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Abstract. Economic impacts from floods have been increas-increase in losses (e.g. Barredo, 2009, 2010; Crompton and
ing over recent decades, a fact often attributed to a changMcAneney, 2008; Neumayer and Barthel, 2011; Pielke Jr. et
ing climate. On the other hand, there is now a significantal., 2008; Pielke Jr. and Landsea, 1998). Bouwer (2011a)
body of scientific scholarship all pointing towards increasing provides a convenient summary of most of this literature.
concentrations and values of assets as the principle cause ®¥ith this in mind, this paper examines the time history of
the increasing cost of natural disasters. This holds true foinsured losses from floods in Spain between 1971 and 2008.
a variety of perils and across different jurisdictions. With It assesses whether any discernible residual signal remains
this in mind, this paper examines the time history of insuredafter adjusting the data for the increase in the number and
losses from floods in Spain between 1971 and 2008. It asvalue of insured assets over this period of time.
sesses whether any discernible residual signal remains after Flood damages result from the interplay of societal and
adjusting the data for the increase in the number and valugydro-meteorological factors. This being the case, we distin-
of insured assets over this period of time. Data on insuredyuish between hydrologic floods and damaging floods. Hy-
losses from floods were sourced from Consorcio de Comdrologic floods may be characterised by extreme water levels
pensadn de Seguros (CCS). Although a public institution, that do not produce significant damage, as would be the case
CCS compensates homeowners for the damage produced hthey occurred in areas of low population. Damaging floods
floods, and thus plays a role similar to that of a private insur-or flood disasters are those floods producing economic dam-
ance company. Insured losses were adjusted using two proxige (Pielke Jr. and Downton, 2000). The outcomes of such
measures: first, changes in the total amount of annual surdisasters are influenced by the location of exposed assets and
charges (premiums) paid by customers to CCS, and secondlynay be aggravated by poor land planning decisions (Burby,
changes in the total value of dwellings per year. The adjuste@006). Evaluation of this complex interaction necessitates
data reveals no significant trend over the period 1971-2008irst accounting explicitly for the socio-economic drivers be-
and serves again to confirm that at this juncture, societal infore the attribution of residual trends to other factors such
fluences remain the prime factors driving insured and ecoqs anthropogenic climate change (Pielke Jr. and Downton,
nomic losses from natural disasters. 2000; Rosenzweig et al., 2007). In particular, trends of in-
sured losses are affected by factors such as the increase in
the number and value of insured assets in at-risk zones and
1 Introduction insurance penetration, the proportion of assets that have in-
surance covering flood damage. Failing to adjust for such
Economic impacts from flood disasters have been increasingme-variant socio-economic factors produces loss amounts
over recent decades. However, despite the fact that the undePat are not comparable over time and an “apples versus or-
lying causes of such increase are often attributed to a changdnges” comparison.
ing climate, scientific evidence points to increasing expo-
sure and vulnerabilifyas the main factors responsible for the “the characteristics and circumstances of a community, system or
asset that make it susceptible to the damaging effects of a hazard”,
1 According to the United Nations International Strategy for while the term exposure includes “people, property, systems, or
Disasters Reduction (UNISDR, 2009: UNISDR Terminology on other elements present in hazard zones that are thereby subject to
Disaster Risk Reduction, United Nations International Strategy forpotential losses; measures of exposure can include the number of
Disaster Reduction, Geneva, 30) the term vulnerability considergpeople or types of assets in an area.”
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An analysis of the evolution of hydrologic floods would a productive sector still heavily controlled by the authoritar-
require having river discharge history as well as any changean state. In 1971, the GDP amounted to the equivalent of
that might affect the hydrologic and hydraulic regimes such269 billion in constant Euros of 2008 (at Purchasing Power
as land use, forest cover and so on (Lang and Coeur, 2002Rarity -PPP-) (The Conference Board, 2011) and Spain had a
Although there is strong evidence of changes in the Euro-population of 34 million, a high birth rate and important in-
pean climate (Rosenzweig et al., 2007), upward trends irternal migratory shifts from the agrarian south to the indus-
extreme river discharge have been found in only a few Eu-trial centres of Madrid, Catalonia and the Basque Country.
ropean basins in Germany (Petrow and Merz, 2009) and thén political terms, the death of Francisco Franco in 1975 her-
Swiss Alps (Allamano et al., 2009). At a continental level, alded the transition to democracy. The economy still grew
there is no conclusive evidence suggesting an increase of hyelatively fast until the first oil shock of 1974. But from the
drologic floods (Glaser and Stangl, 2003; Kundzewicz et al.,mid 1970s to mid 1980s it languished under the effects of the
2005; Kundzewicz et al., 2007; Lindétn and Bergstim, oil crisis and then a massive reorganization of the public sec-
2004; Macklin and Rumsby, 2007; Mudelsee et al., 2003;tor and the dismantling of obsolete industrial activities in the
Villarini et al., 2012). first half of the 1980s. In 1986 Spain became a Member State

