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Many thanks to the two referees and editor for their detaiel constructive reports.

We have made the changes in the original manusaspteflected in the previous responses to the
reviewers. In the revised version of the manuscalbtthe changes in relation to the comments of the
reviewers and editor are marked with active chaogetrol (the new text is marked in yellow).
Additionally, a thorough revision of the language has lmaened out by a professional translator native
in English. All these changes are also reflected with acihange control

In summary, all the recommendations made by youladeviewers have been considered, making the
changes in the manuscript in relation to thesemagendations and suggestions. In this way, we attach
the revised manuscript with control changes toectfthe changes in relation to the comments of the
reviewers and editor.

Please, if you need any clarification, information or addal document, do not hesitate to contact us.
Below we reflect the specific changes in the oagimanuscript in relation to the suggestions ohbot

reviewers:

Referee #1 responses:

Overall comment:

- Reviewer general commentThis is a very interesting paper, well-structuaad written. The issues addressed are within
the scope of NHESS. The construction of the SMGsdif high importance for the analysis of the sgdaaind temporal
changes in the coastal areas vulnerability to flodgbnclusions can be very useful to decision-nsakar adaptation
planning. The methodology followed for the devel@minof the SMC database is appropriate and welkented.
Therefore, the article merits being published, wiiimor changes.

— Authors response:Thank you for your flattering and constructive gcoents. We believe that the results of this
work may represent an improvement in the knowleafgihe spatio-temporal patterns of floods in theu8gh
Mediterranean coast in the last 50 years. We hasladed all your suggestions in the new manusegpsion,
this will make the manuscript undoubtedly more sibu

Specific comments:

- Reviewer comment:1. My only scientific concern is the use of 2 difint averaged indices for the average impact
severity. | mean, the intensity level is actual®jated to the impact magnitude: low damages / miaggaths and/or
general destruction. Then the authors produce agarseverity index, which uses in the equatiorirttensity level as
weight implemented on the various damages occuerdraan understand that cases can be compared basied on the
severity index. However, | am not convinced abbetuse of 2 ‘average’ values used to evaluate srendulnerability
at aggregated areas. What is the point? Maybedthilsl be better explained.
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Authors response:We agree with you that the use of two differenangecan lead to confusion. However, we
believe that the comparison between these two ésdian help to have a better idea of the problemergted
by floods in the study area. We consider that therage intensity is a robust measure, since ittdirtiie
accumulated bias of adding several quantitativenitades extracted from qualitative information.aadition,
the average intensity is based on numerous woeksue the three levels of intensity for the stofljloods
through historical and hemerographic documentg@amuffo and Enzi, 1996; Barriendos et al., 2003sét,

et al., 2005; Barriendos et al., 2014). Howeverbeleve that the severity index provides additiam@rmation,
although it may be subject to greater subjectivi{g.an example, a flood of intensity 2 could praslmeajor
damage, but with concentrated effects in agricalflmtensity = 2, severity index = 2), while a ftbof intensity

1, could have some weak damages, but extendedam@ number of sectors (for example roads, toyrism
commerce and agriculture) (Intensity = 1; sevaridex = 4 * 1 = 4). In other cases a flood could/bgy intense
and also affect a large number of sectors, sdrigd impact is greater than if simply considerihg intensity
(For example, a flood of intensity 2, which affett®@ads, agriculture, tourism and trade would regeverity
index of 8). Therefore, the severity index offerBbrmation that is complementary to the intensétyell and the
amount of damages.

Manuscript changes:we have introduced part of the previous discussidhe new version of the manuscript
(pages 8 and 9). Additionally, we have moved the& giasection 4 (Results) where the calculatiomdditional
variables was discussed, to section 3 (Methododoglysources).

Reviewer comment:2. In what concerns the structure of the paper,omly concern is the introduction. In page 4,
paragraph 4 (lines 24-29) is too methodologicdlédncluded in the introduction. It confuses theder who expects to
read the objectives and research questions insfdemmentary information about methods employatiggest this part
to be transferred to the methods section.

Authors response and Manuscript changeswe agree with you that this part of the work i$ swgpropriate for
the introduction section and that it is more typmfathe methodology section. However, in ordentd repeat
information in the methodology section, we havestieost of the text from lines 24 to 29 on pagethe new
version of the manuscript.

Reviewer comment:3. Please consider for your references regartimgatabases in other countries also the high-impac
weather events database of the National Observafokihens, Greece, which is also active on-lirenstantly updated
and with weather and impact intensity classifiaa{®0.5194/nhess-13-727-2013). The NOA db has hé&smnbased on
press articles.

Authors response and Manuscript changesThank you very much for your important suggestioi'e have
included the reference 10.5194 / nhess-13-727-201Be introduction section and we have pointed thet
peculiarities of this database. Additionally, werd@dded its hemerographic characterization taléseription
of the NOA database (See lines 26 to 28 in pagetl2e new manuscript version).

Technical corrections:

Authors response:Thank you very much for highlighting these impattdetails and providing advice about
the convenience of including some necessary daatifins. All these issues have been taken intoumtctost
of the corrections have been resolved thanks tatimenEnglish speaker who will be responsible friewing
the text of the new version before being sent.

Here is a more detailed description of the chawgesed out:

Reviewer comment:

1. P3, I115: Please delete the ‘y'.
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- Manuscript changes:Delete

2. P4, 110: Please delete ‘but'.

- Manuscript changes:Delete

3. P4, 114: 1t is ‘flood cases’, not ‘floods caseRlease repeat correction throughout the article.

— Manuscript changes:this mistake has been corrected

4. P4, 115: Please correct as: In this regard &trbe clarified the difference between flood casasflood events

- Manuscript changes:this mistake has been corrected

5. P4, 124: Please add ‘digital’ before ‘archives’.
— Manuscript changes:word included

6. P4,129: The sentence is too big. Please stataone from ‘in general.

— Manuscript changes:we have corrected this sentence in the revised scaipt

7. P4, 133: Please delete ‘This is’, otherwisedbetence does not make sense. In the same sernibyas use the
same term throughout the paper regarding the floase’. You have explained very well in the docuintre
difference between case and event. So, the wopilso'@des’ and ‘events’ in this sentence do not fit.

- Manuscript changes:Thank you very much for your corrections. We hawesidered your suggestions
and have replaced events for cases.

8. P5, I17: Please correct as ‘emphasized’. Allgage rephrase the entire sentence as it is rant elgpecially the
second part.

- Manuscript changes:we have corrected and revised this sentence irethged manuscript.
9. P6, 14: Please explain the: (2003: 800)

— Manuscript changes:we have deleted “:800".

10. P6, I5: please correct as: These situations.
— Manuscript changes:this mistake has been corrected

11. P6, 110: please use the same term: environmantiimatic

— Manuscript changes:we have replaced environmental by climatic

12. P6, 113: just a thought: is this sentence fanEo necessary?

- Manuscript changes:probably this sentence is not necessary. So, we theleted this sentence.
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13. P6, 118: please cut this sentence in 2 paiitstdo big and difficult to read

- Manuscript changes: we have corrected this paragraph and shortenedehtences in the revised
manuscript.

14. P6, 119: it is weird the use of ‘it has:’ aftdre following criteria’. | think it can be impred.

— Manuscript changes:we have corrected this sentence in the revised scaipt

15. Table 1: what is MEDIFLOOD? do you mean SMCelalb? Also, the authors could enter an extra coltom
report the cities of head offices. The full newsgrapames could be added here as a comment.

- Manuscript changes: we have corrected the mistake and replaced MEDIADGY SMC-Floods
database. We have also added an extra column falitesto report the head offices cities. Additibna
the full newspaper names are added as a footndite table.

16. P6, last paragraph: the different names artusony. Consider keeping the short names of Talgeetywhere
in the text.

— Manuscript changes:We have considered your suggestion and for thesldlarity, we have kept the
short names of Table 1 throughout the text.

17. P7,15: 1) the sentence is too big. Please &ultestop before ‘Taking into account’. 2) Pleasmnsider avoiding
the footnote since it concerns only one source. dtmud include it in the text instead.

— Manuscript changes: we have corrected this paragraph and shortenedehiences in the revised
manuscript. Additionally, we have added the refeecof note 1 in a sentence within the main text.

18. P7, I7:correct as ‘validated’

- Manuscript changes:this mistake has been corrected

19. P7,18: please delete ‘de’. L10: please addespafore ‘Secondly’. L22: please correct as ‘within

- Manuscript changes:all this mistakes has been corrected
20. P10, |14: Please begin a new sentence at ‘Myilbig:
— Manuscript changes: we have corrected this paragraph and shortenedehiences in the revised

manuscript.

21. Table 2: maybe it is better if you write ‘avgeaseverity index’

- Manuscript changes:we have added this suggestion

22. P11, I7: Please add ‘the’ before ‘number’
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- Manuscript changes:“the” has been added

23. P11, 18: please consider defining 'averagensity’, as this is the first time we read this.

- Manuscript changes:following this suggestion, the definition of aveeaigtensity has been added to
this paragraph (See lines 5 to 6 in page 10 iméve manuscript version)

24. P15, I5: ‘concentration’ of what? | think soimet is missing

— Manuscript changes:Thanks for detecting this mistake. In this sentemeavant to show that during
the fall there is a greater concentration of floadsntensity increases. Therefore we have modified
phrase to include the word floods: "during thissseathere is a higher concentration of floods as th
intensity increases".

