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Financing and implementation of adaptation measures to climate change along the 1 
Spanish coast. 2 

 3 

 4 

Abstract 5 

 6 

Understanding how we are adapting to climate change in coastal areas is an essential issue in 7 

the long-term coastal planning. While most of existing studies focus on mapping the current 8 

state of adaptation plans, there is a significant lack of studies on the current implementation of 9 

adaptation strategies. This study addresses this challenge by assessing how coastal adaptation 10 

is being financed and implemented in Spain. In the absence of a detailed roadmap for 11 

implementing the Spanish Strategy for Coastal Adaptation to Climate Change, we have 12 

analysed how adaptation has been and is currently being funded; which the rationale for 13 

investments along the territory is; how adaptation investments compare to regular coastal 14 

protection costs; and assessed when implemented measures are really adaptation ones. Our 15 

results show that the financing source clearly conditions the type of measures implemented, 16 

with those funded under the Environment Promotion Plan for Climate Change Adaptation 17 

(PIMA Adapta initiative) being dominated by classical coastal engineering actions, whereas 18 

ecosystem-related actions are mostly funded under the LIFE programme. In territorial terms, 19 

the Mediterranean coastal regions present the most important problems under current 20 

conditions and attract most of the funding. Most of the funded actions have been designed to 21 

solve current coastal problems, and although they indirectly contribute to adaptation by 22 

improving the coastal base status, they are not specifically designed for climate change. This 23 

misuse of the concept of adaptation measure will tend to the society to be overconfident about 24 

adopted actions whereas we are not progressing to real adaptation. To overcome this risk, it is 25 

necessary to have a clear roadmap for implementing adaptation measures together a proper 26 

financing structure.  27 

 28 
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1. Introduction 34 

 35 

Climate adaptation has become a core focus in the political agenda, with the goal of 36 

enhancing preparedness and the capacity to cope with climate change impacts (Biesbroek et 37 

al., 2010; Khan and Roberts, 2013). Indeed, EU Member States have started to develop 38 

national adaptation strategies requiring physical, social, and institutional measures to adapt to 39 

climate change, given the recognition that mitigation alone is insufficient to prevent impacts 40 

(Biesbroek et al., 2010). 41 

While adaptation strategies to climate change are necessary everywhere where significant 42 

impacts are expected, coasts are areas of special interest since they concentrate a series of 43 

characteristics related to their susceptibility to natural hazards, their exposure in terms of 44 

natural and human values, and the fact to be directly subjected to one of the most relevant 45 

climate-related changes, the accelerated rise in sea level (see e.g. Nicholls et al., 2007). As a 46 

consequence, coastal communities and infrastructures are likely to be affected and, therefore, 47 

coastal adaptation will be required on almost all populated coastlines in the world (Nicholls, 48 

2011). In fact, the European Climate Change Adaptation Strategy recognises coastal areas as 49 

one of the most at risk being priority areas to climate change adaptation (European 50 

Commission, 2013). In this sense, many studies state that adaptation costs would be lower 51 

than damage costs without adaptation for most developed coasts. As an example, the 52 

economic cost of coastal flooding has been estimated at 18 billion € under a scenario of 50 cm 53 

of sea level rise, but adaptation may significantly reduce changes to 1 billion €/year (EEA, 54 

2008). These issues are not limited to Europe, without adaptation, 0.2–4.6% of the worldwide 55 

population is expected to be flooded annually in 2100 under 25–123 cm of global mean sea-56 

level rise, with expected annual losses of 0.3–9.3% of the global gross domestic product 57 

(Hinkel et al., 2014).  58 

In spite of this, although numerous studies on coastal adaptation have been performed in 59 

recent years, most of them have focused on mapping the current state of adaptation plans (e.g. 60 

Araos et al., 2016; Gibbs, 2019; Pearce et al., 2018; Woodruff and Reagan, 2019), while a 61 

noticeable lack of studies on the implementation of adaptation does exist (e.g. Mimura et al., 62 

2014). Moreover, governments at all levels are expressing their intention to adapt, but not 63 

much progress is being made in terms of implementation (Berrang-Ford et al., 2011). One 64 

possible explanation is that the associated political risk of adaptation could act as a constraint 65 

(Ford et al., 2011; Gibbs, 2016; Lesnikowski et al., 2015). In fact, a review on early 66 
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implementation of adaptation plans by local governments has shown that they mostly adopt a 67 

reactive or event-driven approach, with a main focus on climate variability and current 68 

weather extremes rather than long-term climate change (Mimura et al., 2014).  69 

Furthermore, there is an increasing recognition that barriers to coastal adaptation are not 70 

technical or economic, but are largely financial and social (Hinkel et al., 2018). Indeed, while 71 

an adaptation finance gap is substantial across all sectors (UNEP, 2016), it is significant for 72 

coastal adaptation in particular, where currently, governments appear to be meeting only a 73 

fraction of the costs needs to ensure flood safety (Nicholls et al., 2019). Financing coastal 74 

adaptation is challenging for several reasons. First, coastal adaptation provides long-term 75 

stochastic benefits, whereas the costs of provision are large and upfront (Bisaro and Hinkel, 76 

2018), putting pressure on strained public budgets that need to consider opportunity costs of 77 

investment (Penning-Rowsell and Priest, 2015). Second, coastal adaptation involves high-78 

value coastal real estate, and adaptation measure values can affect amenity values, for 79 

example, sea walls may decrease the quality of ocean views, giving rise to rent-seeking 80 

behaviour by vested interests in blocking such measures (Beatley, 2012). Third, coastal areas 81 

are subject to multiple uses and diverse stakeholder interests. The resulting governance 82 

structures often result in overlapping or unclear public responsibilities (Storbjörk and Hedrén, 83 

2011), which act as a barrier to financing. Yet while the current literature has described and 84 

enumerated such barriers, often in individual case studies (Eisenack et al., 2014), less 85 

attention is dedicated to analysing coastal adaptation financing decisions at the national level 86 

to, for example, identify patterns in such decisions and the underlying drivers of such barriers. 87 

Therefore, a better understanding of the adaptation finance is necessary to better tailor 88 

appropriate solutions, as the overall expenditures for coastal adaptations will rise with the sea 89 

level, and must compete for resources with other concerns (Moser et al., 2018). As a 90 

consequence of all this, it seems clear that coastal adaptation needs to start earlier than 91 

anticipated to provide time to engage stakeholders, to enable effective decision making and to 92 

implement measures (Haasnoot et al., 2019).  93 

Within this context, Spain adopted the National Adaptation Plan to Climate Change (PNACC) 94 

and the Spanish Strategy for Coastal Adaptation to Climate Change (CAS hereinafter) in 2006 95 

and 2016, respectively. This is a statutory and multi-sectorial national planning strategy for 96 

climate change adaptation of coastal areas, with the aim of assisting in the decision-making 97 

process to plan for, implement and monitor adaptation actions (Losada et al., 2019). Thus, 98 

since Spain is starting to implement coastal adaptation actions, the assessment of these early-99 
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stage investments is important to put them in the context of long-term coastal planning. In this 100 

sense, it has to be considered that most of climate adaptation efforts reported worldwide deal 101 

with partial solutions and approaches to climate adaptation, rather than more full-scale 102 

implementation (see Mimura et al., 2014).  103 

Understanding coastal adaptation financing and implementation provides context for this 104 

paper, where the case of Spain is particularly interesting since it is considered as one of the 105 

top countries in Europe in terms of climate adaptation initiatives as well as in investments in 106 

coastal protection in general (Policy Research Corporation, 2009a; Lesnikowski et al., 2015, 107 