In Spain there is no evidence of an increase of hydrologicof the European Union. The population reached 45.9 million
floods as a consequence of anthropogenic climate changeeople in 2008, a growing proportion of which were immi-
(ACA, 2009; Benito et al., 2005; Llasat et al., 200%riez  grants from North Africa and Latin America. The GDP in
Pebez, 2006). The most comprehensive assessment e2008 had grown to around 1 trillion Euro and GDP per capita
dorsed by the Spain’s Ministry of Environment (Benito et to Euro 20751 (7869 in 1971), all in constant Euros of 2008
al., 2005) has identified two periods in the 20th century, (at PPP). To summarise, the last four decades have withessed
1930-1950 and 1960-1980, with increased magnitude andnportant structural and social changes in Spain (de la De-
frequency of floods in Atlantic basins and with a decrease inhesa, 2003; Gara Delgado, 2005; OECD, 2010).

the peak discharges of extraordinary floods in the last 25yr. The paper is organised in five sections. Section 2 analyses
A larger variability was observed in the Mediterranean basinshe available data. Section 3 describes the methodology used
with maximum discharges registered in 1982 and 1987 andor adjusting insured flood losses. Section 4 shows the results
a reduction in discharge from the 1990s. Damaging floodsand assesses the trends of adjusted losses. This is followed
in terms of human losses appear to have decreased in larg$y a discussion section that examines the explanatory drivers
river basins and increased in smaller basins such as those i insured flood losses and the limitations of the method and
the Mediterranean areas prone to flash flooding episodes age available data.
well as in urban areas. However, these changes can be re-
lated to the presence of dams and a major displacement of
the population to more flood prone areas in the coast (Llasat
etal., 2008). 2
Analysis of the series of annual maximum discharges . )
recorded at gauging stations in Spain indicates a decrease fdat@ on insured flood losses were obtained from the
the peaks of floods over the last 40 yr. However, this decreasétatistical series of Consorcio de Compensacte Se-
in peak discharge could reasonably be a consequence of tH#/ros (CCS) (2009). CCS is an institution of Spain's Eco-
around 1000 dams constructed in the 1950s and 1960s fdiomics and Finance Ministry founded in 1954 after a provi-
water supply and hydro-electricity. Caution is needed whensional period that begun in 1941. Its raisogé is to com-
looking for a climate change signature in flood dischargesp_ensate for the losses prqduc_:ed_ by natural ano! socio-political
recorded in the last 30yr in regulated rivers (Benito et al.,N1Sks. Although a public institution, CCS has its own legal
2005). The lack of evidence of an increase of hydrologicPersona“ty and is subject to laws governing private sector
floods in Spain supports the hypothesis that a positive trendirms:
in the increase of flood losses should be attributed to societal CCS also covers losses from disasters when the market
shifts in the exposed areas. And this will likely remain so does not assume these losses. This is the case for floods
as long as the geophysical data do not show any systemat@nce most private insurance companies do not cover this haz-
trend (Bouwer, 2011a). ard (CCS, 2010); these are entirely covered by CCS. In fact,
Socio-economic changes in Spain in the last four decadefoods represent 81 % of the losses from weather-driven dis-
have been significant and to ignore these changes in the cor@sters in 1971-2008 (CCS, 2009).
text of an examination of flood damage would be negligent. An extraordinary risks cover is compulsory in the policies
In the early 1970s, the Spanish population and economycovering damage from natural events such as floods; how-
still retained many of the characteristics of an underdevel-ever, the underwriting of this peril is optional. The price of
oped country: low per capita income; relatively high pro- the cover offered by CCS is a surcharge on the sum insured in
portion of workers employed in agriculture; large migratory policies issued by private sector insurance firms. Premiums
flows to other countries; important regional disparities, andare collected by the private firm and the surcharge transferred

Data

Nat. Hazards Earth Syst. Sci., 12, 1723729 2012 www.nat-hazards-earth-syst-sci.net/12/1723/2012/



J. |. Barredo et al.: Assessing trends in insured losses from floods in Spain 1971-2008 1725

to CCS. Funding for CCS comes from the mentioned sur- 7o
charges (Machetti, 2005).

