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Abstract. High spatiotemporal flood databases are a negetsarfor proper spatial planning, especially neas with high
levels of exposure and danger to floods. This sfuehgents the preliminary results of the Spanishlitderanean Coastal
Flood database covering the municipalities in teigion. This database collects information on fleades that occurred
between 1960 and 2015 by systematically consuliiegdigital archives of the main newspapers instely area. The
search for flood information was conducted by meahsising links between municipality names and ywads that
correspond to the most common ways of referring situation that is likely to describe a flood ipa$. This methodology
has enabled reconstructing 3,008 flood cases atracipal scale and with daily resolution while gating information on
the types of damage, intensity, severity and affegtad. The spatiotemporal analysis of the dat@aks hot spots where
floods are especially intense and damaging wherpeoad to highly-developed areas where the frequehfipods is very
high. This situation is especially worrying insotexr we have detected a growing trend in the freqjuand area affected by
floods. However, one positive aspect is that thenisity and severity of floods follows a fallingmd. The main novelty lies
in the fact that the high-resolution spatial analysas made it possible to detect a clear latialdgradient of growing
intensity and severity in a north-south directidhis pattern subjects the coastal municipalitieshef south of Spain to a
complex floods adaptation scenario.

Keywords: SMC-Flood database, newspaper, Spanish Meditemaceast, flood intensity, flood severity

1 Introduction

On the Spanish Mediterranean coast, the relatipriséiween water resources and societies has bedwednaver time by
the succession of periods of drought and catastdfgtods that have major socio-economic impactisual system has
left societies who need water resources for ttgpicaltural and domestic demands exposed to arr@mvient characterized
by the torrential nature of rainfall (Gil-Guirad®)13). In addition to the climatic conditions, stalso necessary to consider
the social component. The economic growth expee@na the Spanish Mediterranean region over redepntdes has
increased exposure and vulnerability to the hafBétez-Morales et al., 2018), with a significarserin economic loss
caused by floods (Barredo, et al., 2012). Thisseconomic growth process has occurred withoutrftagroperly planned
any strategies to reduce the impact of floodingcif@-Cantos et al., 2010). One of the factors legadd a lack of strategic
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planning is the absence of a correct chronologiooid episodes (Hilker et al., 2009). As a restilthis situation, land use
plans are based on inadequate chronologies thabteport the real risk to the population in taiea (Barriendos et al.,
2014).

Several open and global flood databases have lmearioghed over recent years (Brakenridge, 2010; Wavi® UCL, 2014;
Munich Re, 2017; ESSL, 2018; EM-DAT, 2018; Europ&vironment Agency, 2018; NOOA, 2018; Swiss Rel&b
Nevertheless, most of these databases have twtatiiloms: i) the level of spatial resolution is \adoie between the
municipal and regional scales; and ii) the numidervents is considerably underestimated due tasleeof indirect sources
(Llasat et al., 2013a). Despite this, these datsbasve been used in a great deal of researchatgsanthe trends and
changes observed in the behaviour of floods omidifft scales (Barredo, 2007; Ashley and Ashley82B@ndzewicz et al.,
2013; Jongman et al., 2015; Terti et al., 2017heDtstudies, such as that of Adhikari et al. (20X@ve compiled
information from the main global-scale databasesintrease the spatial resolution and improve thatigi@mporal
representativeness of the data. Taking into accinenbias of the original databases, the resultbexfe studies may present
biases related to underestimating the number gbes and the failure to consider local variations.

On the other hand, several other studies like lhige developed their own databases using primarces (newspapers,
books, historical documents, reports and techmioalments) for different regions of the pl&nét this respect, the studies
developed in the Mediterranean region are very rkatde. Some works have made notable efforts tthegive flood data
from different European regions in order to offdiamogeneous database for the western Mediterraire#hnis regard, the
works by Llasat et al. (2013a, 2013b) show theltesii the FLOODHYMEX database analysis (produaethe framework
of the HYMEX Project). Using newspaper sources Witgh spatial resolution, these works collect gédaamount of data on
flood events that occurred between 1981 and 20%0foA Spain, works of Llasat et al. (2009; 201321 3b; 2016) and
Barnolas and Llasat, (2007) show remarkable imprers in flood databases through the INUNGAMA fladatabase.
Also in Spain, Barriendos et al. (2014) analysehistorical database obtained from historical docusienewspapers,
official reports and expert studies, covering tleeigd 1035-2013. For Portugal, Zézere et al. (2@td3ent a database for
the period 1865 to 2010, which they obtained froénrational, regional and local newspapers. Otheditdeanean
countries present equally valid initiatives, sushDdakakis et al. (2012) for Greece, whose workecs\the period 1880 to
2010 using journalistic sources and flood eventloiases from state civil protection agencies. Anmdthportant example in
Greece is the NOA Database (Papagiannaki, et@l3)2 which is also based on press articles tratanstantly updated
with information on weather and impact intensitasdification. Italy also has adopted a large amaiinhitiatives to
ascertain at a high level of spatiotemporal regmiuthe flood risk to its populations. In this resph projects have been
developed for specific regions of Italy. Specifigafor the region of Calabria, Polemio and Petry2612) and Petrucci et
al. (2018) analyse the variability of floods at thenicipal level between 1880 and 2007, doing soigigg newspaper and

L For more detailed information, the studies of Adhiket al. (2010), Bouwer (2011), Llasat et aDi2a) and Napolitanao et al. (2018)
include a detailed catalogue of some of these datzband their scope.

2For example: FitzGerald et al. (2010) for AustradcEwen (2006) for Scotland; Glaser and StangD@dor Central Europe; Quan
(2014) for Shanghai; and Brazdil et al. (2014)Southern Moravia (Czech Republic).
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historical documents for their reconstruction. Bog region of Campania, Vennari et al. (2016) retrmiet more than 500
flood events for the 1540 to 2015 period usingdnistl documents. However, the project at the Istrgeale, the AVI
Project, was based on the studies of Guzzetti.ef2805) and Salvati et al. (2013), whose resullenit possible to
establish a high-resolution floods and landslidesidase for the whole of Italy between AD 68 antiZ@asically, the AVI
Project uses primary documentation, but with dethihformation on deaths and displaced people.