25. P19, I111: Please add ‘to’ before ‘add’

— Manuscript changes:“to” has been added

26. P20, I13: please correct as ‘makes us’

— Manuscript changes:this mistake has been corrected

Referee #2 responses:

Overall comment:

- Reviewer General Comment:The paper “SMC-Floods database: A high resolutims$ database on floods for the
Spanish Mediterranean Coast (1960-2015)" providgsehminary description and analysis of flood detélected from
press news. It is not a novel initiative at EurapeaSpanish level, but it comprises a large extensf a flood damage
prone region. | admit that such effort merits pedaion somewhere, but not in the present formatghvrequires a major
review before it can be published.

— Authors ResponseThank you for your suggestions, we have includedfahem in the new manuscript version.
The focus of our work is to cover two main needs:
1. Analyze the trends of flood cases and eventhénSpanish Mediterranean coast. This is an amahtis

increased the number of floods and, according & IBCC (2012), there are great uncertainties aboat
importance of the physical factor and the humatofaa the balance of economic losses caused loglflo

2. The final goal of this study is focused on knogvio what extent the variability of floods is caddy changes
in the social systems. In this regard, we conditkrother floods databases show a lack of dataads in small
towns (Paprotny et al., 2018) and we show thatldbk of information has a substantial impact oneobad
trends.

- ReviewerGeneral Comment:In scientific outcomes are highly bias by the jalist judgment of the flood damages and
newspaper coverage and audience. Therefore, caltorid be placed on the interpretation of the.data
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Authors response and manuscript changesve share your view of this point, for this reasha manuscript
included a paragraph of assumption of limitatiomat ttakes into account the possible bias indicatedhe
reviewer: ‘However, there are other factors that should nobberlooked or dismissed. According to Llasat et
al., 2009, it is important to consider that trenaigy be biased by various reasons: i) a greater ifeityg or
perception towards natural risks from the publidgropn could increase news about floods in newspsiggra
greater spatial coverage of the news thanks tartipgovement of communications. The complexityefabtors
(social, cultural, environmental and perceptualyatved in flood processes make us think abouttheeince of
the mentioned items in the observed trends. Theret deeper knowledge on climatic, geographic and
socioeconomic variables involved is necessary”.

To the above explanation we have added anotheitpmésased commentary to the manuscript text: iiSee

and Stromberg (2007) argue that the coverage afalatisasters in the press depends on the avdijaifiother
newsworthy material at the time of the disasterdifidnally, and as you point out, there may be scpatial
bias in the news based on the newspaper's spatiatage (Walmsley, 1980). In this regard, and ataéned in
section 3 (Methodology and sources), the newspaysexs are regional newspapers, which specificagcthe
information of each of the Autonomous Communitiegl®d throughout the study period. On the otherdha
the experience of other related works (Llasat €t28109) and the way of gathering information, shbet the
subjectivity of the journalist or the newspaper béas the level of intensity, but not the type ahthge. In this
regard, the type of damage may be under-documelntied, can rarely be over-documented. Howevas, fitue
that the increase of population has been ablefloeince the increase of news in small populatidrss is
precisely one of the facts that we highlight irsthiork, since a large part of the detected tremelsréluenced
by the population increase. This fact can be olesemwwhen we analyze the trends in floods according t
population growth. In making this analysis, we olied that the greater the population increase ef th
municipalities between 1960 and 2011 was (the (ti@me census moments during the study periodjrénter
significance and intensity the trend detected hathe following table (Table 1) it can be obsertkdt in the
set of municipalities where population have groesslthan 50% between 1960 and 2011, the floods lave
significant trend. However, floods have a stat#ticsignificant trend in municipalities that hageown more
than 50%. The interesting thing is that the ratmofease in floods is greater as the populatiomtr is greater.

This shows that the detected trends are largelyen€ed by the increase in exposure.

Table 1: Floods trends in Spanish Mediterranean Cagtal Municipalities related to ranges of populationincrease 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
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*To calculate trends, we have used Hirsch and Stactinparametric test (1984), which is based on M&endall range. The
trial version of XLSTAT software (Addinsoft, 2008} used to calculate it. The Mann-Kendall tesvjates a level of statistica

significance (p-value). The threshold of significarthosen was 95%, which indicates that p-values&.05 should lead

o

rejecting the hypothesis of a trend in the seNgben the p-value is less than 0.05, the trend eapdsitive or negative. Sen’s
Slope shows the annual change rate in floods. iBh#tte value informs about the annual increasdemrease of the floods.

To clarify this point, we have added the previald¢ and part of the previous comments to sectibnid the
new manuscript version (See lines 2 to 30/page ROyvever, it is true that there are still many uteiaties

regarding the possible information bias. For tl@ason, in the conclusions section we have inclutiat]

although the results are robust when relating pifmui increase and increase in floods, the treetiscted may
be biased by journalistic issues (See lines 2®tpadje 21).

Reviewer General Commentthere is not a critical analysis of the resultsdlation to other more robust database, for

instance the analysis from the National Insuranoas@rtium. As this database reflects risks (mosiposure and

vulnerability), most of the hydroclimatologic trendnd changes on hydroclimatic conditions may eotdlid.

— Authors response and manuscript changesve agree with the reviewer. In the new versiorhefinanuscript,

a critical analysis is included in relation to thational Insurance Consortium database (See lideés 27/page
18). However, it should be noted that the Spamshirance contract law does not require the inserahthe
home. Therefore, this database could be even meased than ours depending on the degree of inseranc
coverage in the municipalities of the study arel\{€o, 2016). On the other hand, the fact thatNhgonal
Insurance Consortium database is based on prinstredd assets limits information on the impacti@dds on
public goods such as roads. In this regard, anddakto account the great weight that road dam&ges on
our database, it is not surprising that the SMé&todatabase considers a number of cases far aupethe
National Insurance Consortium database.

Reviewer Specific Comment:1.- The manuscript requires a detail English cdivacon the style. It looks a direct
translation from a Spanish text, | would say thatauthors used google translator, otherwise, naagxplain the use of
some very incorrect terms. Among the most critoya are “Cold Drop” cited in the paper, and propahithors refer to
“cold pool” or “mean mobile” (cited in figure 7) stead of “moving average”. These are only few eXambut the text
is full of informal terms or sentences that do maike any sense in English.
— Authors response and manuscript changes native English speaker has been responsiblesfaewing in
depth the text of the new version of the manuscript

Reviewer Specific Comment2.- The manuscript is very long and this makesdliff to read. The authors should analyze
in each sentence and use proper language addrdissipgint in a direct way.
— Authors response and manuscript changeshe deep revision of the language of the manusbsia native
English speaker, has been an important summargyamtiesis of the manuscript. In this way, we cosrsitat
the ideas are now expressed more clearly.

Reviewer Specific Comment3.- Several sections can be shortened, includiagntinoduction and conclusions.
— Authors response and manuscript changeghe same than the last point. Additionally, we haliminated
non-relevant text parts in the introduction andatasions sections.
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Reviewer Specific Comment4.- Abstract: The abstract should be completelyrigten. The way it is written looks and
introduction rather than a summary. Sentences asi¢Rloods are the natural disaster that affeggthatest number of
people and causes the highest economic losses indhd” are fine for the introduction, but not filie abstract. Please,
start the abstract by telling the reader at oncatwie paper is: new data, a review of progresseva technique, a
synthesis, or whatever describes the nature gfdper. Unnecessary descriptive phrases and quakfieuld be left out
of the abstract. Write the abstract as styled sumofats essential information; and include as mapecific information
as possible on the results.
— Authors response and manuscript changesve appreciate the comment of the reviewer and we Fawritten
completely the abstract following his suggestions.

Reviewer Specific Comment5.- Introduction: There is a long description afdfitl databases from press news in Europe
and the world, and they do not provide any keyrimgation to objective or analysis to be addressetth®yVSC database.
| would suggest leaving only the most relevant blases, and includes the rest on a table indicétimgountry, region,
time period covered, data source, type of dataided, authors.

— Authors response and manuscript changedie appreciate your comment. Following your reconaagion
in comment 3, we have shortened the Introductictiare For this, we have chosen to describe thd netesvant
databases for the objectives of this work and forengeneral bases, we have chosen to refer tooqueworks
that describe these databases in tables and graphs.

Reviewer Specific CommentS6.- Page 4. Introduction Lines 24 to 30 | suggeshbve to methodology section
— Authors response and manuscript changesve agree with you that this part of the work is appropriate for
the introduction section and that it is more typmfathe methodology section. However, in ordentd repeat
information in the methodology section, we havestieiost of the text from lines 24 to 29 on pagethe new
version of the manuscript.

Reviewer specific Comment:7.- Page 4 introduction. Lines 31 to end of sectiosuggest to delete this paragraph.
Instead you should describe the specific objectdfehis study.
— Authors response and manuscript changesve agree with the suggestion and we have includesragraph
with the main objective and the sub-objectiveshefwork. Ademas, hemos eliminado las lineas 3ibal fle la
seccién en la pagina 4.

Reviewer specific Comment8.- Page 6, lines 13 to 15 probably not needeetelel
— Authors response and manuscript changesve have deleted this lines.

Reviewer specific Comment9.- Page 8. Indicate the list of damage typessimgle line.
- Authors response and manuscript changesve have indicated the list of damage types in glsiline.

Reviewer specific Comment10.- Type of damages. Here roads and housing amatist common ones. | wonder if the
news are bias to these two types because of megeas to be reported right after the event.

