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Abstract: Floods are a common occurrence in the Western Mediterranean basin, causing daily life
disturbances, economic impacts and fatalities as the population living near the Mediterranean shores
face a great risk. The city of Ibiza has been historically affected by floods of different magnitudes.
After almost three decades without large events, with the 1977 flood being the latest, 20 floods have
been identified within the city boundaries since the beginning of the 21* century, causing a great social
impact. The aim of the research herein presented is to identify the locations of floods and their possible
causes. The methodology is based on a comprehensive survey of newspapers articles and technical
reports, thus allowing mapping of the location of the events over a city map. Among the causes, there
are the lack of a runoff network and deficient infrastructure planning. Regarding the spatial distribution
of floods, the most affected areas are the circumvallation freeways around the city and the
neighborhoods urbanized after the 1960’s. The results highlight the importance of the urban sprawl
and malpractices related to flood risk areas, which increase the occurrence of floods. Moreover, the
identification of the most affected areas can help city planners to create prevention measures and
systems to reduce flood hazards and vulnerability.
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1. Introduction

Floods are a common natural process in the Mediterranean coastal areas [ 1], with significant costs
both in terms of damages [2,3] and in terms of fatalities [4,5]. Flooding is the result of a combination
of causes. On the one side, natural ones, like the occurrence of extreme rainfall events, are usually of
short duration but high hourly intensity, and their catchment characteristics include having a small size,
short courses and high slopes [6,7]. On the other hand, anthropogenic factors, like the large population
living around the Mediterranean Sea and the resulting high level of urbanization [8,9], increase the
impact in terms of damages, fatalities and environmental risk.

Urban settlements are exposed to different types of flooding, with the fluvial one being the most
common [1,3]. Nevertheless, pluvial floods are rapidly becoming important because of the increase of
impervious surfaces due to urbanization, and by affecting the drainage network, canalizing streams or
culverting large parts of the streams [1,10].

There is a large body of research about floods affecting urban spaces, especially since almost 56%
of the world’s population lives in cities [11]. From case studies to worldwide challenges, the research
has focused on best practices to manage the flood risk [12,13], modeling urban floods [14,15] and the
use of remote sensing to detect floods [16,17].

Despite all of the studies, the runoff processes still affect urban areas and can be caused by the
overflow of the stream channels or the inadequate drainage systems in the cities [ 18]; their main effect
is the disturbance of daily life, even if important economic damages and fatalities can also be a result
of such events.

Urban floods are becoming a problem for coastal cities across the Mediterranean, but the flood
affectation is not new. Former research has highlighted the impact of flood events in cities like
Barcelona [19,20], Valencia [21,22], Genoa [23,24], Palermo [25] and Athens [26,27], or those
affecting whole regions or basins like Catalonia [28] or the Ebro River [29]. Nowadays, special
attention is given to new urbanized areas, usually with residential or tourism-related activities around
the Mediterranean coast [30-34].

The Spanish Mediterranean coast is a clear example of the increase of new urban spaces,
especially after the second half of the 20th century and the flood affectation of such areas [35,36].

The Balearic Islands location, within the Western Mediterranean basin, has resulted in an important
development of the tourism industry since the 1960s. Such development did not take into account the
flood risk that existed, with more than 200 events recorded since 1403 [37], which has thus increased the
occurrence of floods affecting urban areas like the Balearic Islands capital, Palma [38]. Also heavily
affected by flooding has been Ibiza, where the last large event happened in 1977, when almost all of
the island streams overflowed and caused heavy damages and two fatalities. The main city, Ibiza,
was briefly isolated because all roads were inundated and power lines and phone lines went down,
resulting in service shortages. Even more, a mixture of rain and sewage waters flooded the city center
and the harbor. From 2000 onward, 20 events have been identified as affecting the municipality of
Ibiza, with floods occurring away from the traditional flooding zones and those close to the streams
of the island catchments.

In that regard, the research herein presented has two objectives: (1) to identify and classify the
floods affecting the city of Ibiza, and (2) to map the spatial location of the flood events.

The results can be a helpful tool for stakeholders and policymakers to develop protection plans
for citizens and infrastructures.
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2. Materials and methods
2.1. Research area

The island of Ibiza is located within the Balearic Islands, an archipelago off of the eastern coast
of Spain (Figure 1). Comprised of five municipalities, the largest of the island in terms of population
and importance, and its capital, is Ibiza, or Vila as it is known locally. Located on the southern coast,
Vila has an area of 11.14 km? and 50,643 inhabitants [39]. The first details of human presence in the
area date from the 7th century B.C., in Phoenician times, and the city shape has been transformed by
successive historical epochs. Vila is the oldest urban settlement in the Balearic Islands that is still
inhabited and located in the same area where it was built.
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Figure 1. Location of Ibiza within the Balearic Islands and the Western Mediterranean basin.