2016). Thus, it will be relevant to assess to what extent the implemented measures are 108 

consistent with the established policy goals and plans. In the absence of an approved roadmap 109 

to implement measures included in the CAS, it is worthy to identify the existence of a 110 

rationale behind the spatial distribution of investments at this early stage. As previously 111 

mentioned, Mimura et al. (2014) concluded that many early implementations of adaptation 112 

plans have a main focus on climate variability and extremes rather than long-term climate 113 

change. In this context, it is also relevant to assess if current implementation measures along 114 

the Spanish coast are really adaptation measures, or their targets are current coastal problems 115 

but financed under the umbrella of adaptation financing initiatives (PIMA-Adapta) as a matter 116 

of opportunity. This should be noted in the time evolution of total investments in coastal 117 

protection in the near future.  118 

To our knowledge, no previous studies have provided an in-depth analysis of current 119 

investments in coastal adaptation measures for climate change at national level in general, and 120 

along the Spanish coastline in particular. Therefore, the main goal of this paper is to assess the 121 

current progress of Spain in implementing coastal adaptation measures to climate change. To 122 

this end, we have analysed how Spain is currently financing coastal adaptation; which 123 

measures within the CAS are currently being implemented; the extent to which measures 124 

already implemented are actually adaptation measures; and how the current investments in 125 

coastal adaptation measures compare with the occurrences of current “regular” coastal 126 

protection measures (without climate change). Finally, based on this analysis, we will provide 127 

policy recommendations on possible adjustments and the investment pattern required for an 128 

efficient long-term implementation of adaptation measures for climate change along the 129 

Spanish coast. 130 

 131 



5 
 

2. Study area 132 

2.1 Study area 133 

The Spanish coastline (Figure 1) is approximately 7,900 km long, and comprises a high 134 

diversity of coastal environments including cliffs, rocky coasts, embayed beaches, long 135 

beaches, estuaries, swamps, dunes and deltas, along three main climate areas (Mediterranean, 136 

Temperate-Atlantic, Subtropical-Canary Islands). In general terms, the Mediterranean area 137 

has the largest abundance of beaches, whereas the Atlantic area presents the largest extension 138 

of cliff areas.  139 

< Figure 1 > 140 

From an administrative standpoint, this coastline extends along 10 autonomous communities 141 

and 2 autonomous cities, comprising 20 coastal provinces and 487 municipalities. 142 

Approximately 40% of the Spanish coastline is urban, 7% is occupied by port facilities, 3% is 143 

occupied by industrial facilities and 8% is used for farming (Orts, 2016). The Spanish coast is 144 

also an area of high concentration of population, with approximately 45% of the national 145 

population living in coastal municipalities, which only represent approximately 7% of the 146 

territory. Table 1 shows an overview of the main physical and socioeconomic indicators of the 147 

Spanish coastal zone. 148 

 149 

< Table 1 > 150 

 151 

The combination of a long coastline, where inundation and erosion-induced problems are 152 

already frequent under current climate conditions (e.g. Del Río et al., 2012, 2013; Jiménez et 153 

al., 2012; Jiménez and Valdemoro, 2019;  Rodríguez-Ramírez et al., 2003; Sanjaume and 154 

Pardo, 2005) and high human pressures concentrating values along the coast, makes the 155 

Spanish coastline a vulnerable environment to climate change-induced flooding and erosion. 156 

Nevertheless, coastal vulnerability significantly varies along the territory as a function of 157 

physical and socioeconomic characteristics. A national assessment of the expected impacts 158 

induced by climate change along the Spanish coast is given by Losada et al. (2014), who 159 

found that coastal systems were especially sensitive to the effects of sea-level rise and other 160 

factors such as rising water surface temperatures, acidification, and changes in storm surge. 161 

The obtained results have been used by the Spanish Office of Climate Change (OECC) to 162 

identify adaptation needs in the Spanish coastline as well as the required actions. Additional 163 
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site specific assessments of sea level rise-induced impacts along the Spanish coasts can be 164 

found in Enríquez et al. (2017), Jiménez et al. (2017), López-Dóriga et al. (2019),  Martínez-165 

Graña et al. (2018), Toimil et al. (2018), among others. 166 

 167 

2.2. Administrative framework for coastal risk and climate change adaptation 168 

Formally, in Spain, the OECC holds the competences in adaptation to climate change policy-169 

making, assessment, and implementation at the national level, among other climate change-170 

related issues. These aspects included in the responsibilities of the Secretary of Environment 171 

within the Ministry for the Ecological Transition (MITECO hereinafter, formerly Ministry of 172 

Agriculture and Fisheries, Food and Environment).  173 

In 2006, OECC developed the PNACC, which is the framework for coordinating the Spanish 174 

public administration to carry out actions to evaluate the impacts, vulnerability, and 175 

adaptation to climate change in Spain (OECC, 2006). This plan is implemented through work 176 

programmes, where priority activities to be addressed are covered. The current programme 177 

(WP3) was adopted in 2013 (OECC, 2014).  178 

Competences on management in the coastal zone in Spain are distributed between different 179 

administrations, i.e. central government, autonomous communities and municipalities, with 180 

the central government playing the most important role. The autonomous communities have 181 

the administrative competence for urban planning in the coastal zone, whereas the national 182 

General Directorate for Sustainability of the Coast and the Sea (DGSCM hereinafter) is the 183 

administrative body for ruling and managing the maritime-terrestrial public domain. The 184 

DGSCM lays out and implements the coastal management policy that is applied in situ by 185 

their administration’s peripheral services, known as coastal demarcations, to address 186 

identified coastal problems/issues along the Spanish coast. Thus, the central government has 187 

the competences in coastal protection along the entire Spanish coast and, in this sense, the 188 

funding for coastal protection is provided through the DGSCM.  189 

With regards to the coastal zone, as a result of one of the obligations of the Law 2/2013 for 190 

the protection and sustainable use of coasts and amendment of the Spanish Coastal Act 191 

22/1988, the DGSCM developed the Spanish Strategy for Coastal Adaptation to Climate 192 

