coastline of the Second Beach of El Sardinero may
become necessary. Options such as the recession of the promenade and the redesign of the
Mesones Park, raising its current height, could guarantee a response to the impact of storms.
A very sensitive sector corresponds to the end of the promenade, next to the Hotel Chiqui. In
this area, maritime protection structures should be proposed to reduce the energy of the waves
by increasing the sheet of water, with solutions similar to the natural pools included in the LIFE
COSTAdapta project. This type of solution is being tested on coasts with a rocky substrate such
as the one in question.

Three basic measures have been defined for the development of Obijective R.4:

RA.1 infrastructures and buildings adapted to sea level rise
R4.2 Implementation of risk control measures

R4.3 Coastal sediment conservation



Infrastructures and buildings adapted
to sea level rise

Constructive Coastal flooding Punctual

Carry out defence and/or relocation works of infrastructures and buildings exposed to sea level rise, sea
surges and strong waves in areas af risk.

,,,,,

R4.1
g - % : oo W// Arans de Inundacién costera ‘
:c!m?fﬁ;? » g 7 % - - ’ 20 7 - Edificios afectados

Source: CINCc (UC] - FIC, 2024 based on data from PEMUSAN 2016
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Reference: Desarrollar la adaptacién costera al cambio climdtico en la infraestructura de la ciudad de
Nueva York: proceso, enfoque, herramientas y estrategias (Garcia et al., 2018).
Moreinformationat: https: / /www.sciencedirect.com/science/article /abs/pii/S0264837717314278

No. of buildings exposed to coastal flooding

Value: 8,31

Building area exposed to sea level rise



https://www.sciencedirect.com/science/article/abs/pii/S0264837717314278

Implementation of risk control measures

Planning Coastal flooding Municipal

Establish security perimeters and surveillance measures during coasfal storms in afrisk areas.riesgo

[ perimetro ds Seguridad
| 777 mundscién costera Reps 2100 |

Cs.marﬂo “ '“‘/ . & :
Source: CINCc (UC] - FIC, 2024 based on data from PEMUSAN 2016

LOW Value: 8,00

Reference: “Sistema de Aleria Temprana de Tsunamis del Pacifico” (PTWS) Estrategia (2022-2030).
(Infergovernmental Oceanographic Commission (IOC) of UNESCO, 2012)
More information at: hitps://unesdoc.unesco.org/ark: /48223 /pf0000384524

Area included within the security perimeter for extreme coastal events
Budget allocated to security and surveillance measures for exireme coastal events



https://unesdoc.unesco.org/ark:/48223/pf0000384524

Coastal sediment conservation

Constructive Coastal flooding Punctual

Design comprehensive measures for the conservation of sediments that favour the nourishment of
beaches, without affecting their landscape value.

Reference: Restauracion de islas barreras para defensa de huracanes y del aumento del nivel del mar en
Louisiana.

More information at:  hips://www.audubon.org/magazine/fall-2017 /louisianarrestoring-its-barrier

islands-defend

Volume (m?) of sediment with coastal protection capacity



https://www.audubon.org/magazine/fall-2017/louisiana-restoring-its-barrier-islands-defend
https://www.audubon.org/magazine/fall-2017/louisiana-restoring-its-barrier-islands-defend

Objective R.5: Be prepared with protocols for early warning and response to
extreme events

Being prepared with early warning and response protocols for extreme events helps to
protect communities and reduce the damage caused by natural disasters. One of the pillars of
these protocols is the continuous monitoring of the response to extreme events, which involves
closely monitoring the evolution of climatic phenomena such as storms, floods, droughts or
other extreme events. This monitoring makes it possible to anticipate potential risks, assess the
magnitude of the impact and take preventive measures in a timely manner.

For events such as drought, a well-defined action protocol is necessary. Water conservation
measures can be implemented, promoting the efficient use of the resource and establishing
restrictions when necessary. Strategies should also be developed to diversify water supply
sources, such as investing in rainwater harvesting and storage infrastructure, and promoting
treated water reuse practices.

Securing water supply is essential in preparing for extreme weather events. Mechanisms
must be put in place to ensure the availability of drinking water even under conditions of scar-
city, such as optimising water resource management, and implementing robust and resilient
storage and distribution systems.

An additional strategy to prepare for extreme events is the implementation of insurance
policies to cover weather-related losses. Insurance can provide financial compensation in case
of material losses caused by extreme weather events, helping the municipality to recover more
quickly from adverse impacts and reducing its economic vulnerability.

The aim, therefore, is to be prepared with early warning and response protocols for ex-
treme events involving a combination of monitoring, planning, resource management and
adaptation measures.

A total of four measures have been prioritised for Objective R.5:

R5. ] Monitoring the response to extreme events
R5.2 Drought action protocol
R5.3 Guaranteed water supply

R5.4 Implementation of insurance policies to cover weather-related losses



Monitoring the response to exireme events

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

Create a tool fo monitor the response of urban infrastructure and facilities fo extreme events.

Plataforma sobre Adaptacidn al Cambio Climatico en Espafia SINACITRES 2N

&0,

Empiezaaqui -  Temasy territorios  Politicas, Planesy Programas »  Divulgacion »  Herramientas - Participa en Adapte(Ca

Visor de Escenarios de Cambio Climatico
Casos Practicos
Buscador de recursos.

Otras herramientas

Agenda

' @articipa en AdapteCCa
©

lataforma colaborativa para impulsar la

Source: Adapfecca (2024)

Reference: 2023: Un afio récord de eventos climdticos extremos y emisiones de CO,. (Greenpeace,

2023).

More information at: htips://es.greenpeace.org/es/noticias/ eventos-climaticosexiremosen-202 3-entre-
loresperanzaylaecoansiedad/

No. of monitoring tools

No. of people assigned to monitoring exireme events



https://es.greenpeace.org/es/noticias/eventos-climaticos-extremos-en-2023-entre-la-esperanza-y-la-ecoansiedad/
https://es.greenpeace.org/es/noticias/eventos-climaticos-extremos-en-2023-entre-la-esperanza-y-la-ecoansiedad/

Drought action protocol

Planning Heat waves, drought Municipal

Develop an action protocol for drought events, with actions depending on the degree of infensity
(number of days without rainfall and high temperatures| and assessment of irrigation demand.

\

ages (CC)

Reference: Protocolo de actuacién por situacion de drought. (Ajuntoment de Barcelona, 2023)

Source: Getly Im

More information at: https://ajuntament.barcelona.cat/ecologiourbana,/es/ que-hacemos-y-porque/
energiary-cambioclimatico/plan-sequia

No. of protocols for monitoring against drought / Sector of activity



https://ajuntament.barcelona.cat/ecologiaurbana/es/que-hacemos-y-porque/energia-y-cambio-climatico/plan-sequia
https://ajuntament.barcelona.cat/ecologiaurbana/es/que-hacemos-y-porque/energia-y-cambio-climatico/plan-sequia

Guaranteed water supply

Constructive Heat waves, drought Municipal

Guarantee water supply with a supplementary system in the event of a water cut.

Source: CINCe (UC), 2024

LOW Value: 7,00

Reference: Management sostenible del agua para la poblacién y el medio ambiente de Nueva York.

More information at: hitps://www.nyc.gov/assets/dep,/downloads/pdf/ climate-resiliency,/one-nyc-
one-water.pdf

Volume (hm®) of water sfored in supplemental systems

No. of safety and resilience assessments of the municipal electricity system

Time fo resfore service in case of grid failure or collapse



https://www.nyc.gov/assets/dep/downloads/pdf/climate-resiliency/one-nyc-one-water.pdf
https://www.nyc.gov/assets/dep/downloads/pdf/climate-resiliency/one-nyc-one-water.pdf

Implementation of insurance policies to cover
RS.4
weather-related losses

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

Confirm the coverage of municipal insurance policies for risks associated with climate change.

Value: 6,15

Reference: Cobertura de riesgos extraordinarios derivables del cambio climdtico. (AdapteCCa, 2024).

More  information  at:  https://adaptecca.es/ casos-practicos/ cobertura-de-riesgos-extraordinarios-
derivablesdel-cambio-climatico

Economic value of policy coverage for climate change-related risks

Economic amount supported by policies for climate change impacts



https://adaptecca.es/casos-practicos/cobertura-de-riesgos-extraordinarios-derivables-del-cambio-climatico
https://adaptecca.es/casos-practicos/cobertura-de-riesgos-extraordinarios-derivables-del-cambio-climatico

Objective R.6: Optimising and controlling water resources
in a climate change scenario

In a climate change scenario, optimising and controlling water resources is essential to
ensure the availability of drinking water and to reduce the effects of climate variability. To
achieve this, it is necessary to implement measures at the municipal level, as well as in the
private sector. Firstly, it is essential to introduce water saving and leakage control elements in
the municipal water supply network. It is essential to modernise infrastructure and install tech-
nologies that reduce water losses during transport and distribution. In addition, it is important
to implement leakage control systems in open spaces, municipal facilities and equipment to
avoid waste.

To promote water saving among citizens, communication and awareness-raising cam-
paigns should be carried out. These campaigns can include practical advice on the efficient
use of water in the home, the promotion of low consumption technologies and the importance
of reducing water waste in everyday activities. In the private sector, regulations need to be
developed to promote water efficiency in new construction, including requirements for rain-
water harvesting and storage in buildings, as well as the use of water reuse technologies for
non-potable uses such as garden irrigation and cleaning of outdoor spaces.

To increase the volume of rainwater storage, priority should be given to the construction of
a network of closed tanks connected to the separate rainwater network. These reservoirs can
be used to store rainwater and then used for municipal irrigation.

The recharge zones of the Aquifer Subsystem 4A San Romdn Unit and 4D Santander Unit
should be protected to prevent saline intrusion due to sea level rise. The expansion of perme-
able zones that allow rainwater to infiltrate into the subsoil, thus recharging the underground
aquifers and maintaining their adequate quality and quantity, would guarantee the success of
this measure.

The optimisation and control of water resources requires the implementation of comprehen-
sive measures at municipal and private level, ranging from the modernisation of infrastructures
to the promotion of efficient water use and the protection of natural resources.

Obijective R.6 will be achieved through the following four priority measures:

R6.1 Efficient supply network
R6.2  Promotion of water saving
R6.3 Rainwater storage
R6.4 rrotection of aquifers



Efficient supply network

Technification Drought Municipal

Infroduce saving and leakage control elements in the supply network and in municipal open spaces,
facilities and equipment.

Source: CINCc (UC), 2024.

Reference: Orientaciones y gobernanza en la Management del agua y cambio climético (Gobierno de
Esparia)

More information at: https:/ /www.miteco.gob.es/es/agua,/temas/sisema-espaniol-gestion-agua. html

No. of leaks identified and repaired

Annual volume (hm?) of water lost in leaks / Total volume of supply water
Average consumption of water resources (I/inhab/day)



https://www.miteco.gob.es/es/agua/temas/sistema-espaniol-gestion-agua.html

Promotion of water saving

Education Drought Municipal

Promote water saving with communication campaigns to the public

Source: Getly Images (CC).

Value: 8,00

Reference: Andlisis crifico de las campafias de comunicacién para fomentar la “cultura del agua” en
México (HemandezAvila, M. and Masso-Delgado, Y., 2016)

More information at:  https://www.scielo.org.mx/scielo.php2pid=S0188-252X2016000200223
&script=sci_arttext

Water consumption per inhabitant and floating population

No. of public awareness events and outreach materials



https://www.scielo.org.mx/scielo.php?pid=S0188-252X2016000200223&script=sci_arttext
https://www.scielo.org.mx/scielo.php?pid=S0188-252X2016000200223&script=sci_arttext

Rainwater storage

Constructive Heat waves, pluvial flooding, drought Municipal

Increase the volume of rainwater storage with a network of closed tanks connected to the separate
network. Encourage ifs use for municipal irrigation. In the private secfor, develop water use regulations,
requiring new buildings fo collect and store rainwater.

Source: Aguas Municipales de Santander (2020)

Reference: Deposito regulador de pluviales Joan Miré de Barcelona

Mas informacién en: hitps://www.iagua.es/blogs/ jordioliveras /depositoreguladorpluvialesjoan-miro-
barcelona

Stormwater storage capacity (Volume m®) public and private

Volume (hm®) of rainwater directly used for municipal irrigation



https://www.iagua.es/blogs/jordi-oliveras/deposito-regulador-pluviales-joan-miro-barcelona
https://www.iagua.es/blogs/jordi-oliveras/deposito-regulador-pluviales-joan-miro-barcelona

Protection of aquifers

Management Pluvial flooding, coastal flooding Punctual

Protect the recharge zones of the aquifer Subsystem 4A San Romdan Unit and 4D Santander Unit in order
fo prevent saline infrusion due fo sea level rise with the extension of permeable zones.

Ré.4
Principote dreas de recarga
B #cvitero 42 ud. San Romin

s e S PR &= 5 | [T Acuitera 20 ud. santonder
Source: CINCc (UC] - FIC, 2024.

Reference: Medidas urbanisticas de adaptacion al cambio climético en Santa Cruz de Galdpagos,

Ecuador (Pérez Celaya, N., 2020)
More information at: https:/ /repositorio.unican.es/xmlui/handle/10902,/21363

Permeable surface of aquifer recharge areas / Surface area of the recharge area

Valuve: 7,23



https://repositorio.unican.es/xmlui/handle/10902/21363

HEALTH GOAL

The Health Goal focuses on improving the resilience of health care services and the
epidemiological surveillance system to protect the health of the population in a context of cli-
mate change. To achieve this, it is necessary to develop mechanisms to control and monitor
climate change and its impact on public health, including the establishment of monitoring
systems to identify and predict risks associated with extreme weather events and climate-re-
lated diseases.

It is important to have the capacity to respond to extreme weather and its effects on health,
including the implementation of mitigation and adaptation measures, as well as the training
of medical and emergency personnel to deal with climate-related crises such as heat waves,
floods or vector-borne diseases.

An important part of this goal is to reduce the risk to the population most sensitive to
extreme temperatures, such as the elderly, young children and people with chronic diseas-
es. The implementation of awareness and prevention programmes favours the identification
and protection of vulnerable groups, and the provision of adequate health services during
adverse weather events for these sectors of the population. It also seeks to mitigate negative
environmental conditions affecting public health, which would address problems such as air
pollution, water quality, ecosystem degradation and exposure to toxic substances, which may
be aggravated by climate change. Policies and actions should be implemented to reduce these
environmental threats and promote healthier and safer environments for the population.

The Health Goal seeks to strengthen the health system’s capacity to respond and adapt
to climate change by implementing climate monitoring and control measures, preparing for
extreme weather events, protecting vulnerable groups and promoting healthy environments.

These actions are essential to address public health challenges in an ever-changing climate
environment.

OBJECTIVES

SL] Developing mechanisms for monitoring and tracking climate change impacts on

health
SL2 Capacity to respond to extreme weather, minimising its effects on health
SL3 Reduce the risk of the most sensitive population to extreme temperatures

SL4 Reduce the negative environmental factors affecting health



Objective SL.1: Developing mechanisms for monitoring and tracking climate
change impacts on health

Developing mechanisms to monitor and track climate change and its impact on health
helps to protect the population from emerging environmental challenges. A key strategy is to
establish a Biometeorological and Human Health Research Laboratory. This laboratory will
study the relationships between atmospheric processes and human health, enabling a deeper
understanding of how climate affects human well-being.

It is proposed that a complementary network of air quality and bioaerosol monitoring
observatories, equipped with aeroallergen capture stations, would monitor pollutant and nan-
oparticle emissions at district or census section level, providing detailed air quality data.

Optimisation of the Smart City sensor network is another key measure. This network would
allow realtime detection of high temperature hotspots in the city, which would facilitate the
implementation of preventive actions to protect the population from the effects of extreme heat,
such as heat stroke or dehydration. Sensors that are correctly located and provide reliable data
for decision-making should be selected.

To strengthen epidemiological surveillance, systematic surveillance of vectors posing a po-
tential risk to public health is proposed by monitoring the presence and activity of mosquitoes,
ticks and other diseasetransmitting vectors, which would allow early detection of possible
outbreaks and the implementation of appropriate control measures. In addition, it is suggested
that a mapping of possible vector nesting sites, such as open water impoundment, be created.

Finally, it is proposed that the impacts of the south wind be assessed on the physical and
mental health of the population, which would allow a better understanding of how this climatic
phenomenon affects people’s well-being in order to develop appropriate adaptation and miti-
gation strategies. Taken together, these measures would contribute to improving the response
capacity of Santander to the public health challenges associated with climate change.

For Objective SL.1 the following six measures have been established:

SL.1.1 Biometeorological and human health research laboratory

SL.1.2 Ax quality observatory network

SL.1.3 Climate sensors network

SL.1.4 sureillance and early warning for health risk vectors

SL.1.5 Mapping hotspots of diseases vectors associated with high temperatures
SL.1.6 southern wind impact monitoring



Biometeorological and human health research SL1.1
laboratory .

Technification Health Municipal

Develop a Biometeorological and Human Health Research Laboratory fo study the relationships between
afmospheric processes and human health and well-being.

Source: Pixabay Creative Commons Zero (CCO).

Reference: El cambio climdtico y la Salud en Cuba. (Borroto et al, 2022)

More information at:  https://www.paho.org/sites/default/files /202 3-05 / cambio-climatico-salud-
cuba.pdf

No. of persons employed at the Biometeorological-Human Health Research Laboratory

No. of research and studies published by the laboratory



https://www.paho.org/sites/default/files/2023-05/cambio-climatico-salud-cuba.pdf
https://www.paho.org/sites/default/files/2023-05/cambio-climatico-salud-cuba.pdf

Air quality observatory network

Technification Health City

Create a complementary network of air quality observatories, bio-aerosol monitoring (with aero-allergen
capture sfations) o monifor pollutant and nanoparticle emissions at census section scale.

k\.'._,l_ )
Source: C/NCC (UC), 2024, based on CIMA, Gobierno de Cantabria

- morrviee  [EETCHE veowm ow

Reference: Red de contral v vigilancia de la calidad del aire en Cantabria (Centro de Investigacion de

Medio Ambiente [CIMA), 2015).

More information at: hitps://cima.cantabria.es/ calidad-delaire

No. of data collection stations

Value: 8,62

Daily count of particulate matter concentration below 2.5 microns



https://cima.cantabria.es/calidad-del-aire

Climate sensors network

Technification Health Municipal

Optimise the Smart City sensor nefwork fo detect high temperature hotspots in real time.

Source: CINCc (UC), 2024

Reference: Red de sensores SmartCity para la vigilancia de la salud en Barcelona

More information af: hitps:/ /www.barcelona.cat/infobarcelona/ca,/tema/smartcity

Number of optimised Smart City sensors

Sensor coverage area



https://www.barcelona.cat/infobarcelona/ca/tema/smart-city

Surveillance and early warning for health risk SL1.4
vectors )

Planning Heat waves, health Municipal

Strengthen epidemiological surveillance with systematic surveillance of vectors posing a potential risk fo
the population for possible incorporation info an early warning system.

Source: Pixabay, Creative Commons, Zero (CCO).

Reference: Mosquito Alert, pieza clave de un proyecto reconocido por la Comisién Europea para dlerfar
sobre enfermedades transmitidas por mosquitos (Premio EIC Horizon de Alerta Temprana para epidemias)

Value: 7,46

More information at Mosquito Alert: htips://map.mosquitoalert.com/es

No. of vectors identified

No. of annual vector surveillance campaigns



https://map.mosquitoalert.com/es

Mapping hotspots of diseases vectors
associated with high temperatures

Planning Heat waves, health Municipal

Creafe a mapping of potential breeding sites for disease vectors associated with high temperatures,
especially outdoor water impoundment.