The aim of most of these works is related to aniady$lood trends for the period of time reconstastt However, the
relationship between increases in exposure, lcmsésmpacts of floods does not follow a growingelin function. In fact,
climate variability, defence infrastructures, addiph measures and the increase in exposure hamgett both social
perception and flood trends (Jongman et al., 204}his respect, it is necessary to stress thetemxte of a negative
correlation between the duration and directionhef trends. Whilst negative trends appear in stugs@gsy data that covers
several centuries, positive trends appear in stuthi@ analyse data on the last half-century. Thesgences are due both
to capturing climatic oscillations in data withang duration (Barriendos et al., 2014) and to tetogeneity of the sources
used during recent years (Brazdil et al., 2014jtHeumore, the increase in exposure to flood ria& led to a rise in flood
trends (Perez-Morales et al., 2018).

Among the different sources used for flood databasewspaper sources allow homogenizing the dociamewnolume of
different countries over at least the last 150 gebr fact, most of the studies that reconstrudk for more recent periods
have used newspapers as their main source of eata FitzGerald et al., 2010; Zézere et al., 20D&spite the fact that
journalistic sources describe the impacts of floodssocieties in great detail, they are of a higatistemporal resolution
and have a large quantity of information to deahwthus making it necessary to reduce both tha afestudy and the
period analysed. Although the compilation of infation is obviously an arduous task involving detdikrchive work, it's
the results accurately reflect the impact of flo@@arriendos et al., 2014).

To reduce the knowledge deficit regarding the spetnporal variability of floods and to more effioty zone the
Mediterranean coast according to flood risk, weehdeveloped a high-resolution flood database bynsieda methodology
based on exploring the digital archives of the mmawspapers published in the area. This database,Spanish
Mediterranean Coastal database (or, SMC-Flood da&gbincludes all the flood cases recorded in peapers for the
different municipalities of the Spanish Mediterranecoast from 1960 until 2015. Here, we shouldifglahe difference
between flood cases and flood events. We considlend case to be when a municipality has suffeseche economic or
social impact due to rain on a specific day. Howgadlood event refers to an atmospheric situatiora specific day or in a
time period that may have affected several munitips at the same time (several flood cases)his way, a flood case
always corresponds to an affected municipality qragicular day, while an event may involve sevenahicipalities and
days. For example, during the flood event of Octdl#/3, there were 27 flood cases along the coaste provinces of
Almeria and Murcia on the 18and 19 of that month. Considering cases and not evenpéiéma large number of records

in comparison to databases that consider only fenahts.



Therefore, the main objective of this paper is tespnt the preliminary results of the SMC-Floodatlase, thus providing

an indicator of the potential of using this typehadh resolution database for research. Our objedsi especially relevant to

areas like the Spanish Mediterranean coast, whapealg@tion growth in recent decades has led to dmidied increase in

exposure to flood risk. In this regard, this papas secondary objectives of analysing the temmspatial variability of
5 flood cases in the study area and detecting hds spith high flood risk.

In future research, this database will be usedvfmious purposes, such as for evaluating flood iptieth tools and

validating risk thresholds according to exposurd anlnerability conditions. In general, the SMC-édbdatabase will

contribute to improving the understanding of tlo®# processes in an area of special economic, titimad social interest.

2 The Spanish Mediterranean coast: “A flood risk-rgion”

10 The study area includes all the coastal municipalibf the Spanish Mediterranean Sea on the Ib&émnsula. In total,
there are 179 municipalities integrated into 11lvproes and 4 autonomous communities (see Fig. B¢. total area is
13,381 kn (2.64% of Spain’s total area), with a populatidr8@13,290 inhabitants in the year 2016 (18% ef $panish
population) (INE, 2018) and an average populatiensity of 1,200 inhab/kfa figure far higher than the average for the
EU (119) and for Spain (92).

15 : - -
Figure 1: Coastal municipalities of the Spanish Mediterrangaa along the Iberian Peninsula.
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Due to the climatic and hydrological conditionstbé Spanish Mediterranean basins, as well as tle@dive anthropic
transformation that has taken place, this spacébbasme a “risk region” with a high level of vulaéility (Olcina-Cantos
et al., 2010). The rainfall climatology in the werst Mediterranean is marked by high variability flicents (above 35%).
Thus, 25% of rain days concentrate more than 75%refipitation (Martin-Vide, 2004). The seasonatifytorrential rains
over the Spanish Mediterranean region is markea loyaximum at the end of summer and especially dutie autumn
(Llasat et al., 2013a). This maximum is due to wanomid air coming in at low levels from the sealdBert and Llasat,
2018: 1864). These atmospheric situations can benagated by the presence of a closed upper-leve($Sumner et al.,
2003), which has become completely displaced (ffutfrom the westerly current and moves indepenigenit that current
(Pagan et al., 2016). However, convective predipita are the trigger for a large number of toligdnain episodes that are
of low spatial extent and especially related tstildloods (Gilabert and Llasat, 2018). What is mahés climate scenario
can become more dramatic in the future. Sumnel é2@03) highlighted a notable increase in mosiogfic situations with
an easterly flow on the Spanish Mediterranean codstse situations are prone to generating toakendins and thus
increasing flood hazards.

Added to this climatic scenario is the effect ofamupt relief, with sharp gradients (Gilabert dtalsat, 2018) and scarce
vegetation, which increases the quantity of effectiainfall becoming run-off. Furthermore, the @mese of pre-littoral
reliefs exacerbates these precipitations and exglpért of the great spatial variability of the gpéation during a single
atmospheric event (Romero et al, 2000).

In addition, this climatic scenario is complicateyl the social component. Because of the intengiviewature, industry in
the major urban centres, trade and tourism, tlgi®neis the main centre of urban growth (Burri€l13). Thus, the resulting
dynamic economy places it among the highest rdtpsfulation and economic growth in Europe overlést 50 years.

3 Methodology and sources

The SMC-Flood database contains information abtmadf cases at the municipal level that were publisim printed
newspapers and took place among the Spanish Meditean coastal municipalities (henceforth SMCMeein AD 1960
and 2015. The newspapers used were selected awgdodihe following criteria: i) the highest ciratibn in each one of the
four autonomous communities studied; and ii) itacheffice is located in the same autonomous conmyfsée Table 1).
This criterion ensures the reliability of the dagsice news coverage of floods is more extensivervthe original source of
the data is a newspaper whose office is in the sart@homous community.

