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Abstract. In recent years, flooding has become one of the main natural disasters which poses the greatest 6 
risk, impact and bearing on the coastal areas of southeast peninsular Spain. Traditionally, the analysis of 7 
torrential precipitation events that cause floods has been predominant in the assessment of the factors that 8 
lead to this type of catastrophe. At present, despite considering this meteorological phenomenon as the 9 
trigger of river overflows, responsibility corresponding to the human factor in the perpetration of the risk 10 
of a natural disaster should not be forgotten. This study will ascertain the influence of urban and real 11 
estate development in increasing exposure to floods. In this sense, the pluviometric observations obtained 12 
in different precipitation events have been counted, mapped and analysed. Likewise, the evolution and 13 
development of the real estate portfolio is examined. The information obtained has been crossed with the 14 
digital cartography of flooded areas (National System of Flood Zones Cartography, SNCZI in spanish 15 
acronym). The main finding of the study shows that there seems to be unquestionable evidence to 16 
attribute a good part of the existing risk to the territorial transformation and to the continuous process of 17 
artificialization of the soil recently carried out. 18 

1. Introduction  19 

In recent decades the Mediterranean coast has experienced an increase in vulnerability and exposure to 20 

the danger of torrential rains (Olcina, 2017; López et al., 2017, Ribas et al., 2020). Consequently, there 21 

has been an increase in economic losses related to floods associated with rainstorms (Marchi et al., 2010; 22 

Spekkers et al., 2013; López, 2019). One of the main causes of extraordinary risk insurance cover in 23 

Spain is flooding. It occupies first place when measured against other causes in the total cost of 24 

compensation. Flooding represents 72.3% of the total over the period 1987-2019 (Insurance 25 

Compensation Consortium, 2019).  26 

The significant increase in the number of floods and their consequent damage to the coastal belt, 27 

according to precipitation records, is related to a multiplication of exposure and vulnerability to these 28 

events, rather than an increase in extreme rainfall phenomena (López et al., 2017; Pérez et al., 2018). 29 

Regionalized climate change projections do not show a significant increase in the frequency and 30 

magnitude of floods in the Mediterranean regions (Kundzewich et al., 2006; Rajczak et al., 2013; Madsen 31 

et al., 2014; Alfieri et al., 2015). Furthermore, according to the IPCC (2018), there is little confidence that 32 

anthropogenic climate change increases the frequency of floods on a global scale. 33 

On the other hand, over the last decades there has been an intense urbanization process on the Spanish 34 

Mediterranean coast, especially between 1997 and 2007, which experienced the greatest real estate boom 35 

(Burriel, 2008). The great expansion experienced by new residential areas and agricultural crops has led 36 

to the improper occupation of the fluvial channels and floodplains (Rico et al., 2010; Gil, 2014; Ibarra et 37 

al., 2017; García, 2018). The development of new residential areas has led to a progressive increase in the 38 

arrival of tourists, consequently, there is a greater exposure of the population to torrential rain events 39 

(Meseguer et al., 2021). 40 
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This study aims to examine the causes that have led two coastal municipalities in the Region of Murcia 41 

(Los Alcázares and San Javier) to become the towns which are most affected by flood processes. To this 42 

end, the intensity of these precipitation events that have acted as triggers of the floods is evaluated. The 43 

analysis of these rainfall episodes makes it possible to assess any responsibility that corresponds to the 44 

natural factor in the development of the catastrophe. 45 

Once the vigour and regularity with which torrential precipitation events occur, the implication of the 46 

human factor in increasing vulnerability to the risk of flooding is examined. For this, the building 47 

propagation process and the degree of exposure that the real estate portfolio presents to the possibility of 48 

suffering flood events in different return periods is analysed. The comparison of geo-referenced land 49 

registry data corresponding to the various construction phases and impulses, together with the amount and 50 

disposition of land threatened by flooding (at different times of occurrence), which allows an estimation 51 

of the implication that territorial planning and management have on the perpetration of these natural 52 

disasters. 53 

2. Methodology 54 

2.1. Study area 55 

The territorial scope of this research study is located in the coastal area of the Region of Murcia 56 

(Southeast of the Iberian Peninsula). Unlike most municipalities located on the Mediterranean coastline, 57 

the administrative boundaries being studied are surrounded by the brackish lagoon of the Mar Menor 58 

(Fig. 1). There are two towns whose spatial extension is as follows: 2,005.2 hectares in Los Alcázares, 59 

and 7,518.04 hectares in San Javier. Both municipalities are located in the watersheds of the Albujón and 60 

Maraña Ramblas (ephemeral channels), which together comprise some 104,800 hectares. This territorial 61 

area exhibits a semi-arid climate, with an average annual rainfall of 300 mm. Although these 62 

precipitations show a notable torrential nature (Castejón et al., 2017). 63 

The territorial peculiarities (high insolation and thermal bonanza, among others) which characterize this 64 

territory have boosted its traditional consideration as an outstanding tourist and second-home destination, 65 

especially within the national tourist scene. The boom in this sector of activity has caused an increase in 66 

the demand for accommodation (tourist and residential), which has had a significant impact on an intense 67 

building process that has filled a large part of its territory, including areas less suitable for the 68 

construction of dwellings, such as the alluvial plains that make up the aforementioned ephemeral 69 

channels. The improper execution of urban processes in these sectors has increased the exposure and 70 

vulnerability of the territory under analysis, creating residential areas with a high risk of flooding. 71 
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 72 
Figure 1: Location map of municipalities analysed in the Region of Murcia (Los Alcázares and San Javier). 73 