,,,,,

SL1.5

[ Estanques

B ocpssies ae agua

| Liminas de agua naturales
N I Piscinas y otros depésitos

LOW Value: 6,85

Reference: El observatorio mundial de la salud. (Organizacion Mundial de la Salud (OMS), 2024)
More information at: https:/ /www.who.int/data/gho/map-gallery

Surface area of areas identified as sources of disease vectors



https://www.who.int/data/gho/map-gallery

Southern wind impact monitoring

Education Heat waves, wind, health Municipal

Assess the impacts of South wind (by measuring its electrical characteristics) on the physical and mental
health of citizens.

SL1.6

Zonas expuestas a viento Sur

LOW Value: 6,31

Reference: Evaluacion del wind y directrices para ciudades inteligentes. (Actiflow, 2020)

More information af: hitps:/ /actiflow.com,/wind-assessmentand-guidelinesforsmartcities / #

No. of inhabitants in areas at risk due to wind south

No. of people affected in hospitals depending on the frequency and duration of the events



https://actiflow.com/wind-assessment-and-guidelines-for-smart-cities/#

Objective SL.2: Capacity to respond to extreme weather, minimising its effects on

health

To develop mechanisms for monitoring and tracking climate change and its impact on
health, a public health early warning system should be established. This system would provide
early warning of extreme weather events, such as heat waves, unfavourable air quality con-
ditions or south wind, allowing effective coordination between primary health care services,
social and health organisations and civil protection.

A necessary measure is to establish a specific action protocol for heat wave events. This
protocol would include a hierarchy of actions depending on the degree of intensity of the heat
wave, from surveillance and monitoring of vulnerable people to coordination between health
and care agencies to provide medical care and assistance to those in need. The expected
increase in this phenomenon makes it necessary to systematise prevention and control pro-
grammes, targeting vulnerable groups, especially the elderly.

Another important aspect is to define action protocols for the control of pests and disease
vectors associated with heat waves and high temperatures, implementing control and preven-
tion measures, such as the fumigation of areas prone to the proliferation of mosquitoes and
ticks, as well as the elimination of insect and rodent breeding sites.

Water storage in fountains and ponds also needs to be properly managed to prevent the
proliferation of disease vectors. Plausible measures include the implementation of water filtra-
tion and treatment systems, as well as regular maintenance of fountains and ponds to prevent
the accumulation of stagnant water, which is an ideal breeding ground for mosquitoes and
other disease vectors.

Extreme temperature events, although not specific to the city of Santander, may appear
as occasional episodes in which long periods of high temperatures are reached, and should,
therefore, be taken into account in the mechanisms for the control and management of social
and health emergencies.

Four main adaptation measures have been established for Objective SL2:

SL.2. ] Early warning system for extreme events
SL.2.2 Protocols for heat wave events

SL.2.3 Protocols for heatrelated pest control actions
SL.2.4 Management of water storage for vector control



Early warning system for extreme events

Management Heat waves, wind, drought Municipal

Establish a public health early warning system for extreme heat events, unfavourable air quality conditions
or south wind and facilitate the coordination of primary care services, sociohealth entities and civil
protection.

Source: Getty Images (CC)
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Reference: la OMS prepara un sislema de alerfa temprana para personas en riesgo de Heat waves
(Agencia SINC, 2023)

More information af:  hitps://www.agenciasinc.es/Noticias/Lla-OMS-prepara-un-sistema-de-alerta-
femprana-para-personas-en-iesgo-por-olasde-calor

No. of people with secured access to the Early Warning System

Value: 8,62



https://www.agenciasinc.es/Noticias/La-OMS-prepara-un-sistema-de-alerta-temprana-para-personas-en-riesgo-por-olas-de-calor
https://www.agenciasinc.es/Noticias/La-OMS-prepara-un-sistema-de-alerta-temprana-para-personas-en-riesgo-por-olas-de-calor

Protocols for heat wave events

Planning Heat waves Municipal

Establish an action protocol for heatwave events through a hierarchy of actions depending on the degree
of intensity (monitoring of vulnerable people and coordination between health and care agencies).

Source: CINCc (UC), 2024.

Reference: El Ayuntamiento de Madrid elabora un protocolo de actuacién ante olas de calor en la ciudad
(Diario de Madrid, 2023)

More information at: https: / /diario.madrid.es/blog,/notasde-prensa/elayuntamiento-de-madrid-elabora-
un-profocolo-de-actuacion-ante-oclasde-calorenlacivdad/

No. of official profocols approved for the Management of exireme heat events

No. of health service sfaff involved in the management of heat waves



https://diario.madrid.es/blog/notas-de-prensa/el-ayuntamiento-de-madrid-elabora-un-protocolo-de-actuacion-ante-olas-de-calor-en-la-ciudad/
https://diario.madrid.es/blog/notas-de-prensa/el-ayuntamiento-de-madrid-elabora-un-protocolo-de-actuacion-ante-olas-de-calor-en-la-ciudad/

Protocols for heat-related pest control actions S12.3

Management Heat waves, drought Municipal

Define action profocols for the control of pests and disease vectors resulting from heat waves and high
temperatures.

T i 3
Source: Getty Images (CC)
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Value: 8,23

Reference: Impactos del cambio climdtico en la incidencia de plagas y enfermedades de los cultivos
(Croplife LA, 2023)

More information at: https://www.croplifela.org/es/actualidad /impactos-delcambio-climaticoeno-
incidencia-de-plagasy-enfermedadesdeloscultivos

No. of protocols established for different typologies of heat pests



https://www.croplifela.org/es/actualidad/impactos-del-cambio-climatico-en-la-incidencia-de-plagas-y-enfermedades-de-los-cultivos
https://www.croplifela.org/es/actualidad/impactos-del-cambio-climatico-en-la-incidencia-de-plagas-y-enfermedades-de-los-cultivos

Management of water storage for vector control S12.4

Management Heat waves, drought Neighbourhood

Manage water sforage in fountains and ponds for disease vector control.

Source: Nueva Esparia, 2020

Reference: Estrategia de Cestion Integrada de Prevencion y Control de Dengue para Uruguay. (Pan
American Health Organization 2023).

More information at: https:/ /www.paho.org/sites/default/files /2024-12 /egi-dengue-uruguay.pdf

Volume (m?) of water in treated open air sources and storage sites



https://www.paho.org/sites/default/files/2024-12/egi-dengue-uruguay.pdf

Objective SL.3: Reduce the risk of the most sensitive population to extreme
temperatures

In order to reduce the risk to the population most sensitive to extreme temperatures, meas-
ures should be proposed to mitigate the impact of intense heat and ensure a healthier and safer
environment in urban seftings. A key strategy is to increase urban coolness by creating fountain
gardens in areas identified as heat islands. Green spaces not only provide a cooler and more
pleasant environment, but also help to reduce the ambient temperature through water evapora-
tion. However, it is important to ensure that these fountains have shut-off or emptying systems to
prevent water stagnation and the proliferation of disease vectors such as mosquitoes.

In addition, establishing a network of park-and-ride facilities and limiting vehicle access to
areas identified as urban heat islands during periods of intense heat can significantly contrib-

ute to reducing ambient temperatures and improving air quality.

Preventive care controls for older people in their own homes should be designed into
action plans related to the impact of heat and epidemic situations, including the installation
of air conditioning systems, regular visits by medical or care staff, and the promotion of self-
care measures. Developing preventive outreach programmes targeting vulnerable people is
another useful measure to avoid risky situations during heat waves. These programmes can
include information on the importance of staying hydrated, avoiding direct exposure to the sun
during the hottest hours, and engaging in moderate physical activity. Finally, it is necessary to
encourage the development of studies on vulnerable groups that define the risk associated with
the absence of thermal comfort, taking into account their health profiles, comorbidities and
socio-economic situations, as well as their workplace.

A total of six measures have been designed for Objective SL.3:

SL.3.1 creation of green areas and fountains in urban heat islands
SL.3.2 Reduction of road traffic in urban heat islands

SL.3.3 Preventive control of heat island impact on elderly people
3.4 ivformation programmes on heat wave prevention

3.5 Occupational heat risk mapping
3.6

Studies on heat vulnerable groups



Creation of green areas and fountains
in urban heat islands

Constructive Heat waves, drought Neighbourhood

Increase urban coolness with fountain gardens in areas identified as heat islands. These fountains should
have closing or emptying systems fo avoid water stagnation and the proliferation of disease vectors.

SL3.1

” i 1 : B zonas verdes
Camargo 7 e 0 | I st e cator

Source: CINCc (UC] - FIC, 2024.

Reference: Reducir los efectos de las islas de calor ubanas es el objetivo de los ganadores de Climathon

2023. (ORM, 2024
More information at: https://www.orm.es/ noticias-2024 /reducirlos-efecios-de-las-islas-de-calorurbanas-
eselobjefivo-delos-ganadorasdeclimathon-2023 /

Hourly temperature and humidity data collection in urban heat island areas
Noaturalised area with green and blue infrastructure in urban heat island areas



https://www.orm.es/noticias-2024/reducir-los-efectos-de-las-islas-de-calor-urbanas-es-el-objetivo-de-los-ganadoras-de-climathon-2023/
https://www.orm.es/noticias-2024/reducir-los-efectos-de-las-islas-de-calor-urbanas-es-el-objetivo-de-los-ganadoras-de-climathon-2023/

Reduction of road traffic in urban heat islands  SL3.2

Planning Heat waves Neighbourhood

Establish a network of park-and-ride car areas and limit vehicle access fo areas identified as urban heat
islands at least during periods of intense heat.

Santa Cruz
de Bezana

Source: CINCc (UC] - FIC, 2024 based on data from MER O 16
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Reference: Planificacién para la reduccion de la isla de calor en Valencia

More information at: hitps: / /www.valencia.es/documents/ 20142 /424002 / Esfrategia%2520Valencia
%25202020.pdf/4506bf21-6304-7509-c7 17-ea0e 105de538

No. of vehicle traffic management protocols in periods of intense heat (vehicles,/hour)

Value: 8,15

No. of park-and-ide car areas
Proportion of use of combustion vehicles and non-polluting and non-heat emitting vehicles
Length (m) (km) of roads incorporated into the confrol network for exireme events



https://www.valencia.es/documents/20142/424002/Estrategia%2520Valencia%25202020.pdf/45a6bf21-6304-7509-c717-ea0e105de538
https://www.valencia.es/documents/20142/424002/Estrategia%2520Valencia%25202020.pdf/45a6bf21-6304-7509-c717-ea0e105de538

Preventive control of heat island impact
on elderly people

Management Heat waves, health Neighbourhood

Design preventive care checks for the elderly in their own homes in action plans relating to the impact
of heat and epidemic situations.

Source: CINCc (UC), 2024.

Reference: Plan Nacional de Actuaciones Preventivas de los Efectos del Exceso de Temperaturas sobre la
Salud. (Ministerio de Sanidad, 2022)

More information at:  https:/ /www.sanidad.gob.es/areas/ sanidadAmbiental /riesgosAmbientales/
calorExtremo/ publicaciones/ planesAnteriores /docs,/PlanNacionalExcesoTemperaturas_2022. pdf

No. of hospitalisations of elderly people in periods of extreme heat



https://www.sanidad.gob.es/areas/sanidadAmbiental/riesgosAmbientales/calorExtremo/publicaciones/planesAnteriores/docs/PlanNacionalExcesoTemperaturas_2022.pdf
https://www.sanidad.gob.es/areas/sanidadAmbiental/riesgosAmbientales/calorExtremo/publicaciones/planesAnteriores/docs/PlanNacionalExcesoTemperaturas_2022.pdf

Information programmes
on heat wave prevention

Education Heat waves, health Municipal

Develop preventive health education programmes aimed at vulnerable people in order fo avoid risk
situations in the event of heat waves (physical exercise, dehydration, efc.).

Source: Ministerio de Derechos Sociales y Agenda 2030.
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Reference: Protocolo general de actuacién en el dmbito educativo andaluz no universitario ante Heat
waves o altas temperaturas excepcionales. (Junfa de Andalucia, 2023).

Value: 8,08

More information  at:  htips://www.juntadeandalucia.es/educacion/portals/delegate / content/
a9cb922b-91ab-4cd3-8d82-ac3c6a?6518a/Protocolo%200la%20calor%20y%20altas%20
temperaturas%202023

No. of programmes disseminating information on preventive acfivities against Heat waves



https://www.juntadeandalucia.es/educacion/portals/delegate/content/a9cb922b-91ab-4cd3-8d82-ac3c6a96518a/Protocolo%20ola%20calor%20y%20altas%20temperaturas%202023
https://www.juntadeandalucia.es/educacion/portals/delegate/content/a9cb922b-91ab-4cd3-8d82-ac3c6a96518a/Protocolo%20ola%20calor%20y%20altas%20temperaturas%202023
https://www.juntadeandalucia.es/educacion/portals/delegate/content/a9cb922b-91ab-4cd3-8d82-ac3c6a96518a/Protocolo%20ola%20calor%20y%20altas%20temperaturas%202023

Occupational heat risk mapping

Planning Heat waves Municipal

Ensure occupational health by identifying areas and workplaces subject to increased heat sress,
enabling more frequent rotations.

Edificaciones

) Camargo T o Sk | I e cator
Source: CINCc (UC] - FIC, 2024.

Reference: Rastreador de calor y salud. (CDC, 2024)
More information at: hitps:/ /ephtracking.cdc.gov/Applications/heafTracker/

No. of people and workplaces in heat stress conditions

No. of hospitalisations per year due to extreme heat wave effects



https://ephtracking.cdc.gov/Applications/heatTracker/

Studies on heat vulnerable groups

Policies Health Municipal

Encourage the development of studies on vulnerable groups that define the risk associated with the
absence of thermal comfort, taking info account their health profiles, co-morbidities and socio-economic
sifuations.

LOW Value: 6,85

Reference: El calor extremo no afecta a todos por igual: deja més muertes en barrios con menos recursos.

(Zafra, J.L. 2020)

More information af:  htips://valenciaploza.com/ calorextremo-puede-acelerar-deteriorocognifivo-
poblacionesvulnerables

No. of people identified as being vulnerable to heat



https://valenciaplaza.com/calor-extremo-puede-acelerar-deterioro-cognitivo-poblacionesvulnerables
https://valenciaplaza.com/calor-extremo-puede-acelerar-deterioro-cognitivo-poblacionesvulnerables

Objective SL.4: Reduce the negative environmental factors affecting health

Objective SL.4 focuses on reducing the negative environmental factors that affect health,
for which it is effective to carry out an exhaustive analysis of mortality and morbidity in the
population associated with climatic conditions, providing key information to develop effective
strategies to help mitigate and reduce the adverse effects on health.

With regard to noise pollution, it is necessary to implement measures to reduce its impact
through the use of low-noise gardening machinery and the creation of green barriers in sectors
with high noise exposure. Noise pollution not only affects people’s hearing health, but can also
have negative repercussions on mental health, sleep and general quality of life, as well as on

biodiversity.

Blue infrastructures, such as natural and artificial bodies of water, can be harnessed as
therapeutic spaces to promote well-being and health. Thalassotherapies, which involve the
therapeutic use of seawater and its derivatives, are an example of how these infrastructures
can be used to promote health. Santander, as a historic spa town, has important resources
in this area that should be used efficiently, especially in view of the increase in global tem-
peratures.

It is also necessary fo resize the urban sanitation sections to avoid the accumulation of
stagnant water that encourages the development of pathogens and favours the appearance
of outbreaks of water-related diseases. One possible measure involves improving rainwater
and wastewater management, ensuring adequate drainage and preventing contamination of
drinking water sources.

So in order to reduce the negative environmental determinants affecting health, it is neces-
sary to carry out detailed analyses of risk factors and to develop targeted and effective inter-
ventions. Developing measures to reduce noise pollution is also suggested, take advantage of
blue infrastructures to promote well-being, along with improving water management and urban
sanitation to prevent water-related diseases.

The main measures proposed for Obijective SL.4 are the following:

SL.4.1 siudies on mortality and morbidity associated with climatic conditions
SL.4.2 Rreduction of noise pollution in gardening

SL.4.3 Bive infrastructure as therapeutic and wellness space

SL.4.4 Resizing of urban sanitation infrastructures



Studies on mortality and morbidity associated ¢ 4 4
with climatic conditions '

Education Health Municipal

Analyse and study mortality and morbidity in the population associated with climatic conditions in order
fo mitigate and reduce their effects.

Source: Gefty Images (CC).

Value: 8,00

Reference: El cambio climdtico estd defrés de casi el 40% de las muertes por calor. (National Geographic,
2024)

More information at: https:/ /www.nationalgeographic.com.es/ ciencia,/elcambio-climaticoesta-detras-
de-casiel40-delasmuertes-por-calor_16979

No. of deaths associated with climatic processes

No. of pathologies influenced by climatic conditions



https://www.nationalgeographic.com.es/ciencia/el-cambio-climatico-esta-detras-de-casi-el-40-de-las-muertes-por-calor-_16979
https://www.nationalgeographic.com.es/ciencia/el-cambio-climatico-esta-detras-de-casi-el-40-de-las-muertes-por-calor-_16979

Reduction of noise pollution in gardening

Constructive Heat waves, health Municipal

Reduce noise pollution through the use of low-noise gardening machinery and green screening in areas
of high noise exposure due to their impact on health and biodiversity.

-Gam'a!‘y;z '\ =3 4 " N

Source: CINCc (UC) - FIC, 2024 based on data from MER 2016

Reference: Guia técnica para la gesfién del ruido ambiental en los administraciones locales (Diputacion
Foral de Bizkaia).

More  information  at:  https:/ /www.bizkaia.eus/home2 /archivos/DPTO? /Temas,/Pdf/RUIDO/
RUIDO%20DEF /3C%20GUIA%20TECNICA%20RUIDO%20AMBIENTAL% 20AYUNTAMIENTOS_DFB.
pdfehash=1fa615ea97ca2 1 34b5d9943cchb4bf07 5&idioma=EU

Budget for low-noise gardening equipment
No. of low noise impact gardening equipment / Total no. of equipment



https://www.bizkaia.eus/home2/archivos/DPTO9/Temas/Pdf/RUIDO/RUIDO%20DEF/3C%20GUIA%20TECNICA%20RUIDO%20AMBIENTAL%20AYUNTAMIENTOS_DFB.pdf?hash=1fa615ea97ca2134b5d9943ccb4bf075&idioma=EU
https://www.bizkaia.eus/home2/archivos/DPTO9/Temas/Pdf/RUIDO/RUIDO%20DEF/3C%20GUIA%20TECNICA%20RUIDO%20AMBIENTAL%20AYUNTAMIENTOS_DFB.pdf?hash=1fa615ea97ca2134b5d9943ccb4bf075&idioma=EU
https://www.bizkaia.eus/home2/archivos/DPTO9/Temas/Pdf/RUIDO/RUIDO%20DEF/3C%20GUIA%20TECNICA%20RUIDO%20AMBIENTAL%20AYUNTAMIENTOS_DFB.pdf?hash=1fa615ea97ca2134b5d9943ccb4bf075&idioma=EU

Blue infrastructure as a therapeutic
and wellness space

Planning Health Municipal

Use blue infrastructures as therapeutic, healing and wellness areas (promotion of thalassotherapy).

SL4.3
I esuancues
| Liminas de agua

10 Espacios “azules® costeros

e e Y
Source: CINCc (UC) - FIC, 2024.

Value: 7,31

Reference: Infraestruciura Verde-Azul de Bizkaia (Diputacién de Bizkaia, 2023)

More information af: hitps:/ /www.bizkaia.eus/es/cambioclimatico/infraestructura-verde-azul

Area [m?) blue infrastructure identified as therapeutic spaces / Blue Infraestructure surface



https://www.bizkaia.eus/es/cambio-climatico/infraestructura-verde-azul

Resizing of urban sanitation infrastructures Sl4.4

Constructive Heat waves, pluvial flooding, drought Neighbourhood

Resize urban sanitation sections to avoid stagnant water that can support the growth of pathogens and
outbreaks of waterassociated diseases.