Table 1: Newspaper sources for the SMC-Flood database:

Newspaper  Type of Access Newspaper Library Link Péod Main coverage region  Head office
ABC Open http://hemeroteca.abc.es/avanzada.stm  1903-Now  Andalusia Seville

LV Open https://www.lavanguardia.com/hemeroteca 1881-Now Catalonia Barcelona
EMV Restricted - 1872-Now  Valencian Community Valencia
LVM Restricted for - 1903-Now  Region of Murcia Murcia

news before 2006
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*The head office of the newspaper ABC is in thg at Seville (Andalusia); that of the newspaper\anguardia (LV) is in the city of
Barcelona (Catalonia); that of the newspaper Elddetil Valenciano (EMV) is in the city of Valenc{galencian Community); and that
of the newspaper La Verdad de Murcia (LVM) is ie tity of Murcia (Region of Murcia.

The information from these newspaper archives &lavle digitally through both open access (LV &RIC) and restricted
access (EMV and LVM). When access was restrictezl otatained an unrestricted password for the EM¥ fié charge
within the framework of scientific cooperation.thre case of LVM, we carried out the search on #reral computer of the
newspaper’s head office in the city of Murcia.

The digitized documents facilitated keyword searghfor the information in the archive search engiokeach newspaper.
The first step consisted of relating each munidipall79) to its corresponding autonomous commusityewspaper.
However, in some cases, searching for informatiosoime other newspaper completed the level ofldataspecific cases
and municipalities. Additionally, we consulted specific bibliography to rule out any data gaps,vbich the main source
of information was the Catdlogo Nacional de Inunolaes Histéricas (Pascual and Bustamante, 20113. fecessary to
validate the results, especially when taking intcoaint certain problems related to using newspaperces, such as:
inhomogeneity, duplicity of information and contietdry information (widely discussed by Llasat & 2009 and 2013a).
Furthermore, these newspaper-source problems beoamne evident going back in time (more than 50 ggasince
journalistic sources are relatively more consistagr recent decades. In light of the issues alibeeauthors conducted the
guery procedure manually in order to eliminate safihe indicated problems from this database. Sdlgpwe carried out
the systematic search for news where the nameabf eaunicipality appears together with any of thkeywords/phrases
selected (see Fig. 2, Panel a). These keywordesmnd to the most common ways of referring tdwagon that is likely
to describe a flood in Spain:

1. “Inundacion” (Flood).
“Inundaciones” (Floods).
“Riada” (Flash flood).
“Lluvias torrenciales (Torrential rains).
“Fuertes lluvias” (Heavy rains).
“Intensas lluvias” (Strong rains).
7. “Tromba de agua” (Severe downpour).
In addition, the search was duplicated for thoseinipalities in Catalonia and the Valencian Comnttiat have language

I

variations (e.g., Alicante/Alacant, La Escala/L'&ls¢ El Puerto de la Selva/El Port de la Selva,uBagSagunt). In this
way, we ensured that the same search criteria fuliled within all cases.

This initial search produced more than 1,500,008side results (news pages). Obviously, severalvkeys may be present
on one page of news. In many other cases, the pamenunicipality may appear on the page of a nigevs on floods, but
without having been affected by that flood. In tiela to this last point, it is possible to limitasehes to cases in which the
keywords are connected directly to the name otdhe (i.e., “Torrential rains in Barcelona”). Howexy we found that this

excessively restricted our search results, thudingato many missing news items that had actuaforted on specific
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floods. The reason for this is that keywords freglyeappear in the headlines while the body ofibgvs report describes
the impacts and identifies the affected municijesit

To filter the initial search results, each newsit®as saved in a digital file with the date of teavs, followed by the initials
of the newspaper (LVG, ABC, LVM or EMV) and, fingllthe page number of the newspaper where it wasrted. On
many occasions, news about a flood in a specifimtappears on different pages within the same affgring varied and
complementary information. Fortunately, this sysfemthe coding news enabled elimination of dugbckeywords as well
as municipalities (the same piece of news descfibeds in various municipalities). Thus, the fde possible floods was
reduced to 23,580 pieces of news for the SMCM.

The next step involved transforming qualitativeoimfiation into quantitative information (see Fig.Panel a). To this end,
we consulted all the news filed and proceeded the¢be news text onto spreadsheets. Digitizinghtwes pages by means
of Optical Character Recognition (OCR) substantificilitated this arduous task. Furthermore, tbdicg complied with
the following classification protocol (see Fig.Panel b): every flood was assigned its exact dateaurrence (the date of
the flood is at least one day before the date efribws). Next, the affected municipality or munédifles were defined.
Finally, the intensity of each flood was determira@tording to 3 levels (Camuffo and Enzi, 1996;r@ados et al., 2003;
Llasat, et al., 2005; Barriendos et al., 2014):

- Level 1 (L1):ORDINARY flood. A flood without overflow and minor damage.
- Level 2 (L2):EXTRAORDINARY flood. A flood with overflow and major damage.
-  Level 3 (L3):CATASTROPHIC flood. A flood with overflow, general destructiamd deaths.
Level 1 floods refer not only to cases of ordinfiopding in river flow, but also to flash floods @um situ floods outside the

river’s floodplain. For this reason, Level 1 flooalse valid for reporting variability in climate (@hges in rain patterns) and
social factors (changes in exposure or vulnergbilftlasat et al., 2016), though they are not vdbd reporting the
hydrological variability of rivers. Accordingly, ste works that analyse the hydrological variabitifythe rivers exclude L1
floods from their analyses (Llasat et al., 2005)r Ehis reason, we obtained 10 dichotomous vargahde indicating the
presence (1) or absence (0) of any effects/dampigeliced by a flood in each municipality. Thus, eeegorized the
information on the type of damage suffered in apt&mmanner, always aware of the difficulty inher@mtconsistently
objectivizing quantitative information in time asgace (Gil-Guirado et al., 2016). These varialiies we created give us a
rough idea of the scope of damage caused by eact. fSpecifically, the damage variables are thieiehg: agriculture;

cattle; fishing; roads; industry; trade; buildingsyrism; fatalities; and injured.
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Figure 2: Method of cataloguing news, step by stBarfel §, and example of the coding system for the nd¥emél b. Panel b source:
ABC Newspaper, news of 23 August 2007.

