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Abstract: Over the last few decades, an increasing economic and social flooding damages trend
has been recorded worldwide. Although this situation was initially associated with climate change,
recently different institutions and scientific papers have related this trend to two main reasons:
(i) a human population increase and (ii) the number of assets located in floodable areas. In this
regard, this paper analyses evolutions in flood damages and their causes in a Mediterranean area,
the provinces of Alicante and Murcia, between 1996 and 2016. The duration of this period, from a
flood risk management policy point of view, is very important because it encompasses one of the
most important legislative periods at a national and European level. As a main result, this paper
establishes a temporal and spatial pattern related to increases in flood damages and their main
influence on coastal areas, respectively, due to certain economic, spatial and temporal factors. As a
conclusion, these trends demonstrate the inefficiency of flood risk management policies, especially
those connected with spatial planning.
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1. Introduction

According to records, economic and social impacts joined with natural hazards have
been growing over time, especially in the case of floods [1,2]. In fact, regarding international
databases [1,3], floods have become the most recurrent natural phenomenon during the
last ten years (e.g., 345 floods were recorded worldwide with 6505 deaths and damages
of approximately EUR 30 billion in 2017). However, although this trend has traditionally
been associated with natural climatic variations [4] and, recently, with the current and
future consequences derived from anthropogenic climate change [5], a multitude of studies
highlighted the importance of socio-economic factors as the main cause of people’s exposure
increase [2,6-9]. In this regard, it should be emphasized that, according to the last EU report
on exposure to natural hazards, while the population exposed to flooding doubled between
1975 and 2015, the built-up area in flood zones increased by 181% in the same period [10].

Unfortunately, these human-made risk scenarios reach worrying rates in coastal ar-
eas [10,11], such as along the Mediterranean basin [2,12] and, especially, on the Spanish
coast [9,13,14]. Within the Spanish territory, this dramatic exposure scenario was related
to the neoliberal real estate development registered since the 1980s [15,16], which raised
urban growth rates above any other historical period [17]. A paradigmatic example of this
excessive real estate development is reflected in the records achieved in the year 2006, when
the property rates in Spain were greater than in Belgium, Denmark, Finland, Greece, Italy
and the United Kingdom combined [18]. Among all the Spanish areas, this disproportionate
construction pattern was especially worrying on the Mediterranean coast [16,19], where
both the number of people exposed to floods [9,20] and the total amount of economic
losses [6,21] created a phenomenon called the “costalization of risk” [22]. In this regard,
according to the works of [16,23], the main socio-economic factor that boosted this process
was linked to the intense speculation of land resources. Indeed, while at the national
level the average urban land increased by 12% between 2004 and 2007, in Mediterranean
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provinces it increased by 47% [24]. In addition to these speculative circumstances and
their associated urban bubble [13,19], Mediterranean coastal population centers have also
undergone an intense demographic transformation process [12,13,17,25]. In the first place,
the beneficial working conditions and employment rates drove a strong national migra-
tory movement to coastal areas [26], a situation that implied a considerable increase in
the demand for second homes [27]. Secondly, although more than eight million people
(approximately 18% of the Spanish population) reside in this area [28], the massive and
growing tourism flows recorded since Spain joined the European Union in 1986 have
changed the traditional population dynamic [29]. In fact, these people, referred to by [25] as
“sun migrants”, came to represent 25% of the total immigration (more than 700,000 people).

In addition to socio-economic factors, current risk scenarios have also been heavily
conditioned and influenced, in several cases negligently, by the local land-use planners’
permissiveness [9,30]. In this respect, the disproportionate building ratios recorded in
flood-prone areas [9,14,20] could be connected with two main causes: (i) the false sense of
security granted to structural measures’ effectiveness [31-33] and (ii) the disregard of floods
as an intrinsic component of the local climate [34]. As a consequence, these human factors,
called “institutional vulnerability” in the scientific literature [14,35,36], generated one of the
greatest contradictions in Spain: the development of multiple mandates involved with flood
risk management policies (i.e., specific plans and sectoral measures at national, autonomic
and local levels), which had a subsequent ineffective application in practice [9,30].

Therefore, the occupation of flood-prone areas due to rapid and unplanned urbaniza-
tion growth represents the main problem join with exposure increase and, consequently,
vulnerability [9,12,14,20]. In fact, according to [37], flooding in Spain became the natural
hazard with the highest number of processed files (almost 70%, 553,428 records), economic
impact (approximately EUR 4.9 billion) and fatalities (184 people) between 1987 and 2016.
However, although there are different quantitative databases and publications about flood
damages at global [1,3], European [2,38,39] and national levels [6,22,37], the scientific lit-
erature lacks a study in charge of evaluating the different economic, social and territorial
factors underlying this phenomenon, an important gap that this paper will try to fill.