Source: own elaboration. 74 

2.2. Material and Methods 75 

The following analysis is based both on the combination of data obtained from different sources, as well 76 

as the use of various spatial component techniques that allow contrasting georeferenced information 77 

arranged on the earth's surface. In this sense, the pluviometric observations obtained in different 78 

precipitation events have been counted, mapped and analysed through the official meteorological stations 79 

of AEMET (State Meteorological Agency) or SIAM (Agricultural Information System of Murcia), as 80 

well as meteorological amateurs who are individuals made up of associations: Meteoclimatic and 81 

AMETSE (Southeast Meteorological Association). The precipitation data has been homogenized (Ruiz, 82 

2020) and interpolated using the technique known as Ordinary Kriging (Vicente et al., 2003; Moral, 2010; 83 

Zucarelli et al., 2014). 84 

Together with the analysis of the natural component (precipitation), the social implication in the evolution 85 

of the flooding processes will be ascertained. For this, the evolution and development of the real estate 86 

portfolio is studied through the use of alphanumeric data (represented graphically on the territory) 87 

provided by the General Directorate of Land Registry. This official body belonging to the Ministry of 88 

Finance (Government of Spain) discloses current and detailed information on the multitude of variables 89 

that characterize the national building complex. The information obtained from this database has been 90 

crossed with digital cartography of floodplains of fluvial origin propagated by the National System of 91 

Flooding Zones Cartography (Ministry for the Ecological Transition and the Demographic Challenge). 92 

The contrast of both variables allows the degree of vulnerability and the amount of buildings and 93 

constructed land area that remain exposed to possible flooding processes in different periods of return or 94 

occurrence to be studied. 95 
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The detailed analysis of this data set can reveal, in some way, the amount of responsibility that 96 

corresponds to the natural factor (magnitude of episodes of torrential rains) and human factor 97 

(management and territorial planning) in the development and increase of the risk raised due to a danger 98 

of natural origin that has become a catastrophe in the areas examined in recent years. 99 

3. Results and argument 100 

3.1. Pluviometric analysis 101 

Firstly, the evolution of the pluviometric episodes with a precipitation greater than 100mm (Fig. 2) that 102 

occurred in the territorial scope of the slopes of the Albujón and Maraña ephemeral channels is shown. 103 

The selected time slot is 1934-2020. During this period, a total of 51 episodes were recorded, the majority 104 

during the autumn (28.55% of the total) and winter (16.30% of the total) months. Over the last decades, a 105 

slight upward trend has been seen, as is the case in other parts of the Mediterranean coast (Olcina, 2017). 106 

In the reference period 1961-1990, a total of 16 episodes of abundant rainfall were recorded, and in the 107 

current reference period: 1991-2020, a total of 21 episodes. Simultaneously, there has also been an 108 

increase in their magnitude. The greatest increase is observed in the winter months. Likewise, there is an 109 

evident transfer of the month of greatest occurrence of these rainfall events from October to September. 110 

111 
 Figure 2: Evolution of the number of precipitation episodes ≥ 100 mm. Source: Own elaboration, data 112 

obtained from AEMET and SIAM. 113 

In the entire period analysed, a total of 4 episodes have occurred with a record greater than 200 mm. All 114 

of them have been recorded since the 1970s: October 1972, November 1987, December 2016 and 115 

September 2019. The last two recorded which occurred over the last five years are, without a doubt, the 116 

episodes which have caused the greatest amount of damage and economic loss in the analysed territory 117 

(Espín et al., 2017; García et al., 2020; Martí et al., 2021). In both episodes, 200 mm was exceeded in 118 

large areas of the analysed territory, the most affected area being the mouths of the Albujón and Maraña 119 

ephemeral channels, where the municipalities of San Javier and Los Alcázares are located. These two 120 

rainfall events were characterized by high torrentiality and hourly intensity. 121 

Fig. 3 shows the spatial distribution of the accumulated precipitation in the watersheds of the Albujón and 122 

Maraña ephemeral channels, over the two mentioned episodes. The first of them, which occurred between 123 

December 15th-19th, 2016, was caused by an intense east wind flow from a long maritime route favoured 124 
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by the strengthening of the Central European anticyclone (Espín et al., 2017). In the southeast of the 125 

Spanish peninsula, losses were estimated at 67.4 million euros, with the municipality of Los Alcázares 126 

being the most affected (Consorcio de Compensación de Seguros, 2019). The second episode, which 127 

occurred between September 11th-15th, 2019, was caused by an Isolated Depression at High Levels 128 

(DANA), which caused the formation of mesoscale convective systems (Martí et al., 2021). During this 129 

event, the economic losses were much greater than in the 2016 episode, estimated at 479 million euros 130 

(Consorcio de Compensación de Seguros, 2019). This is the fourth most serious event in terms of 131 

compensation by the Insurance Compensation Consortium since 1971, just behind the 1983 floods in the 132 

Cantabrian Sea (Pejenaute, 1991), the atypical cyclonic storm “Klaus” in 2009 (Velázquez, 2015) and the 133 

2011 Lorca earthquake (Pina et al., 2015). Again, the municipality of Los Alcázares was the most 134 

affected municipality, in this case together with the neighbouring town of Orihuela in Alicante (Nuñez, 135 

2019). 136 

 137 

Figure 3: Spatial distribution of accumulated precipitation during the events of December 2016 and 138 

September 2019. Source: Own elaboration, data obtained from AEMET and SIAM. 139 

 140 

 141 

 142 
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3.2 Land registry analysis: increase in buildings 143 

Over the last few decades, the earth's surface has been subjected to an unprecedented artificialization 144 

process (Lois et al., 2016). This boom in anthropizing is motivated by building expansion, which has 145 

clearly proliferated on the Murcian coast (Pérez et al., 2018). The excessive urbanization phenomenon 146 

encourages vulnerability and increased exposure to the risk of flooding (Olcina, 2004). 147 