LOW Value: 6,92

Reference: Vietnam invierte 4.300 millones de euros en 38 nuevas plantas de tratomiento de aguas
residuales en Handi. (iAgua, 2023)

More information at:  hitps:/ /www.iagua.es/ noticias/saneamiento/ 13,/06,/03 /vieinam-invertira-
4300-millones-de-eurosen-38-nuevas-plantas-deratamiento-de-aguasesidualese

Length (m) (km) of strategic sanitation network resized for extreme events



https://www.iagua.es/noticias/saneamiento/13/06/03/vietnam-invertira-4300-millones-de-euros-en-38-nuevas-plantas-de-tratamiento-de-aguas-residuales-e
https://www.iagua.es/noticias/saneamiento/13/06/03/vietnam-invertira-4300-millones-de-euros-en-38-nuevas-plantas-de-tratamiento-de-aguas-residuales-e

The Adapted Economy and Society Goal seeks to increase the adaptive capacity of the so-
cio-economic fabric in the face of climate change, ensuring public awareness and monitoring
of impacts in order to be prepared for, and respond effectively to extreme events. To achieve
this, it is necessary to develop comprehensive actions that address both awareness, prepared-
ness and adaptation of various sectors of society.

First, public awareness of climate change and its impacts must be ensured by conducting
public awareness and education campaigns on risks and necessary adaptation measures. In
addition, information and communication programmes should be developed to promote under-
standing of the implications of climate change and encourage public participation in adapta-
tion. Citizens should be prepared to respond to extreme events through the implementation of
emergency plans and action protocols.

These plans should include prevention, early warning, evacuation and crisis management
measures, involving different actors and sectors of society in their implementation. Updating
the Municipal Emergency Plan to new climate scenarios could be a decisive tool. Monitoring
and assessing the effect of climate change and its impacts are equally important to better un-
derstand emerging trends and risks.

Fostering a business fabric that is prepared and adapted to climate change supports eco-
nomic resilience and sustainability by promoting business strategies that integrate climate con-
siderations, and by encouraging innovation and investment in sustainable technologies and
practices. Finally, promoting sustainable and climate resilient tourism is key to protecting nat-
ural resources and promoting sustainable economic development in the city of Santander. The
promotion of responsible tourism practices, the diversification of tourism products and services,
and the creation of climate change resilient destinations are some of the possible strategies to
achieve this goal.

Be prepared to respond to extreme events.
Monitor and assess the climate change impacts on Santander

Understanding the implications of climate change and promoting citizen par-
ticipation in adaptation

Reduce social vulnerability to climate change
Promote a business fabric that is prepared and adapted to climate change

Promoting sustainable and climate change adapted tourism



Be prepared to respond to extreme events

Objective SE.1 focuses on how society should be prepared to respond to extreme events
by protecting the population and minimising the adverse impacts that may arise from severe
weather events. To achieve this, coordinated and planned actions are required to address
different aspects of emergency management.

First, the Municipal Emergency Plan needs to be adapted to take into account expected cli-
mate variability. The document needs to be reviewed and updated to include specific response
measures for extreme rainfall, heat waves and extreme wind. It is necessary to define the ap-
propriate emergency services and establish clear protocols of action for each type of extreme
event. The municipality must assume the need to invest financial resources in the development
of a new document and provide the necessary corrective measures to ensure that the commu-
nity security and care services are well prepared for possible extreme events.

Identifying weather shelters among open spaces and facilities is another good measure.
Shelters would provide a safe place for the population in case of extreme events. In addition,
providing a list of health care facilities for vulnerable people would ensure that those in need
of medical care can access it quickly during emergencies. Adequate mapping of safe and
accessible facilities in extreme situations should be developed and disseminated to extreme
weather response services and the public.

Creating an early warning system through mobile phone applications is also an effective
tool for informing the public about extreme weather events. These applications can provide the
population with instant alerts and safety advice.

Establishing security capacities at events, celebrations or spaces with a high concentration
of people will guarantee an effective response to extreme events, limiting the number of people
allowed in a given area to avoid risky situations during weather emergencies.

Four adaptation measures are included in Objective SE.1:

Adapting the municipal emergency plan to future climate risks
Climate shelter mapping
Mobile application for early warning system

Safety capacity at public events



TYPE OF MEASURE THREATS TERRITORIAL REACH

Planning Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Adapt the Municipal Emergency Plan considering the expected climatic variability, defining the
appropriate emergency services in case of exireme rainfall, heat waves and extreme wind.

FIGURE SE1.1. Municipal Emergency Plan

[ e i
PLAN DE EMERCENCIAS MUNICIPAL DE SANTANDER
PG L O

e AT
Source: CINCc (UC), 2024, from Fire Department, Santander City Council.

PRIORITY LEVEL MEDIUM LOW Value: 9,46

FOR MORE INFORMATION

Reference: Planes de Emergencias Municipal de Santander [PEMUSAN)
More information at: htips://www.santander.es/ciudad/planemergencias

MONITORING INDICATORS

No. of contingency plans according fo sectors adjusfed to expected climate variability


https://www.santander.es/ciudad/plan-emergencias

Climate shelter mapping

Management Heat waves, pluvial flooding, Neighbourhood
coastal flooding, wind, drought

Identify weather shelfers among the open spaces and facilities, providing a list of assistance centres for
vulnerable people in case of extreme events for the information of citizens and visitors.

SE1.2
@ centros sanitarios
@  centros educatives

[ pabeliones geportivos

L < i

Source: CINCc (UC) - FIC, 2024.

Reference: 155 refugios climdticos repartidos por toda la ciudad para hacer frente al calor [Ayuntamiento
de Barcelona, 2021).

More information at: https:/ /www.barcelona.cat/infobarcelona/es/tema,/emergencia-climatica/mas-
de-160-efugiosclimaticostepartidos-portodarla-ciudad-para-hacerfrente-alcalor4 1083949 himl

No. of climatic shelters
Total capacity of climatic shelters
Population coverage within 300 m and urban area of climate shelters



https://www.barcelona.cat/infobarcelona/es/tema/emergencia-climatica/mas-de-160-refugiosclimaticos-repartidos-por-toda-la-ciudad-para-hacer-frente-al-calor-4_1083949.html
https://www.barcelona.cat/infobarcelona/es/tema/emergencia-climatica/mas-de-160-refugiosclimaticos-repartidos-por-toda-la-ciudad-para-hacer-frente-al-calor-4_1083949.html

TYPE OF MEASURE THREATS TERRITORIAL REACH

Technification Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Create an early warning systfem through mobile phone applications (SmartCity or other) related to
extreme weather events.

FIGURE SE1.3. Civil protection alert notification

Alerta de proteccion civil
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PRIORITY LEVEL HIGH MEDIUM LOW Value: 7,15

FOR MORE INFORMATION

Reference: Sistema de alerfa infegral para la adaptacion al cambio climdtico (LIFE BAETULO, 2022)

More information af: hitps://adaptecca.es/sites/default/files/documentos /230220 _aq_laymansre
port_baetulo_es.pdf

MONITORING INDICATORS

No. of people registered in the early warning system mobile application


https://adaptecca.es/sites/default/files/documentos/230220_aq_laymansreport_baetulo_es.pdf
https://adaptecca.es/sites/default/files/documentos/230220_aq_laymansreport_baetulo_es.pdf

TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding Punctual
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Establish safety capacities for events, celebrations or spaces with a high concentration of people in
order fo guarantee the response fo exireme evenfs.

FIGURE SE1.4. Mass crowds

Source: CINC, 2024.

PRIORITY LEVEL HIGH MEDIUM LOW Value: 7,22

FOR MORE INFORMATION

Reference: La gira de Taylor Swift en Brasil, empaiiada por dos muertes, varios atracos y una peligrosa
ola de calor. (El Mundo, 2023)

More information af:  hitps://www.elmundo.es/cultura/musica/2023/11/21/655¢52fdidddf
fd9398b45%¢ . html

MONITORING INDICATORS

No. of annual events with concentrations above the municipal response capacity
Record of exceedance of established levels
No. of events cancelled or modified by exireme weather conditions


https://www.elmundo.es/cultura/musica/2023/11/21/655c52fdfdddffd9398b459e.html
https://www.elmundo.es/cultura/musica/2023/11/21/655c52fdfdddffd9398b459e.html

Monitor and assess the climate change impacts on Santander

Several measures are proposed to effectively monitor climate change and assess its impact
on the city and its environment. To do this, firstly, it is necessary to develop a framework of
monitoring indicators and target parameters for monitoring climate change impacts. Indicators
could cover aspects such as changes in temperatures, precipitation levels, air quality, sea level,
among others. These parameters would allow for systematic monitoring of climate change and
evaluation of the effectiveness of implemented adaptation measures. This Adaptation Plan pro-
vides a set of indicators as a starting point for the development of an effective and adaptive
monitoring tool.

Encouraging cooperation between cities through participation in networks such as
the Cities for Climate Network or similar would be beneficial. Such collaborations allow
for the exchange of experiences and best practices on climate change adaptation, as well
as learning from strategies implemented by other cities facing similar challenges.

Creating an internal municipal body in charge of managing adaptation measures is stra-
tegic to effectively coordinate and manage climate change actions. This body would be re-
sponsible for designing and implementing adaptation policies and programmes, as well as
monitoring and evaluating their impact.

It is also important to inventory potential impacts on the municipality’s cultural heritage due
to extreme weather events, which implies identifying cultural assets vulnerable to the effects
of climate change, such as floods, coastal erosion or storms, and developing protection and
conservation strategies to mitigate their deterioration.

Ensuring the monitoring and assessment of the effect of climate change therefore requires
the implementation of comprehensive measures that address both climate monitoring and the
assessment of its impact on the city and its heritage. By adopting a systematic and collabora-
tive approach, the city of Santander will be better prepared to face the challenges of climate
change and protect its natural and cultural environment.

For Objective SE.2, the following adaptation measures have been established:

Climate impact and adaptation monitoring Indicators
Exchange of experiences with other cities
Municipal authority for climate adaptation

Assessment of climate impacts on cultural heritage



TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Develop a framework of monitoring indicators and target parameters for monitoring climate change
impacts and progress on adaptation.

FIGURE SE2.1. Data collection of indicators
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Source: CINCc (UC), 2024.
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FOR MORE INFORMATION

PRIORITY LEVEL

Reference: Sistema de Informacion de la Agenda de Transparencia de acciones climdticas a nivel
subnacional (SIAT-Subnacional). (Gobiemno de México. 2020).
More information at: hitps://siatsubnacional.semarnat.gob. mx

MONITORING INDICATORS

No. of exireme weather events per year
No. of climate events exceeding expected thresholds
No. of adaptation measures implemented


https://siatsubnacional.semarnat.gob.mx

TYPE OF MEASURE THREATS TERRITORIAL REACH

Education Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Encourage cooperation between cities by exchanging adaptation experiences (Cities for Climate
Network, efc.).

FIGURE SE2.2. International and European institutions, associations and organisations
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Cities Alliance ( 40
Cities Without Slums

Source: CINCc (UC), 2024.

PRIORITY LEVEL HIGH _ LOW Valve: 7,77

FOR MORE INFORMATION
Reference: (Red Espariola de Ciudades por el Clima y FEMP, 2024)
More information at: htips://redciudadesclima.es/jornadas

MONITORING INDICATORS

No. of climafe adaptation experience exchange programmes participated in
No. of adaptation projects developed in coordination with other cities and regions
No. of events - congresses for the exchange of experiences held

Funds in European programmes with an impact on urban adaptation



https://redciudadesclima.es/jornadas

TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Create an internal municipal body responsible for the management of adaptation measures.

FIGURE SE2.3. Santander City Council

Source: CINCc (UC), 2024.

PRIORITY LEVEL HIGH MEDIUM LOW Value: 6,85

FOR MORE INFORMATION

Reference: Comision municipal de Medioambiente para la elaboracion del Plan Municipal contra el
Cambio climdtico de Cérdoba. [Ayuntamiento de Cérdoba, 2023)

More information at: htips://www.cordoba.es/servicios/medioambiente /temas,/cambio-climatico,/
plan-municipalcontracambioclimatico

MONITORING INDICATORS

No. of people involved in the development of the municipal body for adaptation
No. of adaptation measures managed by the municipal adaptation body annually


https://www.cordoba.es/servicios/medio-ambiente/temas/cambio-climatico/plan-municipal-contra-cambio-climatico
https://www.cordoba.es/servicios/medio-ambiente/temas/cambio-climatico/plan-municipal-contra-cambio-climatico

Assessment of climate impacts
on cultural heritage

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

Inventory the possible effects of extreme weather events on the cultural heritage of the municipality.

SE2.4

() Bien de Interés Cultural - Local
| Aren de proteccién BIC - BIL
- Conjuntos histéricos

024.

Source: CINCc (UC) - FIC, 21

Reference: Los expertos dicen que hay que vigilar el cambio climético para la conservacion de Allamira.
(LA INFORMACION, 2018).

More information at:  https://www.lainformacion.com/mundo/ los-expertos-dicen-que-hay-que-vigilar-el
cambio-climatico-pararlaconservacion-de-altamira_wuvw2naozsxkomeok3un06,/

No. of herifage elements exposed fo extreme climatic phenomena
No. of impacts suffered due to exposure fo exireme events of the invenforied assefs



https://www.lainformacion.com/mundo/los-expertos-dicen-que-hay-que-vigilar-el-cambio-climatico-para-la-conservacion-de-altamira_wuvw2naozsxkomeok3un06/
https://www.lainformacion.com/mundo/los-expertos-dicen-que-hay-que-vigilar-el-cambio-climatico-para-la-conservacion-de-altamira_wuvw2naozsxkomeok3un06/

Understanding the implications of climate change and promoting
citizen participation in adaptation

To understand the implications of climate change and encourage citizen participation in
adaptation, it is important to implement various educational and awareness-raising strategies
that inform and empower the population.

A first step is to carry out awareness-raising campaigns on climate change and its effects.
These campaigns can use various media, such as visual information on the Santander city bus
network, social networks and posters in public spaces, to convey clear and accessible infor-
mation about the impacts of climate change on the city and the daily lives of its inhabitants.

It is necessary to develop a training plan on the effects of climate change aimed at different
groups in society, including students, professionals and citizens in general. This training plan
can include lectures, workshops and courses that address topics such as the science of climate
change, exposure to climate hazards, associated risks and vulnerabilities, and necessary ad-
aptation measures.

It is also important to articulate a technical training and awareness-raising plan specifically
targeted at municipal workers, who play a key role in the implementation of adaptation and
mitigation measures in the city. This training can include technical aspects related to environ-
mental management and public policy design, as well as awareness raising on the importance
of climate change and the need to act proactively.

To facilitate access to information on climate change and adaptation measures, it is neces-
sary fo set up an information point on the municipal website. This information point can pro-
vide resources such as documents, guides, links to relevant websites and updates on progress
in implementing adaptation measures in the city. Complementing this information with physical
signage in public places helps to reach those who cannot access information online. Thus,
understanding the implications of climate change and encouraging citizen participation in
adaptation requires a combination of education, awareness raising and access to information
strategies.

The following adaptation measures have been identified for Objective SE.3:

Information campaigns on climate change and its effects
Training plan on the effects of climate change

Web-based information point on climate change



Information campaigns on climate change
and its effects

Education Heat waves, pluvial flooding, Neighbourhood
coastal flooding, wind, drought

Develop public information campaigns on climate change and its effects.

Value: 8,38

Reference: Campafias sobre cambio climético. (Manos Unidas, 2024)

More information  at:  hitps:/ /www.manosunidas.org,/observatorio,/cambio-climatico,/campanas-
cambio-climatico

No. of outreach campaigns

No. of outreach and awarenesstaising materials



https://www.manosunidas.org/observatorio/cambio-climatico/campanas-cambio-climatico
https://www.manosunidas.org/observatorio/cambio-climatico/campanas-cambio-climatico

TYPE OF MEASURE THREATS TERRITORIAL REACH

Education Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Articulate a technical training and awareness-aising plan for municipal workers

FIGURE SE3.2. Actions of the Santander City Council Fire Service

Source: Bomberos Ayuntamiento de Santander.

PRIORITY LEVEL HIGH MEDIUM LOwW Value: 7,46

FOR MORE INFORMATION

Reference: Climate change education (UNESCO, 2023)

More information at: https://www.unesco.org/en/ climate-change/education
MONITORING INDICATORS

No. of training activities for staff in technical areas of the administration
No. of people benefiting from the transfer of knowledge on adaptation


https://www.unesco.org/en/climate-change/education

TYPE OF MEASURE THREATS TERRITORIAL REACH

Technification Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Enable an information point on climate change, mitigation and adaptation measures and monitoring of
the progress made on the municipal website, complementary to the information on physical signage.

FIGURE SE3.3. Santander City Council website
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ACTUALIDAD
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en su sala expositiva con Autorretrato una muestra del artista Enrique Enriquez Discriminacion Racial

Sofia Salvador Gonzélez

Source: Ayuntamiento de Santander, 2024.

PRIORITY LEVEL HIGH MEDIUM LOW Value: 6,62

FOR MORE INFORMATION

Reference: 3Qué me ofrece AdapteCCA2 (AdapteCCA, 2024)
More information at: htips://adaptecca.es/

MONITORING INDICATORS

No. of visits fo the climate change web section
Average time spent browsing the climate change sections of the website


https://adaptecca.es/

Reduce social vulnerability to climate change

In order to reduce social vulnerability to climate change, specific measures are required to
address the needs of the most affected communities. An effective strategy involves implement-
ing programmes and policies that provide direct support to vulnerable people.

A subsidy programme for the rehabilitation of vulnerable housing is essential. This pro-
gramme can provide funds to improve the energy efficiency of housing and strengthen its resil-
ience to the impacts of climate change, such as flooding or extreme temperatures. Prioritising
these grants for the homes of people with the greatest identified climate vulnerability will ensure
that those most at risk receive the support they need to protect themselves. Policies to renovate
the building stock should continue, not only for their effect on mitigation, but also to ensure their
adaptation to future climate and its impacts.

Establishing a registry of climate-vulnerable people will identify and provide targeted assis-
tance to those most in need. This registry can include information on the elderly, persons with
disabilities, low-income families and other vulnerable populations. A dedicated municipal unit
can manage this registry, ensuring the collection of relevant information, timely assistance and
dissemination of information on protection and adaptation measures.

Complementarily, it is proposed to create a network of climate-adapted urban gardens as
well, which can contribute to reducing social vulnerability to climate change. The gardens can
be designed to withstand extreme weather conditions and provide fresh and healthy food to
local communities. In addition, promoting intergenerational activities in these gardens fosters
collaboration and mutual support between different age groups, thus strengthening the social
fabric and community resilience.

Reducing social vulnerability to climate change requires implementing measures that ad-
dress the specific needs of the most affected communities, including subsidy programmes for
housing rehabilitation, establishment of registers of vulnerable people, and creation of resilient
community spaces, such as climate-smart urban gardens.

Adaptation measures under Objective SE.4 are presented below:

Subsidy programme for the rehabilitation of vulnerable housing
List of climate-vulnerable people

Network of climate-adapted vegetable gardens



TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Prioriise subsidies for the rehabilitation of housing of people with identified climate vulnerability

FIGURE SE4.1. Neighbourhood of El Cabildo, Santander

Source: CINCc (UC), 2024.

PRIORITY LEVEL HIGH _ LOW Valve: 7,77

FOR MORE INFORMATION

Reference: Estrategia de Rehabilitacion Energética de Edificios — (Ayuntamiento de Madrid, 2023)
More information at: https:/ /transforma.madrid.es/rehabilitacion/

MONITORING INDICATORS

Assessment of the energy performance of buildings

No. of rehabilitated dwellings

Percenfage of dwellings with vulnerable people rehabilitated / Total number of vulnerable dwellings
Public funds earmarked for climate refrofitting


https://transforma.madrid.es/rehabilitacion/

TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Ensure the registration, assistance and information of people vulnerable to climate change through a
specific municipal unit.