Thus, in light of the above, the main aim of this paper is to quantify the evolutions in
economic flood damages and to determine their root causes. As a result, three associated
aspects are expected to be addressed: (i) establishing a flood damages trend, (ii) detecting
spatial and temporal patterns, and (iii) identifying the socio-economic factors related to
them. To achieve these purposes, the study was focused on the Spanish Mediterranean
coast, specifically in the southern provinces of Alicante and Murcia, one of the areas most
affected by riverine and coastal floods [37,40]. Additionally, the study was developed
according to official data, i.e., financial compensation for floods paid by the Spanish
Insurance Compensation Consortium between 1996 and 2016. Finally, after adjusting
the values for inflation, the data were analyzed from a statistical, socio-economic and
cartographic point of view.

2. Materials and Methods
2.1. Study Area

Among all the regions surrounded by the Mediterranean Sea, this paper has been
focused on the southern Spanish coastline, specifically in the provinces of Alicante (Com-
munity of Valencia) and Murcia (Region of Murcia) (Figure 1). This assumption was
based on two fundamental aspects: (i) these provinces represent one of the Spanish areas
where the effects of flooding have been widely studied, e.g., [9,14,20,30,41], and (ii) dis-
proportionate construction rates (dwellings and developed area) were recorded in each
province [22,24], in fact, in 2006 Alicante and Murcia became the fifth and third provinces
with the highest number of dwellings built in Spain, respectively [9,30]. Additionally,
two other paradigmatic examples related to the characteristics of the area reinforce its
selection. Firstly, Spanish coastal municipalities recorded a major increase in exposure to
flood hazards [14,20,21,41], and in the number of inhabitants [9,13,15-17,25].
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Figure 1. Study area. Municipalities are represented by white lines.

From a demographic point of view, the study area is home to approximately 3.3 million
inhabitants, i.e., 7% of the Spanish population [28]. However, during the summer season,
the area receives near to 6% of Spain’s total tourism (more than 5.5 million visitors) and
increases its population by almost 167% [28]. Consequently, as has been highlighted by
several works e.g., [9,12,14,20], the combination of excessive real estate development and
demographic factors has resulted in an ideal breeding ground for an increase in the built
capital and population in floodable areas.

Hydrological and social factors have also played an important role in shaping the current
risk scenarios. In this regard, although each province is embedded in a main river basin
(the Jtcar basin for Alicante and Segura for Murcia), the hydrological network is made up
of several small watersheds (Figure 2) with torrential behavior and a responsibility for a
multitude of flash floods [2,34,38,42]. Additionally, due to the fact that the hydrographic
system is dry most of the year (except in certain seasons [43] when rainfall peaks occur, see
Figure 3) and it is also regulated by several hydraulic infrastructures [20,44], the inhabitants
have developed a false sense of security [9,45] that is faithfully reflected in their flood risk
perception [27,28,30]. In fact, in spite of the fact that the population living in this area perceives
flooding as an important issue at the municipal level [41,46,47], it is not considered to be the
main environmental problem that they face [8,41,48-50]. Paradoxically, this situation is even
more worrying in the city of Alicante, where, despite the recurrent flooding events [14,20,30],
most of the inhabitants believe that they live in a non-flood-prone area [9].
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Figure 2. River system distribution map.
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2.2. Legal Framework

In contrast to other European countries, such as France, Greece or Italy, the Spain
government has not developed any state-law framework concerning natural hazards [9,14].
However, to counteract this legal loophole, different management policies were included
in a particular mode of governance [51] where sectoral mandatories (e.g., coastal zones,
protected areas, environment management or industry), mainly those related to spatial
planning, water and civil protection, achieved an essential role [9,22,41]. From a spatial
planning perspective, the Spanish state has a wide range of regulations about land uses; in
fact, the first national law was published in 1956 and the last one in 2015. Among all the
regulations published to cope with the administrative, territorial and socio-demographic
changes that occurred in Spain over the last sixty years, three laws stand out according
to their novelty in regards to their precepts on flood management. The first is the 1998
Land Law, which introduced a strong land liberalization responsible for the last urban
bubble [13,16,52] and considered natural hazards as a compulsory condition to define land
uses [9,20]. The second is the 2008 Land Law, in charge of defining a more restrictive
paradigm where hazard cartography took on a primordial role [9,22,30,41]. The last is the
2015 Land Law, where several issues of its predecessor were extended [14,16]. In addition,
the current hierarchy and competence distribution introduced by the Spanish Constitution
in 1978 should also be noted. According to this democratic framework, there are three
public administrations responsible for spatial planning: (i) the national government, which
is responsible for establishing a planning framework; (ii) autonomous communities, which
define spatial planning and approve municipal instruments; and (iii) municipalities, which
are administrations that actually determine land-use planning.