Furthermore, some ancillary indices and variabgehbeen calculated to characterize floods in €M (see Table 2,
Panel b). The severity index is the sum of damaggnitity multiplied by flood intensity for each casmnd it provides

additional information. As an example, a flood mteinsity 2 could produce major damage, but withcealtrated effects in
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agriculture (Intensity = 2, severity index = 2); ileha flood of intensity 1, could cause some weakndge but extend to a
large number of sectors (for example, roads, toyrisommerce and agriculture) (Intensity = 1; saydridex = 4 * 1 = 4).
In other cases a flood could be very intense asd affect a large number of sectors, so its fingldct is greater than if
simply considering the intensity (for example, @ofll of intensity 2 that affected roads, agricultdoairism and trade would
have a severity index of 8). Therefore, the seya@ndex offers information that is complementarythe intensity level and
the amount of damage.

With regard to the affected area, we have assitmedch flood the area of the municipality wherdk place. While we
are aware that a flood does not affect a whole adinitive area, we consider it to be a good measur performing
comparative analyses at a spatiotemporal scaleeder, although a flood does not directly impaetwhole municipality,
the effects are felt indirectly throughout the adistrative territory.

Finally, with the results of the SMC-Flood datahase have conducted a trend analysis to ascerth&ther floods and
their intensity have increased or decreased owee.tiThe existence or absence of statistically Sagamt trends was
determined by the improved non-parametric test infdth and Slack (1984), which is based on the M&endall range
widely used in climatic and hydrological studiesisltest gives information on two possible hypoéiseshe null hypothesis
(HO), indicating that the series does not presemigaificant trend; and the alternative hypothg$i®), indicating a
statistically significant trend that may be negatiwr positive. The chosen level of significanced%6. In addition, we
calculated Sen’s Slope, which indicates the biak sire of this trend. Multiplying this value by thetal number of

observations, we would obtain an approximate vafutee mean loss or gain of the variable over ittne fperiod.

4 Results

4.1 SMC-Flood records summary

According to the SMC-Flood database, the SMCM satfe3,608 flood cases between the years 1960 atisl ZIf these,
72% were of an ordinary intensity (Level 1), lelsart 25% were extraordinary (Level 2), and slightlgre than 3% were
catastrophic (Level 3) (see Table 2, Panel a).

With regard to the types of damage (see Table @¢lPs), roads (almost 80%) and homes (45%) werezdhiables most
affected by floods. Trade and agriculture are aksctors that repeatedly suffer damage (in apprdein@0% of cases).
Tourism is another sector that suffers the impédioods (16%). However, there are important diéfieces in the types of
damage, depending on the level of intensity. Inegainthe amount of damage increases with the Evieitensity, meaning
that the greater the intensity, the more assetspaogle that are affected. Between intensity Letetnd 2, the greatest
increases occur among residential properties (dlB8@% of the Level 2 floods involve damage to honaewl trade (almost
half of Level 2 floods involve impact on trade).€Be two types of damage are interrelated insoféhe®verflow of the
water body affecting residential properties aldeci$ trading establishments, which are generaltatied in the lower part
of the buildings. Also notable are the increasegripacts on agriculture and trade. Regarding ttengbs between the

damage produced in Level 3 floods and those ofrdéwvels, the most notable is the increase in trecteffects on people’s

9
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health (fatalities and injured). In fact, almos0¥ of Level 3 cases involve human victims, such the main criteria of the
classification method consider that a flood haviagised victims is a fundamental factor for congndeit Level 3. In

general, catastrophic floods are characterizedhey fact that they affect the whole economic andasdabric of a

community.

Regarding the affected area, in the SMCM, eacldflaifects 119 kih However, this value rises alarmingly as the istign

level of floods increases.

Table 2: SMC-Flood database summary.

L1 L2 L3 TOTAL FLOOD CASES
N % N % N % N %

Cases 2,599 72.03 887 24.58 122 3,38 3.608 100
Agriculture. 346 13.31 307 34.61 49 40.16 702 19.46
Cattle. 10 0.38 33 3.72 13 10.66 56 1.55
Fishing. 46 1.77 70 7.89 5 4.1 121 3.35
A)  Roads. 1,928  74.18 807 90.98 108 88.52| 2,843 78.8
Industry. 30 1.15 84 9.47 24 19.67 138 3.82
Trade. 225 8.66 432 48.7 61 50 718 19.9
Buildings. 850 32.7 697 78.58 82 67.21] 1,629 45.15
Tourism. 298 11.47 239 26.94 37 30.33 574 15.91
Fatalities. 10 0.38 9 1.01 118 96.72 137 3.8
Injured. 27 1.04 65 7.33 45 36.89 137 3.8

L1 L2 L3 TOTAL FLOOD CASES
B) Average Severity Index 1.45 6.18 13.33 2.57
Area (km?) 115.86 118.04 181.48 118.62

*The different colours represent how the valuesiaeweither above (red) or below (green) the 5@tfcgntile (yellow) of the mean type
of damageRanel g or the level of intensityRanel b. ** The severity index is calculated as the isignof a flood multiplied by the sum
of the type of damage (sum of the dichotomous btegmaffected), divided by the number of floods @ach intensity level and for the
total). Such that (Eq. 1$everity Index = (3(Intensity Level X Damages )) + Intensity Levely.

