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Abstract. Floods and earthquakes are two of the natural processes that cause in Spain
economic and social losses, with major effects on the first ones. In order to evaluate the risk
(social damages and economical losses) associated with these processes, the available
historical data and information on happened events (from bibliographical and documentary
sources, press, files, data bases, etc.) has been compiled and analysed exhaustively, including also the information related to the economic and social losses (damages, victims, direct
and indirect economical losses, governmental and insurance companies data, etc.). The
analysis of the historical information has allowed to estimate the distribution and extent of
the damages and losses due to floods and earthquakes in Spain, as well as the vulnerability
of the national territory. The estimation of the damages and losses for the next three decades has been approached from the study of the flood and earthquake potential hazard in
Spain, estimating the probabilities of occurrence of these processes with different magnitude/intensity for the period of reference. The present economic and social conditions of the
territory have been considered, carrying out probabilistic estimations and valuing hypothetical situations of potential damage scenarios. The results allow to know the hazard
(probability of occurrence of processes of certain magnitude) and risk degree (potential
damages and losses) of every municipality of the country.
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Introduction
The geological and climatic characteristics of Spain originate natural hazards such
as floods, landslides, earthquakes, etc. These processes give rise, in many cases, to
important economical losses and social damages. However, these negative consequences are not inevitable and they must not be accepted like the price to pay by
the use of the territory, land occupation or natural resources exploitation. The
present damages and losses, and the associated reconstruction and reparation
costs, can be reduced in an effective way. The geological hazards in Spain freRobert Hack, Raﬁg Azzam, and Robert Charlier (Eds.): LNES 104, pp. 727–737, 2004.
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quently affect populations and infrastructures, and most of times damages are due
to the occupation of hazardous areas and the lack of prevention measures and
mitigation strategies. The prevention is the most effective way to avoid the social
and economical damages. The preventive measures must be applied to the different scopes of the society, including the citizen information, the urban planning,
and the design of safety infrastructures in hazard areas.
For the development and implementation of the different preventive measures it
is necessary to have a complete and updated data base of the geological and hydrometeorological events and their incidence, what allows the analysis of the
present losses and damages and the evaluation of the potential risks. This paper
presents the study carried out for the evaluation of present (last 15 years) and
future (next 30 years) risks due to floods and earthquakes in Spain, from the
analysis of the geological and physical aspects and the economical, social and
environmental factors which could be affected. Probabilistic estimations have
been developed, as well as benefit-cost analysis and valuation of hypothetical
situations of possible risk scenarios. The results of the study allow different practical applications, such us the definition of hazard and risk criteria for insurance
companies, urban and land planning, building and industrial installations specifications, infrastructures and life lines, prevention environmental risks, etc. Because
of the national scale of the study, and the necessary degree of detail required, a
specific methodology has been developed for the losses evaluation from the historical damages and losses compilation and inventory. It mainly consists in:
- Collection and compilation of historical data and information
- Data base preparation
- Analysis and evaluation of the present risk (based on last 15 years data) and the
historical maximum risks in Spain due to floods and earthquakes.
- Potential risk evaluation for the next 30 years due to floods and earthquakes.
The work has been developed at a provincial and municipality level. The collected information has been introduced in a data base and treated with ARCVIEW.
For the evaluation of the economical losses, both economical and social data have
been used for the municipalities, updated at 2003. All the results have been represented in maps showing the distribution of the different hazard parameters and
losses at municipality scale.