— Authors response and manuscript changeshe most frequent impacts caused by floods ardlysoad cuts.
Riverbeds of the study area are of ephemeral fomicti, therefore, a great part of them are crobgdtie roads
without bridges or, even, used as communicatiotesobetween the headwater and mouth areas. Therdfisr
logical that most of the damages are those ofdhds. On the other hand, if we consider that flardsa natural
risk, its measurement is based on the affectidrutoan societies (Bates and Peacock, 1987, Taesall, 2002),
therefore, it is not rare that another important pathe damages reports is housing. So, if wesictan that the
fact that road and housing damages are the mostnows) it does not imply a bias, but rather anexwig of the
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geographical and social reality of the floods ia situdy area. For clarity, we have added partefdatarguments
in section 4.4 (Flood damage variability) of thevneersion of the manuscript (see lines 12 to 16238y

Reviewer specific Comment11.- page 10 line 25. How the quantity of damage @aculated?. In the case of housing,
are you reporting the number of affected housesnaoads, the number of cut roads...?
Authors response and manuscript changeshe number of houses, the number of affected roaoid,the
number of other types of damage are not repor@deXample, for each newspaper news about floodssgign
a value of 0 is assigned if there is no damagesipegific damage variable. Thus, this informatiotydnforms
of absence or presence of damage, and not of tbargrof each type of damage.
In this respect, and as we pointed out in sectiai he manuscript, damages are constructed astdictc

variables to point to the presence (1) or absebicef(any of the studied damages by flood in eachioipality.
Thus, information regarding the type of damageeseft in each municipality was categorized in a Ermay,
it is, being aware of the difficulty involved in jgetivizing quantitative information, consistently time and
space (Gil-Guirado et al., 2016).

Reviewer specific Commentl2 Page 15. “cold drops” is a direct translationth&f Spanish informal term. Please, use
“cold pool” or mesoscale convective systems.

— Authors response and manuscript changeshanks for detecting the mistake. We have correittisdvord.

Reviewer specific Comment13.- Page 15. From line 20 to 28, it is poorly teritand they need major changes.
— Authors response and manuscript changesve appreciate your comment. We agree with the siiggeand
we have made major changes to correct that lines.

Reviewer specific Comment14. Page 17. Line 6. | don’t understand “the ldiital gradient referred to above continues
to be reflected.
— Authors response and manuscript changeswve are sorry about the lack of clarity in this seme. What we
were trying to say is that the same latitudinadgrat is detected in that section (4.4 Flood damegibility)
as the one mentioned in 4.2 Spatial Variabilitflobds.
This latitudinal gradient is characterized by meegere, intensive, extensive and damaging floodgeasiove

from north to south of the study area and it ismyadue to greater deficiencies in the spatial piag of the
provinces in the south, although the climatic anayjoaphic factors cannot be ruled out. In the newsion of
the manuscript, we have clarified line 6 on pagesb/that it is clear that we mean latitudinal geatiat this
point.

Reviewer specific Comment15. Page 18. Line 25-27. This is not surprising wuthe press nature of the database. As
more small villages are cited on the newspaperfltioel extend on the database increases.

— Authors response and manuscript changesis shown in panel b and c of figure 7, variabitifyannual cases
of flooding and the annual area affected by floselsm very collinear. However, this should not nezely be
true, as there could be an increase in cases oflifig in municipalities with small size, while lamg
municipalities have a negative trend. In this waamels b and c of figure 7 serve to confirm tharehis no
differential a flood trend in municipalities thaagsomething to do with the surface of the muniitipa. It is
important to mention that, as indicated in sectich of the manuscript, there is a great varigpititthe surface
of the different municipalities studied.
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- Reviewer specific Comment16 Page 19. Lines 10-11. The sentence “The fatttieafloods of L1 consider not only
river floods (also consider flash floods and im$ibods), can magnify the importance of the insee exposure, as to
the growth of the exposed surface in flood zoneswnder if the main problem is the nature of tleatbase, because
social perception of risk increase with time, sinog single damage is reported on the local news.

— Authors response and manuscript changests we pointed out in the response to your secomergecomment,
in the text of the manuscript we mention the pdediases that risk perception can introduce (ltlasal., 2009)
in the trends obtained. However, as we showeddihglime response to your general comment, treadsainly
influenced by population growth and therefore,iafeienced by the increased exposure to flood lthaarany
case, in the new version of the manuscript we lexpdained better the main idea in that paragraph.

- Reviewer specific Comment17.-Conclusions should go to the point of the mmaBults. In the present format, there are
too long, and they should be shortened.
— Authors response and manuscript changegsaking advantage of the deep revision of the laggusve have
proceeded to rewrite the conclusions so that theyrere concise and focused on the results of tdrk.Whank
you very much for your important contribution.

— Reviewer Other minor changes:Other minor changes are suggested on the pdf dodumtégs://www.nat-hazards-
earth-syst-sci-discuss.net/nhess-2019-10/nhess-POEC2-supplement. pdf
— Authors response and manuscript changesve appreciate all your important suggestions. Allan changes
has been taken into account in the new versioheoflbcument.
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vital-flood databases are a necess$aoy for correctpropespatial planning

In, especially in areas with high levels of expesand danger to floodShis studywepresent-the-SMC (presents the
preliminary results of theSpanish Mediterraneagoast)-CoastaFlood databasdorcovering the municipalitiesef-the

asfisagfing-onin this

region. This database collects information on fleades that occurred between 1960 and 2015 bynsytitally consulting

the digital archives of the main newspapers instuely area. The search for flood information wasdewted by means of

using links between municipality names and 7 keylsdhat correspond to the most common ways ofrieéeto a situation

that is likely to describe a flood in Spain. Thisthbdology has enabled reconstructing 3,008 flas®s a municipal scale

and with daily resolutiopwith_while gatheringnformation on theypetypesof damagesdamagmtensity severityand area
affected. The spatiotemporal analysis of the det@alsblackhotspots where floods are especially intense and diaga
whencompared to highly-developed areas where the éecyofthefloods is very high. This situation is especiallgraying;
insofar as we have detected a growing trend idrdegiency and area affected by floods. Howekéspnepositiveaspect is
that the intensity and severity-tife floods follows a falling trend. The main noveltgd in the fact that the high-resolution
spatial analysis has made it possible to deteletaa @atitudinal gradient of growing intensity aselveritywithin a north-south
direction. This pattern subjects the coastal mpaidies of the south of Spain tocamplicatedcomplex floodadaptation
scenario.

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



10

15

20

25

30

1 Introduction

On the Spanish Mediterranean coast, the relatipristiveen watesystemsresourcesd societies has been marked over time
by the succession of periods of drought and catalsic floods that have major socio-economic impadthis dual system
has determined-the-exposure_oflefocietiesto-thereception-of flowswho need water resoufoegheir agricultural and
domesticuse—ndemands exposeddn environment characterized by the torrentialimeabf rainfall (Gil-Guirado, 2013).
Fogetherwithin addition tthe climaticsituationconditionsit is also necessary to consider the social compb T hesituation

of economic growth experiencezhin the Spanish Mediterraneamast-inregion overecent decades hagnerated—an
inordinate-increase-inincreaserposureand vulnerabilityto the hazard (Pérez-Morales et al., 201®ith a significant rise
in economiclesseslosxaused by floods (Barred8auri-yLlasat, et al2012). Thissocio-economigrowth process has

occurred withoupreperplanninghaving properly planned any stratstgireduce the impact @bedsflooding(Olcina-Cantos

et al., 2010). One of the factatstfacilitate-theleading tolack of strategic planning is the absence of asmbrchronology
of flood episodes (Hilker et al., 2009%As a result othis situation, land use plans are based on insteghronologies that
do not report the real risiéto the populatiorsfin this area (Barriendos et al., 2014).

recent yeapy-different-bodies—such-as-universities

Several open and global flood databases have beelogped over

dsmich-F 0 Re 2018 m seadWMO-and

database—has(Brakenridge, 2010; WMO and UCL, 204dnich Re, 2017; ESSL, 2018; EM-DAT, 2018; European
Environment Agency, 2018; NOOA, 2018; Swiss Re,@bINevertheless, most of these databases tvewdimitations: i)
the level of spatial resolution is variable betwabe municipal and regional scalesad—ih—there—is—a—considerable

ndere a8 on-ofthe number of even owinga-éoubhe of indire 0 e Byvtha wav of o mphens he \] ood

considerably underestimated due to the use ofantsources (Llasat et al., 2013a). Despite these databases have been

used in a great deal of research to analyse thne€drand changes observed in the behaviour of flooddifferent scales
(Barredo, 2007; Ashley and Ashley, 2008; Kundzewdtal., 2013; Jongman et al., 2015; Terti et28117). Other studies,

such as that of Adhikari et al. (2010), have coawihformation from the main global-scale databdésescrease the spatial

resolution and improve the spatiotemporal repregimeiness of the data. Taking into account thedii#ise original databases,

L For more detailed information, the studies of Adiiket al. (2010), Bouwer (2011), Llasat et aD2a) and Napolitanao et al. (2018)
include a detailed catalogue of some of these datzband their scope.
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the results of these studies may present biasg®delo underestimating the number of episodestandhilure to consider

local variations

On the other handhere-areseveralwerks other studiekike thisthathave developed their own databaseserding-tousing
primary sources (newspapers, bodlkstorical documentseports and technicahd-scientific-papersdocumentsr different

regions of the planétWith-regard-to-the-cla ation-of-historic-smes-according-to-their-originality-and-the-wasytinay