Annual insured losses from floods are available for the pe-
riod 1971-2008. CCS covers losses from several flood types:
water logging as consequence of heavy rainfall, snow- and
ice-melt, and lake, riverine and coastal floods. The available
series is measured in constant Euros as of 2008 (adjusted foz
inflation by CCS). The series includes direct losses feom
traordinary floods, and from 2004 business interruption as
result of direct damage (BOE, 2004, 2006). e

The CCS definition ofextraordinaryin respect to flood
changed in 1986. Before that year, an official declaration of _. - . . o
catastrophe zone was required for a flood to be defined aF|gZ.01(.)§Ea|n sfllc_>od |ntsure(;nl_lossss 1971-2008 adjusted for inflation
extraordinary and then be covered by CCS. From 1986 on-" uros (linear trend in red).
wards, an official declaration has not been needed,; flood dis-
asters have been automatically covered by CCS (CCS, 2010). The method used by CCS for calculating surcharges
The change in the definition of an extraordinary flood and thechanged in January 1987. Before this date, the surcharges
inclusion of business interruption in the losses might reasonwere calculated on the basis of a ratio of the premium of
ably lead to an increase in the insured losses after 1986 anthe ordinary insurance policy. From that date onwards the
2004, respectively. surcharge, with different rates according to the kind of good

Figure 1 shows the original insured losses from floods ascovered, has been applied on the capital insured in the ordi-
provided by CCS. The available data is not disaggregatedhary policy. This might lead to some differences in the series
per flood event. This rules out using a more sophisticatecbefore and after that date, a point to which we shall return
normalisation assessment of the influence of socio-economibelow.
changes in the loss history (Barredo, 2009, 2010; Pielke Jr.
et al., 2008).
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Another limitation of the series of paid surcharges is the
potential effect that increasing aggregated flood claims losses
over time may produce. Paid surcharges increase over time
3 Methods because of a number of factors, i.e. increasing value of in-

sured assets, increasing number of assets insured, increases
While exposure to flood damage Changes over time as a cori[] losses claimed. For the last factor, we can hypothetically
sequence of flood plain occupancy and flood mitigation poli-assume that when aggregated flood claims losses increase
cies, data on the value and location of assets exposed to flogever time, one may expect (at least in the long term) a subse-
is not usually available. For this reason, further analysis ofterfluent increase in paid surcharges to cover these costs. If this
requires using proxy measures to account for changing expddypothesis becomes true, then the ratio of aggregated flood
sure (Barredo, 2009; Pielke Jr. and Downton, 2000). Hereclaims losses per paid insurance surcharges should remain
we employ two different surrogate measures to produce twgonstant over time.

different metrics. In the first case, the metric is the aggre- For assessing the above-mentioned potential limitations of
gated flood claims losses per million Euros of paid insurancehe series of surcharges, a comparison was done with the sec-
surcharges. The second metric observed was the flood claimsnd measure (dwellings value) that is independent from the
losses per million Euros of total value of dwellings. We as- surcharges. Figure 2 shows that the series of the two prox-
sume that the overall national trends in surcharges paid tqes used for adjusting the insured flood losses (surcharges
CCS and the value of dwellings faithfully reflect actual trends paid and dwellings value) are in reasonable accord with each
in these variables in zones impacted by floods. other. This indicates first, that for the mentioned hypothe-
Data on paid surcharges per year was sourced froms to be true, one would expect a divergent trend between
CCS (2009). This series is a useful proxy for increasing valuehoth measures, something not evident in Fig. 2. On the con-
of assets exposed and insurance penetration over time. Theary, both measures exhibit a similar evolution over time and
series represents the total surcharge paid by insurance cugherefore the effect of increasing flood claims losses seems
tomers to CCS. In 2008 the total value of surcharges wasot relevant on the surcharges. And second, that despite the
Euro 635 million (hereafter and unless indicated otherwiseabove mentioned change in the calculation of surcharges, this
Euros will be expressed in constant 2008 values after adjustseries is a reasonably good proxy for the changes in the value

ing for inflation), distributed across different lines of business of exposed assets and insurance penetration over time.
as follows: 42 % housing and offices, 12 % business, 28 % in-

dustry and civil works and 18 % motor vehicles (CCS, 2009). The series of national value of dwellings is the product of

the number of dwellings and the average value of dwellings.
Data on the average value of dwellings was sourced from the
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Fig. 2. Surcharges (premiums) paid to the Consorcio de Compen-
sacbn de Seguros (in blue) and value of dwellings (in red) in Spain 700
1971-2008 adjusted for inflation to 2008 (index 197100).
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statistical series of the Spanish Ministry of Infrastructure
and the Bank of Spain (Mdrtez Pags, 2010; Maihez 300
Pages and Maza, 2003). These data represent the nationalav =~ >
erage value of a square metre of dwelling without contents. . .
The available series covers the period 1976—2009. For those E 2 eEER 328583
years prior to 1976, the data was adjusted for the average

annual price increase observed between 1976 and 1980 @¢fig. 4. Spain's flood insured losses 19712008 per million Euros
15.35 Eurom?yr—1, dwelling value adjusted for inflation to 2008 (linear trend in red).