Change   (CAS hereinafter, as mentioned above). This national strategy was officially 193 

approved after a positive strategic environmental assessment in 2016 (DGSCM, 2016). It 194 

indicates different degrees of coastal vulnerability and risk along the entire Spanish coastline, 195 
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and it identifies measures to address potential effects (Losada et al., 2019). This strategy is 196 

being downscaled to the regional level by developing specific strategies for coastal regions, in 197 

a process controlled by autonomous regions. In addition to this, the DGSCM has also 198 

developed several (five already done, two in progress) dedicated strategies to the protection of 199 

the coast in areas currently experiencing large erosion problems. These strategies diagnose the 200 

problem, prioritise areas to be protected, and propose different alternatives to address the 201 

problem, which are in line with measures considered in the CAS. 202 

 203 

3. Materials and methods 204 

3.1 General methodological framework 205 

As it has been already mentioned, the lack of comprehensive studies about implementation of 206 

adaptation measures at large scale, the characteristics of the information to be analysed, and 207 

the type of data to be analysed have driven us to design a methodological framework to be 208 

used in the analysis. The practical goal of the methodology is to get a country profile on the 209 

implementation of coastal adaptation measures. The proposed methodological framework 210 

serves to answer different questions contributing to get such profile and it is schematised in 211 

Figure 2. It consists of three main steps: (i) the creation of a database on implemented 212 

adaptation measures; (ii) the compilation of data to characterize regions where we are 213 

adapting and to describe the context of current investments in coastal protection; and (iii) the 214 

analytical module where data are analysed to answer target questions.   215 

 216 

< Figure 2 > 217 

 218 

3.2 Data compilation  219 

The first part of the methodology consists of the compilation and analysis of investments in 220 

adaptation measures along the Spanish coast that have been explicitly (and officially) 221 

designed to address adaptation to climate change. To this end, we have built a database of 222 

measures implemented along the different coastal regions of Spain, where we compiled the 223 

types of measures, locations, budgets and funding agencies. There are two main financial 224 

sources for coastal adaptation actions in the Spanish coastal zone: the central government 225 
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through the PIMA Adapta programme, established under the PNACC, and the EU, through 226 

the LIFE programme. 227 

The PIMA Adapta programme was implemented in 2015 by the Spanish government to fund 228 

adaptation projects related to water resources, coastal areas, and biodiversity in National 229 

Parks. It is operated by MITECO through the OECC. With respect to coastal adaptation, this 230 

initiative covers a wide range of actions to restore coastal habitats and stabilise the shoreline, 231 

with the objective of reducing vulnerability to the effects of climate change. It also includes 232 

information regarding resources and uses of the territory, as well as vulnerability studies on 233 

the coast for developing regional adaptation plans. PIMA Adapta actions in coastal areas are 234 

managed by two different entities. In particular, adaptation measures implemented in the 235 

Maritime-Terrestrial Public Domain are handled by DGSCM. In contrast, the budget allocated 236 

to developing detailed vulnerability studies, as well as regional adaptation strategies, is 237 

distributed to coastal autonomous communities.  238 

Data on investments through PIMA Adapta programme have been collected from information 239 

provided by the OECC, as well as from analysing information provided by the DGSCM on 240 

the budget distribution per fiscal year. In the latter case, only measures directly funded 241 

through the PIMA Adapta programme are accounted for. Thus, for instance, a given type of 242 

adaptation measure, such as beach nourishment, can be funded through the regular annual 243 

budget, or through PIMA Adapta. Table 2 shows some examples of different adaptation 244 

measures conducted by the DGSCM through the PIMA Adapta programme.  245 

 246 

< Table 2 > 247 

 248 

The second major source for funding adaptation measures to climate change is the LIFE 249 

programme. This is an EU programme for the environment, nature, and climate action, and 250 

has funded more than 2,600 projects since 1992. Its overall objective is to contribute to the 251 

implementation, updating, and development of environmental policy and legislation for the 252 

EU by co-financing relevant projects. This is a competitive process, and the European 253 

Commission launches periodic calls for proposals under selected "priority areas" according to 254 

a work programme. Usually, the EU co-financing rate is 50%, except in cases where projects 255 

focus on concrete conservation actions for priority species or habitats, where co-financing can 256 
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increase up to 75%. The beneficiaries are public and private bodies and the objectives, tasks, 257 

and actions for different involved stakeholders, as well as financial responsibilities, are 258 

established through a grant agreement. These beneficiaries contribute to the remaining part of 259 

the budget.  260 

To identify LIFE-projects that directly contribute to adaptation to climate change in Spain, the 261 

LIFE programme database was searched for projects in Spain with selected keywords (for 262 

example, coastal areas, adaptation, climate change). In this work, we only consider LIFE-263 

funded projects from 2010 onwards, covering the period of PIMA Adapta implementation as 264 

well as some additional years during which society became more concerned regarding 265 

potential impacts of climate change. In this respect, the second work programme (WP2) of the 266 

PNACC, which is considered as a significant step for systematically addressing adaptation to 267 

climate change in Spain (OECC, 2009) was adopted in 2009. The LIFE projects classified 268 

here as investments in adaptation in the Spanish coastal zone are listed in the supplementary 269 

material, Table S1. We report on the sum of the EU contribution and co-financing from the 270 

partners. 271 

In addition to collecting data on the funding of coastal adaptation measures, we also compiled 272 

data on the current expenditures on protection, so as to characterise the current needs to 273 

maintain, protect, and preserve the Spanish coast (referred to as regular budget). These 274 

expenditures are covered by the Spanish government through the DGSCM. Data have been 275 

collected from information provided by the DGSCM and the national general budgets on 276 

budget distribution per fiscal year and per coastal protection objective. These yearly budgets 277 

included an amount to be used for emergencies, usually associated with measures to cope with 278 

damages induced by the impact of storms. Since 2014, the DGSCM has launched yearly 279 

programs, called Plan Litoral, for funding emergency measures to repair storm-induced 280 

damages along the Spanish coast. This program is only launched in years where the frequency 281 

or intensity of storms induce very significant damage along the Spanish coast, as was the case 282 

in 2014, 2015, 2017, and 2018. Expenditures in this program have been compiled from 283 

information provided by the DGSCM characterising the current investment needs to 284 

compensate for storm-induced damages under current climate conditions. 285 

 286 

3.3 Data analysis 287 
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The data analysis focuses on identifying the dominant measures and geographical rationales 288 

for investments during the first years of the implementation of the PNACC. This is completed 289 

by characterising the current context of expenditures for maintaining and preserving the 290 

Spanish coastal zone during the last decade, from 2010 to 2018.  291 

Investments in adaptation measures were classified according to the CAS, which is consistent 292 

with the International Panel on Climate Change (IPCC) AR5 (Noble et al., 2014). It classifies 293 

actions into three major categories: (i) structural-physical, (ii) social, and (ii) institutional, and 294 

into three sub-categories based on the typology and purpose: (i) protection, (ii) 295 

accommodation and (iii) retreat. In total, the CAS considers 26 different adaptation actions, 296 

which are classified according to these two criteria (supplementary material, Table S2). 297 