In this respectthe studies developedtine Mediterraneaeeuntries-stand-eut—Forexample, region are v@markable. Some

works have made notable efforts to synthesize fidatd from different European regions in order fferca homogeneous
database for the western Mediterranean. In thiarceghe works by lasat et al{2009)-complete-a-high-reselution(2013a,
2013b) show the results of the FLOODHYMEHEatabasdorthe-north-east-of analysis (produced in thenfrvork of the
HYMEX Project). Using newspaper sources with hightil resolution, these works collect a large ami@ifi data on flood
events that occurred between 1981 and 2010. ASgambetween-1982, works of Llasat et al. (2009; 20284 3b; 2016)
and Barnolas and Llasat2007based-onjournalistic-information—For) show rekahte improvements in flood databases

2For example: FitzGerald et al. (2010) for AustradcEwen (2006) for Scotland; Glaser and StangD@Cor Central Europe; Quan
(2014) for Shanghai; and Brazdil et al. (2014)Southern Moravia (Czech Republic).
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throughthe INUNGAMA flood database. Also in Spain,
Barriendos et al. (2014pake-use-of-anotheranalysed a histordatabase obtained frokisteric-decumentationhistorical
documentsnewspapers, official reports apdpertstudiesby-experts—Alse-in, coverinthe tberian-Peninsulaperiod 1035—
2013. For PortugalZézere et al. (2014) present a databbas@eortugal-andor the period 1865 to 201®&hich theyobtained
wviafrom 16 national, regional and local newspapers. Othediterranean countries present equally validatiites, such as
Diakakis et al. (2012) for Greece, whose work ceube periodrom-1880 to 20104a-the-use-ofusingpurnalistic sources
and flood event databases from state civil prateciigenciedtalyAnother important example in GreeiseheMediterranean

countryNOA Database (Papagiannaki, et al., 2018)chvis also based on press artidikat are constantly updated with

information on weather and impact intensity clasatfon. Italy alsohas adoptedhe-meost a large amount fitiatives to
ascertairthe-flood-risk-of-its populations-with athigh level of spatiotemporal resolutidhe flood risk to its populationin
this respect, projects have been developed foifgpezgions of Italy. Specificallyinfor the region of Calabria, Polemio and
Petrucci (2012and Petrucci et al. (201@nalyse the variability ahefloods atthe municipal level between 1880 and 2007
wsing, doing so by using newspaper and historioalithentsfor their reconstructiofeurnalistic-information-and-histeric
decumentationFor the region of Campania, Vennari et al. (20&6pnstruct more than 500 flood events for theD1t642015
period usingerthispurpose-historic-documentation-of-diffdrggpes.historical documentslowever, the projectithat the
largest scale, the AVI Project, wadsvelopedbaseoh thebasis-efthestudies of Guzzetti et al. (2005) and Salvati ef2013),
whose resultsnabled-the-establishment ofmade it possible @bisha high-resolution floods and landslides databasthe
whole of Italy between AD 68 and 2010. Basicalhg AVI Project uses primary documentation, but wighailed information

on fatalvictims,-peopledeattand displacegersonspeople

O de the Madite Nnaan a othe ecHon ViV arailal

ta-shert-the-majority-ofathese works is related to analysihgflood trends for the period of time reconstructddwever,
the relationship betweehe-inereaseincreasasexposure, losses ardpactimpactof thefloods does not follow a growing

Hneallinear function. In fact, climate variability, defencefriastructures, adaptation measures and the inciraseposure
have changed both social perception and flood srdddngman et al., 2014). In this respect, it isessary to stress the
existence of a negative correlation between thataur andthe-direction of the trendsahilst-the. Whilstnegative trends
appear irthestudiesaithusing datarelating-tothat coverseveral centurieshepositive trends appear in studies that analyse
dataefon the last half-century. These divergences are ddie to the-capturingef climatic oscillations in data with a long
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duration (Barriendos et al., 2014) and to the logteneity of the sources used during recent yeardz@ et al., 2014).
Furthermore, the increase in exposure to floodheskled to a rise imefloodtrends (Perez-Morales et al., 2018).

Among the different sources used for flood databgsernalisticnewspapesources allove-hemegenization-ofhomogenizing
the documentary volume of different countriegingoverat least the last 150 years. In fabg-majoritymosof the studies
referred-to-whichthateconstruct floods for more recent periods himemdused newspapers their main source of data

newspaperge.g., FitzGerald et al., 2010; Zézere et al., 2014).dieshe fact that journalistic sources descrileithpacts
of floods on societies in great detdiheirthey are of ehigh spatiotemporal resolution atigehave a largguantity of

information dealtto _dealwith-make, thus makingt necessary to reduce both the area of studyth@ederiod analysed.
Obvieushr-Although the compilation of information @oviouslyan arduous taskithinvolving detailed archive workgut
isit’s theresultsaccuratelyreflect the impact ofhefloodsaceurately(Barriendos et al., 2014).

To reduce the knowledge deficit regarding the spatiporal variability of floods anebntributeto-a moreefficientzening
ofefficiently zonethe Mediterranean coast according to flood ris&, have developed a high-resolution flood databdse

means of a methodology based on exploring thealligithives of the main newspapers published irmtha.This database,
calledthe Spanish Mediterranean Coastal databas8NtC-Flood database)includes all theleedsflood casesecorded in
newspapers for the different municipalities of ®eanish Mediterranean coast from 1960 until 208&e-—methodeolegy

aYa of-exploring-the-archivesof the main-aperspublished-in-the-area—The searchesHershmdd clarify the

difference between flood cases and flood events.cifssider a flood case to be when a municipality fiafered some

economic or social impact due to rain on a speddig. However, a flood event refers to an atmosplsguation on a specific

day or in a time period that ménavebeenm

Staladfected severahunicipalities

gead the same time
(several flood cases). In this way, a flood cas&gs corresponds to an affected municipality oradigular day, while an

event may involve several municipalities and d&gs.example, during the flood event of October 19f8re were 27 flood

cases along the coast in the provinces of AlmerihMurcia on the 18and 19 of that month. Considering cases and not

events implies a large number of records in comsparto databases that consider only flood events.

Therefore, the main objective of this paper isrespnt the preliminary results of the SMC-Floodabase, thus providing an

indicator of the potential of using thigpe

resolution database for research. Our objectivesecially relevant to areas like the Spanish Medihean coast, where

population growth in recent decades has led tondnnidied increase in exposure to flood risk. Irsttegard, this paper has

secondary objectives of analysing the temporali@pairiability of flood cases in the study area aletecting hot spots with
high flood risk

In future researcithis databases-expected-towilbe used for various purposes, suckhasevaluation-of for evaluatirftpod
prediction toolsthe-determination-of-acceptable and validatisl thresholds according tbe-conditions-o€xposure and
vulnerability-the-characterization-of seasonal-and-regionabrend, conditiondn general, the SMC-Flood database will

contribute to improving the understanding of tlo®# processes in an area of special economic, titimad social interest.
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2 The Spanish Mediterranean coast: “A flood risk-rgjion”

The study area includes all the coastal municigealibf the Spanish Mediterranean Sea on the IbEgamsula. In totathere
are 179 municipalities integratédnto 11 provinces and 4 autonomous communities (seelFidhe total area is 13,381 km
(2.64% of Spain'stotal Spairareg), with a population of 8,413,290 inhabitants in tear 2016 (18% of the Spanish
population) (INE, 2018) and an average populatiemsity of 1,200 inhab/kfa figure far higher than the average for the EU
(119) and for Spain (92).

Figure 1: Coastal municipalities of the Spanish Mediterran8assveralongthe Iberian Peninsula.

Due tothe climatic and hydrological conditions of the 8iga Mediterranean basinsgether-withas well athe intensive
anthropic transformation that has taken pléeae-convertethis spacentohas becoma “risk region” with a high level of
vulnerability (Olcina-Cantos et al., 2010). Thenfall climatology in the western Mediterranean iarked by high variability
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coefficients (above 35%). Thus, 25% of rain dayscemtrate more than 75% of precipitation (Martin&/i2004) A-large
propertionThe seasonalitf this-torrentiality-is-due-totorrential rains ovibie recurrent—-Celd-Brops”(“Geta—Fria)-which

affect-the-east-of- the-peninsula—Fhe-origin-af-fiienomenonSpanish Mediterranean region is mdnkedmaximum at the

end of summer and especially during the autumns@ilat al., 2013a). This maximtswdue tovarm, humid air coming in at

low levels from the sea (Gilabert and Llasat, 2Q118854). These atmospheric situations can be acaientiby the presence of

a closed upper-level loisumner et al., 2003yhich has become completely displaced (cut offjrfrine basicwesterly

current and moves independently of that currengdRat al., 2016)-hese-systemsrequire-the-conjunction-of a-podketid
air-in-the-upper-tayer-of-the-tropepause;—togetbereélier, convective precipitations are the trigger d large number of

torrential rain episodes that are of low spatidéakand especially related to flash floods (Gitabed Llasat, 2018). What is

more, this climate scenario can become more dranmathe future. Sumner et al. (2003) highlightedosable increase in

most synoptic situationsith the

Mediterranean coast. These situations are progerterating torrential rains and thus increasingdlbazards.

Added to this climatic scenario is the effect ofarupt relief, with sharp gradientSilabert and Llasat, 201&nd scarce

vegetation, which increases the quantity of effecthin-cenverted-intorainfall becomingn-off. Furthermore, the presence
of pre-littoral reliefs exacerbates these precijites and explains part of the great spatial véitglof the precipitation during

a single atmospheric event (Romero et al, 2000).