In addition to spatial planning policies, other national and international mandates have
also considered several flood risk management policies. At the national level, the 1985 Water
Law was the first Spanish regulation able to merge land uses and water governance [9,22],
an incipient model that has been maintained to the present day and that could be called
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“spatial water governance” [51]. This novel approach was endorsed and extended years
later by the Basic Guideline of Civil Protection for Planning Flood Risk, an innovative
regulation published in 1995, which is in charge of people defense [9,14,30]. According to
its legislative precepts (e.g., the definition of a special plan against floods, classification of
flood zones and establishment of an action protocol), each autonomous community had to
develop the flood-prone areas’ cartography in regard to different return periods (50, 100
and 500 years). Subsequently, these results formed the official cartography for river basins’
flood-prone areas, cartography that had to be considered as compulsory during spatial
planning processes according to the 1998 Land Law [33,53].

Finally, this legal framework was completed at the European level by the Floods
Directive (2007/60/EC), the first flood risk management directive focusing on prevention,
protection and preparation [21] that really granted a fundamental role to land-use planning
in order to reduce exposure [20,22,23,53]. However, this important paradigm change was
not transposed into the Spanish legislation framework by a single mandate but rather
progressively through different legislation [9,14]. Additionally, the Floods Directive also
developed a new national cartographic model: the National System for Cartography of
Flood-Prone Areas, which replaced the Basic Guideline as the official cartography for
spatial planning [22,33,53].

2.3. Data and Methodology

Economic damages data from floods have been provided digitally by the Spanish
Insurance Compensation Consortium (“Consorcio de Compensacioén de Seguros”, CCS for
its acronym in Spanish). The Consortium is a public reinsurance institution coordinated by
the current Ministry of Economic Affairs and Digital Transformation [54], but its origins
date back to 1941, when it was created to cover damages derived from the Spanish Civil
War (1936-1939). Among the different functions assigned to it [54], the following should be
noted: (i) those related to compulsory automobile insurance, (ii) those related to managing
extraordinary natural and human-made hazards that occur in Spain, (iii) those related to
coping with personal damages resulting from extraordinary events occurring abroad to
Spanish nationals, and (iv) those related to environmental liability insurance.

In the case of extraordinary hazards (i.e., those arising from nature, violent events or
armed forces actions), the CCS copes with their associated damages, even if they are not
included in an ordinary insurance policy [54]. In this regard, and according to the different
natural hazards that appear in Spain [20,30], floods are the most damaging extraordinary
hazard [54]; in fact, the Consortium covered 23,016 files with a total amount of EUR
64.62 million in 2017. Following this economic point of view, some of the most important
flooding events that took place this year occurred in the Community of Valencia in January
(EUR 7.5 million) and March (EUR 11.5 million), Jerez de la Frontera (Cadiz, Andalucia) in
October (EUR 9.3 million) and Malaga (Andalucia) in February (EUR 6.9 million) [37].

Additionally, although floods could be classified in different ways, e.g., [2,38,55,56],
the CCS establishes five classes according to the main causes that develop them: heavy
rainfall, snow and ice-melt, lake, riverine and coastal floods. Among all these, this work
focuses on the last two, because they are the most important according to their recur-
rence and economic and social importance. As mentioned above, flood damages data
were provided by the CCS at the municipal level for the provinces of Alicante and Mur-
cia between 1996 and 2016. These data included several fields related to (i) event date,
(if) location, (iii) municipality, (iv) zip code, (v) affected assets (businesses, industry assets,
civil engineering, offices, motor vehicles or dwellings), and (vi) compensation paid (ex-
pressed in EUR). However, after analyzing the data in a greater level of detail, different
minor tasks had to be adjusted (e.g., filling in empty fields, checking municipalities, zip
codes or number format). Subsequently, in order to compare the different amounts of
compensation paid regardless of their currency (until 2002, the peseta was the official
circulation coinage in Spain) or event date (the data series cover 20 years), this field was
updated to December 2017 according to the annual variation in the CPI [28]. Finally, the
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data were analyzed by the RStudio statistical software [57] and integrated into a GIS where
map algebra was applied; therefore, these approaches establish important methodological
contributions that differentiate this work from strictly quantitative ones, e.g., [6,16,35,39].

However, although this study tried to evaluate the influence of the different scenarios
defined in the three land laws commented on above, it was finally decided to divide and
analyze the data in two periods: (i) 1996-2005 and (ii) 2006-2016. In this regard, this
assumption was established according to (i) the short application lifecycle of several laws
according to their influence on spatial planning, (ii) the strong climatic variability in the
Mediterranean area [58,59], especially rainfall records in western areas [21,59], and (iii) the
flood damages data available. Lastly, despite the fact that data were provided monthly
and, therefore, two identical periods could be established, they were was defined by ten
and eleven years due to the fact that (i) 2006 was one of the years with less flood damages
variability and a lower total amount of losses, especially regarding its predecessor and
successor, respectively; (ii) annual registers are the most efficient way to simplify further
calculations (better than monthly), and (iii) each period covers, respectively, a 65% and 69%
likelihood of including damages caused by floods with a high probability (likely return
period = 10 years) according to hazard scenarios defined by the Floods Directive.

