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FIGURE INDEX

Figure 1 Total RF (anthropogenic plus natural) for RCPs and extended
concentration pathways (ECP) as well as a supplementary extension RCP6 to
4.5 with an adjustment of emissions after 2100 to reach RCP4.5 concentration
levels in 2250 and thereafter. Short-term variations in RF are due to both
volcanic forcings in the past (1800-2000) and cyclical solar forcing assuming
a constant 11-year solar cycle, except at times of stabilization. (Source:
Intergovernmental Panel on Climate Change (IPCC), 2013; Reproduced from

Meinshausen et al., 2011). ....c.cciiiiiieice st

Figure 2 Projected sea level rise until 2300. The inset shows an assessment
of the likely range of the projections for RCOP 2.6 and RCP 8.5 up to 2100.
Projections for longer time scales are highly uncertain. (Source: modificated

of Oppenhaeimer et al., 2019). ......cooiiiiiiiie e

Figure 3 A schematic illustration of the climate and non-climate driven
processes that can influence global, regional (green colours), relative and
extreme sea level events (red colors) along coasts. Major ice processes are
shown in purple and general terms in black. SLE stands for Sea Level
Equivalent and reflects the increase in GMSL if the mentioned icemass is
melted completely and added to the ocean. (Source: Oppenheimer et al.,

7401 K<) TR

Figure 4 . The figure depicts the rise in global mean sea level from 1880
to 2018 based on three sources. The green line (CSIRO) shows a
reconstruction for 1880 to 2013 from coastal and island tide gauge data
(updated from Church and White, 2011). The red line (DMW) shows a more
recent reconstruction for 1900 to 2015 (Dangendorf et al., 2019). The
uncertainty intervals around these lines are shaded. The dark blue line
(CMEMS) shows a time series for 1993 to 2018 based on satellite altimetry

data (Source: https://WWW.EEa.EUIOPA.EU) ......cveeiveeiiieriie st esiee e e siee e re e

Figure 5 The effect of regional sea level rise on extreme sea level events at
coastal locations.(a) Schematic illustration of extreme sea level events and
their average recurrence in the recent past (1986-2005) and the future.
Because of mean sea level rise, HCEs are projected to recur more frequently
in the future. (b) The year in which HCEs are expected to recur once per year
on average under RCP8.5 and RCP2.6. The darker the circle, the earlier this
transition is expected. (c) An indication at which locations this transition of
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ABSTRACT

This document provides a preliminary insight into sea level rise in Fuerteventura. The
purpose is to know the affected areas early enough to develop adaptive strategies.
Knowing the estimated number of meters for the global increase and the local effects of
each area, a balance is made that indicates the sea level for the year 2100. Using a GIS
tool, visual information is obtained on the most exposed places. By classifying each study
area according to its characteristics, the most appropriate method for its adaptation is
decided. Constant monitoring is recommended to minimize uncertainty.

KEY WORDS: sea-level rise, Fuerteventura, coastal impact, coastal planning, adaptative
responses.

1. INTRODUCTION

This document summarizes the work carried out to produce the so called Final Degree
Project required to obtain the Grade in Marine Sciences at the University of Las Palmas
de Gran Canaria (taught in the Faculty of Marine Science).

At the end of university education, the lack of the necessary knowledge and the insecurity
in students makes the possibility of being a self-employed worker unthinkable. The main
interest of this document is to create the ability in students to become independent in
employment, so that they can carry out technical work coordinated with public
administration on coastal areas planning, assessment and monitoring. Nowadays, a very
important effect in coastal environment planning is climate change and sea level rise.

Climate change is considered a highly relevant process on a global scale but its magnitude
is not really known in society, even less outside the scientific field. Currently, the
Intergovernmental Panel of Climate Change (IPCC) is the United Nations body for
assessing the science related to climate change, providing regular assessment of the
scientific basis of climate change, its impacts, future risks and options for mitigation and
adaption. The scientific community has incorporated a political summary since is
essential that world politicians get to know the problem of climate change. Within all this
process of climate change and global warming, sea level rise appears as a very important
factor in coastal management as a consequence of various processes that must be
understood individually and together to prevent its effects on the coast.

This document consists of a general chapter that explains the relevant processes that make
up the existing theoretical foundations, antecedents, projections and response options.
The second chapter allows us to know the effects of sea level rise in the study areas
selected in this work, specifically, the Island of Fuerteventura (Canary Islands, Spain),
using a powerful management tool such as the Geographic Information System (GIS) in
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a simple manner. Such information is important for public administrations, who can use
this to develop adequate responses to sea level rise risks on time.

2. AIMS

It is intended to know which locations on the Island of Fuerteventura (Canary Islands,
Spain) can be greatly affected due to sea level rise, such as highly populated tourist
locations, crowded beaches, or companies that are an important employment source for
local population. Depending on this classification, management measures can be adapted
to each location.

3. CHAPTER I: THEORERICAL BACKGROUND

Understanding sea level rise, its origin and repercussions for human beings is related to
the importance of coastal areas for Humanity. The current population is concentrated in
those regions due to the many options offered by the marine environment, creating
pressure in the coastal proximity (Kummu et al., 2016) and causing an impact. Social
conflicts may appear, so interest in coastal planning and coastal environment uses
should increase (Barragan, 2014). From 1950 to the present, the urbanization rate has
experienced unprecedented growth, reaching 2.6% annually (ONU-Habitat, 2009).
About 40% of the world population lives in coastal areas (Intergovernmental
Oceanographic Commission of UNESCO, 2011). Because of this, a sea level rise can
greatly affect coastal populations and their way of life, so assessment and response are
essential to reduce risks on time.

3.1 The Representative Concentration Pathways (RCP)

Scenarios help us to understand the changes that would occur on the planet depending on
the amount of greenhouse gases emitted, comparing different effects. The set of scenarios
was created as a tool to improve knowledge of impact, climate change and to assess risks
and vulnerabilities. These are scenarios that cover time series of emissions and
concentrations of the full range of greenhouse gases, aerosols and chemically active
gases, taking into account the use of land cover (Moss et al., 2010). The scenarios are
called Representative Concentration Pathways (RCP). Representative means each RCP
Is just one of several possible scenarios that would result in such radiative forcing.
Pathways emphasizes the importance of the path taken to reach the resulting
concentration level. Radiative forcing is the change in net radiative flux in the tropopause
due to the change of an external factor to the climate system. It is expressed in watts per

10
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square meter (W/m?). If the radiative forcing is positive, there will be a warming and if it
is negative, there will be a cooling of the climate system (AEMET, 2018). These scenarios
help identify the range of different technological, socio-economic and political futures
that could lead to a particular path of concentration and the magnitude of climate change.
The projections of the concentrations up to the year 2100 have been modeled (Fig. 1),
identified by the approximate radiative forcing (RF) for the year 2100 with respect to
1750, which is considered to be comprised in a range between 2.6 and 8.5 W/m? (these
are merely indicative values). For the RCP 2.6, it reaches a maximum and then decreases
as the effects of emission reduction policies that limit the global warming to 2°C are
interacted. If RCP is 4.5 then it stabilizes towards 2100. In the case of the RCP it would
be 6.0 or 8.5, they are referring to an RF of 8.5 W/m? for 2100, but that implies an
increasing RF beyond that year (Moss et al., 2010).