In addition, thisepvironmentalclimaticscenario is complicatedith-the-addition-ofbythe social componenBecause of the
intensive agriculture, industry in the major urlzamterscentredrade and tourisamake,this regionis the maineentercentre

of urban growth (Burriel, 2035economic-dynamism-and-with-one of). Thus, tlsilteng dynamic economy places it among
the highest rates of population and economic gradith Europeirover the last 50 yearsthisprocess-was-boeosted-in-the

3 Methodology and sources

The SMC-Flood database contains information alleatisflood cases at the municipal level that waublished in printed

newspapers andhich-took placeiramongthe Spanish Mediterranean coastal municipalitiem¢eforth SMCM) between
AD 1960 and 2015. The newspapers used were selactedding to the following criteria: #f-hasthe highest circulation in
each one of the four autonomous communities stydéadl ii) it+-hasits head officeis locatedin the same autonomous
community (see Table 1). This criterion ensuresréliability of the data, since news coveragetaffloodfloodsis more
extensive when theriginal source oforigin-efthe data is a newspapiat-has-itswhoseffice is in the same autonomous

community.
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Table 1: Newspaper sources for tMEDHFLOOD-SMC-Flooddatabase:

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

*The head office of thmewspaper ABGas-its-head-efficeim the city of Seville (Andalusjg; that ofthe newspaper La Vanguardia (LV)
has-its-head-office in the city of Barcelona (Catalopig that ofthe newspaper El Mercantil Valenciano (EVMAgs-its-head-efficeim the
city of Valencia (Valencian CommunityFinally,); and that othe newspaper La Verdad de Murcia (LVNgs-its-head-officeim the city
of Murcia (Region of Murcia.

The information from these newspaper archives &lalvie digitally Mghbothwmhopen access-b-\anguardial Vand
ABC),) and restricted accedssva whereEMV and LVM). Wherccess
was restricted, we obtained an unrestricted pasbiwothelevanteEMV ~ebtainedree of charge withia-the framework of
scientific cooperatioframework In the case dfa-\erdad-de-MurciaL VMwe carried out the search on the central computer
of thenewspaper'éiead officeof-the-newspapdn the city of Murcia.

The digitization-ofdigitizeddocumentsenabled facilitated keyword searching the informationsearch-to-be-performed- by
keywordsin thearchivesearch engines dfie-archives-eéach newspapek-thisrespectThe first step consisted of relating

each municipality (179%vith-the-nrewspaper to itorrespondinge-its-Autonemeus-Community. autonomous community’s
newspapertiowever the-searchin some cases, searcfongnformation inarysome othemewspapeserved-in-seme-cases to

completecompletedhe level of detail on specific cases and munltipa. Additionally, we consulted the specific
bibliography to rule out any data gaps
. for which the main source of information was @etélogo Nacional de Inundaciones Histéricas (Rdsnd Bustamante,

2011). It is necessary to validate the resultsee&sfly when taking into account certain problesited to using newspaper

sources, such as: inhomogeneity, duplicity of imfation and contradictory information (widely dissad by Llasat et al.,

2009 and 2013a). Furthermore, these newspaperespuoblems become more evident going back in timeré than 50

years), since journalistic sources are relativetyarconsistent over recent decades. In light oigbees above, the authors

conducted the query procedure manually in orde&litninate some of the indicated problems from tatabaseSecondly,

we carried out the systematic search for news whiegename of each municipality appears togethen aity of the 7
keywords/phrases selected (see FigP&nel a). These keywords correspond to the maoatnom ways of referring to a
situation that is likely to describe a flood in 8pa

“Inundacion” (Flood).

“Inundaciones” (Floods).

“Riada” (Flash flood).

“Lluvias torrenciales (Torrential rains).
“Fuertes lluvias” (Heavy rains).
“Intensas lluvias” (Strong rains).
“Tromba de agua” (Severe downpour).

No ook~ wbdpRE
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In addition, the search was duplicated for thoseinipalities in Catalonia and the Valencian Comnttat have language
variations (e.g, Alicante/Alacant, La Escala/L'Escala, El Puertdad8elva/El Port de la Selva, Sagunto/Sagunthigiway,
we ensured that the same search criteria eemgplied-with-infulfilled withinall cases.

This initial search produced more than 1,500,008k{ide 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 floodrétationship-withrelation tthis last point, it is possible to limlie-searchsearches
to cases in which the keywords alieecth-connectedlirectly to the name of the town (i.e“Torrential rains in Barcelona”).
ButHowever,we found thata-this way-theresults-werexcessively restricteghnd our search results, thus leadingiamy
missingnewsitemsthatdid-repert had actually reported a-flood-were-missing;-since-itisfreguentspedifiods. The reason
for thethis is thakeywordstefrequentlyappear in the headlinesd-forwhilethe body of the newsem-to-describereport
describeghe impacts andefineidentifiethe affectedmunicipalitiesaffected

To filter the initial search results, each newsit@as saved in a digital file with the date of tieavs, followed by the initials
of the newspaper (LVG, ABC, LVM or EMV) and, fingllthe pagesf-the-nrews{pagenumbef the newspaper whetke
newsit was lecated)—tnreported. Omanyeasesoccasionsiews about a flood in a specific townincluded-en-the-same
dayappearsn different pagewithin the same dayffering varied and complementary informationrtiinately, this system
for the codingsf-news enabletheelimination ofduplications-in-beth-theduplicakeywordsand-theas well asunicipalities
(the same piece of news describes floods in vamawsicipalities). Thus, the filefon possible floods was reduced to 23,580

pieces of news for the SMCM.

#r-The next stepinvolved transformingualitative informatiorwas-transfermed-tointquantitative information (see Fig, 2

Panel a). To this endve consulted all the news filed amioceeded to code theewstext ef-the-rews-inont@preadsheets

f. Digitizingthe newssheetspageby means of Optical
Character Recognition (OCR) substantially faciiththis arduous taska-turnFurthermorethe coding complied with the
following classification protocol (see Fig. Ranel byOn-the-ene-handvery flood was assigned its exact date of ocogee
(the date of the flood is at least one day befoeedate of the news). Next, the affected munidipai municipalities were
defined. Finally, the intensity of each flood wasetmined according to 3 levels (Camuffo and E@96; Barriendos et al.,
2003; Llasat, et al., 2005; Barriendos et al., 2014

— Level 1 (L1):ORDINARY flood. A flood without overflow and minatamagesdamage

—  Level 2 (L2):EXTRAORDINARY flood. A flood with overflow and majatamagesdamage

—  Level 3 (L3):CATASTROPHIC flood. A flood with overflow, general destructiamd deaths.
As-a—resultLevel 1 floods refer not only to caseerdinary flooding in river flow, but also to fladloods and in situ floods

outside the river’s floodplain. For this reasonyélel floods are valid for reporting variability tlimate (changes in rain

patterns) and social factors (changes in exposwaloerability) (Llasat et al., 2016), though thene not valid for reporting

the hydrological variability of rivers. Accordinglgome works that analyse the hydrological varighdf the rivers exclude
L1 floods from their analyses (Llasat et al., 200%)r this reasgrwe obtained l@ichotemicdichotomousariableste-point
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te-for indicatingthe presence (1) or absence (0) of ahyhe-followingeffects/damages produced #eaflood in each
municipality. Thus,we categorizedhe informationregardingornthe type of damage suffereghs-categorizeih a simple
manner, beirgalwaysaware of the difficultyinvelvedinherentin consistently objectivizing quantitative information
consistenthin time and space (Gil-Guirado et al., 20IB)eThesevariablesthat wecreatedallow-an-approximategive us a
roughidea of the scope die-damages-of-eachflood:damage caused by eaxh #pecifically, the damage variables are the
following: agriculture; cattle; fishing; roads; iastry; trade; buildings; tourism; fatalities; amjuired.

10
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Figure 2: Method of cataloguing newstep by stepRanel g), and example of the coding system for the né€Remél b. Seurce—irPanel
b source ABC Newspaper, news of 23 August 2007.

Furthermore, some ancillary indices and variabkegehbeen calculated to characterize floods in i€ (see Table 2,

Panel b). The severity index is the sum of dama@@tity multiplied by flood intensity for each caaad it provides additional

information. As an example, a flood of intensitgduld produce major damage, but with concentratfegts in agriculture
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(Intensity = 2, severity index = 2); while a flooflintensity 1, could cause some weak damage bhahdxo a large number

of sectors (for example, roads, tourism, commenceagriculture) (Intensity = 1; severity index = 4 = 4). In other cases a

flood could be very intense and also affect a langmber of sectors, so its final impact is gre#ttan if simply considering

the intensity (for example, a flood of intensityhat affected roads, agriculture, tourism and tradeld have a severity index

of 8). Therefore, the severity index offers infotima that is complementary to the intensity levedl dhe amount of damage.

With reqgard to the affected area, we have assitmedch flood the area of the municipality whetedk place. While we are

aware that a flood does not affect a whole adnmatise area, we consider it to be a good measuneeidorming comparative

analyses at a spatiotemporal scale. Moreover, #dtha flood does not directly impact the whole miplity, the effects are

felt indirectly throughout the administrative téory.
Finally, with the results of the SMEleedsFlooddatabase, we have conducted a trend analysisalgse-if ascertain whether
floods and their intensity have increased or dem@eaover timeFo-determine—whetherThe existenoe retabsence of

statistically significant trendsxist,was determined hifie improved non-parametric test of Hirsch anaiS[d984-has-been
wsed,), which idased on the Mann-Kendall range widely used imatic and hydrological studies. This tegbrmsgives
informationon two possible hypotheses: the null hypothes@{#hich-defends), indicatinthat the series does not present a
significant trendand the alternative hypothesis §Hehich-informs-of ), indicating statistically significant trepdvhich that
may be negative or positive. Theoserlevel of significanceshosen-has-been®s%. In additionywe calculatedSen’s Slope
has-been-calculatewhich inferms-enindicateshe bias and size of this trenMultiplying this value by the total number of

observations, we would obtain an approximate vafu@e mean loss or gain of the variable over itme fperiod.