The old city is located on a coastal hill (known as Dalt Vila), linked to the mainland by a tombolo,
where marshlands were located (es Pratet, es Prat de Vila and ses Feixes). Those marshes were dried
up for agricultural purposes and became orchards; but, they were abandoned during the urban
expansion of the 20th century, when the city grew away from the hill and the enlargements were built,
occupying the ancient orchards, mainly in es Pratet and also a large part of the Prat de Vila (Figure 2).
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Figure 2. Location of the research area: old city (Dalt Vila), the marshlands (Es Pratet,
Prat de Vila and Ses Feixes) and the streams ending within Vila boundaries. Altimetry and
bathymetry equidistance: 10 meters.

The main result was an accelerated urban growth, which was larger in the second half of the 20th
century when the tourism industry arrived to the island. It led to an increase of urbanized surfaces,
from 4.15 km? in 1956 to more than 10 km? currently. Such expansion has generated inequalities in
terms of infrastructure and urban equipment among the city neighborhoods. The lack of control,
together with a large period without flooding events across the city, allowed for the construction of
new residential and services areas inside flood-prone spaces, and even inside stream beds. The result
has been the creation of large impervious surfaces replacing natural soil [9], which has, in turn, caused
the growth of runoff coefficients and possible flood peaks, a common occurrence in urbanized
environments [39,40].

Furthermore, urban planning has affected the fluvial system of the basin, which is organized by
ephemeral streams, locally known as torrents (Table 1). Vila’s basin has an area of 55 km? and three
catchments that end at the municipality coast, running through alluvial fans (Figure 2).

The drainage network is ephemeral due to the geological characteristics of the area (limestone
and karstic features), the scarce rainfall recorded annually and the reduced surface of the catchments.
Therefore, the regime is irregular, with beds that are usually dry and presenting runoff either after large
rainfall events or when a spring breaks as the result of continuous rain days.
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Table 1. Characteristics of the area’s water network.

Stream name Catchment surface (km?) Main channel length (km) = Main channel slope (%)
Séquia Llavanera 56,5 15,24 2,24

Torrent den Capita 4,82 5,75 4,8

Canal de can Vic 0,4 1,30 12,0

Canal den Fita 0,71 1,42 5,6

The region’s climate is Mediterranean, with dry summers and mild winters. The mean annual
rainfall is 475 mm, which falls mostly in autumn (October and November), while the minimum rain is
recorded in May and July. The mean annual temperature is 18 °C, with a summer maximum reaching
as high as 35 °C [41,42].

The main streams are the Torrent den Capita and Sequia Llavanera, both ending in Vila’s
marshland, known as Ses Feixes. Sequia Llavanera is the largest catchment of the basin—in terms of
surface and channel length—and it has been extremely modified by humans who performed cross-
sectional shortening, bed sealing and channel covering with roads, buildings and infrastructure. The
final stretch is channelized through roads and buildings and ends at the bay in a marina, crossing
underneath the seaside promenade and disappearing under concrete (Figure 3).

On the other hand, Torrent den Capita flows through the central area of the plain, but its bed has
disappeared as the point that it reaches the city outskirts. The construction of the E10 circumvallation
road first, and then the E20 in 2007, resulted in the cut of the stream, making it disappear under the
industrial polygonal roads and buildings through a small concrete channel, as well as end in ses Feixes,
where the water flow can run freely toward the sea. As stated before for the Sequia Llavanera, the
mouth of Torrent den Capita runs underneath the promenade into a marina. Both streams were
modified when the marshlands became orchards and were converted in ditches to irrigate the crops.
Once the tourism arrived in the 1960s, such drainage systems were abandoned, and some of those
marshlands have since returned to their original state. There is also a small number of minor streams
along the central area, with a total surface area of 1.2 km? and ending in the Eixample neighborhood,
close to the city’s main hospital.