The towns of Los Alcázares and San Javier have experienced a drawn-out increase in their real estate 148 

portfolio. Overall, the number of constructions registered by the General Directorate of Land Registry (in 149 

both locations) has gone from accounting for just over a thousand blocks of flats and houses built in 1950, 150 

to close to 16 thousand in 2019. The area occupied by these constructions has evolved parallel to the total 151 

number of buildings (Tab. 1).  152 

  

1950 1980 2000 2019 

LOS 

ALCÁZARES 

NUMBER OF 

BUILDINGS 

471             

(44.56 %) 

1903           

(28.45 %) 

4595                   

(33.82 %) 

5282             

(33.08 %) 

SURFACE AREA 

OCCUPIED BY 

BUILDINGS (Ha.) 

6.81 (42.30 %) 
36.86 

(27.41 %) 

111.88 

(34.99 %) 

149.37 

(33.19 %) 

SAN JAVIER 

NUMBER 

OFBUILDINGS 

586             

(55.44 %) 

4785           

(71.55 %) 

8990               

(66.18 %) 

10687            

(66.92 %) 

SURFACE AREA 

OCCUPIED BY 

BUILDINGS (Ha.) 

9.28 (57.70 %) 
97.64 

(42.59 %) 

207.91 

(66.18 %) 

300.69 

(66.92 %) 

TOTAL 

NUMBER OF 

BUILDINGS 
1057 6688 13585 15969 

SURFACE AREA 

OCCUPIED BY 

BUILDINGS (Ha.) 

16.09 134.50 319.79 450.06 

Table 1: Evolution of the number of buildings and built area. Source: Own elaboration, data obtained from 153 

the General Directorate of Land Registry. 154 

Since the middle of the 20th century, land obstructed by construction has increased by almost 2,700% 155 

(from 16.09 ha. to 450.06 ha.). This figure exceeds the percentage of development observed by the 156 

number of infrastructures erected (1,410%). Now, the construction development carried out individually 157 

by each municipality shows different rhythms and intensities. In this context, the number of buildings and 158 

land occupied in San Javier is, at all times, higher than that registered in Los Alcázares. In this regard, in 159 

the starting year of the series, San Javier had 586 buildings (55.44%) occupying 9.28 ha. (57.70%), values 160 

that exceed the figures published by Los Alcázares (471 buildings and 6.81 occupied hectares).  161 

Over the years, the evolution of these indicators tends to increase, expanding the existing building gap 162 

between both local municipalities. Consequently, over the last seven decades, the number of recognized 163 

buildings in San Javier has increased by 1,723% (10,687 in 2019) and the area occupied by them by 164 

3,137% (300.69 ha. in 2019). On the other hand, in the same period of time, the buildings and cemented 165 

land accounted for in Los Alcázares increased by 1,021% and 2,095% (5,282 constructions and 149.37 166 

ha. in 2019), respectively (Fig. 4). 167 
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 168 
Figure 4: Evolution of the number of buildings and built area (1950, 1980, 2000 and 2019). Source: Own 169 

elaboration, data obtained from the General Directorate of Land Registry. 170 

The cartography shown in Fig. 5 shows the vigour of the construction process registered in both 171 

municipal areas. The presence of real estate infrastructures in 1950 is scarce, with an urban area partially 172 

concentrated in Los Alcázares and a scattered settlement in San Javier. Two decades later, the top of Los 173 

Alcázares expands and a new settlement begins to sprout northeast of it, which is named Los Narejos. 174 

Meanwhile, San Javier consolidates its central nucleus and experiences the development of a large 175 

residential area (Santiago de La Rivera), which sits on the coastline located to the east of the main urban 176 

area, the so-called real estate bubble (Fernández, 2016; Jerez et al. 2012). The rise in tourism has caused 177 

the urban complexes located on the Mediterranean coast at the beginning of the 2000s (and Mar Menor) 178 

(Serrano, 2007; López and Pérez, 2017), driven by the expansion of traditional population centres and the 179 

development of “resort” -type residential complexes with recreational, leisure and entertainment spaces 180 

(golf courses) (François, 2010). 181 

From the beginning of the 21st century to the present, the urban phenomenon has undergone two phases 182 

clearly marked and influenced by the economic context the country is going through. Until 2008, the 183 

national complex and, fundamentally, the coastal areas, saw one of the most notable building drives in 184 

their history. However, from then until now, the bursting of the real estate bubble encouraged by the 185 

economic recession has caused the stagnation of construction development (Bernardos, 2009; Górgolas, 186 

2019). In addition, the spatial field that our research focuses on has been heavily weighed down by the 187 

environmental problems that arose around the Mar Menor and the impact caused by successive extreme 188 

meteorological events and related floods (León et al., 2017). 189 
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 190 
Figure 5: Mapping of the building development in Los Alcázares and San Javier. Source: Own elaboration, 191 

data obtained from the General Directorate of Land Registry. 192 

If the evolution of real estate and the area occupied by buildings is analysed according to the established 193 

time periods, the relevance of the construction process carried out over the last two decades of the 20th 194 

century can be verified. The building dynamics carried out between the years 1980 and 2000 is of great 195 
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magnitude with more than 210 properties being built a year in San Javier and about 135 in Los Alcázares. 196 

The area occupied by these buildings, in the same period of time, stands out above the amount of land 197 

obstructed by constructions in the rest of the temporary spaces (5.51 ha. in San Javier and 3.75 ha. in Los 198 