Seismic Risk Evaluation in Spain from Historical Data
Seismicity Analysis
The information related to earthquakes has been obtained from:
- Data bases and catalogues carried out by the Geological Survey of Spain
(IGME, 1988a), including historical and recent data (from 565 to 1987).
- Seismic catalogues from the Geographical Institute of Spain for the national
territory and north of Africa for the period 1987-2002.
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- Seismic catalogue of the simulation program SES 2002 (Civil Protection of
Spain), including historical and recent earthquakes with intensity  VI and/or
magnitude  4.0.
- Paper news related with earthquakes in Spain for the last 15 years.
The selected information has been classified and homogenized, including the
data related to losses and damages in the affected areas, and the data have been
introduced in a database. 547 earthquakes have been collected, though 22.000
events were analysed with a minor intensity or magnitude than those causing damages. For each of the selected events the maximum distance to the epicenter has
been calculated where the earthquake causes damages, getting concentric circles
of “damage degree” corresponding to different intensities. For this, the different
attenuation laws corresponding to the different regions of Spain were applied. The
great scope of earthquakes generated in the Azores – Gibraltar zone stands out, in
which the historical earthquakes that have taken place, though of big intensity,
were felt in the opposite end of Spain, beside causing serious damages in cities of
the south of Spain. These intensity or damage circles were represented for all the
earthquakes in order to define areas with different seismicity degree. It was also
prepared a map with the maximum intensity affecting each municipality for the
period 1900-2002, when the historical data are better and homogeneous. With the
information included in the data base and implemented in a GIS system
(ARCVIEW), it was possible to cross the data corresponding to each earthquake
for the period 1900-2002 and the different data corresponding to the municipalities, obtaining next information:
- Number of earthquakes and their intensity ( VI) affecting each of the municipalities.
- Classification of the municipalities according to their seismic activity in the last
102 years.
- A seismic hazard map of Spain at municipality scale based on the maximum
registered intensity.
- Definition of the return period for different intensity earthquakes for each municipality.
- A potential seismic hazard map for the next 30 years based on the historical and
recent seismicity (last 102 years).
Losses Evaluation
In Spain there is not a complete information related to losses caused by historical
earthquakes, including those of biggest intensity. Most of times, the data refer to
general descriptions and, only in some few cases, the number of buildings affected, injured and killed people. It only exists detailed information of the economic losses caused by the Mula earthquake (Murcia, SW Spain, 1999). For this
reason, for the losses evaluation it has been mainly considered the data corresponding to the Mula earthquake and some well documented recent big magnitude
earthquakes in Italy with complete and detailed information about the provoked
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losses: Friuli (1976), Campania (1980) and Umbria (1997); (Trímboli, 2002). It
has been considered that these earthquakes and their social and economical consequences present characteristics extrapolable to the Spanish territory. Apart form
these case studies, for the evaluation of the potential losses it has been used the
“Simulación de Escenarios Sísmicos SES-2002” program (developed by the Civil
Protection of Spain and the Geographical Institute of Spain), which has allowed
the simulation of the main historical earthquakes occurred in Spain (Table 1). This
program has been also used to simulate the effects of the italian earthquakes, demonstrating the representatives of the available data.
Table 1. Historical earthquakes in Spain and Italy for the evaluation of losses.

The information related to the real losses has been studied in detail. For the
evaluation of losses in the simulated earthquakes it has been considered:
- The extension of the affected area, determined on the basis of the laws of attenuation of the intensity with the distance
- The population affected in every municipality
- The types of buildings in the affected zones, classified depending on the type of
construction and the use
- The vulnerability of the buildings
- The vulnerability of the persons.
The information obtained about the damages caused by every earthquake has
been:
Affected area (km2)
Number of inhabitants affected / Density of population
Total losses / Losses per km2 / Losses per Inhabitant
Number of killed people / Number of injured people / Number of displaced
persons
- Destroyed buildings / damaged buildings.

-

All the values of economic losses are up-to-date at 2003.
The previous information has allowed to study the degree of correlation among
parameters as the intensity or the magnitude of the earthquakes with the losses,
area and people affected, etc., and to define the corresponding mathematical ex-
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pressions that correlate the magnitude or intensity with the losses. Also to correlate the magnitude with the intensity expressions were used that allow to use both
parameters indistinctly. The losses produced by earthquakes can be represented
graphically and study their correlation and degree of adjustment with regard to
equations of exponential and potential type. Figures 1 and 2 represent two examples of the functions of correlation: total population affected by earthquakes and
total losses caused by earthquakes (Table 2).
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Fig. 1. Relation between population affected by earthquakes and magnitude.
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Fig. 2. Relation between total losses by earthquakes and magnitude.
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Table 2. Estimation of damages and losses by earthquakes.