The number of dwellings per year was sourced from
the Spanish Statistical Office (INE) and from the Bank of
Spain. Although we consider the series of national value of4 Results
dwellings a useful proxy of the increasing value of exposed
assets over time, there are some limitations worth mentionFigure 1 shows the annual distribution of insured flood losses
ing. First, the series represents variations only in the value of? Spain in constant 2008 Euros. Overall losses in the pe-
dwellings, and thus excludes changes in value of contents ofiod are around 3.9 billion Euro, and the annual average loss
changes in other assets such as industry and business. Af@ 102 million Euro. The series is characterised by high
second, the series underestimates the effect of increasing inater-annual variability — standard deviation of 125 million
surance penetration in the Spanish market. A potential effecEuro. 1983 registered the highest losses followed by 1987
of this limitation is that this measure may tend to overes-and 1997. The unadjusted series shows a statistically signif-
timate adjusted losses in more recent years, therefore coricant increasing trend of 4.6 % per year from 1971 to 2008
tributing to an increasing positive trend in the adjusted losses(Table 1).

The comparison shown in Fig. 2 between dwellings’ value Figures 3 and 4 show the losses adjusted for surcharges
and paid surcharges (that account for insurance penetratiordaid and for national value of dwellings respectively. In
is useful for evaluating potential bias resulting from the men-neither series is there any trend evident over time. Further-
tioned limitation. The similarity of both measures indicates more, the series exhibit a statistically insignificant marginal
that the effect of changing insurance penetration over timedecreasing trend 6£0.3 % and-0.1% (Table 1). In the ad-
does not hamper the use of the value of dwellings. Otherwisdusted series, 1983 registers the highest losses followed by
one should expect divergent trends between both measures1987 and 1982.

Finally, we examined the statistical significance of the 1983 appears as the costliest year (in either the raw data
trends observed in the series of original and adjusted losse®r the adjusted time series) due to the effects of the floods in
Annual losses were regressed linearly on its year: the null hythe Basque Country, Cantabria and Navarra that caused in-
pothesis is that the slope of the regression equation is equal teured losses of Euro 623 million (Piserra et al., 2005). Also,
zero, if this hypothesis can be rejected at the 5%=0.05)  the losses caused by that disaster exceed the annual aver-

level or lower, the trend is statistically significant. age losses by a factor of 6.1. Hence the large losses of this
event, which occurred in the first half of the assessment pe-
2 Accessed on October 2010ktp://www.mviv.es/es/ riod, could pivot the adjusted trend lines towards decreasing
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Table 1. Annual rate of change in the series of losses and test of statistical significance.

t-value p-value Annual rate

of change
Original losses (Fig. 1) 2.14 0.039 +4.63 %*
Losses adjusted for surcharges paid (Fig. 3) -0.11 0.913 —0.30%
Losses adjusted for dwellings’ value (Fig. 4) —0.03 0.976 —0.10%
Losses adjusted for surcharges paid excluding the major flood of 1983 0.81 0.423 +1.71%
Losses adjusted for dwellings’ value excluding the major flood of 1983 1.09 0.283 +2.21%

* Statistically significant at 5 %o = 0.05).