3. Results
3.1. Flood Losses” Evolution in the Study Area

The results show a general increase in flood economic damages between 1996 and
2016 (Figure 4 (up)). In fact, considering overall damages, in this Mediterranean region
flood losses were around EUR 380 million, i.e., an annual average growth higher than
EUR 18 million. However, this situation was particularly worrying during the second part
(2006-2016) of the period analyzed, when the damages were greater (about 189%) than the
first period (1996-2005) (Wilcoxon signed-rank test, p-value < 0.05). In addition, translating
this data to a socio-economic point of view, each inhabitant of the study area should pay
an average of 6 EUR/year to compensate flood damages covered by the CCS, an amount
that reached 23 EUR/year and 27 EUR/year in 1997 and 2007, respectively (see Figure 4
(down)).
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Figure 4. General (up) and personal (down) flood losses paid for the period 1996-2016 according to
the number of annual inhabitants. Lines represent annual value and shadows their accumulated.
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In general, although the compensation paid increased by over EUR 50 million during
the period studied (an average of more than 2.6 million EUR/year), the series is character-
ized by a high inter-annual variability (a EUR 25 million standard deviation). However,
according to the change-point test regarding mean value, four different flood damages
stages could be established (Table 1). In this way, despite the decrease in flood damages in
the second stage, it should be highlighted that there was a significant increase in the other
stages, especially in the last one, when four of the most catastrophic events happened.

Table 1. Flood damages stages. Data expressed in EUR.

Year Mean Amount Amount Y% Accumulated Amount Accumulated %
1996-1997 29,280,875 58,206,804 15 58,206,804 15
1998-2006 4,723,710 40,298,775 11 98,505,579 26

2007 85,475,562 85,475,562 23 183,981,141 49
2008-2016 21,736,264 194,770,700 51 378,751,841 100

Analyzing the results in regard to each asset, the data obtained are quite alarming

(Table 2). In this context, the total damages amount covered has increased by almost two

thousand times in only twenty years, a situation that, together with the significant financial

outlay it represents for the CCS, questions the influence of (i) the constraints established

by the different land laws, (ii) the Basic Guideline of Civil Protection for Planning Flood

Risk cartography, and (iii) the principles of the Floods Directive (2007/60/EC) on spatial

planning. However, although this flood hazard scenario could be related to natural climate

oscillation, it should be remembered that, while rainfall intensity has remained stable in

the Mediterranean region over the last few decades [59-62], conversely, urban growth in

floodable areas had not stopped increasing [10,14,20] and it is expected to continue to do

so [63].
Table 2. Total, percentual and variation flood damages by asset in different periods. Data expressed
in EUR.
Flood Damages
Assets A % Total

1996 2016 Incr:ease lggg—r;g& 2€g:f;§f6 Incr/ease (11;;2(_); (;11t 6) %
Businesses 774,544 19,548,384 2524 3,169,579 5,944,748 188 97,087,905 26
Industry 148,066 3,050,219 2060 1,630,132 2,173,277 133 40,206,817 11
Civil engineering 88,001 1,370,144 1557 247,671 495,526 200 7,926,984 2
Offices 5318 608,991 11,452 103,180 377,875 366 5,188,011 1
Motor vehicles 261,495 6,480,502 2478 1,431,444 3,679,524 257 54,789,082 14
Dwellings 1,499,693 24,281,590 1619 3,102,283 12,957,316 418 173,553,042 46
Total amount 2,777,116 55,339,829 1993 9,684,290 25,628,265 265 378,751,841 -

In greater detail, i.e., according to the damages increase by asset, offices achieve
the highest value (11,452%), followed by businesses (2524%) and motor vehicles (2478%).
However, in spite of the fact that the changes recorded in each period for dwellings,
offices and motor vehicles are the most significant (see Table 2), regarding relevance to
total economic losses, the three highest values are for dwellings (46%, more than EUR
173 million), businesses (26%, around EUR 100 million) and motor vehicles (14%, nearly
EUR 55 million). As a consequence, the disproportionate damages increase for properties
and human settlements is a notorious fact that reflects both the gradual urbanization of
floodable areas and the location of higher-value assets on them.

Thus, demonstrating that new man-made hazard scenarios are growing over time, it
is important to consider how the hydro-geomorphological and local climate characteristics
influence floods’ variability. Firstly, the area has plenty of small watersheds with torrential
ephemeral streams that are generally dry all year [45] but whose nature and energy are
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responsible for flash floods; indeed, the Spanish Mediterranean coast is one of the areas most
affected by this type of flooding [2,34,38,40]. Secondly, regarding the temporal distribution
of reported flood damages (Figure 5), the losses and number of events follow the same
pattern (Wilcoxon signed-rank test, p-value > 0.05), and their maximums are concentrated
in the first two months of autumn [21,40,43,59]. In short, these geographical and climatic
circumstances reinforce the importance of integrating environmental variables in flood risk
management policies, an assumption that remembers the premises of the hazard-of-place
model established by [64,65].
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Figure 5. Percentage of compensation paid (up) and number of events (down) by month.