Measures already implemented along the Spanish coast and funded under PIMA Adapta and 298 

LIFE projects were classified according to these criteria. 299 

Finally, measures were grouped in more generic classes to simplify the classification (see 300 

supplementary material, Table S3), including the combination of different options (mixed 301 

type), and a class for actions where their typology was not specified (without specifying the 302 

type). The distribution of expenditures per type for each project is determined according to the 303 

provided description. When it consists of more than one measure, the investment is assigned 304 

the following budget details. In the case of projects executed in different coastal regions (this 305 

is especially applicable to LIFE projects), the budget is split accordingly, to obtain 306 

corresponding regional values. 307 

To put investments in coastal adaptation measures into a general context, we compare them 308 

with current expenditures in coastal protection during the last decade. Current expenditures in 309 

coastal protection by the DGSCM were classified in terms of their main official objectives. To 310 

make a consistent comparison to investments in coastal adaptation, we identified expenditures 311 

associated with objectives directly covered by the CAS (see supplementary material, Table 312 

S4). 313 

To characterise the geographical distribution of investments in coastal adaptation, the 314 

compiled data are aggregated within each coastal region. Thus, regional values of total 315 

investments and investments per type of measure were obtained for PIMA Adapta and LIFE 316 

projects.   317 

To investigate the rationale behind the geographical distribution, we analyse the relationship 318 

between the distribution of investments and selected regional indicators characterising spatial 319 



11 
 

scale, economic importance, and coastal vulnerability. These indicators are the coastline 320 

length and GDP of the coastal provinces of each region, whereas the vulnerability of each 321 

region is characterised by using an integrated value of the coastal vulnerability index (CVI), 322 

as calculated by López-Royo et al. (2016). This is a slightly modified version of the Gornitz 323 

and Kanciruk (1989) index to characterize the vulnerability of coastal areas to coastal hazards 324 

including SLR, particularly due to erosion and/or inundation. This is formulated in terms of a 325 

series of variables such as geomorphology, coastal slope, shoreline evolution, relative sea 326 

level rise, wave climate and tidal range. 327 

 328 

4. Results 329 

4.1 Investments in coastal adaptation  330 

The total investment in coastal adaptation to climate change during the analysed period 331 

(2010–2018) in the Spanish coastal regions has been estimated at 56 M €, from which 57% 332 

was funded by the Spanish national initiatives under the PIMA Adapta program. The 333 

remaining parts were funded through LIFE projects, which are co-funded by the EU 334 

Commission and Spanish administration (local, regional and national). If we normalise these 335 

investments for the covered period by each source, the average current investment in coastal 336 

adaptation in Spain is approximately 8 M €/year using national funds, and 2.6 M €/year using 337 

LIFE project funds (considering both EU and partner contributions).  338 

Figure 3 shows the distribution of such investments according to the type of measures along 339 

the Spanish coast. Approximately 40% of the total budget was dedicated to social and 340 

institutional measures. Here, the main efforts were devoted to financing research projects and 341 

studies aimed at developing regional adaptation plans and analysing adaptation options 342 

(11.8%), as well as at evaluating services provided by coastal ecosystems (14.2%). Although 343 

the analysed period covers the early stages of the funding strategy, approximately half of the 344 

total budget was used to implement structural measures (44.9%) dominated by nature-based 345 

solutions and soft measures, representing 23.1% and 14.7% of the investment, respectively. 346 

One interesting result is that the types of measures funded differ strongly between the two 347 

funding sources. Structural measures funded through the national adaptation plan consist of 348 

soft measures (mostly beach nourishment), nature-based solutions and hard defences (21.6%, 349 

14.4%, and 8.7%, respectively). When these type of measures are considered under the 350 
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umbrella of LIFE funding, the role played by nature-based measures increases up to 34.6%, 351 

that of soft measures decreases down to 5.5%, and no hard measures are considered.  352 

With respect to social and institutional actions, there is also a significant difference between 353 

funding sources. The LIFE funding clearly promotes this type of social and institutional 354 

actions, with approximately 60% of the investment dedicated to projects to evaluate and 355 

protect ecosystem services and to define protected areas. In contrast, 24.2% of the national 356 

funding was purely for social actions, with an absence of institutional measures. 357 

Approximately 15.5% of funds were not associated with specific types of measures, owing to 358 

a lack of relevant information. 359 

 360 

< Figure 3 > 361 

 362 

4.2 Geographical distribution of investments in coastal adaptation  363 

The geographical distribution of the investments in coastal adaptation along the Spanish 364 

coastline is shown in Figure 4. Most of the funding was allocated to the Mediterranean coastal 365 

zone, with the largest three regions (Andalusia, Catalonia and Valencia) concentrating 366 

approximately 73% of the regional investment distributed among the coastal regions (56% if 367 

total investment, as 12.83 M € are destined for measures that are not associated to a specific 368 

region). This is partially owing to the fact that these regions have successfully attracted LIFE 369 

funds. As an example of this, approximately 70% of the total investment in Andalusia and 370 

Catalonia has been obtained through LIFE funding, with important coastal adaptation projects 371 

such as LIFE-Adaptamed and LIFE-Pletera having been implemented. These regions also 372 

concentrate the largest investment (56%) of the national PIMA Adapta program along the 373 

Spanish coastline since 2015. In contrast, Murcia, Ceuta, and Melilla present the lowest 374 

investments in coastal adaptation, with all actions being supported through national funds. 375 

 376 

< Figure 4 > 377 

 378 

Figure 5 shows the distribution of investments and selected regional indicators. When 379 

investments in a region are related to coastline length, there is an apparent direct relationship, 380 

i.e. the larger the shoreline, the larger the investment. However, when all data are considered, 381 
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they are not significantly statistically correlated (Figure 5A). This lack of correlation is caused 382 

by two groups of regions which depart from this general trend: (i) regions with a highly-383 

indented coastline which results in a very large length (Galicia, Canary, and Balearic Islands), 384 

and (ii) regions comprised by an autonomous city, which results in a very short length (Ceuta 385 

and Melilla). When these regions are removed from the analysis, a very strong correlation is 386 

obtained (r
2
 = 0.94) between investment and coastline length.  387 

When investments are related to the economic importance of coastal provinces within each 388 

region, again a direct relationship is noted, i.e., the larger the regional coastal GDP, the larger 389 

the investment (Figure 5B). In this case, the entire dataset follows the trend and they show a 390 

moderate correlation (r
2
 = 0.57). In spite of this, Andalusia behaves as an outlier, receiving an 391 

investment much larger than expected according to its GDP. If this region is removed, the 392 

obtained correlation between investment and coastal GDP significantly improves (r
2
 = 0.91). 393 

Finally, investments in coastal adaptation in each region were related to an overall measure of 394 

coastal vulnerability. To this end, we have used the previous results obtained by López-Royo 395 

et al. (2016) who characterised the vulnerability of the continental Spanish coastline 396 