Alcázares). Nevertheless, between 2000 and 2019, despite constituting the phase with the lowest average 199 

annual number of constructions (89 in San Javier and 36 in Los Alcázares), the proposed building 200 

typology (mainly single-family homes) occupies a larger surface (Fig. 6). 201 

 202 
Figure 6: Number of constructions and constructed area annually over time (1950 - 1980, 1980 - 2000, 2000 - 203 

2019 and 1950 - 2019). Source: Own elaboration, data obtained from the General Directorate of Land 204 

Registry. 205 

The average number of completed properties annually in the series as a whole (146 in San Javier and 70 206 

in Los Alcázares) was only exceeded in the 1980-2000 period. The number of buildings erected between 207 

1950 and 1980 is also higher than those between 2000 and 2019. In spite of this, due to their placement in 208 

terms of height, the ground occupied by the finalised infrastructure between the first dates has caused 209 

them to spread over less surface area than those recently outlined. 210 

3.3. Areas of exposure 211 

Once the dynamics of real estate production have been analysed, the exposure of buildings built in 212 

different time periods to events of river overflow will be estimated. To do this, the land registry data 213 

shown above is contrasted with territorial information on areas at risk of flooding obtained from the 214 

National System of Flood Zones Cartography (SNCZI). This project developed by the Ministry for the 215 

Ecological Transition and the Demographic Challenge of Spain (MITECO) provides georeferenced 216 

documentation on the probability of a flood in a territory in different periods of time (López, 2020). In 217 

this respect, it differs between areas with high risk of flooding (return period of 10 years), frequent (return 218 

period of 50 years), medium or occasional (return period of 100 years) and low or exceptional (return 219 

period of 500 years). 220 

Among these four river overflow scenarios, this study focuses its attention on the most extreme episodes, 221 

trying to investigate the possible effect caused on the housing portfolio by a meteorological event in the 222 

return periods (RP) of 10 and 500 years. As is evident, the reason that supports the analysis of the first 223 

context of occurrence lies in the fact that it is the most likely situation (RP 10 years). For its part, the 224 

choice of the most anomalous return period (500 years) incurs that, as can be seen in Fig. 7, the last 225 
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precipitation event that occurred in the area being studied (September 2019) exceeded the established 226 

perspectives by the state agency in charge of delimiting the Hydraulic Public Domain (DPH) areas in its 227 

studies. 228 

 229 
Figure 7: Satellite image of the flooded area after the torrential rainfall event in the territory under analysis 230 

(September 2019). Source: Own elaboration, data obtained from Sentinel and SNCZI. 231 

 232 

 233 

 234 
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A) Return period of 10 years (RP10) 235 

The flood scenario with the highest occurrence level reveals the probability of river overflows occurring 236 

once every ten years, that is, a 10% contingency. The effect of this return period on buildings is much 237 

more contained than that of 500 years, logically. However, its impact on the housing stock of the 238 

municipalities analysed in this study shows a level of affectation to take into account (Tab.2). 239 

. 240 

  
1950 1980 2000 2019 

LOS 

ALCÁZARES 

NUMBER OF EXPOSED 

BUILDINGS 

287 

(60.93%) 

889 

(46.72%) 

2035 

(44.29%) 

2230 

(42.22%) 

SURFACE AREA OCCUPIED 

BY EXPOSED BUILDINGS 

(Ha.) 

3.56 

(52.25%) 

15.78 

(42.81%) 

32.78 

(29.30%) 

38.49 

(25.77%) 

SAN JAVIER 

NUMBER OF EXPOSED 

BUILDINGS 
54 (9.22%) 

631 

(13.19%) 

1282 

(14.26%) 

1610 

(15.07%) 

SURFACE AREA OCCUPIED 

BY EXPOSED BUILDINGS 

(Ha.) 

0.69 

(7.44%) 

1.41 

(11.44%) 

31.26 

(15.04%) 

46.79 

(15.56%) 

TOTAL 

NUMBER OF EXPOSED 

BUILDINGS 

341 

(32.26%) 

1520 

(22.73%) 

3317 

(24.42%) 

3840 

(24.04%) 

SURFACE AREA OCCUPIED 

BY EXPOSED BUILDINGS 

(Ha.) 

4.25 

(26.40%) 

17.19 

(12.78%) 

64.04 

(20.03%) 

85.28 

(18.95%) 

Table 2: Absolute evolution and percentage representation of the number of buildings and surface occupied by 241 

them exposed to flooding in a RP of 10 years Source: Own elaboration, data obtained from the General 242 

Directorate of Land Registry and SNCZI. 243 

Despite San Javier having undergone a more organised urbanization process than the municipality of Los 244 

Alcázares (as reflected in the previous section), the exposure to the ephemeral channels presented by the 245 

group of buildings in the latter town is notably higher. The evolution of the percentage representation of 246 

buildings and surface area occupied by them, in relation to the total amount of municipal buildings in 247 

both administrative boundaries, follows opposite trends. In this regard, while the most affected locality 248 

(Los Alcázares) sees the exposure of its housing blocks decrease in percentage terms, San Javier reveals 249 

an increase in vulnerability due to greater exposure, since between 1950 and 2019 the affected area 250 

doubled.  On the contrary, between the beginning and the end of the series, the percentage of exposed 251 

land in Los Alcázares is reduced by half. Nevertheless, the territorial area affected by floods in a return 252 

period of 10 years in this last locality (Los Alcázares) increased notably, going from 3.56 ha. in 1950 to 253 

38.49 ha. in 2019. An explanation for this contradiction lies in the fact that not all the urban expansion 254 

process carried out in the municipalities is located in areas with a probability of flooding every 10 years, 255 

as is the case of Los Narejos (Fig. 8). 256 
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 257 