4.2 Spatial variability of floods

A detailed view at the municipal level reveals éxistence of “hot spots” in the number and intgnsftfloods (see Fig. 3).
Areas of high average intensity are found alongtnodshe coast of Andalusia and, occasionally,dme sectors of the
provinces of Gerona and Tarragona (for each muatlitypor province, the average intensity is thautesf dividing the sum

of the intensity levels of total floods by the idtaod cases in this municipality or province).fbct, of the 20 municipalities
with the highest average intensity, 12 are in Aodial and 7 in Catalonia. Regarding the areas Wwihhtghest numbers of
floods, it is necessary to differentiate betweea types of areas: i) large urban conurbations @ana, Valencia, Malaga
and Alicante); and ii) coastal spaces that higblgcsalize in tourism (north of the province of Tayona, in the province of
Castellon, south of the province of Valencia, andimof the province of Alicante). However, the moststanding aspect is
an opposing latitudinal gradient: whilst the averdgtensity of floods increases as we go furthartlsotheir number

increases in the opposite direction. Thus, consigehe combination of intensity and frequency, thetropolitan area of

Malaga stands out as the most threatened area.
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CC.AA Province | Pop. (2016) Area (Krd)  Density (Pop/Kn?) |
Gerona 243,098 666.2 365
Catalufia Barcelona 2,573,798 477.7 5,388
Tarragona 406,536 1,014.4 401
Castellén 365,002 920.2 397
Comunidad Valenciana Valencia 1,152,087 710.0 1,623
Alicante 1,085,013 1,663.2 652
Region de Murcia Murcia 463,260 2,948.0 157
Almeria 501,739 2,145.7 234
Andalucia Granada 115,177 447.8 257
Malaga 1,252,694 1,384.2 905
Cadiz 254,886 1,003.4 254
Total: 8,413,290 13,380.7 1,200

Figure 3: Intensity average and total floods by municipadityd Spanish Mediterranean coastal municipalitjgestial summary.

The map shows in different colours the average intensitflands in each municipality, and the black bagpresent the total number of
floods in each municipality.

Thetable reports the total population, the total area d&wedpopulation density by province. The differeribaos represent how the values
deviate above (from yellow to red colours) or belgnwm yellow to green colours) from the 50th pertile within the mean values of the
variables (Pop., Area and Density). Source: INE,&0

Analysing the variability of the data aggregatedhat provincial level confirms some of the spafiatterns detected (see
Table 3). The average area affected by each fleatirectly related to the differential size of thmunicipalities in each
province. In this respect, it is appropriate torpaiut that the average size of the municipalitethe province of Murcia is
larger, which is reflected in the fact that floddsse a greater spatial impact in this provincel{dbod in Murcia affects an

average of 574 kfncompared to an average of 119 for the whole studg). As from the province of Alicante, a latinad
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change takes place in the form of floods affectanger areas, which may also be due to climatitofa¢c governance, or the
average size of the municipalities. On the otherdhahe quantity of floods that occur in each pnoei bears a direct
relationship with the size and density of the exgiogopulation (see Table in Fig. 3). This lattaiadés especially important
in the highly-developed provinces (Barcelona, Valarand Alicante). These provinces, together widtst€llon, are those
that support a higher number of floods per kilomeif coastline; and they confirm the latitudinaadjent detected. This
uneven N-S distribution is noticed in the intensifyfloods, i.e., the further south we go, the leigthe proportion of Level 2
and 3 floods, compared to Level 1. Likewise, thigvidenced by the severity index, the expressiavhech is even clearer.
Therefore, we can affirm the existence of a spagigtern in both intensity and damage moving imatigerly direction. In
this regard, between the severity index and thitihal gradient (the provinces ordered correkd§ifrom north to south),
there is a Pearson correlation of 0.91 with a §icamice level of 95%. Furthermore, the correlati@tween the percentage
of L1 floods and the latitudinal gradient is -0.&hr the L2 floods, the correlation is 0.73. Bo#ises have a significance
level of 95%. This tendency may be related to tHeption of more efficient flood control measurestive northern
provinces (the Catalonia and Valencia), owing tirtlearly tourism and economic development. Likewen explanation
can also be found in the climatic factor, as thesraare more torrential in the southern provinddar{in-Vide, 2004).
However, given the clear differences between pi®gnn the same autonomous community, we cannad aemsidering
the economic and institutional factor, since othtrdies have detected growing institutional vulbéity following the

aforementioned latitudinal gradient (LOpez-Martie¢al., 2017).
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Table 3: Spatial flood patterns in SMCM.