(excluding islands and autonomous cities in North Africa) by using a modified version of the 397 

CVI. Figure 5C shows the investments in each region versus their average CVI values. As can 398 

be seen, regions with the largest investments (Andalusia, Catalonia, and Valencia) are 399 

classified as high or very-high vulnerability coastlines, as these areas contain the largest 400 

extensions of uninterrupted sandy beaches. Despite the fact that this vulnerability computation 401 

was not used as a decision criterion for distributing funding, the investment in each region is 402 

strongly correlated to its vulnerability degree (r
2
 = 0.77). In other words, the larger the coastal 403 

vulnerability, the larger the investment. 404 

 405 

< Figure 5 > 406 

 407 

4.3 Investments in coastal protection  408 

To put investments in coastal adaptation measures into a general context, expenditures in 409 

coastal protection in Spain during the last decade are analysed.  410 

Figure 6 shows the evolution of annual expenditures in coastal measures funded by the 411 

DGSCM since 2010. There is a significant drop in total expenditures after 2010, decreasing 412 
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by about 120 million € in just two years, to reach a nearly constant annual investment in 413 

regular coastal actions of 61 M €/year since 2012. Here “regular” means expenditures without 414 

including storm recovery investment specific budget items (Plan Litoral). However, most of 415 

this sharp decrease (approximately 70%, 84 M € in two years) was incurred under an 416 

objective of “improve and ensure the public and free use of the coast”, which is not directly 417 

related to the measures covered by the CAS (see supplementary material, Table S4). If we 418 

only retain the annual expenditures in measures related to adaptation options included in the 419 

CAS (see supplementary material, Table S4), the current investments in coastal protection 420 

were not so severely affected (blue line in Figure 6).  421 

 422 

< Figure 6 > 423 

 424 

Since 2014, the DGSCM budget has stabilised at a value approximately 55% lower than in 425 

2010 (Figure 6), with an average annual expenditure of 64 M €/year. From that 64 M €/year, 426 

approximately 40 M €/year is devoted to coastal protection projects related to options 427 

included in the CAS (supplementary material, Table S4). In addition, during this period, the 428 

DGSCM has also had an average annual investment of 26 M €/year in emergency measures. 429 

Considering both contributions, i.e. coastal protection measures including Plan Litoral, the 430 

average annual investment of the DGSCM under current conditions to maintain and preserve 431 

the Spanish coast is approximately 66 M €/year. 432 

 433 

 434 

5. Discussion 435 

In this work, we have done a first evaluation of current expenditures in adaptation measures to 436 

climate change along the Spanish coast. Until present, most of activities related to coastal 437 

adaptation in Spain were related to assessing impacts and vulnerability, capacity building 438 

actions and developing plans and strategies (e.g. European Commission, 2018). In this 439 

respect, the number of adaptation initiatives and actions to climate change placed Spain as 440 

one of the top countries in Europe and even worldwide (Lesnikowski et al., 2015, 2016). As a 441 

result of these investments, the PNACC and the CAS were approved in 2006 and 2016 442 

respectively (Losada et al., 2019). This has opened a new period for investments, in such a 443 
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way that specific adaptation measures began to be funded along the Spanish coast. In what 444 

follows, these initial investments are discussed. 445 

Nonetheless, results presented in this study must be interpreted with caution and a number of 446 

limitations should be borne in mind. On the one hand, methodology limitations related to the 447 

lack of previous studies hamper further elaborations on previous findings. To our knowledge, 448 

this work is the first assessment on coastal adaptation investments in Spain at this early stage 449 

of implementation. Also, the absence of an official database reflecting all investments in 450 

coastal adaptation to climate change, drives us to compile these data from different official 451 

sources of information. In this sense, when information on given implemented measures 452 

exists we are sure that they took place. But, the non-presence of such information does not 453 

necessarily imply that it does not exist. However, due to the obligations of the Administration 454 

to officially report annual investments, we assume possible deviations to be small enough. 455 

Thus, our findings can be considered reliable and valid in the sense they have been obtained 456 

from reliable sources although, formally speaking, they would represent the minimum 457 

investment made on coastal adaptation to climate change.  458 

 459 

5.1 Is so-called adaptation really adaptation?   460 

Nature-based related measures have been mostly funded under the LIFE program, whereas the 461 

PIMA Adapta program has shown a larger focus on classical coastal engineering actions 462 

(unless sediment-based measures are considered as nature-based ones). The bias of LIFE 463 

projects to this type of measure is owing to the environmental protection orientation of the 464 

program. On the contrary, although the PIMA Adapta also considers this type of measure, this 465 

early-stage funding has been mainly concentrated in classical coastal engineering measures, 466 

which are used most often to tackle current coastal problems. As coastal management in Spain 467 

is mainly oriented for supporting recreation and protection functions and most of the 468 

investments are in urban coastal zones, these approaches are often seen to be the most cost-469 

effective measures. Gibbs (2016) also found that in terms of budget allocation, large-scale 470 

coastal protection infrastructure is typically government funded. Thus, one question left open 471 

by our analysis whether the funded projects have really been designed as an adaptation 472 

measure to climate change, or simply as short-term protection measures for solving current 473 

problems.  474 



16 
 

Funded measures based on beach nourishment have been generally designed to tackle current 475 

problems, providing continuity to previous works undertaken by the DGSCM where the 476 

official objectives were shoreline stabilization and coastal protection. A typical example is the 477 

nourishment of the Benifali beach (Castellón, Valencia region) in 2017, an area that has been 478 

identified as a coastal hotspot for the impact of storms (CEDEX, 2015). The budget allocated 479 

to PIMA Adapta was approximately 1 M €, which is approximately 27% of all of the 480 

investments in the Valencia region within the programme. The planned and executed works 481 

were designed to recover the beach functionality under current climatic conditions, and they 482 

did not account for the potential excess of erosion owing to sea level rise. Thus, although the 483 

measure can be considered as effective in recovering the beach, it cannot formally be 484 

considered as an adaptation to climate change. In other words, even without climate change, 485 

this measure had to be enacted. This can be extended to nearly all nourishment operations 486 

funded until present under PIMA Adapta.  487 

One of the few nature-based measures funded under PIMA Adapta is dune building (and 488 

vegetating). An example of this is an artificial dune in the Tordera delta coast (Barcelona, 489 

Catalonia region) in 2016. This is a coastal hotspot subject to large erosion rates and 490 

susceptible to inundation during storm impacts (Jiménez et al., 2017), and is classified as a 491 

priority area within the Maresme Strategic Plan (CEDEX, 2014). The budget funded through 492 