History RCPs ECPs

14

RCP8.5

10

Radiative forcing (Wm?)

S N A OO ©®

1800 1900 2000 2100 2200 2300 2400 2500
Year

Figure 1 Total RF (anthropogenic plus natural) for RCPs and extended concentration
pathways (ECP) as well as a supplementary extension RCP6 to 4.5 with an
adjustment of emissions after 2100 to reach RCP4.5 concentration levels in 2250 and
thereafter. Short-term variations in RF are due to both volcanic forcings in the past
(1800-2000) and cyclical solar forcing assuming a constant 11-year solar cycle,
except at times of stabilization. (Source: Intergovernmental Panel on Climate Change
(IPCC), 2013; Reproduced from Meinshausen et al., 2011).

These scenarios are directly related to sea level rise (Fig. 2) since the different pathways
cause changes in the temperature of the water bodies.
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Figure 2 Projected sea level rise up to 2300. The inset shows an assessment of
the likely range of the projections for RCOP 2.6 and RCP 8.5 up to 2100.
Projections for longer time scales are highly uncertain. (Source: modified from
of Oppenhaeimer et al., 2019).

3.2 Processes of Sea Level Change
To understand the sea level rise (SLR) induced by climate change, two important aspects
of sea level must be taken into account (Fig. 3):

The Global Mean Sea Level (GMSL) is caused by an increase in ocean water mass
due to the decrease in land ice masses and to thermal expansion produced by the
increase in temperature. However, the SRL effects are very important and they
are based on the Relative Sea Level (RSL) in a specific location. The SRL
undergoes variations due to climate and local factors such as anthropogenic
sinking.

This gradual change in sea level can be combined with Extreme Sea Level (ESL)
events such as tides, surges and waves causing coastal impacts. ESLs on the coast
that are rare today will be common in the future and should therefore be
considered for coastal planning and decision making.

12
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Figure 3 A schematic illustration of the climate and non-climate driven processes. that can
influence global, regional (green colours), relative and extreme sea level events (red colors) along
coasts. Major ice processes are shown in purple and general terms in black. SLE stands for Sea
Level Equivalent and reflects the increase in GMSL if the mentioned icemass is melted completely
and added to the ocean. (Source: Oppenheimer et al., 2019).

3.3 Sea Level Rise impacts
The impacts of mean and extreme sea level rise include:

Vi.

Permanent submergence of land by higher mean sea levels or higher mean high
waters.

Greater frequency and intensity of coastal floods.

Greater coastal erosion.

Loss and change of coastal ecosystems.

Salinization of soils, underground and surface waters.

Drainage impeded.

The impacts of sea level rise come from the interaction between both climatic and non-
climatic drivers since various biogeophysical effects (Table 1) are involved (Nicholls &
Klein, 2005)

13
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Table I Most significant bio-geophysycal effects of sea level rise including relevant interacting climate
and non climate stresses (source: European Environment Agency,2019. modificated of Nicholls y Klein, 2005)

Bio-geophysical effect

Other relevant factors

Climate

Non-climate

Permanent inundation

Sea level rise

Vertical land movement
(uplift and subsidence), land
use and land planning

Surge (open coast)
Flooding and storm

Wave and storm climate,
morphological change,
sediment supply

Sediment supply, flood
management, morphological
change, land claim

damage
Backwater effect

(river)

Run-off

Catchment management and
land use

Wetland loss (and change)

CO; fertilisation, sediment
supply

Sediment supply, migration
space, direct destruction

Direct effect (open

Sediment supply, wave

Sediment suppl
) coast) and storm climate i
Erosion
Indirect effect (near
inlets)
Siiifacs Vilass Rigiiof Catchment management and
Saltwater Intrusion land use
Groundwater Rainfall Land use, aquifer use
Rising water tables/impeded drainage Rainfall Land use, aquifer use

3.4 Historical trends

Sea level variation can be measured using tide gauges and tide gauge measurements or
from space using satellite altimeters. The tide gauge results can be influenced by local
and regional effects, such as the vertical movements of plate tectonics. There are time
series of decades in some cases exceeding 100 years. Satellite data makes it possible to
measure an absolute sea level but the duration of the existing record is only 25 years (Fig.
4.) The GMSL reconstructions carried out based on tide gauge data indicate an increase
of 16 £ 4 cm between 1902 and 2015 but its speed does not remain constant on a time

scale.
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Figure 4 . The figure depicts the rise in global mean sea level from 1880 to 2018. based on three
sources. The green line (CSIRO) shows a reconstruction for 1880 to 2013 from coastal and island tide
gauge data (updated from Church and White, 2011). The red line (DMW) shows a more recent
reconstruction for 1900 to 2015 (Dangendorf et al., 2019). The uncertainty intervals around these lines are
shaded. The dark blue line (CMEMS) shows a time series between 1993 and 2018 based on satellite
altimetry data (Source: European Environment Agency, 2019)

The average trend of the rate of increase of GMSL during the period 1901-1990 was 1.4
+ 0.6 mm / year. During the period 1993-2018 it has been around 3.3 mm / year, which
indicates twice the rate of increase than the previous period. In the current period, 2014 -
2019, recorded by satellite altimeters, it has been observed that the rate of GMSL has
increased to 5 mm / year (WMO, 2019)

3.5 Future Sea Level Rise trends
Sea level rise will not be uniform in all regions and will depend on the route of carbon
dioxide emissions and not only on the accumulated total.