FIGURE SE4.2. Vulnerable groups

) 4

Source: Getty Images (CC).

PRIORITY LEVEL HIGH MEDIUM LOW Value: 7,08

FOR MORE INFORMATION

Reference: Cambio climdtico y salud en la ciudad de Barcelona. (Agencia de salud publica de Barcelona,
2023)
More information at: htips://www.aspb.cat/noticia/canvi<limaticsalutbarcelona,/

MONITORING INDICATORS

Tofal no. of people vulnerable to climate change identified annually
Percentage of elderly people living alone and receiving care from social services
Percentage of people receiving support for electricity supply


https://www.aspb.cat/noticia/canvi-climatic-salut-barcelona/

TYPE OF MEASURE THREATS TERRITORIAL REACH

Planning Heat waves, pluvial flooding, health Neighbourhood

MISSION OF THIS MEASURE

Create a network of climate-protected urban gardens designed to promote infergenerational activities.

FIGURE SE4.3. Urban gardens, Santander

Source: Ayuntamiento de Santander

PRIORITY LEVEL HIGH MEDIUM LOW Value: 7,08

FOR MORE INFORMATION

Reference: Lanzamos ‘Semillas por el clima’, un proyecto agroecoldgico en los centros educativos de la
sierra de Madrid (La Troje — Asociacion, 2022)
More information at: htps://www.latroje.org/lanzamos-semillaspor-elclima-un-proyecioagroecologico-
en-os-centroseducativos-dela-sierra-de-madrid /

MONITORING INDICATORS

No. of people participating in the cultivation of municipal urban allotments
Total area of urban allotments / Total municipal urban population
Volume (kg) of food produced in the urban gardens / Participating people


https://www.latroje.org/lanzamos-semillas-por-el-clima-un-proyecto-agroecologico-en-los-centros-educativos-de-la-sierra-de-madrid/
https://www.latroje.org/lanzamos-semillas-por-el-clima-un-proyecto-agroecologico-en-los-centros-educativos-de-la-sierra-de-madrid/

Promote a business fabric that is prepared and adapted to climate
change

In order to promote a business fabric that is prepared and adapted to climate change,
various strategies focused on sustainable management and public-private partnerships should
be promoted.

A first effective measure is to stimulate sustainable business management through initiatives
such as certification and training programmes, as they can provide companies with the neces-
sary tools to implement more sustainable practices in their operations, from reducing carbon
emissions to the efficient management of natural resources. In addition, fostering public-private
collaboration based on Corporate Social Responsibility (CSR) can help drive urban adaptation
actions. This collaboration can be translated into joint projects to improve green infrastructure,
promote sustainable mobility and develop innovative solutions to adapt to the impacts of cli-
mate change in Santander’s urban environment.

Another important aspect is to require objective justification of the climate change benefits
of eligible actions in various economic sectors. This ensures that public and private investments
are directed towards projects that effectively contribute to the adaptation and mitigation of the
effects of climate change.

Given the importance of the hospitality sector in the city of Santander, it is proposed to
raise awareness among the population and train food handlers on conservation and the cold
chain in the event of extreme heat events. Adequate training in this aspect guarantees correct
food safety in adverse weather conditions, taking into consideration that there is no long-term
experience in extreme heat conditions.

Fostering a business fabric that is prepared and adapted to climate change requires a
combination of measures that promote sustainable management, public-private partnerships
and public awareness. By promoting concrete actions in these areas, business resilience can
be strengthened and contribute to building a more sustainable economy that is more resilient
to the effects of climate change.

The three priority actions under Objective SE.5 are presented below:

Sustainable business management incentives
Incorporation of adaptation criteria in the adjudication of grants

Training and awareness-raising on food preservation in extreme heat events



TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Stimulate sustainable business management through cerfification and  fraining  programmes and
publicprivate partnerships based on Corporate Social Responsibility aimed af promoting urban
adapfation actions.

FIGURE SE5.1. Business management

ource: Getty Images (CC)

PRIORITY LEVEL HIGH _ LOW Value: 8,00

FOR MORE INFORMATION

Reference: Hacia la responsabilidad social como estrategia de sostenibilidad en la gestién empresarial.
(Bom-Camargo, Y. I. 2021)
More information at: htips://dialnet.unirioja.es/servlet/articulo?codigo=7927655

MONITORING INDICATORS

No. of companies with recognised environmental certifications / No. of companies in the municipality
No. of publicprivate parinership agreements aimed at urban adaptation


https://dialnet.unirioja.es/servlet/articulo?codigo=7927655

TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Require objective jusfification of the benefits provided in the fight against climate change in the eligible
actions in the productive, industrial, commercial, building, tourism, etc. sectors.

FIGURE SE5.2. Control of Grants for Adaptation

Source: Getty Images (CC)

PRIORITY LEVEL HIGH MEDIUM LOwW Value: 7,46

FOR MORE INFORMATION

Reference: Convocatoria de ayudas para la elaboracion/actualizacion de los planes de accién para
el clima y la energia sosfenible (PACES) de los municipios de la Comunidad Valenciana. (Generalitat
Valenciana, 2024)

More information at: htips://www.gva.es/es/inicio/ procedimientos?id_proc=G23320

MONITORING INDICATORS

Percentage of eligible actions with environmental benefits
Volume (Tn) of CO2 emissions avoided from the agreed adaptation measuresas


https://www.gva.es/es/inicio/procedimientos?id_proc=G23320

TYPE OF MEASURE THREATS TERRITORIAL REACH

Education Heat waves, health Municipal

MISSION OF THIS MEASURE

Raise public awareness and train food handlers on conservation and cold chain in the event of extreme
heat events.

FIGURE SE5.3. Food handling

Source: Pixabay, Creative Commons, Zero (CCO).

PRIORITY LEVEL HIGH MEDIUM LOW Value: 6,54

FOR MORE INFORMATION

Reference: Guia Didéctica de adaptacion al calor (Gobiemo de Espaiia, 2020)

More information at:  https://www.mifeco.gob.es/ confent/dam/miteco/es/ceneam,/recursos/
materiales/guiaaclimatarnos_tcm30-540408. pdf

MONITORING INDICATORS

No. of people in the catering sector with food handling certification
No. of training and capacity building acfivities for professionals in the sector


https://www.miteco.gob.es/content/dam/miteco/es/ceneam/recursos/materiales/guiaaclimatarnos_tcm30-540408.pdf
https://www.miteco.gob.es/content/dam/miteco/es/ceneam/recursos/materiales/guiaaclimatarnos_tcm30-540408.pdf

Promoting sustainable and climate change adapted tourism

In order to promote sustainable tourism adapted to climate change, it is necessary to pro-
mote actions that promote resilience and sustainability in the tourism sector. A first action is to
study the carrying capacity of certain tourism spaces and infrastructures, considering the visitor
population in the face of extreme weather events. Measures of this kind make it possible to
properly manage the flow of visitors and guarantee the safety and well-being of those who visit
these destinations, especially in situations of climatic risk.

Developing tourism deseasonalisation campaigns to reduce pressure on destinations in
times of high demand or attracting funding for projects to adapt the tourism sector to climate
change can include the implementation of resilient infrastructure, the promotion of sustain-
able practices and the training of tourism staff in climate risk management and adaptation
measures.

Implementing measures to control tourist housing in saturated areas would guarantee ade-
quate management of real social vulnerability, which would mean establishing regulations and
controls to ensure balanced and sustainable tourism development, avoiding the overexploita-
tion of resources and the saturation of infrastructures.

Integrating risks and adaptation measures in the strategic plans dedicated to tourism in the
municipality ensures effective management of climate change impacts on the sector (Ley et al.,
2024). Measuring tourism indicators related to sustainability and resilience allows assessing
progress and adjusting strategies as needed. Finally, stimulating the adaptation of the tourism
sector in the renovation of its building stock, considering the global rise in temperatures, is key
to ensure the comfort and safety of tourists in a context of climate change.

The following adaptation measures have been identified for Objective SE.6:

Studies of the carrying capacity of tourist sites in the face of extreme events
Tourist attraction campaigns adapted to the new climatic conditions
Rising finance for the adaptation of the tourism sector

Calculation of actual vulnerability in tourist residential areas

Integration climate adaptation in tourism plans

Stimulating the renovation of the building stock in the tourism sector



Studies of the carrying capacity of tourist sites  ¢g, 4
in the face of extreme events ‘

Planning Heat waves, pluvial flooding, Neighbourhood
coastal flooding, wind, drought

Study the carrying capacity of certain areas and infrastructures with a high influx of tourists, considering
the visiting population in the face of extreme events.

Presion turistica alojativa
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Source: CINCc (UC] - FIC, 2024.

Value: 8,44
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Reference: Estudio sobre la copacidad de carga turistica en lanzarote. (Cabildo de lanzarote,
2024) More information at:  https://www.cabildodelanzarote.com/documents /35307 /0,/Capaci
dad+de+Carga+lanzarote. pdf/b9560eQbbebet3b2-2fb6-51b25f5fa56d2i=1684154327999

No. of hotel tourist establishments / Unbuiltup area of the census section

No. of tourist beds / Population of the census section



https://www.cabildodelanzarote.com/documents/35307/0/Capacidad+de+Carga+Lanzarote.pdf/b956ae9b-bcbe-f3b2-2fb6-51b25f5fa56d?t=1684154327999
https://www.cabildodelanzarote.com/documents/35307/0/Capacidad+de+Carga+Lanzarote.pdf/b956ae9b-bcbe-f3b2-2fb6-51b25f5fa56d?t=1684154327999

TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Develop campaigns to attract visitors in the low season, encouraging the deseasonalisation of tourism
in appropriate weather conditions.

FIGURE SE6.2. The main tourist attraction, El Sardinero

Source: CINCc (UC), 2024.

PRIORITY LEVEL HIGH MEDIUM LOwW Value: 8,11

FOR MORE INFORMATION

Reference: El impacto del cambio climdtico en el turismo en Espaiia: andlisis y perspectivas. (Heymann,
D.A. 2024)

More information at: htips://www.caixabankresearch.com/es/analisis-sectorial /turismo/impactodel
cambio-climaticoturismo-espana-analisisy-perspectivas

MONITORING INDICATORS

No. of fourism promotion campaigns
No. of fourism events in low season


https://www.caixabankresearch.com/es/analisis-sectorial/turismo/impacto-del-cambio-climatico-turismo-espana-analisis-y-perspectivas
https://www.caixabankresearch.com/es/analisis-sectorial/turismo/impacto-del-cambio-climatico-turismo-espana-analisis-y-perspectivas

TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Attract funding for projects to adapt the tourism sector to climate change.

FIGURE SE6.3. Tourism and Economy

Source: Getty Images (CC).

PRIORITY LEVEL HIGH MEDIUM LOW Value: 8,11

FOR MORE INFORMATION

Reference: Guia para inversiones adaptadas al cambio climdtico para un turismo sustentable y resiliente.
(ADAPTUR, 2021).

More  information  af:  hitps://www.unwio.org/es/ covid-19-oneplanetiniciativastecuperacion-
responsable,/guia-para-inversiones-adaptadas-alcambio-climatico

MONITORING INDICATORS

Funds earmarked for projects to adapt the fourism sector fo climate change


https://www.unwto.org/es/covid-19-oneplanet-iniciativas-recuperacion-responsable/guia-para-inversiones-adaptadas-al-cambio-climatico
https://www.unwto.org/es/covid-19-oneplanet-iniciativas-recuperacion-responsable/guia-para-inversiones-adaptadas-al-cambio-climatico

TYPE OF MEASURE THREATS TERRITORIAL REACH

Management Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Implement measures to confrol tourist housing in saturated areas to ensure that real social vulnerability
is calculated.

FIGURE SE6.4. Extra - hotel accommodation

Source: CINCc (UC), 2024

PRIORITY LEVEL HIGH MEDIUM LOwW Value: 7,89

FOR MORE INFORMATION

Reference: Andlisis preliminar de la vulnerabilidad de la costa de Andalucia a la potencial subida del nivel
del mar asociado al Cambio Climdtico. (Consejeria de Medio Ambiente/Junta de Andalucia, 2011)

More information atf:  https://www.juntadeandalucia.es/medioambiente,/ portal /documents /20151
/522644 /vulnerabilidad_costas.pdf/a71d2503-3b00-d755-4246-
e2/24b2b3df92t=1402329434000

MONITORING INDICATORS

Ratio of fourists over resident population
No. of extra - hotel dwellings / No. of dwellings per census section


https://www.juntadeandalucia.es/medioambiente/portal/documents/20151/522644/vulnerabilidad_costas.pdf/a71d25a3-3b00-d755-4246-e2724b2b3df9?t=1402329434000
https://www.juntadeandalucia.es/medioambiente/portal/documents/20151/522644/vulnerabilidad_costas.pdf/a71d25a3-3b00-d755-4246-e2724b2b3df9?t=1402329434000
https://www.juntadeandalucia.es/medioambiente/portal/documents/20151/522644/vulnerabilidad_costas.pdf/a71d25a3-3b00-d755-4246-e2724b2b3df9?t=1402329434000

TYPE OF MEASURE THREATS TERRITORIAL REACH

Planning Heat waves, pluvial flooding, Municipal
coastal flooding, wind, drought

MISSION OF THIS MEASURE

Infegrate risks and adaptation measures info the strategic plans dedicated to tourism in the municipality,
incorporating the measurement of tourism indicators.

FIGURE SE6.5. Tourism Action Plan

Source: Turismo, Santander. Ayuntamiento de Santander, 2023.

PRIORITY LEVEL HIGH _ LOW Valve: 7,23

FOR MORE INFORMATION

Reference: Marco de Sendai para la Reduccion del Riesgo de Desastres 2015-2030. (Naciones Unidas
para la Reduccion del Riesgo de Desastres ([UNISDR), 2015).

More information at: https://rua.ua.es/dspace/bitstream,/10045,/59231/3,/2016_Olcina_Vera_
AnGeogrUnivComplut. pdf

MONITORING INDICATORS

No. of plans for tourism with climate adaptation criteria
Infensity of tourist use per hectare in vulnerable or exposed areas
No. of redefined tourism itineraries with future climate adaptation criteria

271



https://rua.ua.es/dspace/bitstream/10045/59231/3/2016_Olcina_Vera_AnGeogrUnivComplut.pdf
https://rua.ua.es/dspace/bitstream/10045/59231/3/2016_Olcina_Vera_AnGeogrUnivComplut.pdf

Stimulating the renovation of the building stock ¢,
in the tourism sector '

Management Heat waves, pluvial flooding Municipal

Stimulate the adaptation of the fourism sector in the renovation of its building stock, taking into account
the global increase in temperatures.

SE6.6
@ Hotales
Viviendas Turisticas

Otros aicjamiantos
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®  Apartamentas Turisticos
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ource: CINCc (UC] - Fi

Reference: Impactos, vulnerabilidad y adaptacién al cambio climético en el sector turistico. (Gémez, M.,
2016).

More information at: htps://www.miteco.gob.es/content/dam,/miteco/es/cambioclimatico/temas
/impactos-vulnerabilidad-y-adaptacion/impactosvulnerabilidadyadaptacionalcambioclimatico
enelsectorturistico_tcm30-178443.pdf

Energy efficiency in the tourism sector
No. of tourist buildings renovated and adapted fo new climatic conditions

Alojamientos Tur de piataformas



https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/temas/impactos-vulnerabilidad-y-adaptacion/impactosvulnerabilidadyadaptacionalcambioclimaticoenelsectorturistico_tcm30-178443.pdf
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/temas/impactos-vulnerabilidad-y-adaptacion/impactosvulnerabilidadyadaptacionalcambioclimaticoenelsectorturistico_tcm30-178443.pdf
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/temas/impactos-vulnerabilidad-y-adaptacion/impactosvulnerabilidadyadaptacionalcambioclimaticoenelsectorturistico_tcm30-178443.pdf

Nareme Herrera Lépez, Laura Asensio Martinez, Francisco Garcia Sdnchez

This document establishes a set of indicators that serve as a basis for monitoring the Adapta-
tion Plan and is based on two basic elements:

The set of indicators defined by the Fundacién Biodiversidad for the framework of the
city renaturation programme, whose purpose is to facilitate the monitoring of project
progress and the evaluation of the results of the projects, as well as to establish the
basis of a medium and long-term management framework to evaluate the progress of
the municipality in its urban renaturation process. Several indicators of the Guide for
the Measurement and Monitoring of Indicators in urban renaturation projects man-
aged by the Fundacién Biodiversidad have been incorporated as part of the Action
A2 Climate Change Adaptation Plan.

The definition of specific monitoring indicators for each of the proposed measures, guar-
anteeing the evaluation of the achievements obtained in terms of urban adaptation.

A Climate Change Adaptation Measures Indicator Monitoring Plan is essential to evaluate
the effectiveness of the implemented actions and to adjust them as necessary. Although an
Indicator Monitoring Plan is not the subject of development in this document, it has been con-
sidered advisable to establish a first list of monitoring and evaluation indicators. In a further
specific development of the Indicator Monitoring Plan, the tool should contain the following
components:

The goals and targets encompassing the adaptation measures defined in this Plan pro-
vide a framework for selecting the indicators and for assessing progress towards these
goals over time.

Complementary to the indicators defined for each of the measures in this Adaptation
Plan, new relevant indicators should be added to monitor the progress of the adap-
tation measures. Indicators should be specific, measurable, relevant, achievable and
timely. They may include indicators of exposure, vulnerability, impact and adaptive
capacity, among others.

Baselines should be established as far as possible for each indicator to provide a refer-
ence point for assessing progress and defermining the impact of actions.

It is desirable to establish clear mechanisms for collecting the necessary data for the
selected indicators, such as collecting existing data, implementing new monitoring sys-
tems and collaborating with different actors to obtain the required information.

The plan should specify the frequency with which data will be collected and ana-
lysed, as well as responsibilities for monitoring each indicator. Individuals or enti-



ties responsible for collecting, analysing and reporting data should be designated.
It is estimated that an annual assessment may be necessary for most indicators,
although longer timeframes may be set for some indicators.

Finally, the plan should include provisions for regular reporting on the analysis and progress of

the Adaptation Plan with the preparation of infernal reports for decision makers, as well as communi-
cation of the results to different stakeholders, including the general public and other relevant actors.

BASELINE SENSITIVITY INDICATORS

The average municipal value (baseline) of the sensitivity indicators is presented below:

TABLE 7.1. Base value Sensitivity Indicators (Municipal mean value)

SENSITIVITY
SENSITIVITY INDICATORS (MUNICIPALITY AVERAGE) INDICATORS

(BASELINE)

SE1-1: Percentage of population with income per consumption unit below 60% of

the nafional median 18.70%
SE2-1: No. of dwellings <45m? /No. of total low-income dwellings (between 470 / 0.51%

20-40% of the population with incomes > 60% of the national median) e
SE2-2: Percentage of one-bedroom in low-income dwellings 0.16%

SE2-3: No. of dwellings without collective or private heating/No. of dwellings 13,515 / 14.70%

SE3-1: Unemployed population / Active population 5.80%
SE4-1: Gini index 31,006
SE5-1: lliterate, uneducated or with first degree / Population > 15 years of age (%) 12.95%
SE&6-1: Percentage of population residing outside the optimal service areas of o
) Jors 2.06%
public health facilities.
SE6-2: Percentage of surface area outside the optimal service areas of public .
42.00%
health centres.
SEZ-1: No. Inhabitants / km 4,792
SE8-1: Population aged >65 years/ Total Population (%) 25.73%
SE8-2: Population aged <5 years/ Total Population (%) 3.89%
SEQ-1: Percentage of employed in dependent sectors/ Total Employed Population 1.21%
SE10-1: Percentage of Women 53.95%

()]




Continuacién TABLE 7.1

SENSITIVITY
SENSITIVITY INDICATORS (MUNICIPALITY AVERAGE) INDICATORS
(BASELINE)
M1-1:  Percentage of dwellings in pre-1940 buildings / total number of dwellings 12.63%
M2-1: % of dwellings with deficient construction quality / Total No. of dwellings 15.90%
M3-1: % dwellings in a dilapidated, bad or deficient state / Tofal number of 830,
dwellings Y
M4-1: No. dwellings / ha 2575
A1-1:  Builtup volume / municipal area 1,267
A1-2: % Impermeable urban area / Municipal area 62.26%
A2-1:  Estimated % pop affected by noise > 65 dB (FB indicator CBA-004)
22.16%
A2-2:  level of Air Pollution from Vehicular Traffic
A3-1:  Tourist Function Rate (bedplaces per 100 inhabitants)
A3-2:  Socioenvironmental Pressure Index in tourist areas [Mobile) 4.85
A3-3:  Tourist Function Fee for unregulated accommodation (Airbnb)
A4-1: Surfoce m? of green areas (recreational + public spaces) per inhabitant 21 07
(Recreational spaces: green areas and pedestrian areas for recreation) '
A5-1: % Surface area of degraded areas 7.49%
A&-1:  Estimated population outside the optimal level of waste management 0. 20,
coverage neee
A7-1: % of Buildings without energy certification or with category below class E 86.23%
A8-1: % Population >400m of public green area (or recreation space) of 0.5Ha 3 479
of minimum area (CBS-002 of the FB) e
AQ-1: % Estimated population without private green spaces 53.85%

Fuente: CINCc (UC) - FIC, 2024.