Figure 8: Buildings exposed to floods in a 10-year RP (Los Alcázares).  Source: Own elaboration, 258 

data obtained from the General Directorate of Land Registry and SNCZI. 259 

In the same way, the percentage representation of total buildings affected by this return period drops from 260 

60.93% to 42.22%. Nonetheless, the absolute value reveals that the number of buildings exposed to a 261 

flood every ten years goes from 28 buildings in the middle of the 20th century, to about 2,230 at the end 262 

of the second decade of the 21st century. At the beginning of the new millennium, this number exceeds 263 

two thousand buildings with a high risk of flooding. Something similar, although at a lesser level, takes 264 

place in San Javier, a municipality in which 1,282 buildings exposed to river overflows were counted in 265 

2000. This is a figure that in the total computation of the series has increased by more than 1,500 266 

buildings. 267 

Altogether, 24.04% (3,840) of the properties and 18.95% (85.28) of the territory occupied by them in 268 

2019 may present a risk of flooding at least once every 10 years. The percentage of these buildings and 269 

land area occupied in 2019 has decreased considerably since the first year it was observed (Fig. 9). 270 

It is interesting to mention that when focusing the research on floods of fluvial origin, the territorial spit 271 

corresponding to La Manga del Mar Menor (included in the municipality of San Javier) is not to be 272 

considered due to the lack of surface hydrographic currents. 273 
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 274 
Figure 9: Buildings exposed to floods in a 10-year RP (San Javier).  Source: Own elaboration, data obtained 275 

from the General Directorate of Land Registry and SNCZI. 276 

If the existing exposure factor between time periods is analysed, it is possible to see the number of 277 

buildings and the land occupied in areas at risk of flooding during different construction cycles. To this 278 

end, during the time series examined, in the two municipalities as a whole, 3,499 buildings were erected 279 

with a very high risk of flooding (RP 10 years), which represents 23.46% of all buildings built in this area 280 

within the temporary parenthesis. Los Alcázares stands out, with more than 40% of the buildings built in 281 

the last seven decades (4,811), with a very high probability of flooding (Fig. 10). This threshold of 282 

representation of properties exposed to ephemeral channels is also exceeded, by this same municipality, 283 

in the building phases 1950-1980 (620) and 1980-2000 (1,146). 284 

285 
Figure 10: Number and percentage representation of buildings exposed to flooding in a 10-year RP by 286 
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temporal phases. Source: Own elaboration, data obtained from the General Directorate of Land Registry and 287 

SNCZI. 288 

On the other hand, the percentage of surface exposed to this phenomenon with meteorological origin only 289 

exceeds 40% (12.23 ha.) Of all the land occupied in the first urban development cycle (1950-1980). The 290 

amount of properties that show vulnerability in San Javier during this initial phase is very small, without 291 

reaching one hectare (0.81% of everything built). On the other hand, in the two subsequent temporal 292 

phases (1980-2000 and 2000-2019), San Javier has a percentage of constructed surface area in evident 293 

danger of flooding higher than both the municipality of Los Alcázares and the aggregate of the two 294 

localities (Fig. 11). 295 

 296 
Figure 11: Number and percentage representation of constructed area exposed to flooding in a 10-year RP by 297 

temporal phases. Source: Own elaboration, data obtained from the General Directorate of Land Registry and 298 

SNCZI. 299 

This representation of land built in San Javier and at risk of flooding once every decade shows greater 300 

strength in the area occupied between 1980 and 2000 (more than a quarter of the built area). In addition, it 301 

is the period of time in which the largest number of hectares with high flood risk is built in each of the 302 

spatial areas examined. 303 

B) Return period of 500 years (RP500) 304 

The impact exerted by floods in the period of least probable occurrence (RP 500 years) is much more 305 

prominent than in the one previously analysed. In this sense, the amount (absolute and percentage) of 306 

buildings exposed to the danger of this phenomenon is very high. 307 

As in the case of 10-year-old RP, the influence exerted by the Albujón ephemeral channel in Los 308 

Alcázares increases the vulnerability of its housing portfolio. In this regard, 9 out of 10 buildings built in 309 

this municipality before 1950 may be affected by an ephemeral channel. The excessive representation of 310 

buildings exhibited until the middle of the last century tends to decrease as we approach the present day. 311 

Now, in 2019, the percentage of buildings and surface exposed to ephemeral channels for a RP of 500 312 

years remains very high, comfortably affecting more than half of the real estate portfolio (Tab. 3). This 313 

value almost doubles that shown by the group of localities and triples that revealed by San Javier (around 314 

22% of buildings and exposed area). 315 

 316 
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1950 1980 2000 2019 

LOS 

ALCÁZARES 

NUMBER OF EXPOSED 

BUILDINGS 

421 

(89.38%) 

1460 

(76.72%) 

3006 

(65.42%) 

3493 

(66.13%) 

SURFACE AREA OCCUPIED 

BY EXPOSED BUILDINGS 

(Ha.) 

5.90 

(86.70%) 

27.44 

(74.43%) 

63.77 

(56.99%) 

89.07 

(59.63%) 

SAN JAVIER 

NUMBER OF EXPOSED 

BUILDINGS 

96          

(16.38%) 

1010 

(21.11%) 

2017 

(22.44%) 

2448 

(22.91%) 

SURFACE AREA OCCUPIED 

BY EXPOSED BUILDINGS 

(Ha.) 

1.41 

(15.17%) 

22.72 

(23.27%) 

44.81 

(21.55%) 

66.98 

(22.28%) 

TOTAL 

NUMBER OF EXPOSED 

BUILDINGS 

517 

(48.91%) 

2470 

(36.93%) 

5023 

(36.97%) 

5941 

(37.20%) 

SURFACE AREA OCCUPIED 

BY EXPOSED BUILDINGS 

(Ha.) 