During the last century, a sea level rise of 1-2 mm / year was observed in most regions,
while rates of 3-4 mm / year are now observed. According to RCP 2.6 they will continue
to increase to up to 4-9 mm / year. If we take into account the RCP 8.5, the increase would
be 10-20 mm / year by the end of this century (Oppenheimer et al., 2019). However, until
2050, future sea level uncertainty driven by climate change is relatively small, providing
a solid basis for short-term planning (30-year) adaptations. The global mean sea level will
increase about 0.24 m (0.17-0.32 m, biing the most probable range) under the RCP 8.5
scenario (Table I1).
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Table 11 The magnitude of climate change is affected depending on the emission scenarios. (Source: IPCC, 2014)

2046-2065 2081-2100
Scenario Mean Likely rar-je © Mean Likely ange ©
RCP2.6 1.0 041016 1.0 03t01.7
Global Mean Surface RCP4.5 1.4 091020 1.8 11t 26
Temperature Change (°C) * RCP6.0 13 08t018 2.2 141031
RCP8.5 2.0 141026 3.7 2.6104.8
Scenario Mean Likely ranye ¢ Mean Likely 1ange ¢
RCP2.6 0.24 0.171t00.32 0.40 0.26t0 0.55
RCP4.5 0.26 01910033 0.47 0.32w00.63
Global Mean Sea Level Rise (m) ©
RCPG.0 0.25 0.18t00.32 0.48 0.33t00.63
RCP8.5 0.30 022 t0038 0.63 0.45 0 0.82

In the case of Antarctic layer collapse, the GMSL would greatly exceed the range
projected for the 21st century, so it is suggested not to rule out an increase in the GMSL
of two or more meters (Bamber et al., 2019). Sea levels will continue to rise well beyond
2100 due to the loss of ice in Antarctica and Greenland. For a RCP 8.5 scenario, a GSML
increase of 2.3-5.4 m is forecast for 2300. These forecasts would increase sea level due
to the contribution of Antarctic ice in the coming centuries (Oppenheimer et al., 2019).

Every five years that global greenhouse gas emissions are not reduced, mean estimates of
sea level a rise of 0.2-1 m for the year 2300 is considered (Mengel et al., 2018).

3.6 Relative Sea-Level Change (RSCL)

The SRL varies depending on the location and scale, so in addition to the increase in
GMSL, it must be taken into account that variations in sea levels at the local scale (of the
order of 10 km) are influenced by various factors that can be regional scale (of the order
of 100 km) or global. Examples would be changes in ocean circulation, postglacial
rebound after decay of land ice, uneven changes in ocean density or local factors such as
vertical movement of tectonic plates (Konrad et al., 2013) However, an average local
change in sea level is expected to be around 20% of the value of the change in the GMSL,
which is projected for 70% of the world coasts (Church et al., 2013).

3.7 Extreme Sea Level events (ESL)

Extreme events such as storm surges, along with high SLR, are worrisome as they can
contribute significantly to flood risks (Little et al., 2015). To understand the impact of
these processes it requires a detailed knowledge of bathymetry, erosion, sedimentation
and all the factors involved in hydrodynamic models. Due to the Global Mean Sea-Level
RISE (GMSLR), ESLs that are historically rare (such as Historic Centennial Events,

16
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HCESs) will become common by 2100 in all RCPs (IPCC, 2019) (Fig. 5). Many low-lying
cities and flat islands will experience such events in 2050. The height of an HCE varies
widely and depending on the level of exposure can cause severe impacts that will continue
to increase with a higher frequency of HCEs.

(a) Schematic effect of regional sea level rise on (b) Year when HCEs are projected to
projected extreme sea level events (not to scale) Tecir.once per year onaverage
Historical Centennial extreme sea level
g Events (HCEs) become more common
5 due to sea level rise - "
4 o 2
= 1/decade & N . ot
o HCE o 7 o suy .
& s 1/year \~ P ;°' <® . fs
5 RE T . .
g 1/decade 1/month RN S Ut %
3 UL e . ol i ~
1lyear b o
= Y mean sea level . . ( (R T S
e~ | ®
£ 1/month sea . k™ o MR NG
3 level B 100 s . LABRA SO
3 mean sea level rise > . ol 7 -y $ P
3 e = R , B . .". -.'
Tme RCP8.5
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Figure 5 The effect of regional sea level rise on extreme sea level events at coastal locations.
(a) Schematic illustration of extreme sea level events and their average recurrence in the
recent past (1986—2005) and the future. Because of mean sea level rise, HCEs are projected
to recur more frequently in the future. (b) The year in which HCEs are expected to recur once
per year on average under RCP8.5 and RCP2.6. The darker the circle, the earlier this
transition is expected. (c) An indication at which locations this transition of HCEs to annual
events is projected to occur more than 10 years later under RCP2.6 compared to RCP8.5.
(Source: IPCC, 2019)

3.8 Estimated damages due to sea level rise floods

It must be taken into account that coastal and river floods follow different hydrological
mechanisms, in addition to the uncertainty generated by the projection of certain climatic
and socioeconomic conditions.

Combining different information on urban areas, Gross Domestic Product (GDP) and
population density, the damage caused by the floods has been assessed. In 2010 it has
been estimated that the European population living in the 100-year flood area is almost
6%. Without defenses, the economic loss would be € 236 billion. If flood protection is
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used, damage would be reduced by 67 to 99% and the number of people flooded is
reduced by 37 to 99% (Mokrech et al., 2014)

As for the exploration of scenarios on sea level rise of 0.25, 0.5, 1.00, 1.50 and 2.00 m,
an increase in the number of people within the flood zones is expected, reaching even
22.9 million people and € 318 billion in economic damage in scenarios of 2m sea level
rise. Flood protection at the minimum and maximum levels provides similar benefits.

3.9 Possible responses

You can react to sea level rise in various ways depending on the conditions of the area
and the estimated projection. Most islands, coasts, and low-lying communities face
considerable risk if adaptation strategies are not developed. This is independent of their
level of development, whether continental or insular, at any latitude, on a time scale of a
century. At the same time, coastal protection is very effective and profitable for cities, but
not for less densely populated rural areas.

In response to rising sea levels, exposure, vulnerability and risks in low-lying coastal
areas should be reduced. They are mainly addressed in five different ways.

1) Protection: It consists of reducing the impact and the coastal risk by blocking the spread
inland, including:

i.  Tough protection such as levees, barriers, breakwaters, and dams to protect
against saltwater intrusion, flooding, and erosion (Nicholls, 2018)
ii.  Protection with soft structures, based on feeding beaches and coasts with
sediments.
iii.  Ecosystem-based adaptation.

These three subcategories combine to form hybrid measures. Examples are a green
swamp belt in front of a boardwalk, or a boardwalk specially designed to include niches
for habitat formation (Coombes et al., 2015).

2) Advance: It is about gaining ground in the sea, reducing coastal risks. This includes:
pumping backfill material, planting vegetation that supports natural soil accumulation,
protecting surrounding low-lying areas with levees, polderization requires drainage and
often pumping systems (Wang et al., 2014).