4 Results

4.1 SMC-Flood records summary
According to the SMC-Flood datababefween-1960-and-theyear20thé SMCM suffered 3,608seds.flood cases between
the years 1960 and 2016f these, 72% were of an ordinary intensity (LeMglless than 25% were extraordinary (Leve] 2

and slightly more than 3%erecatastrophic (Level 3) (see TablegPanel a).

With regard to théypetypeof damagesdamagsee Table 2Panel a), roads (almost 80%) and homes (45%)theneariables
most affected byhefloods. Trade and agriculture are also sectorsréagatedly suffedamagesdamad@n approximately
20% of cases). Tourism is another sector that suffee impact of floods (16%). However, there anpadrtant differences in

thetypetypesof damages-accerding todamage, dependintherevel of intensity. In general, the amountiefragesdamage
increasesceording-towiththe level of intensityFhatis; , meaning th#he greater the intensity, the more assets andig@eop

thatare affected. Between intensity Levels 1 and 2}ahgestgreateshcreases occuramongresidential properties (almost
80% of the Level 2 floods involvdamagesdamade homes) and trade (almost half of Level 2 floou®lve impactsimpact
on trade). These two types of damage are inteecbliasofar as the overflow of the water badgpt-affectsaffectingesidential
properties also affects trading establishmentsch aregenerally located in the lower part of the buildinglso notable are

the increases itheimpacts on agriculture and trade. Regarding thegbs between thgamagesdamageroduced in Level
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3 floods and those of other levels, the most netatthe increase in the direct effectdleepeople’healthefpeople(fatalities
and injured). In fact, almost 100% &dses-of evel 3casednvolve human victimsladeed, , such that the main criteriethe

very-classification methodneludes—in—its—main—ecriteriaconsidéhat—if a flood eauseshaving causedctims—this is a
fundamental factom-be-consideredfor considerind-gvel 3. In general, catastrophic floods are ctiarized by the fact that

they affectal-the whole economic and social fabrad a community

SMCM, each flood affectan-area—ofl19 knt. However, this value rises alarmingly as the isiignlevel ofthe-floods

increases.

Table 2: SMC-Flood database summary.

L1 L2 L3 TOTAL FLOOD CASESS
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 CASESS

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 valuesiateveitherabove (redpndorbelow (greep-frem) the 50th percentile (yellow) of the
meandamagestype of damag®anel g or the level of intensity Panel B. ** The severity index is calculated as the irsigyn of a flood
multiplied by the sum of thelamagestype of damagsum of thedichetomicdichotomousariables affected), divided by the number of
floods (for each intensity level and for the tat@pSuchthat (Eq. 1)Severity Index = (3,(Intensity Level X Damages )) -+
Intensity Levely.

4.2 Spatial variability of floods
A detailed viewsr-aat thamunicipal level reveals the existence of “hot spat the number and intensity of floods (see Fig.
3). Areas of high average intensity are found alorgsgt of the coast of Andalusia and, occasionallsome sectors of the

provinces of Gerona and Tarrageffar each municipality or province, the averagiensity is the result of dividing the sum

of the intensity levels of total floods by the idtaod cases in this municipality or provincé).fact, of the 20 municipalities

with the highest average intensity, 12 are in Andia and 7 in Catalonia. Regarding the areas wihighestumbernumbers
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of floods, it is necessary to differentiate betwega types of areas: i) large urban conurbatioreg¢Blona, Valencia, Malaga

and Alicantg); and ii) coastal spacékat highly specializedspecializim tourism (north of the province of Tarragonathe

province of Castell6n, south of the province oféfadig and north of the province of Alicante). Howevée thost outstanding

aspect is an opposing latitudinal gradjesibee:whilst the average intensity dfefloods increases as we go further south,

5 their number increases in the opposite directidn

of

Almeria-and-Alicante-respectively—MereoverThaensidering the combination of intensity and frelacy, the metropolitan

area of Malaga stands out as the most threatereed ar

I
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-l
CC.AA Province |  Pop. (2016) Area (Krf) 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
Castell6n 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 municipalispatial summary.
10 Themap shows in different colours the average intensitjhefloods in each municipalityand the black bars represent the total number

of floods in each municipality.
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Thetable reports the total population, the total area d&wedpopulation density by province. The differeribaos represent how the values
deviate above (from yelloweleursto red colours) or below (from yellegsleursto green colours) from the 50th percentile witiie mean
values of the variables (Pop., Area and Densitylr&e: INE, 2018.

Hwe-analyseAnalysinthe variability of the data aggregatedtagtprovincial levelwe-see-the-confirmation of confirrmeme

of the spatial patterns detected (see Table 3)aVheage area affected by each flood is directhted to the differential size
of the municipalities in each province. In thispest, it is appropriate to point out thatthe-province-of Murcithe average
size of the municipalities the province of Murcigs larger, which is reflected in the fact titat-alse-the-province-where-the
floods have a greater spatial impactthis province(each flood in Murcia affects an average of 574, krompared to an
average of 119 for the whole study aréagny-case-latitudinalhAs from the province of Alicante,latitudinalchange takes
placetowardsin the form ofloods with-aaffectinglarger affected-areaareashich may also be due to climatic factors,

governanceor the average size of the municipalities. Ondtreer hand, the quantity of floods that occur inheprovince
bears a direct relationship with the si&zed densityof the exposedoopulationexpesed-and-its-densifgee Table in Fig. 3).
This latter detail is especially important in tHghly-developed provinces (Barcelona, Valencia Afidante-respectively.

These provinces, together with Castellon, are thwsesupport a higher number of floods per kilometf coastlineand they
confirm the latitudinal gradient detected. ThiswereN-S distribution is noticed in the intensitytbé&floods, i.e., the further
south we go, the higher the proportiorflebds-efLevel 2 and Jloods compared téhose-of_evel 1. Likewise, thisppears
to-beisevidencedf-we-considerbythe severity index, the expression of which isregiearer. Therefore, we can affirm the
existence of a spatial pattembothin-intensity andn-damagesdamage moviimga southerly direction. In this regard, between
the severity index and the latitudinal gradient(gvovinces ordered correlatively from north totepu there is a Pearson
correlation of 0.91 with a significance level of@5Furthermore, the correlation between the peagenof L1 floods and the
latitudinal gradient is -0.81. For the L2 flogdise correlation is 0.73a-Both casesvithhavea significance level of 95%. This
tendency may be relatedithto the adoption of more efficient flood control measuin the northern provinces (the
CatalenianCataloniand\alencian-previnces)Valenciawing to their early tourism and economic develeptnLikewise,
an explanation can also be found in the climatitdigto-the-extent-thatdhe rains are more torrential in the southern imaes
(Martin-Vide, 2004). Howevegiventhe clear differences between provineéis the same autonomous communityites
us-to-consider, we cannot avoid considetimgeconomic and institutional factor, since ostadies have detectedyrowing
institutional vulnerabilityaecerding-tofollowinghe aforementioned latitudinal gradient (Lopez-titeaz et al., 2017).
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Table 3: Spatial flood patterns in SMCM.

N%- . Flood

CCAA Province Nc-aFg()egg Flood Pro(z(;nce Slfl\éeegty (ﬁrne]% L
— casess Coast (Knp)
Geronz 168 6.3t 70.5] 1.3z| 30.6( 0.62
Catalufia Barcelon: 52C | 20.01 77.1¢ 1.37| 33.41 3.2¢
Tarragons 257 9.8¢  79.81 1.3¢| 49.3] 0.92
. Castellér 20z 112 76.0¢ 1.4t| 63.07 2.1C
S‘;{gﬁg:gﬁg Valencic 426 16.3¢ 7474 15:| 615¢ 3.1¢
Level 1 _ . Allcapte 34e . 13.3¢ 71.4¢ 1.62| 120.5¢ 1.43
Region. Murcia  Murcia 20z 7.81 73.82 1.5¢| 592.3: 0.74
Almerie 117) 450  71.3¢ 1.41| 150.3¢ 0.47
) Granad: 43 168  58.9( 1.2¢| 70.1¢ 0.5:
Andalucia a0 167 6.4  56.0¢ 1.41| 158.7¢ 0.8¢
Cadiz 61 2.3t 48.0: 1.2€] 198.2: 0.74
Total L1 2,59¢ 100.0(  68.9( 1.45]  11€ 1.2¢
Gerone 63 7.1 26.0 5.37| 30.9 0,22
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
. Castellor 88  9.9; 229 5.9¢| 64.21 0,62
Sg{gﬁg:gﬁg Valencic 13¢ [1A5.61  24.3¢ 70| 658 1,02
Level 2 & ' Alicante 12z 13.81  25.2¢ 6.0¢| 129.3: 0,5¢
Region. Murcia Murcia 59 6.65 21.4% 6.5¢| 471.9¢ 0,2z
Almeric 38 428 2313 6.37| 169.9: 0,1t
) Granad: 211 231 287 6.3¢| 77.2¢ 0,2¢
Andalucia a0 117 13.1¢  39.2¢ 5.7¢| 163.7¢ 0,5€
Cadiz 60  6.7€ | A7.2¢ 6.71| 159.67 0,7¢
Total L2 887 100.0(  26.8] 6.1¢]  11¢ 0.42
Geron: 6 4.0 2.5¢6 11.5(] 29.5¢ 0,0z
Catalufia Barcelon: 30| 24.5¢ 4.4¢ 11.5¢] 29.1¢ 0,1¢
Tarragone 10 8.2( 3.11 12.9C| 47.5¢ 0,04
Com Castell6r 4 326 1.0£ 12.0¢| 79.57 0,02
Valonoiana  Valencie 5  4.4C 0.8¢ 14.4¢| 91.1¢ 0,04
Level 3 . Alicante 16 13.11 3.2¢ 15.7¢| 161.4¢ 0,07
Reg. Murcia Murcia 13 10.6¢ 4.7¢ 17.5¢] 758.6¢ 0,0t
Almeric 9 7.3t 5.4¢ 15.61| 229.3¢ 0,04
) Granad: 9 7.3t 123 12.67| 53.41 0,11
Andalucia 00 14 1146 4A7C|0010.2¢] 260.1¢ 0.07
Cadiz 6 4.9 4.72 14.0(| 201.2: 0,07
Total L3 122 100.0( 4.3( 13.3:] 181 0.0€
Gerone 234 6.4¢  100.0( 2.31] 30.61 0,9¢
Cataluia Barcelon: 674 18.6¢ 100.0( 2.2z 34.6: 4,1¢
Tarragons 32: 89z 100.0( 2.15| 47.9: 1,1€
Com Castell6! 384 10.6¢  100.0( 2.2¢| 63.4¢ 2,7€
Valonoiang  Valencie 57C | 15.8(| 100.0( 2.5¢| 62.8¢ 4,22
TOTAL Alicante 487 13.5(  100.0( 2.71| 124.1 2,0C
Floods Reg. Murcia Murcia 275 7.62  100.0( 2.8 [1574.3¢ 1,0C
Almerie 164 458  100.0( 2.72| 159.2: 0,6€
) Granad: 730202 100.0( 3.3¢| 70.1f 0,9¢
Andalucia a0 20¢ 826  100.0( 3.0¢| 165.4¢ 1,47
Cadiz 1270352  100.0( 3.8¢] 180.1: 1,5¢
Total Flood cases: 3,60€ 100.0( 100.0( 2.57 11¢ 1.71