7.31 

(45.43%) 

50.16 

(37.29%) 

108.58 

(33.95%) 

156.05 

(34.67%) 

Table 3: Absolute evolution and percentage representation of the number of buildings and surface occupied by 317 

them exposed to flooding in a RP of 500 years. Source: Own elaboration, data obtained from the General 318 

Directorate of Land Registry and SNCZI. 319 

The town located to the north of the study area has traditionally remained less exposed to floods. Despite 320 

this, the vulnerability exhibited by the exposure factor of its buildings and the surface area that supports 321 

them has increased over the years. As of today (2019), San Javier has 2,448 buildings and 66.98 ha which 322 

are exposed to this phenomenon. 323 

As can be seen in the cartography referring to Fig. 12, the southern strip of the administrative delimitation 324 

of San Javier is the area most affected by river overflows. Coincidentally, it is also the municipal area that 325 

is least clogged by urban development, which is why the impact of the floods is not so prominent. 326 
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 327 
Figure 12: Buildings exposed to floods in a 500-year-old RP (San Javier). Source: Own elaboration, data 328 

obtained from the General Directorate of Land Registry and SNCZI. 329 

The northeast area of Santiago de La Rivera and the historic urban centre of San Javier are practically not 330 

affected by the water level. However, the most recent constructions, located in the peripheral sector of the 331 

headwaters and areas that join the two urban centres, have greater vulnerability. This fact means that, 332 

unlike Los Alcázares, the most recent building developments have more exposure. In this sense, Fig. 13 333 

shows how the central area of Los Alcázares is the area with the highest risk of flooding in a period of 334 

occurrence of 500 years. 335 
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 336 
Figure 13: Buildings exposed to floods in a RP of 500 years (Los Alcázares). Source: Own elaboration, data 337 

obtained from the General Directorate of Land Registry and SNCZI. 338 

The evaluation of properties and surface area affected by floods in a period of occurrence of 500 years 339 

shows values which should be highlighted. During the development of the complete series, the amount of 340 

infrastructure and land exposed by both municipalities amounts to 5,424 properties and 148.74 ha. As is 341 

usual in this analysis, the possible impact of this phenomenon is more telling in Los Alcázares than in San 342 

Javier, with 56.64% (3,072) of these buildings belonging to the first mentioned location. The percentage 343 

of possible damage to buildings erected in the last 70 years in Los Alcázares exceeds 63%. This 344 

representation is exceeded in the periods 1950-1980 and 2000-2019, with percentage values that exceed 345 

70% of the entire real estate portfolio (Fig. 14). 346 

347 
Figure 14: Number and percentage representation of constructions exposed to flooding in a RP of 500 years by 348 
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temporal phases. Source: Own elaboration, data obtained from the General Directorate of Land 349 

Registry and SNCZI. 350 

Regarding the number of buildings exposed to floods in a RP of 500 years in San Javier, it can be noted 351 

that they are much more contained in each and every one of the established time phases. Thus, the 1980-352 

2000 construction cycle is the only one that registers more than a thousand exposed buildings. Unlike Los 353 

Alcázares, the number of total properties likely to suffer the effects of a flood with this degree of 354 

occurrence (500 years) barely exceeds 20% in each of the time periods analysed. 355 

The percentage values of exposed land are practically similar to those observed in the analysis of 356 

buildings. Nevertheless, and unlike these, the representation of occupied land in the 1980-2000 time 357 

period in Los Alcázares is the only one that does not reach 50% (Fig. 15). Even so, it is the time period 358 

with the highest absolute number of exposed surface area (36.33 ha.). 359 

 360 

361 
Figure 15: No. and percentage representation of built area exposed to floods in a RP of 500 years by temporal 362 

phases. Source: Own elaboration, data obtained from the General Directorate of Land Registry and SNCZI. 363 

More than a third of all the land occupied by buildings in the two municipalities, during each of the 364 

periods studied, remains exposed. The total area of constructed land with the possibility of being affected 365 

by a flood every 500 years is around 150 ha. 366 

San Javier exhibits, in all the time cycles, an area at risk of flooding slightly higher than 20 ha, which 367 

translates into a percentage value of around 20% of the entire built-up area. 368 

Finally, despite the fact that both municipalities record the total number of buildings and hectares exposed 369 

to flooding fairly evenly, the reduced total number of buildings and surface area occupied by them in Los 370 

Alcázares (in relation to San Javier) make the percentage values of buildings and land (on which they sit) 371 

at risk of flooding much higher than those exhibited in San Javier. 372 

4. Conclusions 373 

The flood processes, despite not having the social impact that they currently deserve, make up one of the 374 

natural disasters with the greatest bearing and historical impact in the southeast of the Spanish peninsula. 375 

The physical and morphological particularities of the water network that irrigates the analysed territorial 376 

surface area, together with the meteorological irregularity that characterizes the Mediterranean climate, 377 
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stimulates the alternation of long periods of low water with punctual and vigorous torrential precipitation 378 

events and related fluvial floods. 379 

The occurrence of these floods is becoming increasingly serious, sometimes involving the loss of human 380 

life and considerable material damage. Against this background, two positions persist in Spain that seek 381 

to estimate the main cause that motivates the origin of these disasters. The first one, of technical-382 

administrative orientation, attributes the origin of the floods to the regularity and greater frequency of 383 

torrential rain events. For its part, the ethical-geographical defence states that the risk and exposure to 384 

floods has been gradually increasing as a consequence of the progressive transformation of territorial 385 

coverage, the sealing of land and the unplanned proliferation of urban developments built in recent 386 

decades. 387 

After analysing both points of view, it is inevitable to highlight that both the natural phenomenon 388 