3) Ecosystem adaptation: (EBa) combination of protection and progress. It is a
combination of benefits combining protection and advancement; and based on sustainable
management, conservation and restoration of ecosystems (VVan Wesenbeeck et al., 2017).
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Coastal ecosystems such as wetlands and reefs are conserved or restored. The protection
of the coast would be:

i.  wave attenuation and, in the case of storm surge, acting as obstacles and providing
retention space (Zhang et al., 2012; Vuik et al., 2015; Rupprecht et al., 2017).

ii.  Features and solutions based on nature, ecological engineering, ecosystem-based
disaster risk reduction or green infrastructure are included (Bridges, 2015) by
increasing elevation, reducing erosion by capturing and stabilizing coastal
sediments, and promoting the accumulation of organic matter and debris
(Spalding et al., 2014).

4) Accommodate: set of biophysical responses, lifting buildings, cultivating salt tolerant
species, early warning systems for ESL.

It consists of lifting valuable objects such as houses and floating gardens (Trang, 2016).
Land uses would vary by cultivating salinity tolerant species in the intrusion zones.
Institutional management would involve early warning systems, emergency planning,
insurance schemes, and setback zones (Wong et al., 2014).

5) Retreat: Human activity is removed from the coastal area, thus reducing the risk. There
are three possibilities

I. Migration, when the movement is voluntary and permanent or semi-permanent (Adger
etal., 2014).

ii. Displacement is about unforeseen and involuntary movement caused by environmental
factors or political or military disturbances (Islam and Khan, 2018).

iii. Relocation, or resettlement, is initiated, supervised, and implemented by governments
at the national to local levels and generally involves small sites and / or communities
(Wong et al., 2014; Hino et al., 2017).

| B
1 Accommodate
fie=

Retreat

1 ‘* Ecosystem-based adaptation

Figure 6 Different types of responses to coastal
risk and SLR. (Source: Oppenheimer et al., 2019)
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The need for these response measures can be reduced by avoiding development in areas
prone to serious risks of SLR

Each answer carries specific characteristics with both advantages and disadvantages.
Synergy achieves an integrated and sequenced response to SLR.

Sea level rise is a very complex process, which is made up of numerous variables (Fig.
7). Designing a suitable combination of responses is a political choice in addition to
technical work; where the set of values, goals and interests must be taken into account,
and it is acted on the local scale since each region offers different peculiarities.
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Figure 7 Diagram of the interconnectedness of SLR-related issues, including sea level drivers and hazards
(extremes), exposure, vulnerability, impacts and risks related to sea level rise, associated government
responses and challenges. (Source: Oppenheimer et al., 2019)

4. CHAPTER II. INTERVENTION AT STUDY LOCATIONS.

The methodology used focuses on creating an estimate that can be simply applied to
various areas of Fuerteventura, generating an image that will inform the future reach of
sea level in the analyzed area. The purpose of these images is to show the land-sea contact
areas where a response measure must be used to avoid damage.

4.1 Study locations
The island of Fuerteventura belongs to the Canary Islands archipelago, specifically to the
province of Las Palmas. Located in the Atlantic Ocean and approximately 100 km from
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the northwest coast of Africa. Since 2009 it has been declared in its entirety as a Biosphere
Reserve by UNESCO. The number of inhabitants registered in 2019 is 116,886 (ISTAC,
2019).

The areas studied throughout the island (Fig. 8) have been selected for various reasons:

Corralejo Viejo, Punta Elena, Puerto Lajas and Gran Tarajal have homes close to the sea
and busy beaches

Hotels are a source of income for a large number of workers.

El Jablito, has houses located on the beach and there is controversy between the
population and a corporate promoter.

El Cotillo (La Concha beach) is an example of a place with high tourist interest.

UNELCO is the energy source of the entire island.
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Figure 8 Location of study areas in Fuerteventura
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4.2 Methodology

The SLR is made up of a set of contributions of diverse origin (Fig. 9), (1) that are grouped
into global and relative as they depend on the characteristics of a specific location. The
GMSL has followed trends and different projections called RCP (2) that have been made
to differ from each other according to the amount of gases emitted into the atmosphere.
As for the global increase, its main sources are thermal expansion and the various
contributions caused by thawing. The relative increase is mainly influenced by the vertical
movements of the Earth's crust and extreme events. Adding the data of the global increase
plus the regional (3), the estimated amount of SLR for the specific area is obtained. By
adding this data to the current sea level, maps can be produced that provide a preliminary
idea of the future situation. Through the images, the affected areas are detected in the
future and, according to their type of use, a response type is selected to manage the
coastline.

In short, the aim is to apply the data and estimates obtained to a DTM on the island of
Fuerteventura, in order to visually know the scope and effects of sea level rise caused by
climate change. To carry out this process, first the data to be used to project the increase
is selected, and then it is applied using a Digital Terrain Model.
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Figure 9 Diagram of the developed methodology
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4.2.1 Data selection
1. Regarding GMSL.: Since it is about preventing damage, the worst-case scenario data
(RCP8.5) is used, the probable range is 0.61-1.10 m for the year 2100.

2. About RSLR: Vertical movements are neglected since the island of Fuerteventura
remains stable (Zazo et al., 2012). Regarding extreme events, Puertos del Estado provides
information about the highest high water and waves that it has recorded (Puertos, 2010).
It should be taken into account according to Figure 5, that in the Canary archipelago it is
estimated that extreme ESL events that are historically rare (HCE) will have an annual
frequency around the year 2030.

3. It must be taken into account that the sea level zero given by the DTM and the data
provided by state ports are different, so a conversion is necessary to use said data or take
it directly from the tide gauge file.

4. Regarding the waves, they are not represented by the GIS because it would extend the
flooded area in its depth, slightly increasing its area. As sea level rise is a prolonged
process in time, the effect of erosion will change the coastline and its bathymetry,
therefore also its waves. Knowing the contact area where the flood will start, the direction
of the predominant waves and the highest wave height registered, the defense can be
adapted to the wave height from which it is desired to protect (Sekimoto, 2013)

4.2.1.1Tide gauge data

According to the tide gauge information (Annex I1) provided by Puertos del Estado, the
relationship between the mean sea level in Fuerteventura (NMMF) and the REDMAR
zero referred to the port is -1.49 m. This means that the data and figures provided by the
tide gauge must be adapted to the NMMF average level by subtracting that amount.
(Puertos, 2020)

Figure A of Annex I1l shows that approximately 94% of cases sea level does not exceed
1 m, and when it does it reaches 1.31 m in 5% of cases, with which this reference can be
taken as a current level.

Regarding figure B, it is observed that the maximum recorded sea level was 1.7 m and it
occurred in September 2006, due to astronomical tides.

Regarding the waves (Fig. C, Annex Ill), the direction of provenance is mostly NE with
some variation of provenance E in its majority. The significant wave height (Hs) does not
exceed 1.5 m in more than 90% of cases, nor 2 m in 98% according to figure D of Annex
I"I.
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4.2.2 Air maps elaboration
From the QGIS software, data on terrain elevations are processed, and focusing on some
affected areas of the island,

Given that the time horizon is uncertain, an increase of one meter above sea level is used
to minimize the error, since it is estimated that around the year 2100 this amount could
rise.