Losses for the Period 1987-2002
From the collected earthquakes occurred between 1987 and 2002 those with intensity > V or magnitude > 4 were selected, that is, those causing notable damages.
These earthquakes are 10: 2 with intensity VII, 1 with intensity VI-VII, 3 with
intensity VI and 4 with intensity V - VI. This information emphasizes the low rate
of seismicity observed in Spain in the period of study (1987-2002) in comparison
with the registered in the last 102 years (1900-2002). Apart from this, 61 earthquakes have been selected with losses that have been an object of indemnification
by the insurance companies. The calculation of the losses for the last 15 years
(1987-2002) has been carried out by two different methods:
- Correlation between the quantities (indemnifications) paid for the insurance
companies and the total losses.
- Calculating the potential losses for every maximum intensity felt in every municipality.
The quantities paid by the insurance companies represent around 2,24 % of the
total losses until the year 1996, and 20 % from 1997. The values obtained by both
methods are similar, emphasizing the representatively of both: 204 x 106 Euros
and 210 x 106 Euros.

Seismic Risk Evaluation for the Next 30 Years
A total of 374 earthquakes have been studied of I  VI and/or magnitude  4.0
happened in Spain in the period 1900-2001, most of them with intensity VI and
VII. The analysis has allowed to know which are the municipalities affected by the
earthquakes, the intensity felt for every earthquake and the number of times that a
municipality has been affected by earthquakes of different intensity. Knowing the
seismicity affecting the national territory in the last 102 years, in absolute value,
that is, total number of earthquakes of different intensity, as in a detailed way,
number of earthquakes of different intensity for municipality, it is possible to
predict the seismicity that will concern to Spain in the next 30 years. For this it is
necessary to determine the probability of occurrence of the earthquakes of different intensity in the next 30 years, departing from a period of observation of 102
years. So, there is obtained the number of earthquakes of different intensity predicted for the next 30 years. From these data there have been calculated the losses
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that they might cause using the expressions previously obtained of the study of the
earthquakes in Spain and Italy and the program of simulation of seismic scenarios
SES-2002 (Table 3).
Table 3. Number of potential earthquakes in Spain for the next 30 years (2003-2032).

As an example of the obtained results, Table 4 shows the total potential losses in
Spain for the next 30 years by earthquakes of maximum intensity VII and VIII.
Table 4. Potential losses by earthquakes with intensity VII and VIII in Spain for the period
2003-2032.

In Table 5 appear the results of integrating the potential or predictable losses for
the next 30 years for all the potential earthquakes (VI < Intensity = IX).
Table 5. Estimation of total losses for earthquakes in Spain for the period 2003-2032.

The losses have been calculated to regional, provincial and municipal level. Most
of the losses correspond to Andalusia, Murcia, Galicia and Valencia regions.
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Flood Risk Evaluation in Spain from Historical Data
Historical Data Collection
The information related to floods has been obtained from:
- Available data bases and catalogues carried out by the Geological Survey of
Spain (IGME, 1988a), including historical and recent data (from 420 to 1987).
- Data from Civil Protection of Spain.
- Documents and publications on floods happened in the different Spanish hydrographic basins.
- Flood risk map of Spain (CEDEX, 1988).
- Governmental floods losses reports at provincial scale.
- Data from insurance companies.
- Press news related with floods in Spain for the last 15 years.
The selected information has been classified and homogenised, including the data
related to losses and damages in areas affected by floods, and the data have been
introduced in a database, including date, duration, area affected, river, hydrographic basin, flood causes, flow, precipitation data, etc. 2534 floods causing
damages have been collected, 217 corresponding to the period 1987-2002. The
damages caused by floods have been classified:
-

Infrastructures, including hydraulics, and public buildings
Private properties: houses, vehicles, goods, etc.
Industrial and commercial properties
Agriculture and cattle losses.