PIMA Adapta was 0.15 M €, and it was the only physical measure funded through the 493 

programme in the Barcelona province. The dune was built during the first part of 2016 and, 494 

owing to the impact of storms on January/February 2017, it was destroyed at its northern part, 495 

where the beach was narrowest. The dune was essentially designed to prevent inundation of 496 

the hinterland during the incidence of storms and, owing to local conditions, it will hardly 497 

survive unless a minimum beach width is maintained in front of the dune. In spite of the fact 498 

that sediment eroded from the dune will contribute to the beach sediment budget, its 499 

mobilization at a very short-term scale hardly permits an assumption that it plays a 500 

quantifiable role in long-term coastal adaptation to sea level rise if no continuous maintenance 501 

is performed. 502 

These examples of physical adaptation measures funded under PIMA Adapta have the 503 

common characteristic of being executed in areas experiencing problems under current 504 

climatic conditions, whereas the DGSCM actively invests in coastal protection. In fact, most 505 

of these actions have not been executed in an isolated manner, but they were a part of other 506 

concurrent protection works at such locations. Thus, although formally they were contributing 507 
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to adapting the coast to climate change by improving its current state, the reality is that they 508 

had to be executed, even absent climate change. In other words, they were officially labelled 509 

as an adaptation measure (funded under PIMA Adapta), but they were mostly designed to 510 

solve current problems.  511 

When these measures are considered in a long-term perspective (e.g. Hinkel et al., 2013), such 512 

as that associated with climate change adaptation, additional elements have to be considered. 513 

Thus, to enable nourishment as an effective long-term adaptation option, the existence of 514 

strategic sediment reservoirs (Marchand et al., 2011) to obtain the required present and future 515 

volumes is needed (e.g. Jiménez and Sanchez-Arcilla, 2019). Moreover, the design and 516 

execution are also key elements to be considered, i.e. continuous versus massive 517 

nourishments. An example of this is the Sand Motor project in the Netherlands, where 518 

approximately 21 M of m
3
 of sand was supplied to the coast during a period of six months to 519 

counteract coastal erosion during a period of approximately 20 years (see details in Stive et 520 

al., 2013). According to the corresponding study, this would be more efficient, economical, 521 

and environmentally friendly in the long-term than traditional beach nourishments. By 522 

depositing a large amount of sand in a single operation, short-term replenishment would be 523 

unnecessary, thus avoiding repeated disruptions of the seabed, as well as decreasing unit 524 

dredging costs and taking advantage of financing opportunities (e.g. Stronkhorst et al., 2018).  525 

This is also applicable to implementing hard measures, where functional designs under 526 

current conditions are not necessarily valid for future ones (e.g. Arns et al., 2017). A clear 527 

example of redesigning for future conditions is the Thames Barrier and its associated 528 

defences, which need to be upgraded to maintain the same level of protection. Despite being 529 

initially designed to resist flooding from storm surges, the Thames Estuary 2100 project 530 

proposed a strategy based on different adaptation pathways, depending on the rate of sea level 531 

rise (Environment Agency, 2009). Hall et al. (2019) suggest that the most cost-effective and 532 

robust adaptation pathway involves moving the Thames Barrier 17 km towards the sea if the 533 

mean sea level rises 2 m above the present level.   534 

An example of a nature-based solution is the recovery of the ecological functionality of the 535 

coastal lagoon system of La Pletera (Girona, Catalonia, Mediterranean). This is an action 536 

funded through the LIFE programme (supplementary material, Table S1) and aiming to 537 

restore the integrity of a coastal lagoon system that was altered by abandoned infrastructure, 538 

by deconstructing built-up areas and restoring previous wetlands and their ecological 539 
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functioning. The total investment was 2.5 M €, from which 75% was funded by the EU. 540 

Different local stakeholders, led and coordinated by the Torroella de Montgrí municipality, 541 

supplied the rest of the investment. The origin of the project is a former study launched and 542 

funded by the DGSCM in 2007 to recover the ecological functionality of the area. They also 543 

modified the land planning to incorporate a previously urban-delineated zone to the public 544 

domain. The project has been fully executed and, in addition to the physical measures, it 545 

included a concerted communication, education and awareness-raising strategy. Although the 546 

objective is essentially based on ecological restoration, the adopted approach, which enhances 547 

the accommodation space in the area, can be easily included in any long-term adaptation 548 

scheme to climate change.  549 

In this context, it has to be considered that recovering coastal ecosystem functionality, 550 

together with the generation of space is the basis of the development of ecosystem-based 551 

solutions for coping with global change (e.g. Temmerman et al., 2013). Until now, the 552 

implemented measures have only been placed in uninhabited areas, which certainly avoid 553 

social conflicts. However, when using as an adaptation measure to reduce future risks, this 554 

measure would imply affecting the local population and as such, it may have social 555 

implications of different degree depending on each case (Hino et al., 2017). In this context, 556 

the Spanish experience in redefining coastal setbacks so as to free occupied space in the 557 

coastal zone to apply to the Spanish Coastal Act is quite disappointing. In most of the cases, it 558 

becomes a very long administrative process, in which the affected population uses all possible 559 

judicial resources to avoid being relocated. In practice, this implies that in addition to space, 560 

time is one of the most important resources for implementing adaptation measures based on 561 

coastal retreat (Jiménez, 2019). Thus, if this option is going to be considered, it should be 562 

recommended to start the usual long administrative process and the negotiating process with 563 

the affected population as soon as possible. This also illustrates that social and institutional 564 

measures are useful and needed, not only at the early stages, but also throughout the entire 565 

adaptation process. However, their weight in the allocation of adaptation expenditures has to 566 

decrease progressively in benefit to the other types of structural-physical initiatives. 567 

 568 

5.2 What drives the spatial distribution of adaptation investments? 569 

According to the gathered data, the regions with highest current investments in adaptation are 570 

located along the Mediterranean coast (Andalusia, Catalonia and Valencia). These regions 571 
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present some common features such as relatively long coastlines, high coastal GDP, and high 572 

coastal vulnerability. They are among the most visited regions by tourists and, considering the 573 

dominant role of sun and sand tourism (Aguiló et al., 2005), beaches are one of the main 574 

resources for economic development (Rigall-i-Torrent et al., 2011). These characteristics seem 575 

to indicate some rationality regarding investments, i.e. more vulnerable and/or economically 576 

important coastal regions can concentrate investments to progress towards better adaptations 577 

to climate change. In any case, it has to be considered that a significant part of the accounted 578 

investments are from LIFE funding (Figure 3), and to access them, regional stakeholders must 579 

participate in a competitive process which requires an active role. These regions caught more 580 

than 80% of the accounted LIFE funds, with Andalusia being the most successful region.      581 

At the other end of the spectrum, two of the regions with the longest coastlines, the Spanish 582 

archipelagos of the Canary and Balearic Islands, are among the areas with the lowest current 583 

investments in adaptation. These types of insular territories are, however, also especially 584 

vulnerable to climate change (e.g. Mimura et al., 2007). Moreover, landscape transformation, 585 

associated with the dominant role of the tourism industry, has further increased the 586 

vulnerability of those islands (e.g. Pérez-Chacón et al., 2019; Roig-Munar et al., 2019). A 587 

possible explanation for such apparent underfunding could be associated to the fact that most 588 

of the existing beaches in these territories do not present significant problems of stability, and 589 

erosion is one of the major drivers in DGSCM investments in coastal protection. However, 590 

current problems related to landscape transformation and urban development are beyond the 591 