A DTM with a 2-meter mesh pass is used given the scale of the maps to be represented.
It has been obtained on the website of the Centro de Descargas del centro Nacional de
Informacion Geografica (CNIG, 2020). The DTM provides terrain information in three
dimensions, so the height of any point can be known. Carrying out an extraction of the
contour lines of the terrain, it is possible to know the location of a specific height,
therefore to know the areas where height is 1m, simply follow its contour line. The
contour lines are created 1m apart. In order not to confuse the values of the curves, the
label is placed with the height value of each line.

The next step is to create a linear file in which the lines referring to sea level are drawn:

e The 1 m elevation is taken as the current level given the tide gauge data (Fig. A,
Annex 1) as discussed in the previous section.

e The 2 m elevation is taken as an increase of 1 m above sea level.

e The 3 m elevation is taken as a 2 m rise in sea level

To correctly create the lines taking into account the characteristics of the terrain, an
orthophoto from the Canary Islands, generated in the services of the Canary Islands
Spatial Data Infrastructure website, is used as support.

The physical elements that would protrude from the water with rising sea levels have been
outlined, as have the localized rocks.

4.3 Results from the study locations

4.3.1Corralejo Viejo

* Increase of 1 m: part of the E coast of the town of Corralejo is affected by the loss of a
beach of great tourist interest since they are located very close to the urban nucleus.
Some homes and accommodations are affected by their proximity to the sea by
contacting the water at high tide. (Fig. 10)

» 2 m increase: several houses are seriously affected by contact with water, and in some
parts immersed. The beach area is reduced to a minimum and is practically non-existent.
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Figure 10 Sea level projection in Corralejo Viejo

4.3.2 La Concha (El Cotillo)

Currently on this beach there is already an area immersed in high tide that is popularly
called "El Charquito” (Fig. 11)

* Increase of 1 m: the sea level extends to reach part of the car parks, approaching two
groups of houses and the beach bar. "The puddle” is lost in its entirety, leaving some
higher areas forming emerged mounds.

» 2 mrise: Several houses and the bar are in direct contact with the water, and a puddle is
even formed that directly contacts another group of houses. The parking area is
submerged, leaving the water right next to the road that leads to the other beaches.
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Figure 11 Sea level projection in La Concha beach

4.3.3 El Jablito

It is a small population built mostly illegally, except for a few cases, prior to the Coastal
Law. The use of the houses is mainly as a second residence, vacation or weekend use
only, although there is also a small stable population (Fig. 12)

There is controversy in this area since a marina has been planned for several years, but its
construction could not be carried out due to the population's refusal. Such has been the
altercation, that house demolishing has been caused by the developer in order to reduce
the town, which are being rebuilt by the inhabitants.

* Increase of 1 meter: The water has contact with several houses located on the first line
of the coast, and surrounds the small site created by the neighbors as a cultural center.

* Increase of 2 meters: the extension of land that protects the beach is almost completely
immersed, more than half of the houses are affected by contact with water, several of
them being completely surrounded.
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Figure 12 Sea level projection in El Jablito

4.3.4 Gran Tarajal

Currently the Barranco de Gran Tarajal has an exit on this beach (Fig. 13), the course of
which has been modified as the town has developed. In the area there is an aquifer that
floods the basements of the buildings.

* Increase of 1 m: The sea directly contacts the wall of the promenade, the beach area
disappearing in its entirety and the old facilities of a Pub that are currently closed are
affected.

* Increase of 2 m: many homes and facilities are affected, some are located far from the
coastline, but when they are on low-grade terrain, they are affected. The ravine is also
affected.

It would be necessary to take into account the sediments contributed by the ravine, which
could act as a protective barrier against the rise of the sea.
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Figure 13 Seal level projection in Gran Tarajal

4.3.5 Puerto Lajas

* Increase of 1 m: It has few effects, (Fig. 14) mainly the contact with some houses that
were originally created next to the sea to carry out the loading of merchandise on boats
since historically this town was dedicated to the agriculture and the export of lime.

* Increase of 2 m: The beach area is lost in its entirety and the facilities closest to the sea,
various premises dedicated to hotels, several homes and the yacht club are affected.
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Figure 14 Sea level projection in Puerto Lajas

4.3.6 The Hotels

The so-called area and beach of “Los Hoteles” is located in the “Dunas de Corralejo
Natural Park™ and it is an area of great tourist and environmental interest. Currently a

puddle forms at high tide next to the Riu Oliva Beach hotel (Fig.15)

* Increase of 1 m: The coast is hardly affected, the water can reach some of the hammock
sector. The puddle produced by infiltration considerably increases its size by contacting

the hotel wall and public toilets.

* 2m increase: Loss of the current beach area, the hotel is greatly affected along with the
access road and parking. The rescue facilities and the adjoining tennis court are also

affected.
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Figure 15 Sea level projection in Los Hoteles

4.3.7 Punta Elena (Corralejo)
« Increase of 1 m: The Punta Elena beach area is mostly flooded by contacting the water
with some walls that surround houses (Fig 16). The rest of the coastline is hardly affected.

¢ Increase of 2 m: Numerous houses, shops, tourist accommodations and streets are
directly affected, being completely surrounded by water.
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Figure 16 Sea level projection in Punta Elena

4.3.8 UNELCO (Puerto del Rosario)

The UNELCO plant currently supplies electricity to the entire island of Fuerteventura and
part of Lanzarote. The installation consists of an electrical generation plant with a total of
186.58 MWe of nominal electrical power, which are distributed in several generation
groups, being 9 diesel, 2 gas turbine and 1 mobile gas turbine. The diesel groups are
located in three engine buildings and all the turbines are outdoors, their use forecast is
only at extreme points of demand and in emergency situations. It also has a fuel storage,
supply and treatment system, since the fuel used continuously is fuel oil with sulfur (less
than 1%) and diesel fuel during the start and stop periods. The turbines operate on diesel.
Fuel oil is supplied from the Puerto del Rosario dock and diesel fuel from DISA facilities,
both through underground pipelines. The fuel is stored in several tanks with a total volume
of 21,349 m3 of fuel oil and 2,489 m3 of diesel fuel (Resolution 387 of 2009).