On the western side of the basin, three creeks can be identified from the north to south: canal de 'n
Vic, canal de’n Fita and canal des Xoriguer. The first two end on an ahreic zone located across the
tombolo that links Dalt Vila with the mainland. The last one runs from the western hills through
farmland, and it is nowadays devoted to urban uses, especially close to the coast, where one of the
main tourism neighborhoods, Platja d’en Bossa, is located; but, its channel disappears before reaching
the coastline under streets and buildings.

The channel endings, within heavily urbanized areas, increase the hazard level for flooding. The
main risk, according to the Balearic Islands Flood Prevention Plan [44], is the Sequia Llavanera
catchment, which can affect up to 8,000 people if a flood occurs.
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Figure 3. Sa Llavanera mouth at the harbor: (a) upstream view and (b) downstream view.

2.2. Data and methods

The data were collected from different sources of information (Table 2). Daily rainfall amounts
were taken from the official Spanish Meteorological Agency (AEMET) gauges, which only record 24-
hour totals. There are not currently any official gauges that record data at a minor scale of time.

The daily press of Ibiza (Diario de Ibiza and Ultima Hora) helped to identify the affected areas
and the damage to public and private properties. Once available, official reports from city authorities
or public services (firefighters, local police) allowed for the identification of affected areas and the
kinds of damage sustained. All the documentary data collection was manually carried out because
some of the documents are not digitized and computerized search engines could not be used. Moreover,
the newspapers used were the printed version, available at the Eivissa Public Library.

Finally, post-flood surveys were used to gather in situ information, usually days after the event.
Such research allows for the measurement of water levels and gathering of material such as pictures
or videos that were taken by witnesses of the event.

Regarding the methodology used, a database of events was developed by using a spreadsheet.
The information included the date of the flood, the rainfall amount if known, the affected areas and the
damages, which were recorded from various sources, as previously stated.

The collected data were introduced to the database and, once verified, the affected areas were
located on a city map while research was done to identify the flood causes. Following a former research
methodology [45], four categories have been identified:

a) Drained wetlands;

b) Overflowing natural streams;

c) Flat urban areas without a natural drainage network;

d) Poorly planned infrastructures;

Category a refers to those drained areas that were close to the coast, formerly used as farmland
and nowadays serving as a physical foundation. Category b refers to when a flood takes place from the
spill-off from a stream. Category c is related to the lack of runoff due to impervious surfaces and
failures of the sewage system. Finally, Category d is the result of the creation of infrastructure, without
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taking into account the surface runoff network, and which thus increases the impervious land cover
and reduces the network capacity to transport water. Flood categories take into account the physical
trends of the city, as related to its location within the island, and human-made changes in the area.
They are also related to similar categories that have already been used in research about Palma, another
Mediterranean location within the Balearic Islands [45].

To assess the importance of flood-related damage, a qualitative classification of impacts was
developed from an existing methodology that has been used in research on damage affectation in
Spanish regions [46—48] and western Mediterranean countries [49]. Floods are classified as follows:

Ordinary: when water affects roads and streets but circulation can carry on. There is a small
affectation to basements and ground floors of private and public buildings.

Extraordinary: when floodwaters cause the full closure of roads and streets, damage cars and
goods and provoke power outages. The flooded buildings require the work of firefighters and civil
protection services to drain the accumulated water.

To map the flood locations, a neighborhood list from the Enciclopedia d’Eivissa i Formentera
was used [50], following the suggestions of Maurici Cuesta regarding historically flood-affected
areas. The neighborhoods were located on a map modified according to the above-mentioned
suggestions (Figure 4).

Table 2. Sources of data used for the research.

Type Source Data description
Rainfall AEMET Rainfall amount mm/24 hours
Event location Newspapers, official reports Affected streets and neighborhoods
Event location Field survey Affected streets and neighborhoods
. Newspapers, official reports and field Damage to streets, bridges, city parks and other public
Public damages
survey property
. Newspapers, official reports and field o .
Private damages Damage to buildings, shops and vehicles
survey
Interviews Field survey Pictures, videos, event description (time, impact)
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Figure 4. Neighborhoods cited within the text and affected by floods.
3. Results and discussion

From 2000 onward, 20 events have affected the municipality of Vila (Table 3).

An average of 63.6 mm/24 hours is enough to flood parts of the city. Such amounts are common
in the Mediterranean basin [51-54], where quantities between 30 and 80 mm can produce significant
floods in urbanized areas.

Regarding the spatial locations of the events (Figure 5), two areas show the largest impact over
the city area, es Pratet, and the E-20 freeway, as both were affected by almost 80% of the cases.