SPECIFIC INDICATORS FOR ADAPTATION MEASURES

BIOD R OA

B1. Promote Biodiversity and soil quality for increased urban resilience

Percentage of permeable surface area / Municipal surface area

Percentage of permeable surface of open spaces / Total surface of open spaces

Percentage of surface area of private green areas / Surface area of public open spaces

Percentage of green areas in private spaces / Private non-builtup areas

Percentage of surface area with degraded areas / Municipal surface area

Number of invasive alien species per hectare

River corridors and water bodies naturalised, created or restored (No., m?)

Surface area of Blue Infrastructure / Municipal surface area

No. of demonstration actions of NBS solutions

No. of communication and awareness-raising projects

No. of knowledge transfer activities

B2. Making urban green infrastructure an ally in the face of climate change impacts

Percentage of species adapted fo the future climate / Total municipal catalogue of species

length (m) (km) of urban green infrastructure for coastal protection

Annual volume of water reused in municipal irrigation

Percentage of adapted species / Total number of species in municipal catalogue

Annual volume (m?3) of rainwater collected and stored

Annual volume (m?) of water reused for municipal irrigation / Annual volume (m®) municipal irrigation
water

B3. Ensure the participation of society in the management of green infrastructure in the face of climate
change

Area [m?) of coasfal space threatened by loss of biodiversity

Area (m?) with coastal and marine restoration projects

Identification of discharges and effluents (no.) on the coastline

Surface area of degraded areas / Surface area of natural areas

No. of natural areas with management and conservation plan (land stewardship)
RESILIENT CITY GOAL

R1. Develop tools to enable planning for a climate resilient city

No. of sectors benefiting from the adaptation action

GHG reduction value of the adaptation action (mitigation benefits)

Existence of future climate analysis in urban planning
No. of Urban Adaptation Areas identified

Surface area (m?) of the General System of Open Spaces destined to climatic refuges

Identification of blue spaces

Area of naturalised water bodies created or restored

No. of blue spaces with ecological functions




No. of monitoring profocols by areas or sectors of activity

No. of adaptation measures carried out or promoted by actions

No. of safety and resilience assessments of the municipal electricity system

Time to resfore service in the event of grid outage or collapse

Percentage of diversification of supply sources / Degree of external dependence

Total annual agricultural area / Municipal area

Diversity and typology of organic crops / Total agricultural area

Soil organic matter level (Annual values)

No. of dwellings in unhealthy conditions / Total no. of dwellings in the municipality

R2. Reducing the impact of extreme temperatures on the urban fabric

Surface area of new naturalised areas / Areas with potential for high temperatures

No. of frees and shrubs planted in identified high temperature areas

Area of green - cool roofs / Total area of roofs in heat island zones

Area of green facades

No. of public spaces with weather protection features

No. of infrastructures and equipment for protection from rain and sunshine

Paved area with high albedo / Total paved area

Percentage of high albedo industrial roof surface in heat island areas

Length (m) of revegetated paths or trails

Percentage of the network of paths and trails with tree cover

Surface area of open spaces with protected areas / Total surface area of open spaces

No. of trees per fotal length of roads and footpaths in public areas

R3. Reducing the impact of extreme precipitation events on the urban fabric

No. of Sustainable Urban Drainage Systems implemented

Permeable area promoted by SUDS / Municipal permeable area

Percentage of the sewerage network of a separate nature with respect to the fotal

Volume (hm®) collected by storm tanks

Percentage of permeable open spaces / Total area of open spaces

Installed area of rain gardens

Rain garden cafchment area

No. of bus stops protected from wind and precipitation

No. of land use transfer projects for retrofitting

Permeable area generated with land-use transfer projects

Identified surface area of water recharge reservoirs

Annual volume (hm?) of abstraction from recharge ponds

R4. Reducing the impact of sea level rise on the coastline

No. of buildings exposed to coastal flooding

Building area exposed to sea level rise

Area included within the security perimeter for exireme coastal events

Budget allocated to security and surveillance measures for extreme coastal events

Volume (m?) of sediment with coastal protection capacity




R5. Be prepared with protocols for early warning and response to extreme events

No. of monitoring fools

No. of people assigned to monitoring exireme events

No. of protocols for monitoring against drought / Sector of activity

Volume (hm®) of water stored in supplemental systems

No. of safety and resilience assessments of the municipal electricity system

Time to resfore service in case of grid failure or collapse

Economic value of policy coverage for climate change-related risks

Economic amount supported by policies for climate change impacts

R6. Optimize and control water resources in a climate change scenario

No. of leaks identified and repaired

Annual volume (hm?) of water lost in leaks / Total volume of supply water

Average consumption of water resources (l/inhab/day)

Water consumption per inhabitant and floating population

No. of public awareness events and outreach materials

Stormwater storage capacity (Volume m®) public and private

Volume (hm®) of rainwater directly used for municipal irrigation

Permeable surface of aquifer recharge areas / Surface area of the recharge area

A A

SL1. Developing mechanisms for monitoring and tracking climate change impacts on health

No. of persons employed at the Biometeorological-Human Health Research Laboratory

No. of research and studies published by the laboratory

No. of data collection stations

Daily count of particulate matter concentration below 2.5 microns

Number of optimised Smart City sensors

Sensor coverage area

No. of vectors identified

No. of annual vector surveillance campaigns

Surface area of areas identified as sources of disease vectors

No. of inhabitants in areas at risk due to wind south

No. of people affected in hospitals depending on the frequency and duration of the events

SL2. Capacity to respond to extreme weather, minimising its effects on health

No. of people with secured access to the Early VWarning System

No. of official protocols approved for the Management of extreme heat events

No. of health service staff involved in the management of heat waves

No. of protocols established for different typologies of heat pests

Volume [m?) of water in treated open air sources and storage sites




SL3. Reduce the risk of the most sensitive population to extreme temperatures

Hourly temperature and humidity data collection in urban heat island areas

Naturalised area with green and blue infrastructure in urban heat island areas

No. of vehicle traffic management protocols in periods of infense heat [vehicles/hour)

No. of park-and-ride car areas

Proportion of use of combustion vehicles and non-polluting and non-heat emitting vehicles

Length (m) (km) of roads incorporated info the control network for exireme events

No. of hospitalisations of elderly people in periods of exireme heat

No. of programmes disseminating information on preventive activities against Heat waves

No. of people and workplaces in heat siress conditions

No. of hospitalisations per year due fo exireme heat wave effects

No. of people identified as being vulnerable to heat

SL4. Reduce the negative environmental factors affecting health

No. of deaths associated with climatic processes

No. of pathologies influenced by climatic conditions

Budget for low-noise gardening equipment

No. of low noise impact gardening equipment / Total no. of equipment

Area (m?) blue infrastructure identified as therapeutic spaces / Blue Infraestructure surface

Length (m) (km) of strategic sanitation network resized for exireme events

ADAP D SO AND ONO DA

SE1. Be prepared to respond to extreme events

No. of contingency plans according fo secfors adjusted to expected climate variability

No. of climatic shelters

Total capacity of climatic shelters

Population coverage within 300 m and urban area of climate shelters

No. of people registered in the early warning system mobile application

No. of annual events with concentrations above the municipal response capacity

Record of exceedance of established levels

No. of events cancelled or modified by extreme weather conditions

SE2. Monitor and assess the climate change impacts on Santander

No. of extreme weather events per year

No. of climate events exceeding expected thresholds

No. of adaptation measures implemented

No. of climate adaptation experience exchange programmes participated in

No. of adaptation projects developed in coordination with other cities and regions

No. of events - congresses for the exchange of experiences held

Funds in European programmes with an impact on urban adaptation

No. of people involved in the development of the municipal body for adaptation

No. of adaptation measures managed by the municipal adaptation body annually

No. of heritage elements exposed to exireme climatic phenomena

No. of impacts suffered due to exposure to exireme events of the invenforied assets

279




SE3. Understanding the implications of climate change and promoting citizen participation in adaptation

No. of outreach campaigns

No. of outreach and awarenessTaising materials

No. of fraining activities for staff in technical areas of the administration

No. of people benefiting from the fransfer of knowledge on adaptation

No. of visits fo the climate change web section

Average time spent browsing the climate change sections of the website

SE4. Reduce social vulnerability to climate change

Assessment of the energy performance of buildings

No. of rehabilitated dwellings

Percentage of dwellings with vulnerable people rehabilitated / Total number of vulnerable dwellings

Public funds earmarked for climate refrofitting

Total no. of people vulnerable to climate change identified annually

Percentage of elderly people living alone and receiving care from social services

Percentage of people receiving support for electricity supply

No. of people participating in the cultivation of municipal urban allotments

Total area of urban allotments / Total municipal urban population

Volume (kg) of food produced in the urban gardens / Participating people

SE5. Promote a business fabric that is prepared and adapted to climate change

No. of companies with recognised environmental certifications / No. of companies in the municipality

No. of public-private partnership agreements aimed af urban adaptation

Percentage of eligible actions with environmental benefits

Volume (Tn) of CO2 emissions avoided from the agreed adaptation measuresas

No. of people in the catering sector with food handling certification

No. of training and capacity building activities for professionals in the sector

SE6. Promoting sustainable and climate change adapted tourism

No. of hotel tourist establishments / Unbuiliup area of the census section

No. of fourist beds / Population of the census section

No. of tourism promotion campaigns

No. of tourism events in low season

Funds earmarked for projects to adapt the tourism sector fo climate change

Ratio of tourists over resident population

No. of extra - hotel dwellings / No. of dwellings per census section

No. of plans for tourism with climate adaptation criteria

Infensity of tourist use per hectare in vulnerable or exposed areas

No. of redefined tourism itineraries with future climate adaptation criteria

Energy efficiency in the tourism sector

No. of fourist buildings renovated and adapted to new climatic conditions

No. of cancelled or modified events due to extreme climate conditions




PARTICIPATION PLAN

Cecilia Ribalaygua, Francisco Garcia Sénchez, Nareme Herrera Lépez

OBJECTIVE OF THE PARTICIPATION PLAN

The main objective of this section is to compile the actions carried out to develop the Santand-
er Climate Change Adaptation Plan, involving local stakeholders and citizens in the deci-
sion-making process and in the identification of measures to address the impacts of climate
change. To encourage citizen participation, various activities such as workshops, roundto-
bles, surveys and public meetings have been developed to gather information, opinions and
concerns of residents, businesses, organisations and other key stakeholders in the Santander
area.

In addition, the participation plan seeks to promote awareness and education on climate
change and its consequences, as well as on available adaptation strategies. To this end, the
dissemination of the results of the studies carried out on the specific climate risks faced by
Santander has been combined with public workshops in which contributions have been gath-
ered from both citizens and different key actors in local risks. These sessions have also sought
to encourage the collaboration of these entities in identifying solutions and in providing rel-
evant, upto-date and highly useful information to ensure the effectiveness of the Adaptation
Plan.

PHASES OF THE PARTICIPATORY PROCESS

The process of citizen participation in the elaboration of the Santander Climate Change Adap-
tation Plan is organised in several key phases, designed to ensure the effective collaboration of
all sectors of society in the identification and prioritisation of adaptation measures:



The first phase, ‘Planning the Work to Co-create the Plan’, focused on sharing the Project
Approach, identifying local priorities and the risk perception of the different actors involved.
This initial phase sought to establish a solid basis for working together, starting with the pres-
entation of the objective and scope of the plan. In addition, workshops and interviews were
conducted with a wide range of stakeholders, such as representatives of the municipal admin-
istration, emergency services, local businesses, biodiversity experts and other relevant entities,
in order to gather valuable information on climate risks and the specific adaptation needs of

the city.

In the second phase, ‘Analysis and Identification of the Risk Index’, different actions were
carried out to ensure an adequate analysis of the information collected and to identify the main
climate risks faced by Santander. To this end, consultations and surveys were carried out with
local experts and citizens, including the Second Technical Workshop of local actors, in which
valuable contributions were made to complete the validation of the risk analysis. This phase
made it possible to establish the climate risk indices that served as a basis for the subsequent
definition and prioritisation of adaptation measures.

Finally, in the third phase, ‘Definition and Prioritisation of Adaptation Measures’, citizens
were involved in the technical consultation on possible adaptation measures and in the iden-
tification of those considered most relevant and urgent. Citizen workshops were carried out,
promoting at the same time the awareness and participation of children and young people. In
a final phase, web-based surveys were carried out to ensure broad and diverse participation
in decision-making on the future.

The main actions that took place in each of the above phases are detailed below:

Three types of actions have been carried out in this phase:

Public presentation of the Plan

The project was publicly presented in September 2022 in the Sustainability Room Forum
of the 2022 edition of Greencities by the Mayoress of Santander. A few months later, a more
extensive presentation was made in Santander, presenting the planned calendar of actions,
including the participation programme for the Climate Change Adaptation Plan.

In the public presentation of the project, special emphasis was placed on the importance
of public participation in the process: ‘Social participation is key to achieving the objectives
of “Santander Capital Natural”, which is why the entire population of the city has been inte-
grated into the proposal so that they can take ownership of the actions undertaken, through
participation in decision-making or volunteering’.



At the same event, the channels for participation and access to the information, coordinat-
ed through the website and specifically for dissemination of participatory events, were also
announced. Likewise, the approximate calendar of participation in the Adaptation Plan was
also made public.

Risk perception initial technical workshop

In December 2022, the first technical workshop was held with a broad representation
of local actors and institutions related to the affected sectors. It was a comprehensive ses-
sion, combining the presentation of the project objectives with technical work in groups to
identify the main local hazards, prioritisation of vulnerability factors and localisation of the
main exposed sites. The session concluded with a wide range of quantitative and qualitative
results.

From this event, which created a collaborative environment between participants and plan
drafters, the basis for further technical consultations was established.

Figure 8.1. Workshop | with the presence of Councillor Margarita Rojo
Source: CINCc (UC), 2022.

Bilateral technical consultations with key entities

During the months of January to June 2023, bilateral collaboration work was carried out
with entities who could provide relevant information for the Plan. During this period, the draft-
ing team met with the following institutions, gathering very relevant contributions for the study,
as well as databases, cartography, previous studies and all kinds of essential information for
the development of the work. The meetings included the following:

@ Those responsible for Smart City, for the collection of climatic data and the influx of
people in tourist areas.



Those responsible for the Santander Fire Department, for the identification of risk areas,
potential solutions, as well as the supply and verification of important databases of
outings for their geolocation.

Aqualia, for the identification of potential improvement works and the request for infor-
mation from cartographic databases.

Municipal Tourism Office and Department of Tourism, for the collection of data and the
interprefation of the potentials and weaknesses found in the local fourism sector with
respect fo climate change.

AEMET, for the provision of relevant climatic information for the study.

Head of the Parks and Gardens Department of the City Council, for the identification
and characterisation of municipal green areas, as well as the main management prob-
lems.

Those responsible for the Department of the Environment and the Urban Planning De-
partment. Responsible for the Department of the Environment and the Municipal Urban
Planning Department, to provide basic municipal information and coordination with the
rest of the entities.

Municipal Register Office, to update the socio-economic databases used in the study, as
well as the supply of a large part of them, complementary to the interviews and requests
held with the office of the National Statistics Institute.

Drafting team of recent urban planning documents (Santander Hdbitat Futuro)
for an updated database of some of the physical and social features of the city.
Based on meetings held with those responsible for the analysis criteria, previous
work was interpreted and updated, giving continuity to the studies whenever pos-

sible.

Those responsible for other ongoing research projects on local and regional urban
adaptation, with the aim of coordinating methodologies and integrating their pro-
posals into the adaptation measures.

Three types of actions have been carried out in this phase:

Realisation of the Second Technical Workshop

The second technical workshop, ‘Climate Change Risk Analysis in Santander’, took place
on 27 June 2023, with 26 active participants. This second technical workshop was attended
by the same people and institutions as the initial workshop. It was a 5-hour technical session
where the methodology applied to obtain the risk index and the main results obtained so far
were reviewed. The contributions of the participants were key to complete the study and ensure
a correct identification of vulnerability in Santander to Climate Change. With the contributions



from this workshop duly incorporated into the study, the results were validated and the next
phase of identification of adaptation measures was carried out.

Figure 8.2. Photographs from the second technical workshop, preliminary results
Source:: CINCc (UC), 2023.

Consultation with experts

In the process of selection and weighting of sensitivity factors (social, material and envi-
ronmental), a process of consultation and prioritisation by experts was followed. In this sense,
the methodology involved the collaboration of 5 technicians with expert criteria to identify the
weight of different aspects in the sensitivity. These weightings were subsequently validated in
the second technical workshop held the validation of the risk index.

Dissemination actions and participation of children and young people

To complete the diagnosis, different dissemination actions were also carried out in which
the fundamental ideas of the project were transmitted, requesting the map location of the
places identified as most affected by climate change. The aim was not only to gather valuable
information for the diagnosis, but also to contribute to the education and awareness of the
general public and participating children on the subject.
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FigurE 8.3. Participation in the European Researchers’ Night 2023 activities
Source: CINCc (UC), 2023.

Some of these actions have had an informative and recreational component, such as
participation in events like ‘European Researchers’ Night' (29 September 2023), where
people were able to experience and learn firsthand about the benefits of renaturalisation
through experiments in order to subsequently provide naturalisation solutions on a giant map
of Santander.

Other actions have been developed within the ‘Geograficate’ programme of the University
of Cantabria in different educational centres in Cantabria. The sessions included information
and awareness-raising on climate change, followed by the involvement of secondary and
high school students in identifying areas for improvement in the city and providing adaptation
solutions. These events were held in the schools themselves during the 2022-23 and 2023-24
school years.

8.2.3. Phase 3: Definition and prioritisation of adaptation measures

In the last phase of the participation process, the following activities were carried out:

Technical consultations on measures and prioritisation of experts

Based on the previous scientific work, in which the adaptation needs of Santander were
identified, specific technical consultations were carried out to define measures. These consulta-
tions included a survey of experts to identify local adapted species, with the aim of prioritising
their planting. Experts from the Royal Botanical Garden of Madrid and other specialists in For-
estry Engineering and Palynology were involved, given the importance of green infrastructure
within the Plan.



In addition, various consultations were held with the municipal technical teams of Parks and
Gardens, the Department of the Environment and the Urban Planning Department of Santander
City Council. Given the importance of risk management, several meetings were held with the
Chief of the Santander Fire Brigade, which resulted in high quality primary information for
decision-making.