* Increase of 1 m: The water contacts part of the exterior wall of the installation. (Fig.17)

* 2 m rise: Water maintains direct contact with approximately half of the walled area
surrounding the facility. The contiguous land is emerged, being affected also to the urban
section and the closest houses.
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Figure 17 Sea level projection in UNELCO

4.4 Elaborated air maps comprobation

In order to recognize the veracity of the images, the areas are visited and the neighbours
are asked to corroborate the information. The most conflictive area has been Gran Tarajal,
since it is located at the mouth of a ravine and has an aquifer. The veracity of the coastline
has been verified, which, at its eastern end, takes on a particular shape. Figure 18 shows
the winding shapes that are currently reflected on the map, a view of the area with high
accumulated salinity and water. It is due to the position of a mound, that after the rise of
the tide does not allow the return of water.

Figure 18 Current sea level in Gran Tarajal
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Since the maximum sea level recorded by the tide gauge corresponds to 1.7 m during
astronomical tides, this means that it can be represented on the 1 m rise line, which is
corroborated in figure 19, a photograph taken in September 2012.

Figure 19 Effect of astronomical tides in Gran Tarajal.
(Source: Herrera R.,4/09/2012)

This representation is also confirmed with the residents of Jablito (Fig. 20), whose scope
of astronomical tides is very similar to that represented by the 1m rise line.

Figure 20 Effect of astronomical tides in El Jablito
(Source: Rodriguez S.)

4.5 Decision making and selected responses

When deciding and planning an Adaptation System it is important to remember that there
is considerable uncertainty regarding a time horizon, and that an increase of up to 6 m is
expected due to the collapse of Greenland and Antarctica (Oppenheimer et al .., 2019 ) in
the coming centuries. It should be borne in mind that, if this occurs, the type of response
that is taken may be affected over time. Figure 21 shows that the risk can only be reduced
in its entirety by linking climate change mitigation with the responses in time, so if there
IS no mitigation there will always be considerable risk.
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Figure 21 Benefits of mitigation and responses to sea level rises (Source: IPCC, 2019).

To plan and implement coastal responses, the risk tolerance of those affected and those
who decide must be taken into account. Stakeholders who are risk tolerant and can easily
adapt to unexpected conditions can use the probable ranges of RCP2.6 and RCP8.5 to
adapt their situation in the long term. When planning for coastal safety in cities, a low
risk tolerance must be taken into account and, therefore, a 2m GMSL in the year 2100
cannot be ruled out (Oppenheimer et al., 2019). In fact, several national reports have used
values in the range of 1.5-2.5 m as superior estimates for the increase of GMSL during
the 21st century (KNMI, 2014; NOAA, 2017). Scenarios with high projection values may
be somewhat speculative, but for long-term coastal risk management it is important to
consider it, especially in densely populated areas (Abadie et al., 2019).

Adaptation decision-making is carried out following generic steps (Fig. 22) in which its
evaluation and adaptation according to evolution are continuously taken into account.
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Identify rick Develop initial of | plan and i i N
Identify risks, Develop initial plan of initial plan and corrective action o Cross-cale coordination
objectives, options, (combinations of options over monitoring system Monitor and take Add 4 bil "
uncertainties and time) plus corrective actions  for progressing corective action upon 2 EAESS VONETRANY B0 S
aiteria for evaluating to be carried out based on change and success observed situation * Indusive public partigpation
options observed situation * Capability to address complexity

A\

Figure 22 . Choosing and enabling sea level responses (Source: IPCC, 2019)

Once the study areas have been located, their current use and risks are observed to weigh
the possibilities of adaptation. To analyze the most important factors at a glance, each
area is objectively evaluated (Table I1). It is valued in comparison with the other areas
studied, with "*** the maximum quantity™ and "* the minimum®, and it is left blank when
there is absence. In the case of business, it is valued in ranges of up to 5 units, from 5 to
10 and more than 10. In terms of services, it is valued according to the diversity, that of
shops and beach services and the presence of adapted lifeguards and wheelchairs. For
anthropization, consideration is given to whether there is urbanization along the coast,
promenades, houses and any type of construction or source of contamination. Natural
interests depend on the threatened species and whether they are affected by adapting the
coastline.
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Table 111 Objective assessment of the characteristics of the areas studied

Natural interest
Touristic interest

Anthropization
Beach (influx)

M Households
Sport interest

i Business

M Services
Direct importance
for the whole island

La Concha
Corralejo V
Punta Elena

Gran Tarajal

Los Hoteles

Unelco
 ElJablito

Puerto Lajas

Once the area is valued according to the value of its characteristics and depending on the
use you want to give (you can keep the same use or change it) the possible options for
adaptation are analyzed. The cost and benefit of each possible action should be evaluated.

Since the island of Fuerteventura bases its economy mainly on sun and beach tourism, it
would be relevant to preserve these areas. Natural coastal ecosystems can cope and adjust
in whole or in part to relative sea level rise, but the natural adaptive capacity is strictly
dependent on rates of sea level rise; since if it grows too fast the natural ecosystems will
not be able to counteract the negative effects induced by the rise in sea level.

An example of Ecosystem Based Adaptation (EBa) on the island is the Jandia salt marsh.
This type of Eba could be integrated into hybrid adaptation systems and spread to other
parts of the island, with the consequent biological enrichment.

Following Annex 11, the coastal areas with beaches of tourist interest such as La Concha
and Las Grandes Playas de Los Hoteles, can be preserved with protection based on the
contribution of sediments, this would lead to the destruction of the sediment-producing
habitat and the problem of its availability. It is interesting that the areas with natural
interest maintain their landscape, avoiding the placement of hard infrastructures to
maintain their scenic beauty.

In heavily anthropized areas, risk should be kept as controlled as possible, since many
lives depend on it. The most effective is hard protection, but in order to harmonize the
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landscape and / or services, it could be implemented with an advance system creating sun
and bathing areas where it corresponds to the current beach area and some adaptation
based on ecosystems that enriches the coastline. A good example is the project “2100
Climate Change Scenarios for the Barcelona Metropolitan Coast” carried out by Landlab
(Fig. 23), which rehabilitates a deteriorated area at the mouth of the Besos River creating
a space that integrates nature and leisure in the coastline of the city.

Figure 23 Landlab company project showing the current state of the Besos river delta in Barcelona,
(left) and future image after adapting the coastline to rise in sea level with a hybrid system that
integrates natural and leisure use with the urban landscap (right). (Source: Urbannext, 2020)).

As for the area of the UNELCO plant that supplies electricity to the entire island and is a
source of neighborhood complaints, the most convenient solution would be their eviction,
relocating and / or implementing sustainable energy systems, with the dual purpose of not
contributing to the increase of climate change and to avoid shortage problems caused by
extreme phenomena that are increasingly abundant.

CONCLUSIONS

1. The forecast of the progressive rise in sea level implies a well-anticipated planning
for the adaptation of the coastal zones, which must also foresee a continuous
increase for several centuries. The responses to be developed pose both a technical
and a governance challenge, both temporal and spatial scales imply the need for
great coordination and a multidisciplinary team that continually renew their
knowledge accordingly.