3.2. Flood Damages by Province

From an administrative point of view, while flood damages have been increasing in the
same way between provinces (Wilcoxon signed-rank test, p-value > 0.05), a different pattern
evolution was detected (Figure 6). Thus, despite the fact that Alicante is the province with
the highest damages amount during the period studied, more than EUR 214 million (30%
more than Murcia, with nearly EUR 165 million), for the last few years there was a general
decrease in flood losses. This trend started after the floods of September 2007 [66], one of the
major events recorded at the European [39] and national [9] level, which was responsible
for losses of EUR 83 million and six fatalities [66]. Conversely, in the province of Murcia,
a progressively increasing trend was registered until 2011, when the compensation paid
amounted to about 68% of total damages and two historical maximums were recorded:
2012 [9,40,67] and 2016. As a result, these patterns show two different approaches related to
learning, integrating and adapting flood risk management policies to extreme hydrological data.
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Figure 6. Evolution of flood damages by province.
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Although each province recorded a different percentage and total damages amount
by assets (Table 3), there are no significant differences between them (Wilcoxon signed-
rank test, p-value > 0.05). However, the existence of significant differences in damages
by asset (Mann-Whitney U test and Kruskal-Wallis H test, p-value > 0.05) allowed us to
establish a flood damages ranking at the provincial level. On this matter, while the most
damaged assets in decreasing order for the province of Alicante were dwellings followed
by businesses, industry assets and motor vehicles, offices and, lastly, civil engineering,
for Murcia province this ranking is composed of dwellings, businesses, motor vehicles,
industry, civil engineering and finally offices. Thus, despite the differences in damages
order, assets related to urban uses (residential, industrial and services) achieve the highest
values in both provinces, a situation that reflects the exposure map reflected in the work
of [42].

Table 3. Flood damages’ evolution by province and asset. Data expressed in EUR.

Flood Damages
Province Assets 1996 2016 Variation Average Average Variation Total Amount o
(%) 1996-2005 2006-2016 (%) (1996-2016) °
Businesses 735,880 1,261,369 71 2,416,220 2,465,784 2 51,285,796 24
Industry 124,444 370,014 197 1,081,879 656,941 -39 18,044,914 8
) Civil 0* 428,652 42,865,200 151,592 54,390 —64 2,114,003 1
Alicante engineering
Offices 5318 20,022 277 73,581 156,719 113 2,459,421 1
Vﬁ‘ﬁ‘l’; 256,222 520,317 103 1,037,655 2,011,755 94 32,505,795 15
Dwellings 1,485,340 3,422,749 130 2,495,064 7,514,851 201 107,613,905 50
Total amount 2,607,204 6,023,123 131 7,255,990 12,860,441 77 214,023,834 -
Businesses 38,664 18,287,015 47,198 753,359 3,478,963 362 45,802,190 28
Industry 23,623 2,680,204 11,246 548,254 1,516,336 177 22,161,903 13
. Civil 88,001 941,492 970 96,079 441,136 359 5,812,981 4
Murcia engineering
Offices 0* 588,969 58,896,900 29,599 221,156 647 2,728,590 2
Vﬁﬁi‘l’; 5273 5,960,185 112,931 393,789 1,667,769 324 22,283,287 14
Dwellings 14,352 20,858,840 145,235 607,219 5,442 464 796 65,939,137 40
Total amount 169,913 49,316,706 28,925 2,428,299 12,767,824 426 164,728,007 -

* These zero values could be considered records omissions.

3.3. Spatial Distribution of Flood Events

After the allocation of total flood losses to each municipality, a spatial and temporal
trend appeared according to the location and period studied (Figure 7). In the first place,
flood damages in Alicante and Murcia coastal municipalities have been statistically higher
than in inland municipalities during all the periods studied (Wilcoxon signed-rank test,
p-value < 0.05). Secondly, regarding the standardized flood damages paid in each period, in
both provinces the total amount covered by the CCS during the second period was higher
than in the first (Wilcoxon signed-rank test, p-value < 0.05).

The spatial pattern differences revealed at the provincial level are also reflected at the
municipal level (Figure 8). In this regard, according to the total flood damages, the local
Moran’s I spatial cluster (p-value < 0.05) demonstrates the existence of a spatial pattern of
flood damages along the coastal municipalities of the study area that does not match with
the maximum rainfall distribution [43]. Additionally, together with the statistical differences
found between flood losses in coastal and inland municipalities (Mann-Whitney U test
and Wilcoxon signed-rank test, p-value < 0.05), damages were clearly higher in the second
period defined than in the first (Wilcoxon signed-rank test, p-value < 0.05). However, in the
same way that happened previously, although the absence of climatological data prevents
us from defining rainfall as the root cause of this trend, previous works, e.g., [20,21,42,63],
demonstrated that the most urbanized areas achieve the highest damages values.
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Figure 8. Spatial trends in floodable areas after standardized total damages paid by CCS.