However, the globality of the measures were also subject to participatory analysis with
expert criteria and municipal technical managers. In total, a group of 15 experts and techni-
cal managers collaborated in the prioritisation of the initial proposed measures, both through
voting and qualitative comments to qualify and, in some cases, group measures. With these
contributions, a list of 88 adaptation measures was consolidated, which were taken forward
for consultation in the citizens’ workshops.

Citizen workshops (co-design of climate change adaptation measures in Santander)

Once the measures had been identified by the research team, and after prioritisation in the
previous action, the content of the measures, grouped into adaptation objectives and targets,
was put out for public consultation in the last week of November 2023. In the workshops, pres-
entation tasks were carried out, both of the expected reality in Santander in terms of climate
risks and of the possible adaptation strategies.

The workshops were held in different cultural centres in the most affected neighbourhoods,
as well as in different academic environments, with school children, university students and
people from to the senior programme. During the sessions, numerous contributions were made
on the measures, helping to define and prioritise them. The final result was 85 adaptation
measures.

Awareness-raising, and child and youth participation

The prioritisation of the 85 measures also allowed for awareness-raising in schools, where
the Plan continues to be disseminated and participants are asked to collaborate with new
contributions. These sessions follow a similar format to the citizens’ workshops: a first part of
presentation; a second part of work in small groups to prioritise the measures of a specific
goal; and a final part of sharing the results where there is an opportunity to include nuances,
improvements and possible locations or agents involved for the proposed measures. In these
sessions, the scores given for prioritisation by the participants are noted down.



Source: CINCc (UC), 2023.

Validation through web surveys

In the last step of the Participation Plan consists in publishing the results of the Adaptation
Plan in an informative format accessible to all citizens. In this last step of the process, both the
Risk results and Santander’s Adaptation goals, Objectives and Measures are presented. In this
format, the participation of citizens is sought in the identification of priorities, as well as in
raising awareness and improving knowledge about the problem.

AGENTS INVOLVED

In the early stages of the process, participation focused on the people in charge of municipal
technical offices and different local agents with responsibilities associated with risk in Santand-
er, as well as the economic and social areas most vulnerable to climate change. These agents,
together with experts in climate research and its repercussions, have been the main groups
participating in the initial part of the process. Their contributions have made it possible to fo-
cus the study from its first steps towards Santander’s real priorities, as well as to strengthen a
collaborative relationship and enrich the process.

In the phase related to the identification and prioritisation of measures, participation has
been open and focused mainly on citizens. Participation in these processes have made it pos-
sible to raise public awareness of the issue and to learn about the risks facing Santander in
the future.




RESULTS OF PARTICIPATORY WORKSHOPS

This section includes the results and content of the main participatory actions carried out, as
well as the participating agents, the dynamics followed and their contributions.

8.4.1. Participatory Technical Workshop I:

Perception of Climate Change Risk in Santander

On the perception of climatic hazards in Santander

The first questionnaire of this consultation process consisted of evaluating a long list of
plausible hydrometeorological hazards (direct and derived) for the municipality with the final
objective of prioritising the importance of each one specifically for Santander.  First, the level
of importance of each hazard was scored based on two basic criteria; the frequency with
which the hazard occurs and the magnitude of the hazard in terms of intensity. The results of
this public consultation are presented in Table 8.1 The process was repeated twice, first for
direct hazards and in a second process for derived hazards.

TABLE 8.1. Intensity and frequency of the direct hazards considered

CRITERION 1: INTENSITY OR MAGNITUDE OF THREAT

CLIMATE THREAT LOW (1) MEDIUM (2) HIGH (3) TOTAL SCORE

Pluvial flooding 1 12 8 49
Coastal flooding 1 7 13 54
Sea level rise 3 5 13 52
Peri-urban fires 8 7 3 31
Gales - extreme wind 8 7 3 31
Heat saves 8 7 3 31
Tropical / torrid nights 8 7 3 31
Drought 7 4 9 42



Continuation TABLE 8.1

CRITERION 2: FREQUENCY OR RECURRENCE OF THE THREAT

CLIMATE THREAT LOW (1) MEDIUM (2) HIGH (3) TOTAL SCORE

Pluvial flooding 5 12 4 41
Coastal flooding 2 % 9 47
Sea level rise 7 7 7 42
Peri-urban fires 9 4 3 29
Gales - extreme wind 4 9 3 46
Heat waves 4 10 3 39
Tropical / torrid nights 7 ] 3 29
Drought 6 5 3 37

Fuente: CINCc (UC) - FIC, 2024.

If we take the range of possible values for each criterion, from O to 63 points, we observe
that none of the hazards reaches ‘low’ scores or below its third quantile (below 21), so that,
a priori, none of the hazards analysed in the workshop can be considered irrelevant for the
municipality.

More than 50% of the respondents (high confidence) agree that coastal flooding and sea
level rise are the hazards with the greatest magnitude or intensity for the municipality compared
to the rest of the hazards, while the perception of their recurrence becomes less cohesive, i.e.,
there is the same number of responses in each of the levels of relevance of the frequency criterion
(low or medium confidence).

Regarding rainfall floods, more than 50% of those surveyed believe that both their intensity
and recurrence have a medium level of importance (high confidence), compared to the rest of the
hazards. In the case of windstorms accompanied by extreme winds, there is greater variability in
the responses obtained. Nearly 80% of those surveyed considered them to be of medium or high
importance for the municipality, both in terms of magnitude and recurrence, with an overall score
higher than even pluvial floods. With respect to slow-onset hazards, such as droughts, the results
show a level of confidence that is sometimes very low, mainly due to the fact that this type of
hazard is generally perceived as more complex. However, droughts, heat waves and increased
tropical nights generally achieve medium scores.

In last place, peri-urban fires affecting green areas of the municipality and peri-urban vege-

tation fires reach the lowest percentage of valuation of approximately 9% with respect to the
total.



With respect to the incidence of derived climatic threats, the aggregate assessment of all
respondents (a total of 21) indicates a higher relevance for the increase of invasive species
together with an increase of vectors of new diseases, with a final score of 23% and 22%, respec-
tively, followed by a proliferation of allergenic pollens and insect pests, both with a final score of
approximately 19% and, in last place, an increase in the incidence of Saharan dust, with almost
17% of the final score. As was the case in the assessment of direct threats, none of these derived
climatic hazards has “low” scores overall, with the average level being the one usually indicated
by the respondents.

TABLE 8.2. lIntensity and frequency of the derived hazards considered.

CRITERION 1: INTENSITY OR MAGNITUDE OF THREAT

DERIVED CLIMATE
THREATS LOW (1) MEDIUM (2) HIGH (3) TOTAL SCORE

Elevated levels of allergenic - 19 g 7
pollens

Saharan dust intrusion 8 7 13 32
Appearance of new disease 5 10 6 43
vectors

Peri-urban fires 4 10 5 39
Gales - extreme wind 2 13 6 46
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Elevated levels of allergenic - 10 4 30
pollens

Saharan dust infrusion 8 7 4 34
Appearance of new disease 4 " 5 44
vectors

Peri-urban fires 6 8 5 37
Gales - extreme wind 4 10 7 45

Source: CINCc (UC) - FIC, 2024.

On the perception of vulnerability
The following results were obtained from the sum of the 20 contributions identified, where

the variables studied were valued between 0-1 and 3, so that the maximum values will be 60
and minimum values between 0 and 20.



In questionnaire No.1, the participants evaluated the changes observed in five climatic
hazards in Santander. Thus, we see in Figure 8.5 the data shows heat waves to be the priori-
tised hazard where these changes have been most perceived by the participants, especially in
variables related to the increase in intensity, frequency and extremes.

On the other hand, all the participants observe notable changes in the prioritised hazards,
the only one that does not seem to be as relevant for them being the geographical alteration
of sea rise.

Changes observed in the prioritized threats

Pluvial flooding

Coastal flooding

Wwindstorms

Sea level rise

Heat waves

(=]
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Figure 8.5. Perceived Changes in Direct Threats
Source: CINCc (UC) - FIC, 2024.

Questionnaire No. 2 consisted of the identification of different elements exposed to the
prioritised hazards in Santander, for which five elements were chosen: population, housing,
critical infrastructure, environment and economy.

Exposed elements

POPULATION (physical integrity, well-being or health)

DWELLING (material damage, structural conditions, comfort)

CRITICAL INFRASTRUCTURES (water, roads, gas, electricity,
sanitation...)

ENVIRONMENT (green areas, air pollution...)

ECONOMY (commerce, tourism, industry...)
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Figure 8.6. Elements exposed to Direct Threats
Source: CINCc (UC) - FIC, 2024.
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In this case, the participants consider that the population, housing and critical infrastruc-
tures are the elements with the greatest exposure to the hazards described, highlighting in
particular the effects of heat waves (threat 5) on the population, followed by the exposure of
housing to windstorms.

For the participants, the exposure of the environment to pluvial floods and the exposure of
critical infrastructures to heat waves were of a lower level.

On the other hand, questionnaire No. 3 analyses the relevance of different factors of sen-
sitivity to climate change in Santander and the prioritised hazards: socio-economic sensitivity,
material sensitivity and environmental sensitivity.

Socioeconomic sensitivity

1. Level of social poverty by income

2. Level of social poverty due to housing precariousness
3. Level of unemployment

4. Level of social inequality

5. Insufficient educational level

6. Insufficient level of health coverage

7. Population Density Level
8. Presence of vulnerable groups with lower capacity to respond to disasters:
children and the elderly.

9. Level of sectoral climate dependence (employed in climate-dependent
sectors, construction sector, tourism, agro-forestry, fisheries...)

Other (specify) / Gender - Gender Differences
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Figure 8.7. Assessment of socio-economic sensitivity factors to Direct Threats
Source: CINCc (UC) - FIC, 2024.

For socio-economic sensitivity, the factors related to insufficient health coverage are the
most relevant of all those analysed, especially when affected by heat wave threats, thus be-
ing a very relevant problem for the respondents, while the unemployment variable and the
educational level obtain the lowest values as they are considered to be not very relevant and
where the different prioritised threats are not considered significant factors.

With regard to material sensitivity, we observe that none of the factors analysed is very
relevant, although it is true that there seems to be a continuity in the relevance of different
hazards prioritised over the different factors analysed. In this sense, pluvial floods and wind-
storms are the two hazards that obtain the highest values as precursors of material sensitivity
in the four variables studied.



Material sensitivity

1. Presence of housing with deficient construction typologies
(not very resistant or of low quality).

2. Presence of old and/or poorly maintained dwellings.

3. Presence of deficient infrastructures

4. Presence of old and/or poorly maintained infrastructures.
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Figure 8.8. Assessment of material sensitivity factors to Direct Threats
Source: CINCc (UC) - FIC, 2024.

On the other hand, as we can see in Figure 8.9, environmental sensitivity is, like material
sensitivity, considered a factor of little relevance for the participants, with rain flooding and
heat waves as the only threats for some of the variables described.

Environmental sensitivity

1. Level of urban consolidation - soil impermeability. :
2. Level of noise and atmospheric pollution. E
3. Presence of land use conflicts :
4. Level of tourist and anthropic pressure on the city's green areas. :
5. Presence of areas with environmental degradation :
6. Level of quality of the urban waste management system. !
7. Presence of buildings without energy certification -
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Figure 8.9. Assessment of environmental sensitivity factors to Direct Threats
Source: CINCc (UC) - FIC, 2024.

Finally, in questionnaire No. 4, the participants assessed how different factors can help to
adapt, reduce or eliminate potential damages derived from the prioritised hazards, for which
six blocks were established that group together different capabilities in the face of climate
change.




The following factors were analysed for the capacity to anticipate and prevent damage
from extreme events:

Availability of effective early warning systems, hazard monitoring and control
systems capable of predicting adverse phenomena and providing adequate
warning.

Knowledge of the population on what to do in case of emergency (level of
social training on risk).

Existence of legislative regulation and urban planning in terms of risk.

In this block, the participants agree that all the factors described above are important for
dealing with all the threats.

The following factors were considered for local intervention and response capacity:

Availability of civil protection services in the event of disastrous events (1st
response of security and citizen protection resources).

Existence of evacuation and relocation centres for affected peo-

ple.
Availability of local medical health care resources in the event of disastrous
events in terms of the number of people potentially affected.

In general, they were not considered to have a very significant importance, with the excep-
tion of factor B.1, the most relevant factor in relation to the different prioritised hazards, and
factor B.3 with hazard 5 (heat waves).

The following factors were considered in terms of resilience to disastrous events (institution-
al and economic approach):

Availability of mechanisms and resources for early recovery from damage-ex-
istence of an insurance system, flexibility of affected companies, efficiency of
housing reconstruction companies, efc.

Existence of public economic resources for intermediate investment in material
damage recovery work.

Existence of private economic resources for intermediate investment in material
damage recovery work.

Institutional capacity to promote and finance disaster recovery projects and
adaptation measures with local implementation.

In this case, all the factors were considered important against the prioritised hazards,
but it is observed that in hazards 4 and 5 (sea level rise and heat waves) the factors were



less important against resilience after disastrous events with an institutional and economic
approach.

On the other hand, two factors were considered for their ability to withstand a potentially
disastrous even:

D. ] Having adequate infrastructures (sewage networks, roads, dikes, efc.) to con-
tain climatic hazardas or reduce potential damage.

D.2 Having critical buildings and equipment whose construction typology is
efficient to withstand climate hazards or significantly reduce potential dam-
age.

Finally, with regard to ecosystemic buffers against potentially disastrous events (systemic
approach), two factors were analysed:

E. ] Open spaces and green infrastructure capable of buffering damage from ex-
treme weather events.

E.2 Degree of green coverage in the municipality to reduce or prevent climate
damage.

The results obtained in this workshop were transferred to the subsequent multi-criteria
analysis for the selection of vulnerability factors. Likewise, as mentioned above, the results
referred to the selection of hazards were integrated into the analysis of the present and future
climate.

8.4.2. Participatory Technical Workshop II: Climate Change

Risk Analysis in Santander: Presentation of Preliminary Results

After the intervention of the speakers, the last block consisted of the contribution of the different
attendees on doubts, considerations, as well as contributions to take into account in the modi-
fication of some variables or for the validation of the same.

In addition, an online and collaborative resource, Mymaps, was opened for attendees
to post comments on a mapping established by the FIC and the UC with layers of information
related to climate hazards, as well as locate areas where they perceived or had witnessed
problems of the same nature.

The following My Maps web link was used for participation: https://www.google.com/

maps/d/u/0/edit?mid=1MrgOUs6Y35hXPq9KAOLJOUTsCXc7xXo&ll=43.46658008636385
%2C-3.86348592455598&z=12


https://www.google.com/maps/d/u/0/edit?mid=1MrgOUs6Y35hXPq9KAOLJOUTsCXc7xXo&ll=43.46658008636385%2C-3.86348592455598&z=12
https://www.google.com/maps/d/u/0/edit?mid=1MrgOUs6Y35hXPq9KAOLJOUTsCXc7xXo&ll=43.46658008636385%2C-3.86348592455598&z=12
https://www.google.com/maps/d/u/0/edit?mid=1MrgOUs6Y35hXPq9KAOLJOUTsCXc7xXo&ll=43.46658008636385%2C-3.86348592455598&z=12
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Figure 8.10. Photographs from the second technical workshop, preliminary results
Source: CINCc (UC), 2023.

The results of the workshop made it possible to ratify and qualify the preliminary results
of the Climate Change Adaptation Plan and, more specifically, the Climate Change Scenario
analysis for Santander (2050-2100), the hazard analysis and the vulnerability analysis.

8.4.3. Citizen Workshops:
Co-Design of climate change adaptation measures in Santander

Once the presentation was finished, through collaborative activities, the participants began to
evaluate and prioritise the different goals and objectives of the Adaptation Plan, assessing the
aspects of the Plan that seemed the most and least relevant to them.

Figure 8.11. Development of Participatory Workshops in civic centers
Source: CINCc (UC), 2023.




In groups of 2-3 people and in a brainstorming format, different groups were formed to
evaluate and discuss the specific measures for each of the goals, to finally indicate which of
them was of the highest priority for each of the specific objectives described, as per their per-
ception and knowledge, justifying and debating with the rest of the attendees.

The attendees validated the grouping of the measures into 4 goals: Resilient City, Biodiver-
sity, Health, and Adapted Society and Economy, which in turn have specific objectives:

GOAL 1: RESILIENT CITY

To achieve an urban fabric and critical infrastructures
adapted to the future climate

GOAL 2: BIODIVERSITY

Promote a resilient green infrastructure adapted to the
future climate, favoring biodiversity and enhancing the
ecosystem services it offers

GOAL 3: HEALTH

Improve the resilience of health care services and the
epidemiological surveillance system to ensure the health of
the population in the future context

GOAL 4: ADAPTED SOCIETY
AND ECONOMY

Increase the adaptive capacity of the socio-economic
fabric, ensuring public awareness of climate change and
monitoring of impacts

R1. Develop tools to enable planning For a climate resilient city

R2. Reducing the impact of extreme temperatures on the urban Fabric

R3. Reducing the impact of extreme precipitation events on the urban Fabric
R4. Reducing the impact of sea level rise on the coastline

RS. Be prepared with early warning and response protocols for extreme events
R6. Optimize and control water resources in a climate change scenario

B1. Promote Biodiversity and soil quality For increased urban resilience
B2. Making urban green infrastructure an ally in the Face of climate change impacts
B3. Ensure the participation of society in the management of green infrastructure in the face of climate change

SL1. Develop mechanisms to control and monitor climate change and its impact on health

SL2. Develop the capacity to act in the Face of extreme weather, minimising its effects on the health of the population
SL3. Reduce the risk of the most sensitive population to extreme temperatures

SL4. Reduce the negative environmental Factors that affect health

SE1. Be prepared to respond to extreme events

SE2. Monitor and assess the effect of climate change and its impacts on Santander

SE3. Understand the implications of climate change and encourage citizen participation in adaptation
SE4. Reduce social vulnerability to climate change

SES. Promote a business Fabric that is prepared and adapted to climate change

SE6. Promote sustainable tourism adapted to climate change

Figure 8.12. Structure of pre-selected goals and objectives

Source: CINCc (UC), 2024.

The main measures that obtained the highest scores were the following:

Goal 1. Resilient City

@ Avoid maladaptation, planning with a multidisciplinary approach and effective meas-
ures that include landscape, socioeconomic, environmental, efc., criteria.

@ Integrate adaptation criteria in urban planning: 1. future climate scenarios; 2. delimi-

tation of Urban Adaptation Areas (AAU) and 3. general systems of open spaces as a
reserve for adaptation.

@ Create a protocol for monitoring adaptation criteria in public and private works
projects, justifying the progress achieved.



Goal 2. Biodiversity

Renaturalise large paved surfaces by increasing the permeability of soils with the con-
tribution of high quality soils for the promotion of biodiversity.

Greening common spaces between blocks and block courtyards in the urban envi-
ronment.

Control and eradicate invasive species by generating an exhaustive system of data
collection and species evolution.

Goal 3. Health

Develop a Biometeorological and Human Health Research Laboratory to study the rela-
tionships between atmospheric processes, and human health and well-being.

Create a complementary network of air quality observatories, and bio-aerosol control
(with aero-allergen capture stations) for monitoring pollutant emissions and nanoparti-
cles at census section scale.

Optimise the Smart City sensor network to enable realtime detection of high tem-
perature hotspots.

Goal 4. Adapted Society and Economy

Adapt the Municipal Emergency Plan considering the expected climate variability, de-
fining the appropriate emergency services in the event of extreme rainfall, heat waves
and extreme wind.

Identify weather shelters among open spaces and facilities, providing a list of assis-
tance centres for vulnerable people in case of extreme events.

Create an early warning system through cellphone applications (SmartCity or oth-
ers) related to extreme weather events.

Establish security capacity at events, celebrations or spaces with a high concentra-
tion of people, in order to guarantee response to extreme events.