(torrential rains) and the social factor (improper construction in flood areas) contribute to the risk of 389 

flooding becoming a natural disaster. The two meteorological episodes analysed have prominent rainfall 390 

records. In this sense, the intense precipitation events analysed force them to be considered as triggers of 391 

the overflowing of ephemeral channels, flooding and flash floods experienced. However, despite 392 

considering this ingredient as the essential and obvious origin of the phenomenon of flooding that 393 

occurred, the responsibility that corresponds to the human factor in the perpetration of these catastrophes 394 

should not be set aside. In fact, it is the human factor that can be corrected. In this way, it is undeniable to 395 

attribute a large part of the existing risk to the territorial transformation and to the continuous process of 396 

artificialization of the soil recently carried out. 397 

The study carried out reveals how, in order to cover the growing residential needs of the tourist boom in 398 

coastal areas, San Javier is disproportionately increasing its real estate portfolio, spreading urban 399 

development over areas at obvious risk of flooding, which increases exposure and vulnerability of the 400 

infrastructure and population. 401 

For its part, despite having urban development in a less dynamic way, the municipality of Los Alcázares 402 

has suffered the effects of the transformation of land uses and coverage carried out upstream of the fluvial 403 

channel in which it is integrated, which increased significantly increased the risk of flooding. Thus, poor 404 

management and planning in agricultural development has stimulated an increase in surface runoff, with 405 

the diversion of river channels, lowering of plots, change of orientation of ephemeral channels and 406 

waterproofing of soil. The result of these actions means that, unlike years ago, every time there is a 407 

torrential rainfall event (not forgetting that torrential rains are typical of this territory and the 408 

Mediterranean climate) the water network drains with greater force, overflowing the river and flooding, 409 

fundamentally, the central area of the municipality. 410 

Finally, it has been shown that despite being two examples or case studies with different urban 411 

developments or spatial transformations, the effect or social impact is noted in the increase in exposure 412 

and vulnerability related to flooding of rivers. As a result, territorial planning and management is 413 

considered to be a fundamental and effective tool when trying to minimize or reduce the risk of flooding 414 

and its disastrous consequences. 415 

https://doi.org/10.5194/nhess-2021-134
Preprint. Discussion started: 25 May 2021
c© Author(s) 2021. CC BY 4.0 License.



 
 

20 
 

References 416 

Alfieri, L., Burek, P., Feven, L., and Forzieri, G.: Global warming increases the frequency of river floods 417 

in Europe, Hydrol. Earth Syst. Sci., 19, 2247–2260, https://doi.org/10.5194/hess-19-2247-2015, 2015.  418 

Burriel De Orueta, E.L. : La década prodigiosa del urbanismo español (1997-2006),  Scripta Nova, 419 

12(270), 64, 2008.  420 

Castejón Porcel, G., Espín Sánchez, D., Ruiz Álvarez, V., García Marín, R., and Moreno Muñoz, D.: 421 

Runoff water as a resource in the Campo de Cartagena (Región de Murcia): current possibilities for use 422 

and benefits, Water, 10(4), 256, https://doi.org/10.3390/w10040456, 2018.  423 

Consorcio de Compensación de Seguros:  Estadística Riesgos Extraordinarios Serie 1971-2019,  424 

Ministerio de Asuntos económicos y transformación digital, Madrid, España, 119, 2019.  425 

Espín Sánchez, D., García Lorenzo, R., Ruiz Álvarez, V., and Conesa García, C.: The heavy rains and 426 

floods on 17 and 18 December 2016 in Region of Murcia, with particular focus on the Mar Menor 427 

Watershed, Ingeniería del Agua, 21 (4), 213-229, https://doi.org/10.4995/ia.2017.7773, 2017.  428 

García Ayllón, S.: Long-Term GIS Analysis of Seaside Impacts Associated to Infraestructures and 429 

Urbanization and Spatial Correlation with Coastal Vulnerability in a Mediterranean Area, Water, 10, 430 

1642. https://doi.org/10.3390/w10111642, 2018.  431 

García, L. A., Bermejo, J. T. G., Sánchez, J. M. C., and Guerrero, J. M. G.: Dana 2019 y aspectos 432 

relativos a la estimación y tratamiento del riesgo asociado a inundaciones, in: Riesgo de inundación en 433 

España: análisis y soluciones para la generación de territorios resilientes, Universidad de Alicante, 434 

Alicante, Spain, 10-11 September 2020, 143-166, 2020.  435 

Gil-Guirado, S., Pérez, A., and Barriendos, M.: Increasing vulnerability to flooding in the southern 436 

Spanish Mediterranean coast (1960-2013), Hydrological extreme events in historic and prehistoric times, 437 

2014.  438 

Ibarra Marinas, D., Belmonte Serrato, F., and Rubio Iborra, J. : El impacto territorial del uso agrícola y 439 

turístico del litoral: Evolución de los cambios de uso del suelo en las cuencas litorales del sur de la 440 

Región de Murcia (1956-2013), Boletín de la Asociación de Geógrafos Españoles, 73, 295-311. 441 

https://doi.org/10.21138/bage.2419, 2017.  442 

IPCC: Working Group I Contribution to the IPCC Fifth Assessment Report of the Intergovernmental 443 

Panel on climate change, Cambridge University Press, Cambridge, UK and New York, USA, 2018 444 

Kundzewicz, Z.W., Radziejewski, M. and Pinskwar, I.: Precipitation extremes in the changing climate of 445 

Europe, Clim Res, 31(1), 51-58, doi:10.3354/cr031051, 2006.  446 

Lois González, R., Piñera Mantiñan, M. J., and Vives Miró, S.: El proceso urbanizador en España (1990-447 

2014): una interpretación desde la geografía y la teoría de los circuitos de capital, Scripta Nova. Revista 448 

electrónica de geografía y ciencias sociales, 539, 20, 2016.  449 

https://doi.org/10.5194/nhess-2021-134
Preprint. Discussion started: 25 May 2021
c© Author(s) 2021. CC BY 4.0 License.