4, Discussion
4.1. Temporal Flood Losses Evolution
According to the data recorded and studies developed in other areas [1-3,6,10], the

compensation paid by the CCS to counteract flood damages has increased over the last
few decades [6,9,20,63]. Thus, considering that rainfall in the Mediterranean region has
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remained stable [59-62], this hazardous scenario reinforces the influence of institutional
vulnerability [14,35,36,63], i.e., the inefficiency of local planners in implementing previously
established flood risk management policies (e.g., land laws, Basic Guideline, or Directive
2007/60/EC). In addition, translating this trend into an economic perspective, along with
all local taxes, insurances and personal measures against floods that inhabitants have to
cope with, flood damages should also be added, because it should be remembered that the
CCS is a public institution whose budget relies on citizen contribution.

However, regarding the last stage defined according to the change-point test
(2008-2016), it should be highlighted that, despite the urbanization restriction established
by 2008 Land Law [14,30], four of the most significant events are concentrated in this
period. Consequently, this situation reinforces that, while from a compulsory point of
view institutional vulnerability to floods has decreased [9,14,30], climate change could hold
different and potentially negative floods effects that have not yet been considered [9,12,22].
As a consequence, although the number of territorial policies related to reducing urban
growth in floodable areas has been growing for the last two decades [9,14,30], future climate
change scenarios represent an emerging task that should be integrated into spatial planning
regulations and considered by local planners in the short term, especially regarding the
latest flood severity trends [2,51].

Due to the fact that this work has not considered climatological data because it is
focused on the socio-economic influence into flood damages; no relationship between
flood damages and the rainfall trend has been established. This assumption relies on two
approaches: (i) the rainfall stability of the last few decades [59-62] and (ii) the increasing
human influence on flood damages, i.e., physical and economic exposure, [6,9,12,14,50].
According to this, the pattern of increasing flood damages found in this work is in line
with the results of [14,20,30,67], who demonstrated how the urbanization of floodable areas
(whose incidence has increased around 260% since 1975 to 2015, [63]) has resulted in new
risk scenarios. As a result, this situation can also be associated with the false psychological
effectiveness of flood management policies adopted on society, especially structural and
permanent mitigation measures (dams, drainage networks or underground storage tanks),
which create a false sense of security that has incentivized urban development in flood-
prone areas [20,30,49,50] and the consequent increase in the amount of compensation
paid [37]; i.e., the “hydraulic paradox” defined by [68,69] several decades ago is repeated.

In further detail, regarding the asset damage, the results highlight a very important
aspect related to both flood mitigation measures’ effectiveness and their social perception.
In this regard, although the number of fatalities has decreased [1-3,37], neither hydraulic
infrastructures nor spatial planning policies have been able to contain or reduce damages on
civil properties [9,14,20,44]. In fact, considering the mean flood damages values recorded,
these data faithfully reflect the permissiveness of construction patterns in flood-prone
areas during the last decades [9,14,20,50], because dwellings losses have increased more
(418%) than the other assets insured (Kruskal-Wallis H and Wilcoxon signed-rank test,
p-value < 0.05). In addition to this disproportionate percentage variation recorded in
different aspects, office assets deserve a special mention, because their damages variation
could be more associated with more expensive material equipment, office location and
number of assets rather than land speculation [70].

Lastly, the temporal flood distribution shows that these events take place in
autumn [21,34,38,59,71,72], especially in the first months of the season, i.e., September (48%)
and October (19%), when in the Spanish east coast there have been recorded several extreme
flood and intense rainfall events connected with backdoor cold fronts [40,73,74]. Among
such events, some worth mentioning are those that happened in September 1997 in Alicante
with five deaths [9,41], October 2000 in Murcia with a maximum of 166 mm. [40], October
2007 in Alicante with more than 200 mm and unrecorded economic consequences [65,74],
September 2009 in Alicante, one of the worst backdoor cold front phenomena in the area [20],
and September 2012 in Murcia, when 150 mm was exceeded in less than two hours [67].
However, despite these “extreme” rainfall records, the multiple floods recorded by the CCS
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reflect that watershed and climatological characteristics are not primarily responsible for
the pattern increase commented on above [21].

Consequently, this situation confirms the importance of climatological [5,61,62,74],
temporal [9,21,40,59] and damages [21,45,50,66] patterns reflected in previous works de-
veloped in Mediterranean areas, but in a natural or water year there is one season more
hazardous than any other. In short, this set of features should be considered not only by
local land-use planners but also by national and regional legislators, because they constitute
an intrinsic part of the territory similar to other environmental factors, such as protected
areas, public realm spaces or interest zones.

4.2. Provincial Measures against Floods

Regarding the evolution in flood damages shown previously, despite the fact that
both provinces recorded the same increase, Alicante reached the highest economic amount
due to the three catastrophic flood events commented on above (1997, 2007 and 2009).
Conversely, in the province of Murcia only two historical extreme hydrological data were
recorded: 2012 [9,67] and 2016, which had lower economic damages. Therefore, since
these data only describe climatological patterns, they confirm that Alicante is the province,
especially its northeastern area [43,73-75], with the highest torrential rainfall concentration
and, subsequently, is where flash-floods are more dangerous because of these rainfall
peaks [40,75].