The contributions made in the workshops have contributed to the adjustment of the content
of the measures, finally reduced to 85 actions, incorporating the nuances, corrections and
contributions of the workshops held. This consolidation of the results have made it possible to
face a final phase of validation of the Plan.

The participation process as a whole has allowed the co-design of this Adaptation Plan, both
with local experts and key actors, as well as with the citizenry as a whole. The participatory
process has been present throughout the development of the Plan. From the beginning, it has



laid the foundations of what was necessary to study to make a good Adaptation Plan for
Santander, until the end of the process where citizens have intervened to define and prioritise
the appropriate adaptation measures.

Figure 8.13. Panel discussion of the second cycle of citizen workshops
Source: CINCc (UC), 2024.

From the participatory processes followed for the preparation of the Plan, the following
contributions stand out:

@  The identification of climate hazards, based on the survey conducted in the initial face-
to-face Workshop 1.

@ The assessment of vulnerability and sensitivity by the key actors and technicians of
Workshop 1, which has made it possible to assign weights to the different factors,
based on knowledge of the local social, economic and material reality.

@ Create an early warning system through cell phone applications (SmartCity or oth-
ers) related to extreme weather events.

@ Refinement and validation of the risk index and the values used to quantify vulnera-
bility through the contributions made by the city’s social actors in Technical Work-
shop 2.

@ The assessment and prioritisation of the 85 adaptation measures by the public, based
on Workshops 3 to 6 held in the Civic Centres and the University. The contributions
made have allowed the nuance and grouping of some of the measures, as well as
the reconsideration of some of those initially listed among the 88 priorities.

The consolidation of a list of sufficiently contrasted measures allows for a final phase of dis-
semination and publication of the results. This last phase consists in the dissemination of the in-
formation generated to the affected entities and experts who have participated in the process,
as well as the dissemination to the public through the project’s website and the organisation of
scientific dissemination events by the University of Cantabria.



RISK CARTOGRAPHY

EXPOSURE MAPS

E.O1: Location of roadways susceptible to flooding

E.02: Combined exposure index fo coastal flooding projected to 2100 (RCP 8.5, Tr100 years)

E.03: Llocation of buildings exposed to coastal flooding with scenario projected to 2100 (RCP 8.5, Tr
100 years]:

E.04: Calculation of Land Surface Temperature (LST) for day O1 / 07 / 2022.

E.O5: Percentage of the resident population exposed fo potential Diurnal Urban Heat Islands (DHI)

E.06: Estimated percentage of resident population exposed per parcel to potential Diurnal Urban Heat
Islands

E.07: Detail of road sections, railroad lines, and natural cover exposed to fluvial flooding events.

E.08: location of buildings exposed to north wind and Gallego (Galernas) atmospheric events.

E.09: Location of buildings exposed fo south wind atmospheric events

VULNERABILITY: SOCIOECONOMIC SENSITIVITY

SE/1-1: Percentage of population with income per consumption unit below the nafional average in
Santander.

SE/2-1: Percentage of precarious housing due to lack of space (<45m?)

SE/2-2: Percentage of precarious housing due to lack of space (1 bedroom)

SE/2-3: Percentage of precarious housing due fo lack of collective or public heating

SE/3-1: Percentage of unemployed population in relation to the active population by census section

SE/4-1: Gini index by census section

SE/5-1: Percentage of illiterate population, without studies or with first degree / population> 15 years old
by census section

SE/&-1: Percentage of population residing outside of optimal service areas of public health centers

SE/6-2: Percentage of area outside the optimal service areas of public health centers by census sectfion

SE/7-1: Inhabitant density (inhab,/km?2) by census sectfion

SE/8-1: Percentage of elderly population aged 65 years or older by census section

SE/8-2: Percentage of population aged 5 years or younger by census section in the municipality of
Sanfander

SE/@-1: Percentage of population employed in climate-dependent sectors / total employed population by
census section (Coastal 1. - SNM)




VULNERABILITY: SOCIOECONOMIC SENSITIVITY

SE/9-2: Percentage of population employed in climate-dependent sectors / total employed population by
census section (Extreme rainfall)

SE/9-3: Percentage of population employed in climate-dependent sectors as a proportion of the tofal
employed population by census secfion (Exireme wind - TCA)

SE/9-4: Percentage of population employed in climate-dependent sectors /employed population by
census section (Drought)

SE/9-5: Percentage of population employed in climate-dependent sectors / total employed population by
census section (Heat waves)

SE/10-1: Percentage of women by census section

VULNERABILITY: MATERIAL SENSITIVITY

M1-1: Percentage of dwellings in pre-1940 buildings / total dwellings by census section

M?2-1: Percentage of dwellings in buildings constructed in the year 1940 or earlier by census section

M3-1: Percentage of dwellings in substandard state of maintenance

M4-1: Density of dwellings per hectare by census section

VULNERABILITY: ENVIRONMENTAL SENSITIVITY

A1-1: Builiup volume (m®) per total area (m?) by census section in the municipality of Santander.

A2-1: Percentage of impervious urban land per census section in the municipality of Sanatnder

A2-2: Percentage of population affected by noise => 65dB by census section

A3-1: Tourist Function Rate per census section

A3-2: Socio-environmental pressure index taking info account the areas of fourisfic affluence

A3-3: Tourist Funcfion Rate of non-regulated accommodation by census sectfion

A4-1: Deficit of m? of green and recreational areas per inhabitant with respect of the optimum of 20m?/
inhabitant

A5-1: Percentage of degraded area by census section

A6-1: Percentage of population outside optimal municipal waste management coverage by census section

A7-1: Percentage of buildings without energy certification or with energy certification below class “E".

A8-1: Percentage of population more than 400 m from a public green or recreational area with a surface
area => 0.5 ha.

AQ-1: Percentage of population per census section without private green spaces




RISK INDICES

Ri.O1: Normalised Index of Exireme Rainfall Risk by census section

Ri.02: Normalised River Flood Risk Index by census section

Ri.03: Normalised index of risk due to potential Diural Heat Islands by census section

Ri.04: Normalised Risk Index for Hot Nights by census sectfion

Ri.05: Normalised Heatwave Risk Index by census section

Ri.06: Standardised index of risk due to meteorological drought by census section

Ri.O7: Standardised wind gust risk index by census section

Ri.08: Standardised index of risk due to coasfal flooding events by census section
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RISK LEVELS
FOR EACH CENSUS SECTION



NEIGHBORHOOD CENSUS HEAT ISLAND HEAT WAVES DROUGHT
SECTION MEDIUM MEDIUM
UHI CURRENT | SHORT TERM LONG TERM | | SHORT TERM LONG TERM

Centro 3907501001
Centro 3907501002
Centro 3907501003
Centro 3907501004
Centro 3907501005
ViaCornella 3907501006
Centro 3907501007
Centro 3907501008
Calle Alta- Cabildo 3907501009
Calle Alta - Cabildo 3907501010
ViaCornella 3907502001
LaTierruca 3907502002
LaTierruca 3907502003
San Fernando 3907502004
San Fernando 3907502005
San Fernando 3907502006
LaTierruca 3907502007
Ciudad Jardin - Cuatro Caminos 3907502008
Ciudad Jardin - Cuatro Caminos 3907502009
San Fernando 3907502010
San Fernando 3907502011
San Fernando 3907502012
Ciudad Jardin - Cuatro Caminos 3907502013
Cazofia / Ciudad Jardin Cuatro Caminos 3907502014
San Fernando 3907502015
Ciudad Jardin - Cuatro Caminos 3907502016 H
Cazofia 3907502017
Cazofia 3907502018
Cazofia 3907502019
ViaCornella 3907502020

Cornella 3907502021
LaTierruca 3907502022 -
Cazofia 3907502023
Cazofia 3907502024
San Fernando 3907502025
San Fernando 3907502026
Cazofia 3907502027
ViaCornella 3907503001
Via Cornella 3907503002
Prado - San Roque 3907503003
Centro 3907503004
Prado - San Roque 3907503005
Centro 3907503006
Prado - San Roque 3907503007
Prado - San Roque 3907503008
Puerto Chico 3907503009
Puerto Chico 3907503010
Menéndez Pelayo 3907503011
Tetuan 3907503012
Prado - San Roque 3907503013
Prado - San Roque 3907503014
Tetuan 3907503015
Puerto Chico 3907504001
Puerto Chico 3907504002
Puerto Chico 3907504003
Tetuan 3907504004
Tetuan 3907504005
Tetuan 3907504006
Tetuan 3907504007
Tetuan 3907504008
Sardinero 3907504009
Las Llamas - Sardinero 3907504010
Sardinero 3907504011
Las Llamas - Sardinero 3907504012
Sardinero 3907504013
Las Llamas - Sardinero / 520 - La Torre 3907504014
Centro / Estaciones - Catedral 3907505001
Estaciones - Catedral 3907505002
Estaciones - Catedral / Castilla- Hermida - Pesquerd 3907505003
Estaciones - Catedral 3907505004
Castilla- Hermida - Pesquero 3907505005
Castilla- Hermida - Pesquero 3907505006




RIVER

'WARM NIGHTS EXTREME WIND COASTAL FLOODING FLOODING EXTREME RAINFALL
CURRENT | SHORT TERM MEDIUM LONG TERM CURRENT | SHORT TERM MEDIUM LONG TERM CURRENT MEDIUM LONG TERM CURRENT CURRENT | SHORT TERM MEDIUM LONG TERM
TERM TERM TERM TERM




NEIGHBORHOOD .sc-:é\gg:’ HEAT ISLAND HEAT WA‘::EDIUM I::;S:T
UHI CURRENT | SHORT TERM LONG TERM | | SHORT TERM LONG TERM

Castilla- Hermida - Pesquero 3907505007
Castilla- Hermida- Pesquero 3907505008
Castilla- Hermida - Pesquero 3907505009
Estaciones - Catedral 3907505010
Castilla- Hermida- Pesquero 3907505011
Castilla- Hermida - Pesquero 3907505012
Castilla- Hermida - Pesquero / Estaciones - Catedral 3907505013
Castilla-Hermida - Pesquero 3907505014
Castilla-Hermida - Pesquero 3907505015
San Fernando 3907506001
Calle Alta - Cabildo 3907506002
San Fernando 3907506003
Calle Alta - Cabildo 3907506004
San Fernando 3907506005
Calle Alta -valdecilla 3907506006
Calle Alta -valdecilla 3907506007
Calle Alta -valdecilla 3907506008
Calle Alta - valdecilla 3907506009
Campogiro - Cajo / Calle Alta-Valdecilla 3907506010
Campogiro - Cajo 3907506011
Calle Alta - valdecilla 3907506012
Calle Alta - Cabildo 3907506013
Calle Alta -valdecilla 3907506014
San Francisco - Pronillo 3907507001
San Francisco - Pronillo 3907507002
San Francisco - Pronillo 3907507003
San Francisco - Pronillo 3907507004
General Davila - Los Castros 3907507005
General Dévila - Los Castros 3907507006
General Dévila - Los Castros 3907507007
Los Castros - Fernando de Los Rios 3907507008
Los Castros - Fernando de Los Rios 3907507009
Los Castros - Fernando de Los Rios 3907507010
Los Castros - Fernando de Los Rios 3907507011
Los Castros - Fernando de Los Rios 3907507012
Los Castros - Los Pinares - V. Del Camino 3907507013
Los Castros - Los Pinares - V. Del Camino 3907507014
Los Castros - Los Pinares - V. Del Camino 3907507015
Los Castros - Los Pinares - V. Del Camino 3907507016
Menéndez Pelayo 3907507017
Los Castros - Los Pinares - V. Del Camino 3907507018
Los Castros - Los Pinares - V. Del Camino 3907507019
LaAlbericia/ Monte 3907507020
Monte / Las Llamas - Sardinero 3907507021
General Dévila - Los Castros 3907507022
San Francisco - Pronillo 3907507023
Pefiacastillo - Hermanos Calderén 3907508001 _
Campogiro - Cajo 3907508002
Camarreal - Ojaiz 3907508003
Camarreal - Ojaiz / El Alisal 3907508004
LaAlbericia 3907508005
Cazofia 3907508006 -
San Roman de la Llanilla 3907508007
Monte 3907508008
LaAlbericia/ Monte 3907508009
520 -LaTorre / Valdenoja 3907508010
Cueto 3907508011
Cueto 3907508012
Cazofia 3907508013
Cazofia 3907508014
LaAlbericia / Cazofia 3907508015

ldenoj 3907508016
Peiiacastillo - Hermanos Calderén 3907508017
El Alisal 3907508018
Valdenoja 3907508019
Pefiacastillo - Hermanos Calderén 3907508020
Pefiacastillo - Hermanos Calderén 3907508021
Valdenoja 3907508022
El Alisal 3907508023
San Roman de la Llanilla 3907508024
Pefiacastillo - Hermanos Calderén 3907508025
Nueva Montaia 3907508026
Cueto 3907508027
El Alisal 3907508028
Pefiacastillo - Hermanos Calderén 3907508029
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ANNEX: PALYNOLOGICAL STUDY

Sebastidn Pérez Diaz, Sara Nufez de la Fuente

Palynological report on 15 sediment samples
from the archaeological site of Los Azogues,
Santander (Cantabria).

INTRODUCTION

The reconstruction of past societies, through their material remains, requires collaboration
between different disciplines, both in the field of social sciences and the so-called earth
sciences, in order to explain the mechanisms of change and evolution of these societies. In
this multidisciplinary context, the study of botanical remains recovered from archaeological
sites helps to characterise, from a social and economic point of view, the human groups that
inhabited them.

Palaeobotany is essential for explaining the relationship between humans and the environ-
ment, attempting to provide an explanatory framework for questions such as forest dynamics,
climate evolution, the possibilities for plant life, anthropisation of the environment (deforesta-
tion), the existence of detectable economic activities that leave their mark on the landscape,
land use, etc.

This report presents the results of the analysis of 15 sediment samples from the archaeolog-
ical site of Los Azogues (Santander, Cantabria). This analysis is particularly interesting given
the location and use of the deposit. The site is located on one of the outer walls of the Cathedral
of Santander, and corresponds to a medieval necropolis with a chronology that extends from
the 12th to the 15th century.

This report has been prepared by Dr. Sara Nufiez-de-la-Fuente, a professional archaeolo-

gist specialising in archaeoaplinology, and Dr. Sebastidn Pérez-Diaz, from the Department of
Geography, Urban and Regional Planning at the University of Cantabria (Santander).



MATERIAL AND METHODS

Sampling

In February 2023, a total of 15 sediment samples were collected for palynological study
(Table A1). All of them were taken following the standardised method in archaeological
palynology, minimising the risk of contamination of the sample with pollens from the current
pollen rain.

More in detail, in the case of Los Azogues archaeologycal site, there was an open
and continuous stratigraphic profile more than 4 metres deep, so it was decided to take a
vertical sample on the stratigraphic profile itself (figures A1 and A2). Sampling was always
carried out by levels or stratigraphic units (SUs), previously defined by the archaeologist
responsible for the excavation, in order to cover the widest possible temporal and cultural
interval.

Once the sampling area was decided, the first step was to clean the stratigraphic profile
chosen to remove current pollen contamination; this should always be carried out from top
to bottom. After this, approximately 20 grams of sediment were placed in individual zip-lock
bags, suitably labelled, and the material used was cleaned with distilled water between
samples.

Sampling was carried out starting from the oldest sample (the deepest) to the most recent
(the shallowest), i.e. always from the bottom upwards, in order to avoid the risk of contamina-
tion by falling sediment. In general, we have opted for a sampling resolution of approximately
10 cm infervals between each sample, depending, of course, on the strength of each strati-
graphic unit considered. In fact, in some of them, precisely to avoid the risk of contamination
due to the presence of landslides, stone blocks, roots, burrows, efc., a different sampling in-
terval has been used. In some cases, several samples were taken from the SU unit to study the
potential variability along the same SU.

Chemical treatment of palynological samples

The chemical treatment used basically follows the so-called classical method (Girard and Re-
nault-Miskovsky, 1969; Goeury and Beaulieu, 1979; Faegry and Iversen, 1989; Burjachs,
1990; Moore et al., 1991; Burjachs et al., 2003; Lépez-Séez et al., 2003). This method
consists in that, after washing the sediment, it is subjected to different chemical attacks with
acids and bases (hydrochloric acid, sodium hydroxide, potassium hydroxide), whose objec-
tive is fo successively eliminate carbonates, organic matter and silicates, in such a way that
at the end of the process only the sporo-pollinic content remains. The latter is concentrated



by means of a dense liquor, in this case Thoulet's liquor (Goeury and Beaulieu, 1979), which
makes it possible to separate the pollen and non-pollen microfossils from the rest by densim-
etric differences.

The final portion of the sediment is preserved in glycerine gelatine for subsequent mounting
and reading under an optical microscope. In a more detailed way, the chemical treatment
followed can be summarised in the following stages:

1. After separating the sediment in beakers (approximately 30 grams per sample),
distilled water was poured in and sieved if necessary. As a control element, a Ly-
copodium tablet was added, an exogenous element usually used to estimate pollen
concentration (Stockmarr, 1971). Hydrochloric acid (HCI) is then added to remove
carbonates and break up the Lycopodium tablets. When this has occurred, the HCI
is neutralised by successive washes with distilled water and centrifugation (5 min-
utes at 2500 revolutions per minute or rpm).

2.  Once the HCl has been neutralised, sodium hydroxide (NaOH) diluted to 20 % is
added to act on the silicates. To achieve this, each sample is placed in a container
with hot water for 20 minutes. The NaOH is then neutralised by successive washes
with distilled water and centrifugation (5 minutes at 2500 rpm).

3. Finally comes the most delicate phase of the chemical treatment of the samples,
since the aim is to definitively separate the pollen content from the rest of the sedi-
ment by densimetric difference (Girard and Renault-Miskovsky, 1969; Goeury and
Beaulieu, 1979). To do this, after pouring a drop of HCl on each sample, a dense
pollen concentration liquor called Thoulet's liquor (made from potassium iodide,
cadmium iodide and distilled water) is added at density 2. After shaking for a vari-
able time, usually about 50 minutes in a mechanical shaker or just 8 seconds in an
ultrasonic cell disintegrator (Sonifer 450 CE ultrasonic disintegrator with threaded
micro-ip), this liquor is filtered through glass fibre filters, in which the pollen content
of the sample remains, according to the density mentioned above. After a further
attack of HCl to remove the carbonates from the filter or hydrofluoric acid in the
case of using glass fibre filters and its corresponding neutralisation, the sample is
ready to be observed under the microscope.

4. All samples analysed in this work have been preserved in eppendorf tubes in ge-
latinised glycerine. In no case were they stained because of the obvious possibility

that staining could mask the ornamentation of certain pollen types (Franco-Mdgica
etal., 1997).

The preparation of the samples for observation under the optical microscope was carried out
using 76 x 26 mm slides, 1 mm thick, on which 24 x 60 mm coverslips were placed, finally



sealing them with hystolaque to avoid losing the sample and to fix it and make it easier to
read. Identification was carried out by optical microscopy (Nikon microscope - 40x and 100x
objectives).

Pollen microfossils

Pollen identification is possible thanks to the fact that one of the grain walls (sporodermis)
is made up of a very resistant substance called sporopolenin, which allows it to be preserved
over time, as well as resisting the chemical process to which the samples are subjected. The
structure and chemical composition of the sporodermis of the spores of ferns and other pterido-
phytes is similar to that of pollens, which is why they can also be preserved and studied. The
main diagnostic characters of pollens are the following:

Number of grains. Pollen within the anther are bound together 4 by 4, in the form
of tetrads, but when released from the anther, most are dispersed individually (mon-
ads). More rarely, they may occur in groups of 2 (dyads), 4 (tetrads) or >4 grains
(polyads).

Exine ornamentation and structure. The exine is the outermost layer of the sporo-
dermis, itself made up of different layers, the outermost of which (ectexine) may be
smooth (without ornamentation), baculate (presence of elements more than one mi-
cron and taller than wide), echinate (pointed elements more than 3 microns), efc.