 
 

21 
 

López Martínez, F., Gil Guirado, S., and Pérez Morales, A.: Who can you trust? Implications of 450 

institucional vulnerability in flood exposure along the Spanish Mediterranean coast, Environ Sci Policy, 451 

76, 29-39, https://doi.org/10.1016/j.envsci.2017.06.004, 2017.  452 

López Martínez, F.:  Análisis y diagnóstico de la vulnerabilidad general al riesgo derivado de los procesos 453 

de inundación fluvial en el litoral mediterráneo Peninsular, Ph.D. tesis, Universidad de Murcia, Spain, 454 

123 pp., 2019.  455 

Madsen, H. Lawrence, D., Lang, M., Martinkova, M. and Kjeldsen, T.R.: Review of trend analysis and 456 

climate change projections of extreme precipitation and floods in Europe, J. Hydrol, 519, 3634-3650, 457 

https://doi.org/10.1016/j.jhydrol.2014.11.003, 2014.  458 

Martí Talavera, J., Amor Jiménez, J.A., Giménez García, R., Ruiz Álvarez, V. and Biener Camacho, S. : 459 

Episodio de lluvias torrenciales del 11 al 15 de septiembre de 2019 en el sureste de la península ibérica: 460 

Análisis meteorológico y efectos de las transformaciones en los usos del suelo (1990-2018) en los 461 

impactos territoriales, Finisterra, 56, 2021.   462 

Marchi, L. Borga, Marchi, L., Borga, M., Preciso, E., and Gaume, E.: Characterisation of selected 463 

extreme flash floods in Europe and implications for flood risk management, J. Hydrol, 394, 118–133. 464 

https://doi.org/10.1016/j.jhydrol.2010.07.017, 2010  465 

Meseguer-Ruiz, O., Lopez-Bustins, J. A., Arbiol-Roca, L., Martin-Vide, J., Miró, J., and Estrela, M. J.: 466 

Temporal changes in extreme precipitation and exposure of tourism in Eastern and South-Eastern Spain, 467 

Theor. Appl. Climatol. 1-12. https://doi.org/10.1007/s00704-021-03548-6, 2021.  468 

Moral, F. J.: Comparison of different geostatistical approaches to map climate variables: application to 469 

precipitation, Int. J. Climatol, 30(4), 620-631. https://doi.org/10.1002/joc.1913, 2010.  470 

Olcina Cantos, J.: Riesgo de inundaciones y ordenación del territorio en la escala local: el papel del 471 

planeamiento urbano municipal, Boletín de la Asociación de Geógrafos Españoles, 37,49-84, 2004.  472 

Olcina Cantos, J.: Incremento de episodios de inundación por lluvias de intensidad horaria en el sector 473 

central del litoral mediterráneo español: análisis de tendencias en Alicante, Sémata, Ciencias Sociais e 474 

Humanidades, 29, 143-163, http://dx.doi.org/10.15304/s.29.4213, 2017.  475 

Pérez Morales, A., Gil Guirado, S., and Olcina Cantos, J.: Housing bubbles and the increase of flood 476 

exposure. Failures in flood risk management on the Spanish south-eastern coast (1975-2013), J. Flood 477 

Risk Manag, doi:10.1111/jfr3.12207, 2018.  478 

Ribas, A., Olcina, J., and Sauri, D.: More exposed but also more vulnerable? Climate change, high 479 

intensity precipitation events and flooding in Mediterranean Spain, Disaster Prev. Manag, 29 (3), 229-480 

248, https://doi.org/10.1108/DPM-05-2019-0149, 2020.  481 

Rajczak, J., Pall, P., and Schär, C.: Projections of extreme precipitation events in regional climate 482 

simulations for Europe and the Alpine Region, J Geophys Res, 118, 3610-3626. 483 

https://doi.org/10.1002/jgrd.50297, 2013.  484 

https://doi.org/10.5194/nhess-2021-134
Preprint. Discussion started: 25 May 2021
c© Author(s) 2021. CC BY 4.0 License.



 
 

22 
 

Rico Amorós, A.M., Hernández Hernández, M., Olcina Cantos, J. and Martínez Ibarra, E.: Percepción del 485 

riesgo de inundaciones en municipios litorales alicantinos: ¿Aumento de la vulnerabilidad?, Papeles de 486 

Geografía, 52, 245-256, 2010.  487 

Spekkers, M. H., Kok, M., Clemens, F. H. L. R., and Ten Veldhuis, J. A. E.: A statistical analysis of 488 

insurance damage claims related to rainfall extremes, Hydrol. Earth Syst. Sci, 17(3), 913-922, 489 

https://doi.org/10.5194/hess-17-913-2013, 2013.  490 

Vicente-Serrano, S. M., Saz-Sánchez, M. A., and Cuadrat, J. M.: Comparative analysis of interpolation 491 

methods in the middle Ebro Valley (Spain): application to annual precipitation and temperature, Clim 492 

Res, 24(2), 161-180, http://dx.doi.org/10.3354/cr024161, 2003.  493 

 494 

 495 

 496 

 497 

 498 

https://doi.org/10.5194/nhess-2021-134
Preprint. Discussion started: 25 May 2021
c© Author(s) 2021. CC BY 4.0 License.