Even so, there is a widespread distribution of the impact points, almost all of which occurred at
the adjacent urban development along the old city, which was mostly built during the 20th century
(Figure 5). The old city neighborhoods were only affected twice during the events, while the outskirts
of Vila, i.e., between the E-10 and E-20 freeways, have not registered impacts significant enough to be
cited by the daily press or official reports.

The touristic areas, located at the western and eastern areas of Vila and united by the Passeig
Maritim (the front sea promenade), have been affected eight times by flood events that were similarly
distributed into ordinary and extraordinary in terms of damages.

City swamps, ses Feixes and prat de Vila, did not have a single recorded flood event during the
research period. Nevertheless, close urbanized areas such as Passeig Maritim or Talamanca have been
affected by floods, which can be due to water flows being unable to reach the sea via the pathway cut
by buildings, roads and infrastructure because of the draining process undertaken in the 20th century.

Two more critical points are the poorly planned infrastructural developments located along the
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road network that surrounds the city, i.e., freeways E-10 and E-20, where a large number of
underpasses and crossings are flooded after rainfall events. The main causes are the lack of rainwater
collectors and the burial under the concrete of the natural runoff channels.

Table 3. List of floods.
Id Date Rainfall amount  Affected areas Type of flood
(mm/24h)
1 15-11-2005 87.4 Es Pratet, Platja de’n Bossa b, c
2 09-08-2007 48.7 E-20 freeway d
3 13-10-2010 95 Es Pratet, E-10 and E-20 freeways c,d
4 14-11-2012 112 Es Pratet, E-20 freeway c,d
5 28-04-2013 65.8 Es Pratet, Eixample, E-10 and E-20 freeways c,d
6 25-09-2014 94 Es Pratet, E-10 and E-20 freeways c,d
7 18-08-2015 37.4 Dalt Vila, Es Pratet, Figueretes, E-10 and E-20 acd
freeways
8 02-09-2015 32.8 Es Pratet, Botafoc, E-20 freeway acd
9 20-10-2015 30.3 Es Pratet, E-20 freeway c,d
10 24-09-2016 29.7 Es Pratet c
11 19-12-2016 159 Es Pratet, Talamanca, E-20 freeway acd
12 10-08-2017 69 Botafoc, E-10 and E-20 freeways acd
13 06-09-2017 33.9 E-20 freeway d
14 17-08-2018 44.6 E-10 and E-20 freeways d
15 18-11-2018 70 Es Pratet, La Marina, E-10 and E-20 freeways acd
16 27-08-2019 33.8 Es Pratet, Eixample, Figueretes, E-10 and E-20 c,d
freeways
17 12-09-2019 50.8 Es Pratet, Eixample and E-10 freeway c,d
18 22-10-2019 51.8 Es Pratet, E-10 freeway c,d
19 07-09-2020 61.8 Platja de’n Bossa and E-20 freeway c, d
20 23-10-2021 94 Es Pratet, Eixample, Passeig Mar fim and E-20 freeway c, d
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Figure 5. Location of events according to flood categories.

Taking into account the four flood categories defined in Section 2.2, the highest occurrence
pertains to Category d, i.e., poorly built infrastructure (flooded on 18 of 20 events), followed by
Category c, i.e., flat surfaces without natural drainage, which were affected 16 times out of 20. It must
be highlighted that, since the start of the 21 century, there has been only one event linked to the
overflow of a stream, i.e., the 2005 flood of Platja d’en Bossa.

Thus, the flooding problem of the city can be related to the urban development that originated at
the start of the 20" century with the creation of the Eixample neighborhood and its progressive
expansion toward the north first, and then westward and eastward following the coastal line. Such
development modified the land use from agricultural to urban, narrowed and covered the ephemeral
watercourses, thus eliminating water flows within the beds, and urbanized the swamps for tourism
purposes. Furthermore, the construction of circumvallation roads around the city to connect Vila with
the other municipalities and the airport resulted in the disruption and covering of the natural water
pathways, which leads to the flooding of road sections. The case of Vila shows the same causes as
other flood-prone cities across Spain [35,36,38,55] that have been affected by large uncontrolled
urbanization processes and are usually related to the tourism industry, which has led to the increase of
impervious surfaces and the occupation of historically flood-prone areas.

Moreover, another aspect of the flooding impact within the city is related to the sewage system
incapacity to cope with intense rainfall events. The historical lack of maintenance, coupled with the
increase of human pressure in the area, has caused the rainwater to mix with the sewage water and
drains such that the accumulation of water on the surface is unavoidable, thus flooding roads, sidewalks,
ground floors and basements.