Distribution and shape of the apertures. The apertures are areas where the exine be-
comes thinner and may even disappear, favouring the exit of the pollen tube through
which fertilisation of the ovocell occurs. They characterise the pollen grain according
to their number, shape and distribution. There is a specific denomination for these
types of characters according to the number of apertures, with some species lacking
them and others with more than half a hundred (O: inarpetuate; 1: mono-, 2: di-, 3: tri-,
4: tetra-, 5: penta-, 6: hexa-, >6: poly-). Depending on the shape of these openings,
pollen grains are classified as colpate (opening twice as long as wide), porate (open-
ing as long as wide) and colporate, a mixture of both. The distribution of the apertures
is also a defining element, whether they are located in the equatorial zone, distributed
over the entire surface or restricted to the poles (in the equatorial zone: zonate; over
the entire surface: panto-).

Shape and size of the pollen or spore. Since the shape and size of the pollen grain may
vary after the pollen has left the flower as a result of exposure to environmental condi-
tions and sedimentation, these characteristics are taken into account as a guide rather
than a determining factor.

Reference collections were used to identify pollen morphotypes. In addition, a variety of
literature on the morphometric characteristics of palynomorphs has been used (Moore and
Webb, 1978; Bonnefille and Riollet 1980; Moore et al., 1991; Blackmore et al., 1992; Reille,
1992, 1995).



Non Pollen Palynomorphs

A very important advance related to palaeoenvironmental studies, which has been devel-
oped since the mid 1970s, is the study of what have been called non-pollen palynomorphs
(NPPs). This is a set of elements found in the palynological residue, consisting of both organic
and mineral matter, including algal spores, cyanobacteria, fungal spores and thallus remains,
fungal fruiting bodies, fragments of bryophytes or pteridophytes, animal microfossils, micro-
fossils of unknown biological nature, etc. (Lopez-Sdez et al., 1998, 2000; van Geel, 2001;
Galop and Lépez-Sdez, 2002).

The study of non-pollen palynomorphs does not involve additional chemical preparations
and treatments, but the same as those used in traditional palynological analyses (van Geel,
2001). It is therefore an important and indispensable source of additional information on
palaeoecological and palaeoenvironmental aspects that are difficult to detect with traditional
pollen analyses based exclusively on the study of pollen.

In the palynological protocol, non-pollen palynomorphs can effectively contribute to under-
standing aspects such as the degree of water pollution, the temporal evolution of trophism, the
selective use of fire, the natural or anthropic origin of fires, the relationship between periods of
dryness and humidity, the level of water circulation, the variation in the water table, the degree
of erosion, and even the level of anthropisation of a site in the sense of being able to quantify
the degree of occupation, etc.

For the identification of these NPPs, abundant literature references have been used (van
Geel, 1978; Pals et al., 1980; van Geel etal., 1981, 1983, 1983, 1989, 2003; Bakker and
van Smeerdijk, 1982; Pantaledn et al., 1996; Lépez-Sdez et al., 1998, 2000). The MNPs
identified have been named according to the typology established for each of them by the
school of Dr. B. van Geel of the University of Amsterdam (The Netherlands), although in most
cases it is possible fo identify them at a generic or specific level.

When considering whether a pollen sample is representative for the interpretation of a palae-
opalynological analysis, two concepts must be taken into account: pollen sum and taxonomic
diversity. In this work, it is accepted that a sample is representative of the surrounding vegeta-
tion when (Lépez-Séez et al., 2003):

The pollen base sum counts 200 pollen grains, discounting hydrohydrophilic taxa,
non-pollen microfossils, Aster type, Cardueae and Cichorioidece.

At least 20 different taxa are present in the pollen base sum.

The percentage of indeterminable pollens does not exceed 50% of the pollen base
sum.



The last step followed in the pollen analysis was the elaboration of a graph showing the
development of the different pollen and non-pollen types along the sequence. The data pro-
cessing and graphical representation was carried out with the help of the TILIA and TGview
programs (Grimm, 1992, 2004), together with the image processing program Inkscape (free
software) for the improvement of the figures. For the elaboration of the pollen diagram, as
already mentioned, hydro-hydrophilic taxa, non-pollen microfossils and Aster, Cardueae and
Cichorioideae have been excluded from the base sum, since they are usually over-represented
due to their zoophilic character (Bottema, 1975; Lépez Sdez et al., 1998, 2000, 2003). The
relative percentage of these excluded palynomorphs has been calculated with respect to the
total sum (figure A3).

The first comment concerns the state of preservation of the sporopollen remains. In general, the
plant microfragments were in a fairly poor state of preservation, which made it very difficult
to assign them to pollen types. As far as the representativeness of the samples is concerned,
9 of them were either sterile or not statistically representative (as they did not contain the min-
imum number of pollens mentiones avobe). Only 6 samples out of the total have reached the
minimum threshold mentioned above (more than 200 pollen grains, discounting hydro-hygro-
philic taxa, non-pollen microfossils, type Aster, Cardueae and Cichorioideae, a minimum of
20 different taxa and with an adequate taxonomic variety, and indeterminable values lower

than 3%).

With regard to the composition of the plant cover in the area around Los Azogues (figure A3),
tree pollen values range from 40.8-46.6%. At the local scale, the most representative taxa are
deciduous; Among them are deciduous Quercus (Quercus robur, Quercus pirenaica or Quercus
faginea, 5.7-10.8%), hazelnut trees (Corylus, 1.9-9.4%), birch trees (Betula, 5.7%) and lime
trees (Tilia), showing the existence of small patches of mixed deciduous forests in the area, well
adapted to an Atlantic climate dominated by humidity. In relation to these same environmental
conditions, some taxa typical of riparian environments are documented, such as willows (Salix,
5.7-11.3%), alders (Alnus, maximum values of 7.7%), ashes (Fraxinus, maximum values of
7.5%) and elms (Ulmus), although taking into account local topographic and environmental fac-
tors, they could well be related to stable running water courses, or to the aforementioned mixed
deciduous forests. The 16th century historian Juan de Castafieda described the area around
the city of Santander in 1592 as follows: “it has many mountains, mainly of oaks, holm oaks,
chestnuts and beches”. In the same way, the description of this landscape is repeated, in this
case referring to the region of Las Asturias de Santillana, which is said to be “all full of large
forests and populated with many forests and groves of large and infinite chestnut, walnut and
oak tres” (Diez-Herrera, 1987).



Other morphotypes identified are Pinus sp, with maximum values of 9.3%. However, due
to their high pollen production and wide geographical dispersion (due to their anemophilous
pollination), their local landscape representation was residual. Studies of current pollen rain-
fall have shown that only when values of more than 60% are documented can we consider
the existence of pine forests on a local scale (Lopez-Séez et at., 2013). In this case, we must
assume the presence of pine forests on a regional scale, possibly in the nearby mountainous
areas, where different palaeobotanical studies have documented the presence of these pine
forests in the Asén area (Pérez-Diaz et al. 2016a), as the closest reference, but not in per-
centages (< 20%) that make us think of extensive pine forests, but rather in a landscape that
would have a band of pine forests not too extensive above the deciduous forest. We also find
in this location of Los Collados del Asén a landscape very similar to that of Los Azogues for
the same chronology, with a composition of deciduous woodland ranging between 35.5%
and 58%, formed mainly by hazel and oak trees, and accompanied by lime trees, elms and
willows.

In the Cantabrian region, the existence of pine forests has been extensively documented
in practically all the sites and peat bogs that have been studied over time. However, the pres-
ence of these pines, more extensive during the Pleistocene, was reduced with the arrival of
the Holocene, which would have been a period of general climatic improvement. The warmer
conditions of this climatic period would have led to the retreat of the pine forests and the de-
velopment of deciduous formations (oak and beech forests), as has been described in regional
pollen records from the eastern Cantabrian section, such as the Zalama, Los Tornos and Cu-
lazén peat bogs (Pefialba, 1989; Lépez-Sdez et al, 2013; Pérez-Diaz et al., 2016b), in Lago
de Ajo in the central part of the Cantabrian Mountains (Allen et al., 1996), or in the Alto de
la Espina peat bog in Asturias (Lopez-Merino et al., 2011).

Other interesting tree components are chestnut trees (Castanea), identified with maximum
values of 7.5%. The presence of chestnut (Castanea sativa Mill) in SW Europe is still under
debate, as many authors only consider the presence of this species in these territories as a
consequence of its intensive cultivation since Roman times (Scarascia-Mugnozza et al. 2000,
Conedera et al., 2004; Krebs et al., 2004). However, the palaeobotanical record documents
it in SW Europe from the Pliocene and Lower Pleistocene (Huntley and Birks, 1983). In the
lberian Peninsula it has been identified in the fossil record at least since the Lower Pleistocene
(Can Guardiola, Atapuerca), as well as in the Middle Pleistocene (Lezetxiki, Atapuerca,
Torralba, Ambrona, Pinedo Formation, Bolomor), possibly in relation to glacial refuges. The
autochthonous character of the chestnut tree for the Iberian Peninsula has been proposed
from different scientific fields (Garcia Antén et al., 1990; Morla Juaristi, 1996), and palaeo-
botanical data support this hypothesis (Carrién et al., 2003; Gémez-Orellana et al., 2007;
Mufoz-Sobrino et al., 2004; Postigo-Mijarra et al., 2008, 2010, Lépez-Sdez et al., 2017).
In the context of the northern Iberian Peninsula, the presence of chestnut has been document-
ed in the archaeological site of Laminak Il from ca. 12500 cal BP (Uzquiano, 1994), in the
Gesaleta peat bog from ca. 10000 cal BP (Ruiz-Alonso et al., 2019), in the Arbarrain peat
bog since ca. 8000 cal BP (Pérez-Diaz et al., 2018), in Atxuri since ca. 4500 cal BP (Pérez-
Diaz et al., 2015), to give just a few examples. Therefore, their presence in this context is



not strange. In any case, its scarce representation does not seem to derive from cultivation
processes, but rather from wild species.

Another interesting morphotype is the yew (Taxus), which is infrequent in palynological
records due fo conservation problems and poor dispersal (Cortés et al., 2000) and which
in this case has been identified in samples from stratigraphic units 15 and 16 (figure A3). In
addition, its pollen grain has a low sporopollenin content, so that its susceptibility to oxidation
is high (Havinga 1964, 1967), which means that its pollen representation is generally low.
In this case, its low values (no more than 3%) are sufficient to indicate the existence of an iso-
lated stand in the vicinity of the settlement. The presence of yew has been documented in the
Cantabrian region in different sites and peat bogs since prehistoric times, with the presence
of charred wood in the case of the caves of El Mirén (Zapata 2012), Mazaculos Il (Uzquiano
1992, 1995) and the site of Pefia Oviedo (Diez-Castillo, 1996, 2008), and through pollen
analysis in the peat bog of Cueto de la Avellanosa (Nifez de-la-Fuente, 2018). Yew wood is
known for its high value, as it is strong, dense and of very good quality. This has conditioned
its use in the past for numerous activities, including the manufacture of weapons, documented
at least since Palaeolithic times (Oakley et al., 1977; Thieme and Veil, 1985). Also made of
yew wood were the bow and axe handle carried by Otzi, “the Iceman”, located in 1991 due
to melting glaciers in the Alps (ca. 5300 cal BP), on the border between ltaly and Austria (Spin-
dler, 1994). Bows and spears made of yew wood were also known during the Middle Ages. In
1396 there is a reference in which Martin, crossbowman to the King of Navarre Charles Ill the
Noble, was sent to the mountains of Burunda and Amescua to cut yew trees to make crossbow
bows (Schwendtner, 2010). The excessive use of this tree for the manufacture of weapons led
to the appearance of medieval legislation protecting the yew, even dating back to the early
Middle Ages in several European countries. In Spain, the ancient Soria and Segovia charters
protected the yew and holly, despite their use as fodder, allowing only those branches that
could be cut by hand and not with an axe or knife to be used (Ruiz-Alonso, 2014). Yew has
also been used historically as a construction element due to its robustness and durability, as
fodder for animals and even, in sites related to animal housing, it seems that yew was used as
an “insecticide”, due to its known antibacterial and antimicrobial properties (Daniewski et al.,
1998; Erdemoglu and Sener, 2001).

Something similar can be said about the presence in stratigraphic unit 7 (inhum. 81) of
Olea europaea, although with very low values (0-1.9%). In this case, it could well be the wild
species, associated with sclerophyllous formations of Cantabrian holm oak (together with
strawberry tree, which has also been identified), or some occasional olive groves, although
at the present stage of our knowledge it is not possible to provide more information in this
respect.

Shrubs have a very low representation (maximum of 9.5%), with some taxa typical of
Atlantic landscapes such as heaths (Calluna vulgaris, Erica type), gorse (Genista/Ulex) and
others from drier and warmer environments, such as strawberry trees (Arbutus) or junipers (Ju-
niperus type), the latter perhaps adapted to sclerophyllous formations of the Cantabrian holm
oak forest type.



The herbaceous component is very important (values between 44.6 and 59.2%), indi-
cating the dominance of open spaces composed of grass meadows (Poaceae, 15.4-26.4%),
together with anthropic-nitrophilic and anthropozoogenic inspired communities (Aster type,
Cardueae, Cichorioideae, Chenopodiaceae, Urtica dioica type, Plantago lanceolata) in-
dicating a very important degree of anthropisation of the space (figure A4). The values of
Cichorioideae (Compositae), usually over-represented in archaeological contexts due to their
zoophilic pollination, stand out among them, reaching maximum values of 36.5%. No culti-
vated species, usually cereals, have been detected; however, the high values reached by the
Fabaceae (9.2%) suggest some type of crop related to leguminous plants.

Other taxa identified are Brassicaceae and Ranunculaceae, with maximum values of 11
and 5.6%, respectively. As for the hydro-hydrophilic plants, both Filicales monolete and trilete
are found with high values (42.8 and 11.2%, respectively) and the presence of Polypodium
vulgare (1.9-24.9%) and Cyperaceae (0.6-11%), which are common species in humid con-
texts, is also noteworthy.

Finally, the non-pollen palynomorphs are varied. The presence of Glomus cf. fasciculatum
and Pseudoschizaea circula, both indicators of the concurrence of anthropisation processes by
sediment removal, should be highlighted, although in both cases their values are not too high
(maximums of 7.7 and 4.4%, respectively).

From a palaeoclimatic point of view, the chronological period in which the samples ana-
lysed (12th-15th centuries) fall into two different phases. The first lasts until ca. 1350 cal AD
(Medieval Warm Period), characterised in south-western Europe by rising temperatures and
precipitation. This phenomenon is evident in some deposits, although somewhat distant from
the area around Santander, such as the case of the Prados de Randulanda peat bog (Alava),
where the high resolution of its analysis allows us to identify this phase (Pérez-Diaz, 2012). In
the case of the Azogues archaeological site, the presence of sclerophyllous vegetation may be
evidence of this time.

After this last anomaly of an arid and warm medieval character, a new and rapid climatic
change occurs, of a cold character, but in this case towards more humid conditions (Mayewski
et al., 2004), which gives rise to what is known as the Little Ice Age. lts onset, according to au-
thors, could be established between 1300 and 1400 cal AD (Desprat et al., 2003; Mayewski
et al., 2004; Mann, 2007; Jalut et al., 2009), extending until the middle of the 19th century
cal AD (ca. 1850 cal AD), with an initial drier phase until 1550 cal AD, and another wetter
phase that lasts until the present day (Bradley and Jones, 1993).

Throughout the Littlle Ice Age, however, at least four moments are documented that
represent temperature minima, related, among other factors, to the decrease in solar ac-
tivity (Grove, 2001; Gonzdlez-Rouco et al., 2003; Steinhilber et al., 2009). These are the
so-called Wolf (ca. 1280-1350 cal AD), Sporer (ca. 1460-1550 cal AD), Maunder (ca.
1645-1715 cal AD) and Dalton (ca. 1790-1820 cal AD) minima; of which the most pro-
nounced would be the Maunder minimum. The coolest phase is between 1570-1730 cal



AD, and also another in the 19th century cal AD (Bradley and Jones, 1993), which will be
mentioned later.

In the case of the Los Azogues archaeological site, due to the low resolution of the palyno-
logical study so far, this phase could not be identified. However, this phase is documented in
other sites such as the aforementioned Prados de Randulanda peat bog, where from ca. 1320
cal AD, the palaeoclimatic reconstruction shows a prolonged thermal decline, accompanied
by an irregular rainfall regime (Pérez-Diaz, 2012).

The palynological study of the medieval necropolis of Los Azogues shows relatively homogene-
ous characteristics throughout the sequence studied. From this analysis it can be deduced that
the site would be composed at the landscape level by a deciduous forest in terms of the tree
layer, where species such as oak, willow and hazel have a good presence in the landscape.
These species are accompanied by other species typical of deciduous woodland, such as al-
der, birch and ash, thus demonstrating a relatively humid climate. Pine woods, although also
represented in the landscape at this time, and given their relatively low percentage (maximum
of 9.3%), would be found in more distant places, and possibly on a regional rather than local
scale, or isolated pine trees in the surrounding area, without in any way constituting dominant
formations in the vicinity of the Los Azogues site.

The above data regarding a humid climate are supported by the presence of hydro-hydro-
philic vegetation, such as different types of ferns. However, the area surrounding the site would
have been dominated more by open areas, in which herbaceous vegetation was the most
important, with very few shrubs. Specifically, the landscape was dominated by grass pastures
together with anthropic-nitrophilous communities, which could be evidence that this population
would have been linked, among other things, to economic production activities, as these grass
pastures would correspond to pastures for livestock use.



TABLE A.1. Origin and representativeness of the samples studied at the archaeological site
of Los Azogues (Santander, Cantabria).

SAMPLES STRATIGRAPHIC UNITS (SU) PRESENCE OF POLLENS
15 UE-4-TOP No
14 UE-4-BASE No
13 UE-4 No
12 UE-13 No
11 UE-5 No
10 UE-6 No
Q UE-7-TOP Yes
8 UE 7. INHUM 82 Yes
7 UE 7. INHUM 81 Yes
6 UE-7-BASE No
5 UE-11 Yes
4 UE-15 Yes
3 UE-16 Yes
2 UE 19-TOP No
] UE 19-BASE No
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Figure A.3. Palynological histogram of the archaeological site of Los Azogues (Santander, Cantabria)

Figure A.4. Image representing some of the pollen morphotypes identified in the archaeological site

of Los Azogues (Santander, Cantabria). 1. Plantago lanceolata, 2. Pinus sp., 3. Bras-
sicaceae, 4. Olea europea, 5. Salix, 8. Fabaceae, 7. Cichorioideae, 8. Erica tipo, 9.
Poaceae, 10. Filical trilete, 11. Polypodium vulgare, 12. Glomus cf. fasciculatum.
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The Santander Climate Change Adaptation Plan is a strategic document,
based on the scientific analysis of the present and future social, environmen-
tal and climate reality of the municipality. The aim is to provide measures to
help build its resilience. The document has been prepared by an interdiscipli-
nary team from the Department of Geography, Urban and Regional Planning
of the University of Cantabria and the Climate Research Foundation. The
study identifies the future risk of the municipality by analysing its exposure
to coastal and pluvial floods, as well as the impacts of rising temperatures,
future droughts and heatwaves, modelling the region’s social, economic and
environmental vulnerability to these hazards. This research has led to the
development of 51 thematic maps quantifying various levels of hazard, ex-
posure, sensitivity and risk for the different municipality zones. In response to
the findings of previous studies, the document lays out a strategic proposal
for adaptation and identifies 85 adaptation measures. These are presented
in four adaptation goals— Biodiversity; Resilient City; Health; Society and
Economy Adapted- with different adaptation objectives for each of them.
Their achievement will allow Santander to become a more resilient and less
vulnerable city.
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