N%- . Flood case/

. N-Flood % Severity | Area
CC.AA Province cases E:)soeds Province| Index [ (Km? Coast (Kn¥)
Gerone 16E 6.3t 70.5] 1.32 30.6( 0.6:
Catalufia Barcelon: 52C | 20.0] 77.1¢ 1.37| 33.4] 3.2¢8
Tarragone 257 9.8¢ 79.81 1.3€| 49.31 0.9z
. Castell6t 29z  11.2¢ 76.0< 1.45| 63.02 2.1C
Comunidad yajencic 42¢)163¢  74.7 15:| 615¢ 3.1¢
Level 1 _ . Allcapte 34¢  13.3¢ 71.4¢ 1.62| 120.5¢ 1.4z
Region. Murcia  Murcia 20z 7.81 73.82 1.5¢| 592.3: 0.74
Almerie 117 4,50 71.3¢ 1.41] 150.3¢ 0.47
. Granade 43 1.6t 58.9( 1.2€¢| 70.1¢ 0.52
Andalucia a0 167 6.4  56.0¢ 1.41| 158.7¢ 0.8¢
Cadi: 61 2.3t 48.0% 1.2€| 198.2: 0.74
Total L1 2,59¢ 100.0( 68.9( 1.4F 11€ 1.23
Gerone 63 7.1C 26.92 5.37] 30.9i 0,24
Catalufia Barcelon: 124 13.9¢ 18.4( 5.6€| 41.0¢ 0,77
Tarragone 55 6.2(C 17.0¢ 6.15| 41.5¢ 0,2C
. Castell6t 88 9.92 22.9: 5.9¢1 64.2] 0,65
Comunidad v alencic 13¢ [1A5.61  24.3¢ 7.5 658 e
Level 2 - _ Allca_nte 123 13.8i 25.2¢ 6.0€| 129.3: 0,5C
Region. Murcia Murcia 59 6.65 21.4% 6.5¢ | 471.9¢ 0,2z
Almerie 38 4.2¢ 23.15 6.37| 169.9: 0,1t
. Granads 21 2.31 28.71 6.3¢| 77.2¢ 0,2€
Andalucia a0 117 13.1¢  39.2¢ 5.7¢| 163.7¢ 0,5€
Cadiz 60 6.7¢€ 47.2¢ 6.77| 159.6° 0,75
Total L2 887 100.0( 26.81 6.1¢ 11¢ 0.4z
Gerone 6 4.92 2.5¢€ 11.5(] 29.5¢ 0,0z
Catalufia Barcelon: 30| 24.5¢ 4.4¢ 11.5C| 29.1¢ 0,1¢
Tarragone 10 8.2( 3.11 12.9C| 47.5¢ 0,04
Com Castell_ér 4 3.2¢ 1.04 12.0C| 79.5% 0,0z
Valenciéna Va_llenCIE 5 4.1C 0.8¢ 14.4C| 91.1¢ 0,0f
Level 3 . Allcarlte 16 13.11 3.2¢ 15.75| 161.4: 0,07
Reg. Murcia Murcia 13 10.6¢ 4.7¢ 17.5¢| 758.6¢ 0,0t
Almerie 9 7.3¢ 5.4¢ 15.67| 229.3¢ 0,04
. Granade 9 7.3¢ 12.3¢ 12.67| 53.41 0,11
Andalucia 00 14 1146 A7C|[1071028] 260.1¢ 0.07
Cadiz 6 4.9z 4.72 14.0C| 201.2: 0,07
Total L3 12z 100.0( 4.3C 13.3¢ 181 0.0€
Gerone 234 6.4¢ 100.0( 2.311 30.6i 0,9C
Cataluia Barcelon: 674 18.6¢ 100.0( 2.2z 34.6: 4,1¢
Tarragone 32z 8.92 100.0( 2.15| 47.9¢ 1,1€
Com Castellél 384 10.6¢ 100.0( 2.2¢| 63.4¢ 2,7¢
Valenciéna Va_llenC|£ 57E 15.8( 100.0( 2.5§ 62.8¢ 4,22
TOTAL Alicante 487 13.5( 100.0( 2.77| 124.1: 2,0C
Floods Reg. Murcia Murcia 27¢ 7.62 100.0( 2.82| 574.3¢ 1,0C
Almerie 164 4.5¢ 100.0( 2.7z| 159.2: 0,6€
. Granade 73 2.0z 100.0( 3.34] 70.1t 0,9C
Andalucia a0 20¢ 826  100.0( 3.0¢| 165.4¢ 1,47
Cadi: 127 3.52 100.0( 3.8C| 180.1¢ 1,5t
Total Flood case: 3,60¢ 100.0( 100.0( 2.57 11¢ 1.71

N-Floodsindicates the number of floods in each provincevben 1960 and 20181%-Floodsreflects the percentage of the total floods
that corresponds to each provinéé.provinceindicates the percentage of the total floods icheprovince that corresponds to each
intensity level. Severity indexeflects this value for each province and for eimt@nsity level Area (knd) andFloods/Coast (kf) show,
respectively, for each province the kffected and floods which, on average, affect ddidmetre of coast. *The different colours
represent how the values deviate, above (red)lomb@reen) from the average (yellow) of each Malggintensity level and total).
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4.3 Seasonal flood variability over the SMCM

Floods that affect the SMCM have considerable sesweariability with regard to number and intensifys is to be

expected from the climatic conditions (Barredo, Z0OBarrera-Escoda and Llasat, 2015), the majofitffoods (58%) take
place during the autumn months, especially in Catadis a result of the recurrent “cold pool” thafeetls the region.
Furthermore, floods become more highly concentrdigthg this season as the intensity increases &bRevel 1, 65% of
Level 2 and 74% of Level 3). Therefore, autumn (Seper-November) is the season with the most dasigiéooding in

terms of both quantity and intensity. Autumn iddeled by winter (December-February), summer (Jungist) and finally

spring (March-May) (Fig. 4 Panel a). However, therdittle difference between the intensity of taetumn and winter
floods (Fig. 4 Panel b) (mean intensity of 1.34Ha case of winter compared to 1.36 during theraojuOn the other hand,
in spring and especially summer, the average iittessare lower (mean intensity of 1.22 and 1.E8pectively). The high
intensity of the winter floods is probably relatedthe type of atmospheric situation that genertitese floods and which
usually leads to large accumulations of rainfalkerogeveral days (Mufioz-Diaz and Rodrigo, 2004)atel to this point,

successive studies within this same project widllgse the climatic patterns in depth.

900
BOOD -

700
. 600
500

3 400

BleveZ Olevell
Figure 4: Monthly distribution of flood cases frequency angrage intensity in SMCM.

This seasonal variability presents notable diffeesrbetween provinces (see Fig. 5). Regardinguh#ar of floods among
the provinces of the east coast, the autumn selagatiarn mentioned above is reinforced while ie fouthern provinces
autumn becomes less prominent compared to wintachws the season with a greater concentratidtoofls. This reveals
a rainfall pattern associated with intense rainingvwio the variability of the polar front (Mufioz-&4 and Rodrigo, 2004),
which especially affects the provinces in the seumdst part of the study area. However, these poegrare also not exempt
from being impacted by the frequent synoptic situret associated with the same easterly flow thigtctef the rest of the
study area.

A similar spatial distribution can be observedtia average monthly intensity per province. In thevimces of Granada and
Malaga, the autumn floods present the highest sittervalues in the study area. However, unlike ftegjuency, the
distribution pattern is less clear. The autumn amater months coincide in more intense floods, fyain the provinces
between and including Castell6n and Granada. Honvavéhe provinces of Gerona and Cadiz, the matamsity is higher
in the winter months. Finally, in the provinces Bércelona and Tarragona, late summer floods am sifmificantly
frequent. This observation is consistent with thimsprevious works on these provinces (Llasat gt24113a, Gilabert and
Llasat, 2018).
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Figure 5: Spatial variability of flood cases frequency andrage intensity in SMCM by province.
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4.4 Type of damage variability

The type of damage also present notable spatiahibity. With regard to the total amount of typedamage per province
(Fig. 6, Panel a), the size of the exposed popmurais the main factor. In fact, the provinces witigher populations
(Barcelona, Valencia and Alicante) are those teport a higher number of type of damage (Fig. &ePa). However, if we
consider the average quantity of type of damagerteg per flood case by province, we observe thattverage amount of
type of damage increases in a north-south direcliorthis way, the average amount of type of damalge shows a
latitudinal gradient in a north-south direction. dther words, the provinces to the north of Valan@port an average
amount of type of damage per flood that is lowant&, while from Valencia towards the south thikigas higher.