In relation to the damages caused by the episodes, nine of them are classified as extraordinary
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because they caused large disturbances of traffic, with the closure of streets and the main roads, power
failures of undetermined duration and affected buildings that were flooded until public services could
drain the water. Eleven events are defined as ordinary, with damages ranging from boardwalks that
were briefly impassable, large puddles on streets and roads that hindered traffic and minor damages to
residential and business ground floors that could be cleared by the citizens themselves. Figure 6 shows
how the temporal distribution of events highlights the increase of extraordinary events, with five
happening in the six final years of the research period.

In terms of the locations of the damage, there is a widespread distribution throughout the
municipality, although the areas of the Es Pratet neighborhood and the E20 road have been more

affected. The latest extraordinary events, i.e., those on August 28" 2019 and October 23" 2021, were
the ones with the largest spatial affectation.

Extraordinary floods
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ACCORDINGTO  Ordinary floods
DAMAGES
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Figure 6. Temporal distribution of flood events according to their category.

4. Conclusions

This study analyzed the spatial distribution of floods affecting the city of Vila in the 21% century
and the probable causes of such a distribution.

Four different categories of floods have been identified; but, two of them, i.e., flat urban areas
and poorly planned infrastructure, cause the main impacts and disturbances to daily life. Such floods
can be included within the pluvial floods classification, which are currently affecting a large number
of cities in the Mediterranean area [18].

Regarding the sources of information, the daily press proves to be a valuable source when
combined with official reports and field research. It must be taken into account that the press could not
reference minor impacts in some locations, so not all damage locations are known for some events.
However, information about the affected neighborhoods, types of damage to public and private
property, water levels above the surface and times of closure of roads and streets can provide useful
knowledge about the spatial distribution and affectation of the flood events. Official data (i.e., police
and firefighters reports, city council damages evaluation) complement the press information, but they
are difficult to obtain and it takes more time because those reports become public months after an event.
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On the other hand, photos and videos, as well as oral information from witnesses of the flood, are
helpful tools to study and classify urban floods, but this data should be handled with care to avoid
misleading information due to the possible personal affectation of the witness.

The spatial distribution is influenced by the expansion of urban land, mainly those areas built
from the 1960s and first years of the 2Ist century. Such expansion resulted in an increase of
impermeable land cover and has led to a failure of the sewage system, which has made it unable to
absorb the amounts of rain, thus causing localized flooding.

Therefore, floods are the result of a combination of natural and human-related causes. On the one
hand, the city was built over marshes and flooding in es Pratet is due to the lack of a drainage network,
which was destroyed by men. On the other hand, the road infrastructure builders did not take into
account the surface water network that ran across an alluvial fan toward the sea.

In terms of future research, an important point to observe is the seasonal distribution of the events,
as the season of occurrence seems to be shifting. Floods of the past, defined as riverines, usually
happened during autumn, while, nowadays, even if autumn is the dominant season of flooding, there
is an increasing presence of events during the summer months, especially in August. Another aspect
of research is the spatial distribution of rainfall, which clearly influences the flood location. In that
sense, the few available gauges can hamper such research, as well as the fact that only 24-hour values
are recorded even though the research states that short-duration rainfall influences flooding more than
large time-step events [56]. Improving the availability of hourly data could help the study of the
influence of precipitation intensity on the origin of floods. Finally, it is considered that valuable data
can be obtained from other sources, such as social media platforms including Facebook, Twitter and
YouTube [57], and the insurance claims by affected people, which allow us to know the economic
damage caused by the events [58,59]; such venues should be explored in future investigations.

To conclude, flooding in Vila has become a recurring natural risk since the start of the 21st century.
Large cases, such as the one that happened in 1977, are nowadays unusual; the current events can be
defined as low-level-high-damage cases resulting in the disruption of daily life (traffic and transportation
system congestion; flooded houses, business and streets; electric system failures) and large economic
impacts, which can increase when during the tourism season. An unanswered question is what could
happen if a flood like the one of 1977 occurs today given the increased human pressure, especially during
the tourism season, and all of the anthropic modifications built across the entire city basin.

Finally, this paper points out the flood-prone areas in the urban landscape of Vila, with the hope of
increasing the level of awareness of public administration and stakeholders as related to the effects of a
poor urban policy. Furthermore, it can improve measures to avoid future flood impacts through better
spatial planning.
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