N-Floodsirferms-efindicateshe number of floods in each province between #8D2015N%-Floodsreflects the percentage of the total
floods that corresponds to each provirdéerovinceinforms-efindicateshe percentage of the total floods in each pravihat corresponds
to each intensity leveBeverity indexeflects this value for each province and for eaténsity level Area (kn?) andFloods/Coast (k)
show _respectivelyfor each province the khaffected andhefloods which on averaggeaffect each kilometre of coasespectively.
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. *The different colours represent how the valuesateyabove (red) or below (gréerfrom the average (yellow) of each variable (intgns
level and total).

4.3 Seasonal flood variability over the SMCM

FheFloods that affect the SMCM have considerable seseariability with regard to number and intensifys is to be
expectedaceording-to fronthe climatic conditions (Barredo, 2007; Barreradtta and Llasat, 2015), the majoritytbe
floods (58%) take place during the autumn montsigeeially in Octobeewing-toas a result dhe recurrent “colé®ropspool
that affectaffectsthe region. Furthermordloods become more highly concentraidaring this seasethere—is—a—higher
concentratioras the intensity increases (55% of Level 1, 65%evkl 2 and 74% of Level 3). Therefore, autumrp{Smber-
November) is the season with the most danger ofiftm—with-regard-to in terms djoth quantity and intensity. Autumn is
followed by winter (December-February), summer €#ugust) and finally spring (March-May (Fig. 4 Panel a). However,

there is little difference between the intensitytteg autumn and winter floods (Fig. 4 Panel b) (mietensity of 1.34 in the
case of winter compared to 1.36 during the aututargpring;On the other hand) springand especially summer, the average
intensities are lower (mean intensity of 1.22 arid respectively). The high intensity of the winteydtls is probably related
to the type of atmospheric situation that genertitese floods and which usually leads to large medations of rainfall over

several days (Mufioz-Diaz and Rodrigo, 2004). Rdl&dehis pointthe-climatic-patterns-willbe-studied-in-deptisutcessive

studies within this same projectll analyse the climatic patterns in depth
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Figure 4: Monthly distribution of floodcasedrequency and average intensity in SMCM.

This seasonal variability presents notable diffeesnbetween provinces (see Fig. 5). Regardinguh®ar of floodswhilst

among the provinces of the east coth,autumn seasonal pattern mentioned above fereduforthe-provinces-ofthe-east

eeast, whildén the southern provinces aututages-importance-in-favour ofbecomes less promicemipared tavinter, which
17
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is the seasothat-concentrateswita highernumbergreater concentratioffloods. This reveals a rainfall pattern assmda
with intense rains owing to the variability of thelar front (Mufioz-Diaz and Rodrigo, 2004which especially affects the
provincesefin the south-wespart of the study area. However, thdséterprovincesare also not exempt frothe-mpact
ofbeing impacted bthe frequentCeld-Brops’synoptic situations associated with saene easterly flothataffectaffectshe

restof the study area
A similar spatial distribution can be observedhia average monthly intensity per province. In trevimces of Granada and

Malaga the autumn floods present the highest intensityesefin the study area. However, unlike the frequency, the
distribution patternseemsisless clearThere—are—coincidences—in—thfihe autumn and winter monthere—those—that
recerdcoincide in more intenfleodsef-a-mere-intensive-ratyrmainly in the provinces betweand includingCastellén and
Granadainelusive However, in the provinces of Gerona and Cadiz niean intensity is higher in the winter montksally,

in the provinces of Barcelona and Tarragona, latenser floods are also significantly frequent. Tditiservation is consistent

with those in previous works on these provinceaght et al., 2013a, Gilabert and Llasat, 2018).
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4.4 FleedType of damage variability

The amount-of damages—repeorted-and-theirtype typeanfadiealso preseng-notable spatial variability. With regard to the
total amount oflamages type of damaper province (Fig. 6Panel 3, the size of the exposed population is the maitofac
to-explain-it..In fact, the provinces with-higher pepulationpopulationgBarcelona, Valencia and Alicante) are those that
report a higher number ¢tal-damagestype of damafeig. 6 Panel a)FurthermereHoweveiif we cempareconsidethe
otal-number-of floods per-province-with-the tatamages-reported\erage quantity afamagestype of damageported per
flood)_case by province, we observe that the averagesainod type of damage increases in a north-souttction. In this
way, theaverage amount of type of damage also sholatitadinal gradienteferred-to-above-continues-to-bereflected.-That
is;whereas-in in a north-south direction. In otlerds,the provinces to the north of Valen¢rereport armverageamount of

type of damageeportedper floodthatis lower than 2while from Valencia towards the south this value is highe
With regard to the different types of damage pewjnce (Fig. 6 Panel B), the highest quantity of damages affects roads and
buildings, the sum of which represents over 60%llathe damages type of damageported.In the case of roads, riverbeds

in the study area are for ephemeral purposes amnéftire a large part of them can be crossed bysraelout bridges or even

used as communication routes between the headaradanouth areas. Therefore, it is logical that mb#te damages pertain

to roads. Regarding damages to buildings, if wesictam that floods are a natural risk that affeciesties (Bates and Peacock,

1987, Tapsell, et al., 2002), damage to buildisgserceived to be one of the most significant ingpaa societies (Nadal et

al., 2009).

The provinces of Barcelona, Alicante and Malagahéglly developed and specializedaetivities-inthe service sector and

tourism,ewingtewhichthe-damages is why type of damagkated to the primary sector are low. Howevethmprovinces

of Tarragona, Almeria and Granada, where the dtuial sector continues to have an important cowrupas economic
weight, thedamagestype of damagethis sector are considerable.

Lastly, thean analysis of the type of damage reveals thee $atitudinal gradientis—alse-ebserved-in-the-analysis—of the
damages., whicthis timeit-is explaired-inindicated bthe record of injured persons and fatalities. Ashgad further south,
there is an alarming increase in the percentagésesé variabledrom 3% on average between Gerona and Alicané¥4o

between Murcia and Andalusia.
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Figure 6: Types ofdamagesdamadsy province.
Panel ashows the totadlamagetypes of damagpertype-andprovince.Panel bgives the damages per type, as a percentage tftttie
damagetype of damagén each province.

4.5 Flood evolution and trends

The floods in the SMCM present an annual varigbilit frequency, impact and intensityat areclosely relatedsithto the
variation in the frequency and intensity of pretfions (Martin-Vide, 2004).

With regard to the annual mean intensity (see Fi§.anel a) from 1960 to 199he data were more variable and extreme. In
fact, the 10 years with greatest average intensdi place during that period. Furthermore, the fiears of highest mean
intensity were, respectively: 1973, 1987, 1962,5186d 1961. However, it is important to emphadieg the mean annual
intensity presents a statistically significant rntegatrend, i.e., the average intensitytedfloodshas-deseendeddesceddsing

the period analysed. Likewisdespiteeven thougthe severity index during the first five yearstbé nineteen-sixties was
particularly high, their average annual value glsesents a significant negative trend. Accordintheoseverity index rank,
the following years should be highlighted: 19736291987, 1982 and 1964. Some of the highlightedsyeoincide with the
most catastrophic floods occurring in the studyadi973, 1962 and 1987) in the last century.

With regard to the annual frequency tbe-floods (see Fig. 7, Pane))ban increase is observed since the eighties and,
especially, since 1996. Since therithe number of floods fahe majority of yearthe-number-offloodis abovetheaverage.