With regard to the different types of damage pewice (Fig. 6, Panel b), the highest quantity afhdges affects roads and
buildings, the sum of which represents over 60%lbthe type of damage reported. In the case adspsdverbeds in the
study area are for ephemeral purposes and theraftaeye part of them can be crossed by roads utithodges or even
used as communication routes between the headamtemouth areas. Therefore, it is logical that nudsthe damages
pertain to roads. Regarding damages to buildirdigee iconsider that floods are a natural risk thgch societies (Bates and
Peacock, 1987, Tapsell, et al., 2002), damage itdibgs is perceived to be one of the most sigaificimpacts on societies
(Nadal et al., 2009).

The provinces of Barcelona, Alicante and Malagataghly developed and specialized in the serviagoseand tourism,
which is why type of damage related to the primseygtor are low. However, in the provinces of Tavrey Almeria and
Granada, where the agricultural sector continudsatee an important comparative economic weighttype of damage in
this sector are considerable.

Lastly, an analysis of the type of damage revdassame latitudinal gradient, which this time idigated by the record of
injured persons and fatalities. As we head furiwarth, there is an alarming increase in the peagest of these variables:

from 3% on average between Gerona and Alicant&4détween Murcia and Andalusia.
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Figure 6: Types of damage by province.
Panel ashows the total types of damage per proviRanel bgives the damages per type, as a percentage tdttieype of damage in
each province.

4.5 Flood evolution and trends

The floods in the SMCM present an annual varigbilit frequency, impact and intensity that are dipselated to the
variation in the frequency and intensity of prepons (Martin-Vide, 2004).

With regard to the annual mean intensity (see Fidgeanel a) from 1960 to 1994, the data were marialle and extreme.
In fact, the 10 years with greatest average intgriebk place during that period. Furthermore, five years of highest
mean intensity were, respectively: 1973, 1987, 196855 and 1961. However, it is important to empeathat the mean
annual intensity presents a statistically significaegative trend, i.e., the average intensitylaéds descends during the
period analysed. Likewise, even though the sevardgx during the first five years of the ninetesixties was particularly
high, their average annual value also presentgymifisant negative trend. According to the seveiitgex rank, the
following years should be highlighted: 1973, 1969287, 1982 and 1964. Some of the highlighted yeairscide with the
most catastrophic floods occurring in the studyadi973, 1962 and 1987) in the last century.

With regard to the annual frequency of floods (&g 7, Panel b), an increase is observed sinceitiigies and, especially,
since 1996. Since then, the number of floods fer majority of years is above average. The trendysisadetects a
statistically significant positive trend, which eals that every year floods increase by 2.3% coeaptar their average value.
However, this increase is not homogenous accortirtge intensity level because the Level 1 and Léviioods present

significant positive trends while those of Levetither remain stable or have no appreciable tréhd.rising trend is more
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pronounced in the case of the Level 1 floods, whiate an annual increase of 2.8% compared to Inli#teicase of Level
2 floods.

Turco and Llasat (2011) and Llasat et al., (20h@ye also found that flood trends over recent des#u Catalonia are due
mainly to an increase in urbanization in flood-gFr@reas near torrential and non-permanent streams.

Lastly, the evolution of the affected area preseatgbility that is similar to the frequency belar of floods (see Fig. 7,
Panel c). The decade of the nineteen-eighties ict@aavith the time when values began to increaspeéially outstanding
as disastrous periods are the second half of thetegen-eighties and the decade of the 2000s. Howigve necessary to
point out some nuances and differentiations. The t@lues for the affected area have a positigady but if we consider
the size of the area affected according to intgieitels, a significant positive trend is detectedly for Level 1 floods. That
is, every year the area affected by floods incredse166 km (an increase of 2.2%). This situation becomes aslhe
notable in the case of Level 1 floods, for which tiew area affected is 158 kper year (a growth rate of 2.9%)).

During the comparable data period (1971-2015),fktbed damage database on insured assets of therdatinsurance
Consortium of Spain (NISS) (Consorcio de Compeidsade Seguros, 2019) also shows a positive treffidbaads. In this
case, it is evidenced by an increase in the aramalnt of type of damage filed, i.e., in the amafrtnoney indemnified.
In addition, peaks in the amount of money inderedifdetected in the NISS database coincide witHflttoel cases and
impact peaks detected in our data base (1987, 1985, and 2007). On the other hand, the NISS dsg¢abaincides with
our database in indicating the most dangerous rediathfloods (mainly September and October). Howetree different
characteristics between these two databases leattdmparable results from and utility of both detses comparable.
While the NISS database offers aggregated dataeaptovincial level and refers only to the numbémpmcedures for
economic impacts and losses, the SMC-Flood databffeses data at the municipal level for the Mediean coast and it
refers to flood intensity, severity and type of amp On the other hand, it should be noted that3panish insurance
contract does not require insuring one’s home. &foee, this database could be even more biasedatinan depending on
the degree of insurance coverage in the municipalf the study area (Clavero, 2016). On the okizerd, because the
National Insurance Consortium database is basegrivate insured assets, we have limited informatonthe impact of
floods on public goods such as roads. In this r@spaed taking into account the great weight tbatirdamages have in our
database, it is not surprising that the SMC-Floathldase considers a number of cases far greatethithtiof the National
Insurance Consortium database.
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Figure 7: Temporal variability of the intensity, severity asgiatial impact of floods cases in the SMCM.
The values indicate the annual accumulation pensity level. The mobile mean of 11 years has laelgled to temper the variability, as
well as the total mean of each variable, in ordedéntify years with values above or below the mea

5 Panel aindicates the variability of the annual intensatyd severity of floodsPanel bindicates the variability of the annual number of
floods. Finally,Panel cindicates the variability of the area affected.

Related to the positive trend observed in the ddtesat et al. (2016) pointed out that it may be ¢u the following main
factors: i) climatic issues (a greater recurrenft®iwential rain events in the study area); ahdhié increase in exposure and
vulnerability due to the increase in population asdnomic growth.