DGSCM competences, and although they can interact with climate change-induced problems, 592 

they are apparently not perceived as such. In any case, this apparent underfunding should be 593 

corrected, so as to account for territorial specificities in the near future. 594 

One of the key elements in properly distributing investments in coastal adaptation to climate 595 

change is the existence of specific adaptation plans downscaled at the regional level, where 596 

local impacts, needs and measures are clearly defined. Once this is available for all coastal 597 

regions, solid criteria for funding distribution could be established. Without this, current 598 

investments are usually distributed using criteria based on current protection needs and, some 599 

generic elements, such as coastline length. In some way, this replicates the results obtained by 600 

Policy Research Corporation (2009a) when analysing coastal protection expenditures in the 601 

EU, which found that a small group of countries concentrated most of the investments (Spain 602 

was one of them). Countries more advanced in coastal protection and climate adaptation are 603 

in general those that are most affected by coastal hazards, and that have experienced severe 604 
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weather events in the past. This can be observed specially in the North Sea countries 605 

concerned with flood risk, with the UK and the Netherlands as forerunners. The main 606 

difference is that, at European level, each country decides how much is invested in adaptation, 607 

whereas, at the national level, the government decides how the overall budget should be 608 

distributed. As previously mentioned, the active involvement of coastal regions in LIFE 609 

projects can attract additional and significant investments and, for the short period analysed, 610 

they have played a relevant role in determining the final expenditures in adaptation. 611 

Considering that the current beach management in Spain is oriented towards recreational uses 612 

owing to their importance to the local economy, mobilising private finance would pump 613 

resources into coastal adaptation and protection investments. Future efforts on coastal 614 

adaptation should focus on grant financing and aligning public stakeholder and private 615 

investor interests in coastal adaptation projects, to overcome prevailing barriers and to help 616 

close the coastal adaptation-financing gap (Bisaro and Hinkel, 2018). In fact, coastal 617 

adaptation is often attractive from a purely economic perspective for soft and hard measures 618 

to maintain benefits from tourism (Hinkel et al., 2013), and require efficient coastal 619 

adaptation measures to maintain future beach widths to properly support tourist demand (e.g. 620 

López-Dóriga et al., 2019). However, they could also generate indirect revenues, as the 621 

associated tourism activities could be taxed (Kok et al., 2017). Therefore, delineating tax rates 622 

to account for unequal benefits of public funds could facilitate local investments in coastal 623 

adaptation (Mullin et al., 2019). Consequently, promoting public-private partnership with 624 

powerful (economic) stakeholders, for example, the tourism industry, can enhance coastal 625 

adaptation, as insufficient investments during earlier stages in changing conditions may lead 626 

to an increase in future expenditures.  627 

 628 

5.3 Coastal adaptation to climate change vs regular protection investments  629 

Expenditures in coastal protection in Spain at the beginning of 2000s (2000–2008) were 630 

among the five highest in Europe, with an average annual expenditure of approximately 52 M 631 

€/year (Policy Research Corporation, 2009b), with values even higher during the 1990s, up to 632 

82 M €/year (Barragán, 2004). However, the national coastal budget significantly decreased 633 

after 2009, coinciding with the peak of the recent economic crisis (Figure 6). Therefore, the 634 

analysed period can be characterised by a relatively low investment in regular protection and 635 
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adaptation to climate change measures as, even adding both together, the annual investment 636 

would not reach the values before the economic crisis.  637 

During the last decade, and specifically from 2014 to 2018, the Spanish coastline has 638 

experienced significant damage associated with the impact of storms, in such a way that 639 

specific recovery programmes (Plan Litoral) were required (Figure 6).  The spatial 640 

distribution of these investments depended on where storm occurred, and hence was 641 

concentrated in neighbouring regions during a given year (Figure 7). As an example, the 2014 642 

programme was fully dedicated to the Cantabric/Atlantic coastal regions, to compensate for 643 

damages induced by the storm season of 2013/2014, which also significantly damaged the 644 

coast of southeast England and France (e.g. Masselink et al., 2016). In contrast, the 2017 645 

programme was dedicated to the Mediterranean coastal regions.  646 

 647 

< Figure 7 > 648 

 649 

These damages, and consequently the budgets required for recovery, are expected to increase 650 

with time. Jiménez et al. (2012) detected an increase in coastal damage along the Catalan 651 

coastline in recent decades. They found that this increase was not related to any trend in 652 

storminess, but rather was associated with a progressive decrease in the protection capacity of 653 

eroding beaches. Thus, any scenario of sea level rise and subsequent induced shoreline retreat 654 

will even further decrease the protection provided by beaches to storm impacts (e.g. Jiménez 655 

et al., 2017). All of these characterises the Spanish coastline as vulnerable to storm impacts, 656 

with expected increasing budget demands for recovery measures owing to the effects of sea 657 

level rise. Thus, the lack of adequate investment for maintaining beaches at optimum 658 

configurations to provide protection against the impacts of storms will tend to increase the 659 

needs and importance of this additional budget. In other words, if less money is currently 660 

invested, future expenditures will significantly increase above expected levels.   661 

On the whole, coastal protection and climate change adaptation activities are highly 662 

interlinked. In Spain, it is difficult to indicate which part of the investment is solely made in 663 

relation to climate change adaptation. Thus, adaptation measures are undertaken together with 664 

regular coastal protection activities. In fact, some management policies and procedures for 665 

coastal natural hazards are often seen as able to be managed without having an activated 666 

coastal adaptation plan in place (Gibbs, 2016). However, there is no existing framework 667 
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designed to systematically assess the adaptation progress at the national level (UNEP, 2017). 668 

Tracking how adaptation is taking place allows researchers to document best practices, to 669 

facilitate early adoption of efficient adaptation measures, and to assess progress of adaptation 670 

efforts over time and space (Berrang-Ford et al., 2019). In spite of being costly, investing now 671 

in coastal adaptation will bring greater benefits in the future, and a monitoring plan of 672 

adaptation will enable us to learn lessons regarding what works, where and why.  673 

 674 

6. Conclusions  675 

 676 

Understanding the costs of adaptation, how adaptation has been and is currently being funded, 677 

and what funding mechanisms have been used, and following the criteria to distribute the 678 

investments will help in decision-making for the long-term planning and implementation of 679 

adaptation measures. Within this context, this work analysed how coastal adaptation is being 680 

financed in the early stages of implementation of the CAS in Spain. 681 

According to the strategy, financing options will be specified once measures have been 682 

defined and prioritised. At the current stage, and in the absence of a detailed implementation 683 

plan, coastal adaptation has been financed through national (PIMA Adapta) and EU funds 684 