2. Adaptation is worked on a local scale to be effective since the characteristics of
each place will affect the level of increase and its effects; but also influences the
use that is given to the area both now and in the future.
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3. A fairly reliable estimate of the sea level projected for the year 2100 (~ 1 m) on
the island of Fuerteventura is the current astronomical tides.

4. Depending on the diverse uses of the coast, adaptation systems that are more
defensive or based on ecosystems can be implemented to preserve the landscape.
An example of the island's own natural ecosystem that can be used as adaptation
(EBa) is the Salt Marsh in Jandia.
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ANNEXES
Annex | List of acronyms

GMSL Global Mean Sea Level
MSL Mean Sea Level

RSL Relative Sea Level

SLR Sea Level Rise

RSLC Relative Sea-Level Change:
RSLR Relative Sea-Level Rise

GMSLR Global-Mean Sea-Level Rise

GMSLC Global-Mean Sea-Level Change

VLM Vertical Land Movement

NMMF Average Sea Level in Fuerteventura

RCP Representative Concentration Pathways

ESL Extrem Sea Level

HCE Historic Centenial extrem sea level Events

IPCC The Intergovernmental Panel on Climate Change
GIS Geographic Information System

DTM Digital Terrain Model
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Annex Il Tide gauge scheme and datum

TIDE CHART DATUM

ESQUEMA DATUM MAREOGRAFO REDMAR FUERTEVENTURA2

(cotas en metros)
GNSS

RADAR

CLAVO
“NGABMAREO (N)”

2.777 (2012)

4.269 (2012)

1.529 =4
(2011) .

CERO REDMAR

4.289 (2013)

47.639 (2018)

CERO HIDROGRAFICO

EH

Clavo NGAB MAREO (N): sobre el cantil en el tramo final del puerto pesquero de Puerto del Rosario, junto al
maredgrafo. / Over the dock at the end of Puerto del Rosario fishing port Tide guage
*NMMEF: Nivel Medio del Mar en Fuerteventura. Cero IGN./Average Sea Level in Fuerteventura. Zero IGN

aAvo EH: “Ellipsoidal Height”: altura elipsoidal (ETRS 89, IGN 2018)
“NGAB MAREO (N)"

Nota: La posicién relativa de Clavo y Maredgrafo esté simplificada. b g e T A EOATRE HOWLIOND Puertos del Estado
CUY Yrcevon taaara ~

Fuerteventura 2 Tide Gauge

Access to data Information Datums

Tide gauge bench NGAB-MAREO (N). Over the northwest corner of the
mark base of the lighthouse by the tide gauge

Datum REDMAR Harbour Datum

Datum height 4.27 m. under tide gauge bench mark

To convert it to be relative to National Datum (IGN): level - 1.492
To convert it to be relative to Chart Datum: level + 0.020

Levelling report Bench mark sheet

Puertos del Estado

Source (Puertos, 2020)
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Annex 111 Tide gauge data

NIVEL DEL MAR TOTAL/SEA LEVEL

LUGAR/LOCATION : Maseograls de Faerteventura 2 ANOS/YEARS @ 20042020
MUESTREO/SAMPLING : | Hoe EFICACIA/EFFIC. & 0404 %

18
16 4
1] 1,7
{ 12 16
E 10
& 15
g N
H
E 6 14
4 13
2 12
o 11
-169-139-109 -79 49 -19 11 41 71 101 131 161
nivel /Jevel (cm)
Diatom referidon o coro del puerto | Duta rederond to harbour datam

ROSA DE ALTURA SIGNIFICATIVA en SIMAR 422032039 en el periodo 2012~
2020

SIGNIFICANT HEIGHT ROSE at SIMAR Point 422032039 , period 2012-2020

LUGAR/LOCATION: SIMAR 422032039 MUESTREO/SAMPLING: 1Hor.
PERIODO/PERIOD: 2012-2020 INTERVALOINTERVAL: Giobal
EFICACIAEFFIC.: 8435% n CALMASICALMS.<02(m) : 4.88%

o »

w P S+ e
s
3%
% 3 Puertos del Estado
3>
sw SE
s

Altura sgnifcatival Sighcant height ( (m))
02-10
10- 20
20- 30
30- 40
40- 50

La eficacia del proceso de medida para el periodo selecionado fue de un 84,35 % de datos validos.
Las

son
Efficioncy: 84.35 % of valid data. Angles refer to coming-from directions

Source (Puertos, 2020)
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Annex IV Responses to rising mean and extreme sea levels

The table illustrates responses and their characteristics. It is not exhaustive. Whether a response is applicable depends on geography and context.

Confidence levels (assessed for effectiveness): seee = Very High ~ eee=High  ee=Medium o= low
Responses Potential Advantages Co-benefits Drawbacks Economic Governance
effectiveness efficiency challenges
in terms of reducing (beyond risk reduction)
sea level rise (SLR) risks
(technical/biophysical limits)
Up to multiple metres  Predictable levels of Multifunctional dikes  Destruction of habitat = High if the value of Often unaffordable for
of SLR {4.4.2.2.4} safety (4.4.2.2.4} such as for recreation,  through coastal assets behind poorer areas. Conflicts
oo or other land use squeeze, flooding & protection is high, as between objectives
{4.4.2.2.5) erosion downdrift, found in many urban (e.g., conservation,
lock=in, disastrous and densely populated  safety and tourism),
consequence in case of = coastal areas conflicts about the
Hard defence failure 4.4.2.2.7} distribution of public
protection {43.24,44225) budgets, lack of
finance {4.3.3.2,
44.2.2.6)
Sediment- Effective but depends  High flexibility Preservation of Destruction of habitat, = High if tourism Conflicts about the
based on sediment availability {4.4.2.2.4} beaches for recreation/ = where sediment is revenues are high distribution of public
protection (4.4.2.2.4) eee tourism {4.4.2.2.5} sourced {4.4.2.2.5) {4.4.2.2.7} budgets {4.4.2.2.6)
Coral Effective up to Opportunity for Habitat gain, Long-term Limited evidence on Permits for
conservation | 0.5 cmyr' SIR. ee community biodiversity, carbon effectiveness depends ~ benefit—cost ratios; implementation are
Strongly limited by involvement, sequestration, income  on ocean warming, Depends on population  difficult to obtain. Lack
Coral ocean warming and {4.4.23.1} from tourism, acidification and density and the of finance. Lack of
restoration | addification. enhanced fishery emission scenarios availability of land enforcement of
Constrained at 1.5°C productivity, improved | {4.335.2,4.4.23.2) {44.23.7) conservation policies.
warming and lost at water quality. EbA options dismissed
= 2°C at many places. Provision of food, due to short—term
2 {4.3.3.5.2,44.23.2, medicine, fuel, wood economic interest,
£ 5.3.4) eee and cultural benefits availability of land
-§ {4.4.2.3.5) 44.2.36)
g Wetland Effective up to 0.5-1 Safety levels less
8 conservation | cmyriSIR ee predictable,
£ decreased at 2°C development benefits
& (Marshes, not realized {4.4.2.3.5,
I e (4.33.5.1,44232, 4423.)
‘é 53.7) eve et
w
Wetland Safety levels less
restoration predictable, a lot of
land required, barriers
:r::;‘s;s) for landward expan—
sion of ecosystems has
to be removed
{44.235,4423.2}
Coastal Up to multiple metres  Predictable levels of Generates land and Groundwater salinisa— = Very high if land prices = Often unaffordable for
advance of SLR {4.4.2.2.4} safety {4.4.2.2.4) land sale revenues that  tion, enhanced erosion = are high as found in poorer areas. Social
eoe can be used to finance | and loss of coastal many urban coasts conflicts with regards
adaptation {4.4.2.4.5)  ecosystems and habitat = {4.4.2.4.7} to access and
{4.4.2.4.5) distribution of new
land {4.4.2.4.6)
Coastal Very effective for small ~ Mature technology; Maintains landscape Does not prevent Very high for early Early warning systems
accommodation SIR {4.4.2.5.4] eee sediments deposited connectivity {4.4.2.5.5]  flooding/impacts warning systems and require effective insti—
{Flood—proofing buildings, during floods can raise {4.4.255) building-scale tutional arrangements
early warmning systems for elevation {4.4.2.5.5} measures {4.4.2.5.7} (4.4.2.6.6}