10 Due to the fact that L1 floods concern not onherifloods but also flash floods and in situ flootlg increase in exposure
could take on more importance as the exposed suifefftood-prone areas becomes greater. Thusnigédgssary to include
the growing surface outside the floodplain (Péremdfes et al., 2018), for which the evidence ingisahat L1 floods have
the most clear upward trends.

However, there are other factors that should natuelooked or dismissed. According to Llasat et2009, it is important

15 to consider that trends may be biased by: i) pulglimion having greater sensitivity or perceptiowards natural risks due
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to increased newspaper coverage of floods; ii) eatgr spatial coverage of the news as a resultmpfroved
communications. Eisensee and Stromberg (2007)aatgee that the coverage of natural disasters ipithgs depends on the
availability of other newsworthy material at thed of the disaster. Additionally, there may be sepatial bias in the news
based on the newspaper's spatial coverage (Walni€89). In this regard, the newspapers used iISME-Flood database
are regional newspapers, which specifically cotreribformation on each autonomous community andlyseoughout the
study period. On the other hand, Llasat et al. 2@&how that the subjectivity of the journalistr@wspaper can bias the
flood intensity level, but not the type of damatethis regard, the type of damage may be undewmsleated, but it can
rarely be over-documented. However, populationgase in the SMCM has been able to influence theedse in flood
news for small populations. However, this last paloes not imply a methodological bias. On the @gt the positive
correlation between population increase and inerégashe number of floods shows that the increasexposure is mainly
responsible for the trends observed in the studg'arfloods. These results are in line with otherks (Pérez-Morales et
al., 2018) and are consistent with the generalrthebrisk, which postulates that risk is a soaahstruction (Bates and
Peacock, 1987; Tapsell, et al., 2002), and thezefbe occurrence of a natural risk depends on thaiimg an exposed
population susceptible to suffering an impact.

The positive correlation between population inceeasd increase in the number of flood cases cambberved when we
analyse the flood trends according to populati@wgin. In making this analysis, we observed thatgiteater the population
increase in the municipalities between 1960 andl2@ie two extreme census years of the study pgrtbd greater the
significance and intensity of the trend. In thddaling table (Table 4), it can be observed thasigmificant trend in flood
cases exists for the set of municipalities wherpufation have grown less than 50% between 19602&d. However,
floods have a statistically significant trend inmiaipalities that have grown more than 50%. Therigsting thing is that the
rate of increase in floods becomes greater as ptpanlgrowth becomes greater. In spite of all theva, the social factors
involved in flood processes generate such complekit we are unable to rule out the abovementiguessible biases in
the observed trends.

Table 4: Flood cases trends in Spanish Mediterranean caastatipalities in relation to ranges of populationrease between 1960 and
2011.

Population increase range in % Kendall's tau P-vale Sen’s Slope
Less than 0% -0.048 0.733 0
Between 0 and 50% -0.060 0.550 0
More than 50 and less than 100%  0.280 0.005 0.127
More than 100 and less than 200%  0.340 0.000 0.286
More than 200 % 0.380 < 0,0001 0.471

Note: To calculate trends, we used Hirsch and Stacknparametric test (1984), which is based onNsnn-Kendall range. The trial
version of XLSTAT software (Addinsoft, 2018) wasius calculate it. The Mann-Kendall test providelevel of statistical significance
(p-value). The chosen threshold of significance 9&#, which indicates that p-values above 0.05 khlmad to rejecting the hypothesis
of a trend in the series. When the p-value istleas 0.05, the trend can be positive or negatie $ Slope shows the annual change rate
in floods. That is, the value indicates the annnatease or decrease of floods.
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5 Conclusions

In this paper we present the initial results of 8C-Flood database for the Spanish Mediterraneastal municipalities
between 1960 and 2015. This database providesnatizn on local flood cases with information oreafed area, intensity,
severity and type of damage. The results have edaleiconstructing 3,008 flood cases that affectieth@ municipalities
studied during the last 55 years.

Exploiting the database has made it possible taiol# series of values that provide evidence afdsewhich reveal the
socio-environmental dynamic. In this respect, ymetof damage show that the major impacts occuroads, buildings,
agriculture and trade. Furthermore, the averaga affected per flood is 119 Kmin general, the months that pose the
greatest hazard with regard to the number of flcous their intensity are the autumn months, althaihg winter is also a
highly hazardous season.

The detailed spatial analysis has allowed us totifyea series of black spots where the intensftffands and the amount of
damage are very high (especially on most of thestcod Andalusia and in some areas of Gerona andadamna).
Furthermore, there are places with large populatibat are exposed, which in turn determines a td@garrence of floods.
However, our main contribution lies in establishithg presence of a clear latitudinal gradient thaharacterized by more
severe, intensive, extensive and damaging floodseasnove from north to south. This spatial inegyails foreseeably
explained by greater deficiencies in the spatiahping of the provinces in the south, althoughdiveatic and orographic
factors cannot be ruled out. Under these circunsstathe southern areas are the places in neeé bkt adaptation plans,
especially when taking into account that these ipams are also subject to a greater risk of meytabsociated with floods.
Lastly, it is important to highlight that the ingty and mean annual severity of floods have beguollow a statistically
significant negative trend. That is, on averagepds tend towards lower intensity and severity. Ewesv, the annual
frequency and average area affected by floods kaerienced a positive trend. Nonetheless, thisesme is not
homogenous according to intensity level, becauselL® and Level 2 floods present significant pesitirends while those
of Level 3 remain stable. In this respect, a paxadaevealed: although it is certainly positivaeattthe most catastrophic
flooding are not increasing, the society has becosegl to a larger frequency and area affecteddmyliihg, even though the
current flood management tools (structural and stometural) could avoid them.

As a final conclusion, the positive trends in themier of flood cases are highly correlated withitieeease in the exposed
population. Nevertheless, the complexity of sotaators involved in flood processes impedes us fralimg out possible
biases in the observed trends. Therefore, deepewl&dge is needed on the climatic, geographic arglosconomic

variables involved in flood processes. This willthe objective of successive research projects.
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