(LIFE projects). Measures financed through PIMA Adapta are mainly based on traditional 685 

coastal engineering actions, and they are implemented in areas experiencing problems under 686 

current climatic conditions. Thus, although they would contribute to adaptation by improving 687 

the current state of the coast, they would need to be implemented even under a non-changing 688 

climate. This makes the identification of the part of the investment that is solely related to 689 

climate change adaptation a difficult task. Consequently, it may affect tracking the adoption 690 

and implementation of adaptation in reality. Adaptation measures using LIFE-funding are 691 

more oriented towards nature/ecosystem-related actions, owing to the conditions imposed by 692 

this funding programme. In most of the cases, although they were designed as 693 

environmental/ecological restoration actions, they also play out as adaptation measures. 694 

Solving current coastal problems under the guise of adaptation is a two-sided concept. On the 695 

positive side, it allows to improve the current coastal status, which will enhance adaptation to 696 

future changes. However, unless additional climate-induced effects are accounted for the 697 

design of measures, these investments will be insufficient for coping with future changes. A 698 
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simple way to assess whether future conditions are considered in the design of coastal 699 

measures is by analysing the time evolution of investments in coastal protection. In Spain, 700 

with large vulnerable areas under current conditions, anything that it is not an increase in total 701 

expenditure with respect to previous years would indicate an underinvestment in coastal 702 

adaptation.   703 

All coastal adaptation actions analysed here have been financed through public funds. This is 704 

a legacy of the traditional coastal protection policy, which allocates to the State the 705 

competence, the right, and the obligation to protect our coasts. However, coastal adaptation 706 

can be tackled through different alternatives, with various consequences for the stakeholders. 707 

This can be an opportunity to access private financing for adaptation by selecting alternatives 708 

that, while meeting official sustainability targets, also permit meeting the specific needs of 709 

stakeholders. In countries with an important coastal tourism industry and/or a large part of the 710 

GDP associated with the tourism sector (for example, many Mediterranean countries), 711 

contributing to financing coastal adaptation could be considered as an additional cost in this 712 

sector.           713 

Although the adaptation resource considered here is money, time is the most evident declining 714 

resource. Although we are at the beginning of the implementation of adaptation measures, 715 

these need to be undertaken and implemented with respect to time. Delays and/or actions not 716 

taken properly and timely during the initial stages could result in higher costs arising in the 717 

future. Finally, it has to be stressed that the misuse of the concept of adaptation measure will 718 

tend to the society to be overconfident about adopted actions whereas they are not really 719 

progressing to real adaptation. To overcome this risk, it is necessary to have a clear roadmap 720 

for implementing adaptation measures together a proper financing structure.  721 

722 
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Figure 4. Investment in coastal adaptation to climate change in Spanish coastal regions. Note: 734 

12.8 M € are destined for general measures without specific territorial assignment. 735 

Figure 5. Investment in coastal adaptation per region vs. regional indicators. (A: coastline 736 

length; B: GDP of coastal provinces within the region; C: average coastal vulnerability index 737 

(CVI)). (*: indicate excluded values to obtain alternative relationship –blue dashed line-).  738 

Figure 6. Current expenditures by the General Directorate for Sustainability of the Coast and 739 

the Sea (DGSCM) in coastal protection measures. Note: this annual expenditure is referred to 740 

as “regular” budget). 741 

Figure 7. Regional distribution of storm recovery programmes (Plan Litoral). (Location of 742 
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Table 1. Key numbers for Spain’s coastal regions (data from National Statistics Institute 

(INE), 2015). Coastal GDP and population only consider information from coastal 

provinces within each region (dark grey areas in Figure 1). 
 
 

Region 
Coastal length 

(km) 

Coastal GDP 

(millions €) 

Coastal 

population 

(inhabitants) 

Galicia (1) 1,498 50.15 1,425,745 

Asturias (2) 401 21.22 1,075,279 

Cantabria (3) 284 12.20 566,678 

Basque Country (4)  246 55.00 1,829,822 

Catalonia (5) 699 193.35 6,595,767 

Valencia (6) 518 100.77 4,692,449 

Murcia (7) 274 28.21 1,335,792 

Andalusia (8) 945 85.05 4,591,231 

Balearic Islands (9) 1,428 27.34 983,131 

Canary Islands (10) 1,583 40.92 1,968,280 

Ceuta (11) 20 1.59 75,276 

Melilla (12) 9 1.46 65,488 
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Table 2. Examples of Environment Promotion Plan for Climate Change Adaptation 

(PIMA Adapta) coastal actions in different locations in Spain. 

Measure Location 
Link to climate change 

adaptation 
Year Source 

Environmental 

recovery and beach 

nourishment 

Castellón (Valencia) 
Reduce coastal exposure 

Stabilize shoreline 
2017 

MITECO 

website (1) 

Artificial dune 

creation and 

vegetation settlement 

Malgrat de Mar 

(Catalonia) 

Reduce coastal exposure 

Stabilize shoreline 
2016 

MITECO 

website (2) 

Wetland restoration 

and environmental 

recovery 

A Coruña (Galicia) 

Maintain coastal ecosystems in 

good conditions 

Promote Nature-based solutions 

(NBS) 

2016 
MITECO 

website (3) 

Sand management 

(by-pass) 
Almeria (Andalusia) 

Reduce coastal exposure 

Stabilize shoreline 
2015 

MITECO 

website (4) 

Slope stabilization and 

coastal protection 

Several municipalities 

in Asturias 
Protect the coast 2015 

MITECO 

website (5) 

Artificial defences 

(groynes and 

breakwaters) 

Almeria (Andalusia) 
Reduce coastal exposure 

Stabilize shoreline 
2015 

MITECO 

website (6) 

Groyne removal and 

sand re-distribution 
Cartagena (Murcia) 

Stabilize shoreline 

Mitigate erosion problems 
2017 

MITECO 

website (7) 
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Figure 1. Coastal regions in Spain (see names in Table 1). 
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Figure 2. Methodological framework to analyse progress in implementing coastal 

adaptation measures at National scale. 
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Figure 3. Percentage of expenditures per typology of adaptation measures in Spain. 
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Figure 4. Investment in coastal adaptation to climate change in Spanish coastal regions. 

Note: 12.8 M € are destined for general measures without specific territorial 

assignment. 
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Figure 5. Investment in coastal adaptation per region vs. regional indicators. (A: coastline 

length; B: GDP of coastal provinces within the region; C: average coastal vulnerability index 

(CVI)). (*: indicate excluded values to obtain alternative relationship –blue dashed line-).  
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Figure 6. Current expenditures by the General Directorate for Sustainability of the Coast and 

the Sea (DGSCM) in coastal protection measures. Note: this annual expenditure is referred to 

as “regular” budget). 
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Figure 7. Regional distribution of storm recovery programmes (Plan Litoral). (Location of 

regions can be seen in Figure 1). 
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