flood events, etc.)
Planned
relocation

Retreat

Forced
displacement

Effective if alternative

safe localities are
available {4.4.2.6.4)
oo

Addresses only
immediate risk at place
of origin

: Oppenheimer et al., 2019)

Sea level risks at
origin can be
eliminated {4.4.2.6.4)

Not applicable

Access to improved

services (health,
education, housing),
job opportunities and
economic growth
{4.4.2.6.5)

Not applicable
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Loss of social cohesion,

cultural identity and
well-being. Depressed
services (health,
education, housing),
job opportunities and
economic growth
{4.4.2.6.5)

Range from loss of life

to loss of livelihoods
and sovereignty
(4.4.2.6.5)

Limited evidence
[4.4.2.6.7)

Not applicable

Reconciling the

divergent interests
arising from relocating
people from point of
origin and destination
[4.4.2.6.6}

Raises complex

humanitarian
questions on
livelihoods, human
rights and equity
{4.4.2.6.6}
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Annex V Cuestionario
Descripcidn detallada de las actividades desarrolladas durante la realizacion del TFT

La busqueda de informacion ha sido diversa y muy extensa, desde preguntar a diversos
profesores e investigadores sobre fuentes de informacion, como visitar el archivo
historico de la isla, y visitar las zonas a estudiar.

El volumen de informacién aportado por el IPCC (Panel Intergubernamental sobre el
Cambio Climatico) ha sido lento de aprender a gestionar y asimilar. Ademas se ha
obtenido informacion técnica de diversas fuentes oficiales con la complejidad que ello
conlleva.

Una vez aclarado el proceso a desarrollar para su aplicacion concreta en la isla de
Fuerteventura, se crean los mapas que muestran el aumento del nivel del mar. Para
comprobar que no hay errores se visita cada lugar y se habla con los residentes que
conocen la zona desde su infancia.

Formacién recibida (cursos, programas informaticos, etc.)

La asignatura optativa de cuarto curso “Técnicas de Informacion Geogréfica en el ambito
Geologico” conforma el aprendizaje para el uso de la herramienta con la que se generan
los mapas de las zonas afectadas.

El tutor ha realizado una clase sobre el programa utilizado, ya que es diferente del que se
ha usado a la largo del curso y es necesario familiarizarse con el interfaz.

Se ha realizado un curso oficial del programa utilizado que compone el inicio del méster
certificado de QGIS.

Asistencia al foro Océanos, Canarias y el Cambio Climatico

Nivel de integracion e implicacion dentro del departamento y relaciones con el personal.

El tema de este TFT ha sido totalmente libre, por lo que no estd asociado a ningun tipo
de departamento ni grupo de investigacion, siendo el personal méas allegado el propio
tutor, que siempre se ha mostrado dispuesto a guiar la labor desarrollada siendo un
impulso en los momentos de flaqueza.

La asociacion con la Reserva de la Biosfera mediante el cotutor, potencia la sinergia entre
universidad y sociedad, aportando importancia a este trabajo con valor para el ciudadano
comun.
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Aspectos positivos y negativos mas significativos relacionados con el desarrollo del TFT

Sin duda lo més positivo es la independencia y madurez adquiridas a lo largo del
desarrollo del TFT.

El hecho de manejar un gran volumen de informacién como es el IPCC era impensable
antes de esto.

Se desarrollan cualidades como aprender a detectar y corregir los propios errores, buscar
criterios externos que aporten un punto de vista diferente, ser autocritico, buscar
informacidn en diversas fuentes y detectar su fiabilidad, conocer los propios limites y
sobrepasarlos (0 no)

El hecho de no pertenecer a ningin departamento ha sido muy positivo por una parte,
pero también negativo por otra, ya que a veces se siente la necesidad de un equipo con el
que cuestionar la labor desarrollada. Esta carencia se ha solventado buscando un sinfin
de informacion que ha permitido desarrollar relaciones interpersonales, desde hablar con
profesores de diversas ramas y antiguos comparieros dedicados a la investigacion, a
preguntar a los vecinos o asociaciones de las zonas afectadas, conversar con técnicos de
la administracion publica e incluso resolver dudas con personal hidrogréfico del
Malaspina. En el transcurso de este proceso se ha obtenido informacion de diversa indole
sobre diversos problemas de distintas playas, que aunque no se relacionen con el tema de
trabajo desarrollado, aportan conocimiento.

El aspecto mas negativo ha sido la asimilacion, y conexién de un gran volumen de
informacion.

Valoracion personal del aprendizaje conseguido a lo largo del TFT.

La mayor satisfaccion ha sido trabajar en un tema que implica un beneficio para la
sociedad, la elaboracion de mapas crea un impacto visual capaz de llamar la atencién
tanto a dirigentes politicos como profesionales del sector o personas afectadas.

Este TFT ha sido motivo de crecimiento personal, madurez laboral e independencia, lo
cual es motivo de orgullo.

Actualmente se prevé una conferencia sobre este TFT mediante la Reserva de la Biosfera.
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