The results also demonstrate that local planners have not been able to reduce the
numbers of assets placed in floodable areas, i.e., they reflect the inefficiency of public
administrations to apply the different flood risk management policies and their ability to
generate new hazard scenarios [12,14,20,50]. Unfortunately, this situation became especially
worrying after the 1998 national Land Law publication, a paradoxical spatial planning
policy that (i) was proclaimed after the occurrence of three catastrophic flooding events
responsible for nearly 120 deaths [9,22,33,41], (ii) was the first policy really in charge of
reducing the impact of natural hazards to classify these areas as “non-urban land” [9], and
(iii) was responsible for strong speculation [13] and land market liberalization [52], which
led to an urban bubble. Therefore, due to its main flaws, this Land Law was replaced by
another two in 2008 and 2015, policies that partially incorporated some terms established in
the Directive 2007/60/EC, in particular, those related to the consideration and preparation
of risk maps with the aim to control urban growth in flood-prone areas.

Nevertheless, analyzing the effectiveness of these last two land laws in avoiding build-
up in floodable areas and reducing flood damages is very difficult due to three main factors:
(i) the elevated building rates achieved during the last urban bubble recorded in Spain [13],
(ii) the massive urban development that took place in these zones since 1975 [14], and (iii)
the fact that flood compensation paid data are linked with the damages date instead of the
construction year of each building. As a consequence, and according to the flood damages
results, it could be established that none of the three spatial planning laws were really able
to reduce this hazardous pattern, and the trend seems to relate more to the exhaustion of
floodable areas than to the influence of the different policies adopted [14,63].

In addition to the mandatory requirements established at the national level, each
province has developed several sectoral policies and instruments in charge of flood risk
management [14]. In this regard, in the province of Murcia there are three plans focused
on flood control: the Special Plan Against Floods (also known as “Plan INUNMUR” in
Spanish), Industrial Land Plan and Coastal Land Management Plan. In the province
of Alicante appears the Action Plan on Flood Risk in the Valencia Region (known as
“PATRICOVA” in Spanish). However, due to the publication delay of each plan with regard
to the first national Land Law (2007, 2004, 2006 and 2003, respectively), their efficiency was
significantly reduced due to the large amount of urban development built or approved
before their assumption [30,41]. In addition, each plan has not had the same degree of
success; thereby, although in the province of Alicante the PATRICOVA was able to reduced
exposure [9,30] by reclassifying as “non-urban land” some 7300 ha. of floodable areas
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previously considered “developable land” [41], the different plans defined for the Murcia
province had a minimal effect [20,44]. Therefore, regardless of publication date, it should
also be highlighted that the effectiveness in each province is more related to the plans’
consideration by local and regional planners than to the number of policies approved.

Furthermore, from a flood management point of view, the damages ranking (see
Table 3) proves that no province has effectively decreased the flood exposure of their
citizens, because in both cases the three assets with the highest damages are dwellings
and industry and business assets. Consequently, this assumption demonstrates a very
worrying future scenario, especially regarding the percentage damages increase (45%
on average) in dwellings (residential areas), the places with the highest level of human
exposure throughout the day [42,45]. Hence, despite all the conditions introduced in spatial
planning and sectoral policies, it seems that the only solution to really solve this problem
lies in structural measures [49]. Additionally, there are some particular circumstances of the
study area that deserve special comment. Firstly, according to total amount and percentage
variation of compensation paid, dwellings experienced the main asset damages in both
provinces; however, in Alicante flood damages exceed (64%) those of Murcia due to greater
urban development rates [13,15,19,49], including the total (141 vs. 45) and coastal (20 vs. 8)
municipalities. Civil engineering was the fifth-highest asset damaged in the province of
Murcia (four times more than in Alicante province), a situation that could be connected with
(i) the traditional inclusion of floodable areas as road infrastructure [40,48,67] and ii) the
numerous historical structural measures against floods present in the area, which started
in the Roman era [76]. Thirdly, in both provinces motor vehicles occupy an intermediate
position in the damages ranking because they are linked with different places (dwellings
and business or industry assets). Lastly, offices are the least damaged assets in both
provinces, a situation related to the fact that they are not located near water courses, because
those areas are reserved for other types of buildings more suited to their surrounding area,
mainly dwellings [14].