The trend analysis detects a statistically sigaiftgpositive trend, which reveals that every yieaifloods increase by 2.3%
compared to their average value. However, thisemse is not homogenous according to the intensityklsince—whilst

becausehe Level 1 and Level 2 floods present significpasitive trendswhile those of Level Zitherremain stableor
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withhaveno appreciable trend. The rising trend is morepuomced in the case of the Level 1 floagghwhich havean annual
increase of 28,% compared to 1.1% in the case of Level 2 floods.

Turco and Llasat (2011) and Llasat et al., (20h@ye also found that flood trends over recent des#ul Catalonia are due

mainly to an increase in urbanization in flood-pr@reas near torrential and non-permanent streams.

Lastly, the evolution of thereaaffectedareapresents-variability that issimilar to thefrequencybehaviour othe-freguency
ofthefloods (see Fig. 7, Panel dhere-isa-coincidence-inpointing The decade of the nineteen-eightisscoincides with

the time wherthevalues began to increase. Especially outstandamgdisastrous periods dhe second half of the nineteen-
eighties and the decade2if00,-as-especially-disastrousperiods.the 2HOwever, it is necessary to point out some nuances
and differentiations. Thereatotal values for theffectedhasarea hava positive trendoer-the-tetalvalugshut if we consider

the size of the area affected according to intghsitels, a significant positive trerrhs-onhr-beenidetectecnly for Level 1
floods. That is, every year the area affecteddmfloods increases by 166 Krtan increase of 2.2%). This situatigikes-en
special-impertancebecomes especially notablbe case of Level 1 floods, for which the newanaffected is 158 khper
year (a growth rate of 2.9%).

During the comparable data period (1971-2015),flihed damage database on insured assets of thendatinsurance

Consortium of Spain (NISS) (Consorcio de Compedsadie Seguros, 2019) also shows a positive treridaads. In this

case, it is evidenced by an increase in the aramalint of type of damage filed, i.e., in the amafmhoney indemnified. In

addition, peaks in the amount of money indemnitletected in the NISS database coincide with thedfloases and impact
peaks detected in our data base (1987, 1989, 1#DZ007). On the other hand, the NISS databaseidemwith our database

in indicating the most dangerous months for flogdainly September and October). However, the diffecharacteristics

between these two databases lead to incomparadlésrérom and utility of both databases comparadéile the NISS

database offers aggregated data at the provimsial nd refers only to the number of proceduregéonomic impacts and

losses, the SMC-Flood database offers data at timécipal level for the Mediterranean coast anefers to flood intensity,

severity and type of impact. On the other hanshd@uld be noted that the Spanish insurance comtosst not require insuring

one’s home. Therefore, this database could be enga biased than ours, depending on the degressifance coverage in

the municipalities of the study area (Clavero, 2005 the other hand, because the National Inser@uomsortium database

is based on private insured assets, we have lirmfednation on the impact of floods on public gsalich as roads. In this

respect, and taking into account the great weighit toad damages have in our database, it is mptising that the SMC-

Flood database considers a number of cases faegthan that of the National Insurance Consortilatabase.
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Figure 7: Temporal variability of the intensity, severity asgiatial impact of floodsasesn the SMCM.
The valuesnferm-ofindicatethe annual accumulation per intensity level. Thebile mean of 11 years has been added to temper the
variability, as well as the total mean of each alale, in order to identify years with values abovéelow the mean.
5 Panel ainferms-enindicateshe variability of the annual intensity and setyedf thefloods. Panel binforms-enindicateshe variability of
the annual number of floods. Finaljanel cinferms-onindicatethe variability of the area affected.

Related to the positive trend observed in the ddesat et al. (2016) pointed out that it may be ¢ the following main

factors: i) climatic issues (a greater recurrenfa®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 flooti® increase in exposure

could take on more importance as the exposed suifaffood-prone areas becomes greater. Thushigdégssary to include
the growing surface outside the floodplain (Pérexrdfes et al., 2018), for which the evidence indisahat L1 floods have

the most clear upward trends.

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

15 to consider that trends may be biased by: i) pudpiaion having greater sensitivity or perceptiowards natural risks due to
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increased newspaper coverage of floods; ii) a gresgtatial coverage of the news as a result oforest communications.

Eisensee and Stréomberg (2007) also argue thatowerage of natural disasters in the press depemdieoavailability of

other newsworthy material at the time of the desashdditionally, there may be some spatial biathin news based on the

newspaper's spatial coverage (Walmsley, 1980hisnregard, the newspapers used in the SMC-Flotabdse are regional

newspapers, which specifically cover the informatim each autonomous community analysed throughewtudy period.

On the other hand, Llasat et al. (2009) show thatstubjectivity of the journalist or newspaper b&s the flood intensity

level, but not the type of damage. In this regénd, type of damage may be under-documented, lwanitrarely be over-

documented. However, population increase in the BM{@s been able to influence the increase in floeds for small

populations. However, this last point does not yypmethodological bias. On the contrary, the p@sitorrelation between

population increase and increase in the numbeloofl§ shows that the increase in exposure is magdgonsible for the

trends observed in the study area’s floods. Thesalts are in line with other works (Pérez-Moraésil., 2018) and are

consistent with the general theory of risk, whicistulates that risk is a social construction (Bates Peacock, 1987; Tapsell,

et al., 2002), and therefore the occurrence of@rakrisk depends on their being an exposed ptpualausceptible to suffering

an impact.
The positive correlation between population inceeasd increase in the number of flood cases cawbberved when we

analyse the flood trends according to populatiawtin. In making this analysis, we observed thatdieater the population

increase in the municipalities between 1960 andlA@e two extreme census years of the study pertbd greater the

significance and intensity of the trend. In thddwling table (Table 44), it can be observed thasigmificant trend in flood

cases exists for the set of municipalities whemutation have grown less than 50% between 196@amd. However, floods

have a statistically significant trend in municifigk that have grown more than 50%. The intergdting is that the rate of

increase in floods becomes greater as populatmnthrbecomes greater. In spite of all the abowe stitial factors involved

in flood processes generate such complexity thaneeinable to rule out the abovementioned poskibies in the observed

trends.

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

Population increase range in % Kendall's tau P-value 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 S$asknparametric test (1984), which is based onMsnn-Kendall range. The trial
version of XLSTAT software (Addinsoft, 2018) waslis calculate it. The Mann-Kendall test providdevel of statistical significance (p-
value). The chosen threshold of significance w&,98hich indicates that p-values above 0.05 shtedd to rejecting the hypothesis of a
trend in the series. When the p-value is less €h8B, the trend can be positive or negative. SBidpe shows the annual change rate in
floods. That is, the value indicates the annuatéase or decrease of floods.
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5 Conclusions

From-the-findings,papene can-draw-some-important-conclusions—The presentnilial results of the&SMC-+FleedsFlood

databaseep;esems%heﬂﬂeed for the Spanish Mediterrameastal municipalities between 1960 and 2015. daiabasevith
area.provides information on local fl@ades with information
on affected area, intensity, severity and typearhdge.The results have enabléekb-reconstruction-ofreconstructilg008
flood casesffloodingthat affected all the municipalities studied dgrthe last 55 years.

Fhe-exploitation-ofExploitinghe database has made it possible to obtain essefivalues that provide evidence of trends

which reveal the socio-environmental dynamic. s tespect, thdamagestype of damaghow that the major impacts occur
inonroads, buildings, agriculture and trade. Furtheenthe average area affected per flood is 1139 kngeneral, the months
that pose the greatest hazard with regard to theoeuof floods and their intensity are the autunamths, although the winter
is also a highly hazardous season.

The detailed spatial analysis hasabledalloweds to identify a series of black spots where thensity ofthefloods and the
amount of damage are very high (especially on rab#te coast of Andalusia and in some areas of @eamd Tarragona).
Furthermore, there are placgsere-thewitHargesize-ef-the-pepulationpopulations that exposedwhich in turndetermines

a high recurrence g@hefloods.

However theourmaineenclusion-ebservedcontribution lissgeneralin-the-majority-of the-variables-and-indicensidered

isestablishingthe presence of a clear latitudinal gradightt ischaracterized by more severe, intensive, extenesing

damaging floods as we move from north to souths Bhiatial inequality is foreseeably explained bgatgr deficiencies in
the spatial planning of the provinces in the soaltmough the climatic and orographic factors caforuled out. Under these

circumstances the south

ulaarease the placesherein need

of thebiggestandest adaptation plarmsould-be-implemente@speciallyif-itis-takenwhen takingnto account than-these
provincesthere-isaralsosubject toa greater risk of mortality associated with floodss-understood;-thereforethat-without

Lastly, it is important to highlight that the in@ty and mean annual severity of floods hawelergenebegun to followa
statistically significant negative trend. Thatas, averagefloods tend towards-lower intensity and severity. However, the
annual frequency artleaverage area affected thefloods has experienced a positive trend. Nonetbethis increase is not

homogenous according to intensity lewghee-whilst thebecausevel 1 and Level 2 floods present significantipes trends
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while those of Level 3 remain stable. In this respepiarmadox is revealeéhsofaras: althougit is certainlypositive that the

meremostcatastrophiéleeds-doflooding ar@otinereasehoweverwith-the increasing, the sotiag/become used to a larger

frequency and area affected by flooding, even thatheg current flood management tools (structural and stometural)it

is,could avoid them.

As a final conclusion, the positive trends in thenier of flood cases are highly correlated withitteeeasen thelight-of-a
negative-panorama.—we-considerexposed populatiewerthelessthe lessercomplexityof social factors involved in flood
processes impedes us from ruling out possible biathe ills-to-be-positiveobserved trends. Therefore, de&powledge is

needed on the climatic, geographic and socioecaneoartiables involved in flood processes. This Ww#l the objective of

successive research projects
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