Losses Evaluation for the Period 1987-2002
Once collected the events occurred in the period 1987-2002, it was assigned to
each of them the corresponding economic losses. In this way, 197 floods were
selected for the period 1987-2002, with detailed descriptions of the events and the
caused damages and losses. Neither the social damages nor the indirect economical losses were considered, because of the impossibility to obtain this information.
By means of the correlation between the degree of damages declared (governmental reports) for every flood and the corresponding economical data from the insurance companies, the floods have been classified with a different degree of damages. Figure 3 present the relation between the economic losses declared and the
quantities paid by the insurance companies. Three definite well defined lines can
be observed corresponding to:
- Urban floods
- Non urban floods
- Mixed type floods
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Fig. 3. Relation between the actual economic losses f floods and the quantities paid by the
insurance companies.

From these correlations, and depending on the type of flood, the losses have been
estimated for those events not considered in governmental reports but paid for by
the insurance companies. By this way, either by direct assignment (from the governmental reports) or correlating with the insurance data, the economic losses
corresponding to every flood between 1987 and 2002 have been obtained; the
economic losses have got up-to-date to 2003. They represent 12.000 Euros x 106
for the complete national territory. The economical losses have been represented
by provinces in a national map, and a complementary map has been prepared with
the municipalities affected by floods in the period 1987-2002.

Flood Risk Estimation for the Next 30 Years
For the estimation of the losses that can cause the floods in Spain in the next 30
years (2003-2032), there have been considered the floods occurred in the national
territory from 1950, since for this period the available information about floods
and the damages caused is complete. First, it has been carried out a classification
of floods depending on the losses caused, that is, depending on the risk. 6 types of
relative risk have been defined:
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Table 6. Classification of floods depending on the losses, both for event and province.

This degree of risk has been used to estimate potential losses at provincial level,
from the number of floods of every risk degree per province for the period 19872002 and the corresponding losses. The number of floods and the corresponding
degree of relative risk for every province has been also evaluated for the period
1950-1987, from the available information on losses or from the qualitative descriptions of the damages. Also there has been calculated the number of floods of
every degree of risk for year and province, for the period 1950-2002, and the average value of economic losses that causes a flood of “x” degree of risk in every
province. The estimation of losses per province for the next 30 years has been
carried out from the expression:
L30= 30 [(RI x LI) + (RII x LII) + (RIII x LIII) + (RIV x LIV)
+ (RV x LV) + (RVI x LVI)]

(1)

in which L30 = losses for the next 30 years; Rx = Number of floods per year of “x”
risk degree estimated for the province. On determining the number of floods per
year of risk x a conservative criterion has been followed; Lx = Economic losses
caused by a flood of risk “x” in the province.
The estimated economic losses for floods for the period 2003-2032 in the
whole national territory ascend to 26.000 x 106 Euros, being the most affected
regions those of Valencia, Andalusia and Catalonia. The losses estimated per
province for next 30 years have been distributed by municipalities depending on
the degree of risk estimated for each of them, as the product of the hazard (obtained from the number and intensity of the floods occurred in the municipality)
and the vulnerability (considering the number of inhabitants and the index of economic level of each of them). The degrees of potential risk for municipalities are:
0 (nule or very low risk), 1 (low risk), 2 (moderate risk), 3 (high risk). Therefore,
the losses estimated for every province (potential risk) distribute among the municipalities depending on the hazard degree and the vulnerability (population and
economic level).

Seismic and Flood Risk Evaluation in Spain from Historical Data

737

Conclusions
The study has allowed to have the following information and documentation:
- Valuations to national and municipal level of the impact of the geological risks
in Spain and future losses predictions.
- Potential earthquakes and floods risk maps at national and municipal level.
- Data bases georeferenced, complete and updated at 2003 on the risks caused by
earthquakes and floods in Spain.
- Detailed catalogues of the damages associated with these processes in the period 1900-2002, with homogeneous information updated to Euros of 2003
The estimations losses/intensity carried out for earthquakes have been validated
and compared with real cases in Spain and Italy, which similar characteristics with
Spain allow an acceptable correlation. An acceptable correlation has been defined
between the intensity or magnitude of the earthquakes and the caused losses, depending on factors as the density of population or the economic level of the affected areas. The deduced mathematical expressions that relate these parameters
allow to realize quantitative analyses that improve other empirical procedures used
for evaluation of losses. The results of the study are of great usefulness for the
insurance companies, for civil protection and for activities related to territorial
planning and land use.
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