4.3. Flood Events’ Spatial Distribution

Both the provinces of Alicante and Murcia show that flood damages in coastal munici-
palities have been statistically higher than in inland municipalities during the first period,
second period and all periods studied (Wilcoxon signed-rank test, p-value < 0.05). However,
despite the different sectoral plans against floods approved in each province [9,14,20], this
situation demonstrates two uncomfortable features. Firstly, these plans have been insuf-
ficiently integrated into spatial planning by local planners, a scenario that reduced their
efficiency as a direct consequence [14,20,44]. Secondly, their flood management policies are
not ambitious enough and restrictive; e.g., although the PATRICOVA was able to reduce
construction rates on floodable areas for the province of Alicante effectively [20,41], flood
damages have continued increasing. In this regard, as the Murcia province advanced in
its Coastal Land Management Plan, coastal municipalities represent the main hot-spot
where flood risk management policies should be adopted in Mediterranean areas, especially
considering the extensive urban development recorded [14,21] and that they are one of the
main touristic holiday destinations at the regional and national levels.

Finally, as in previously works [2,11-13,21], flood damages at the municipal level
demonstrated the existence of a spatial pattern along coastal areas. Consequently, this
assumption reinforces the influence of the construction rate increases in floodable areas
recorded in previous works [14,20,41,49], as one of the principal conditions influencing
human exposure, especially considering that the municipalities with the highest rainfall
peaks [43] do not record the most expensive damages (see Figures 3 and 8). Finally,
regardless of where the municipality is located, flood damages were clearly higher in
the second period considered than in the first (Wilcoxon signed-rank test, p-value < 0.05).
However, in the same way that happened previously, the absence of climatological data
prevents us from defining unplanned urbanization as the root cause of this trend; in fact,
the most urbanized areas achieve the highest damages values [12,21,42].
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5. Conclusions

In contrast to other quantitative works, this study is a first step in uncovering the socio-
economic factors underlying flood damages trends in two of the Mediterranean provinces
most affected to these events: Alicante and Murcia. Firstly, between 1996 and 2016, flood
economic damages increased by almost EUR 53 million, i.e., an average annual amount
of EUR 18 million that directly impacts on the citizens” economy. However, regarding
rainfall trends, this pattern seems to be more related to deficient territorial planning, which
is the reason why damages on dwellings and other economic sectors (e.g., businesses,
offices or industry assets) have increased. In a greater level of detail, regarding the two
periods defined, in the second one (2006-2016) damages were close to 2000% higher than
those recorded in the first (1996-2005). Unquestionably, this dramatic situation cannot
be attributed exclusively to the efficiency of land laws, the Basic Guideline or the Floods
Directive. It can also be attributed to their consideration by local planners in spatial
planning instruments. In this regard, it would be very interesting to develop a future study
to analyze the effects of climate change on flood damages, especially considering the higher
recurrence of extreme events.

However, regarding the damages caused by floods to each asset, dwellings have
recorded the highest total amount (more than EUR 173 million, 46% from total compensa-
tion paid), along with the highest percentage increase in economic losses (418%). Therefore,
this trend reinforces how local planners’ permissiveness has increased the number of as-
sets placed on floodable areas; in fact, after dwellings, businesses (26%), motor vehicles
(14%) and industry assets (11%) recorded the highest damages. As a result, this situation
reflects three realities: (i) the lack of consideration of land uses in spatial planning despite
the fact that they are mandatory, (ii) the low efficiency of the structural flood measures
implemented, especially in regard to future climate change effects on flood events, and
(iii) the false sense of security generated by both, a perspective reflected in inhabitants’
floods perception. In addition, the work has also reinforced the existence of a temporal
flood damages pattern in the first two months of autumn, a period that coincides with the
maximum rainfall and number of events. Thus, flood damages have a minimum rainfall
level that unplanned urbanization could decrease.

Thirdly, although flood economic damages have increased in the provinces of Alicante
and Murcia at the same level, Alicante has been able to decrease it over the last few
years, especially considering that this area recorded the highest rainfall. In this regard,
considering that both provinces followed the same legislative framework established at
the national level by land laws, this different preventative pattern could be connected
with the autonomous plans against floods, PATRICOVA and INUNMUR, respectively,
whose effects on flood exposure have been opposed in each province. However, despite the
PATRICOVA effectiveness in reducing flood exposure, no significant differences between
the total damages amount in each province were detected, but some were detected by asset.
In this way, while dwellings, followed by businesses, industry assets, motor vehicles, offices
and, lastly, civil engineering, were the assets most damaged in decreasing order for the
province of Alicante, for the Murcia province this ranking is ordered dwellings, industry
assets, civil engineering, motor vehicles, businesses and, lastly, offices. Nevertheless,
regardless of the asset position in each province, it should be highlighted that the elevated
percentage of those related to places where people spend a lot of time.

Lastly, the results also show a different spatial pattern in terms of the location area
and the periods established. Firstly, regardless of the period considered, at the provincial
level the flood damages are higher in coastal municipalities than in inland municipalities.
As a consequence, in spite of the differences of each autonomous plan in efforts to reduce
the risk of flooding, these situations also demonstrate that additional or more restrictive
regulations should be established depending on the location of each municipality. However,
regardless of the province, the data again demonstrate that flood damages are higher along
the coastal municipalities of the study area, especially in the second period, a pattern that
does not match with the rainfall distribution.
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