losses. For assessing the statistical influence of this outlietthe future will most likely contribute to an increase in losses.
we calculated the trend line and statistical significance of thdn Spain Piserra et al. (2005) have attributed the increase of
adjusted seriesexcludingthe losses of this event: the result insured losses to higher insurance penetration, the increases
is a statistically insignificant annual increase of 1.71 % andof exposed insured assets and to the higher volume of capital
2.21% in the adjusted series (Table 1). insured. At the regional level in Catalonia, increases in flood
occurrence have been attributed to factors such as increased
urbanisation in recent years, changes in geomorphological
5 Discussion and conclusions or hydrological river conditions or improvements in the re-
porting of disasters (Barnolas and Llasat, 2007; Llasat et al.,
The most salient feature of our analyses is the absence of 40093, b).
significant positive trend in the adjusted insured flood losses It is worth noting that more robust conclusions would de-
in Spain. This suggests that the increasing trend in the origiimand a longer time-series of flood losses. The series avail-
nal losses is explained by socio-economic factors, such as thable for this study covers almost 40yr, however longer se-
increases in exposed insured properties, value of exposed ades would be needed to explore, for instance, the possible
sets and insurance penetration. In short, there is no residuable of decadal-scale fluctuations in climate variability. Re-
signal that remains after adjusting for these factors and theent evidence using future projection of hurricane activity
analysis rules out a discernible influence of anthropogenidn a warming climate suggest that the effects of a statisti-
climate change on insured losses. This is consistent with theally discernible impact of anthropogenic climate change in
lack of a positive trend in hydrologic floods is Spain in the the trend of US hurricane losses could take between 120 and
last 40 yr. 550yr, with an 18-model ensemble based signal of 260 yr
It is noteworthy that the value of dwellings in Spain has (Crompton et al., 2011). In Europe, it is projected that an-
increased in average by a factor of 7.1 from 1971 to 2008thropogenic climate change will most likely contribute to an
This is in line with a 7.9 factor increase in surcharges paidincrease in flood hazard and losses during this century (Feyen
to CCS over the same period (Fig. 2). These numbers reflecgt al., 2011).
the magnitude of the socio-economic changes that have oc- A limitation of this study is that reductions in vulnerabil-
curred in Spain over the last few decades. Interestingly, théty (e.g. building techniques or improvement of the drainage
increase in these two factors is much greater than the increasg/stem) are not considered. While the increase in wealth ex-
in the national GDP of 3.5 from 1971 to 2008 (The Confer- posed is well captured by the two proxies used, changes in
ence Board, 2011). In other words, values of exposed assetgilnerability are harder to quantify (Bouwer, 2011a) and no
have escalated two times faster than the national GDP. standardised data on flood mitigation measures are available.
The results of this study are consistent with other stud-Nevertheless, in the hypothetical case that a common vul-
ies in this field in many jurisdictions in other regions of the nerability reduction standard had been implemented at na-
world (Bouwer, 2011a) and with other studies that have ad-+ional level, a bias is not evident in the adjusted trends of
justed flood losses at the country level such as in the USosses due to this limitation. Otherwise, under this hypo-
(Pielke Jr. and Downton, 2000), Italy (Lastoria et al., 2006) thetical assumption, in absence of an increase in hydrologic
and Switzerland (Hilker et al., 2009). From a global perspec-floods (hazard) and after adjusting the losses for the effect
tive, the increasing exposure of people and economic assetsf changes in exposed wealth (exposure), one would expect
is recognised by the IPCC (2011) as the major cause of th@ more consistent decreasing trend of adjusted losses due to
long-term increases in economic losses from weather-relatethe effect of vulnerability reduction; something not evident
disasters. The IPCC reports that long-term trends in ecoin the adjusted losses. Nevertheless, the assumption of a
nomic losses after adjusting for wealth and population cannotommon vulnerability reduction standard is hardly applica-
be attributed to climate change. However, climate change irble in our case. Moreover, different regions may implement
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different strategies towards flood mitigation. The questionBarnolas, M. and Llasat, M. C.: A flood geodatabase and its clima-
remains as to how large an influence this might be given con- tological applications: the case of Catalonia for the last century,
sidering that the value of exposed assets has grown by some Nat. Hazards Earth Syst. Sci., 7, 271-284i:10.5194/nhess-7-
700 % in the last four decades. Furthermore, the implemen- 271-20072007. .

tation of mitigation measures for floods are often taken after3aredo. J. .. Normalised flood losses in Europe: 19702006, Nat.
large events and in the specific region of occurrence (Bouwer, H22ards Earth Syst. Sci., 9, 97-1(doi:10.5194/nhess-9-97-

. . 2009 2009.
2011b) and often lead to bigger losses in more extreme eveml§arredo, J. I.: No upward trend in normalised windstorm losses in

by encouraging development in vulnerable locations (Burby, Europe: 1970-2008, Nat. Hazards Earth Syst. Sci., 10, 97-104,
2006; Roche et al., 2010). doi:10.5194/nhess-10-97-2012010.

Some changes in the time series of insured losses could bgenito, G., Barriendos, M., Llasat, C., Machado, M., and Thorndy-
an additional source of uncertainty. Prior to 1986, an official craft, V.: 15. Impacts on natural hazards of climatic origin, in: A
declaration of catastrophe zone was required for a flood to Preliminary Assessment of the Impacts in Spain due to the Ef-
be defined as extraordinary and eligible for coverage by the fects of Climate Change, edited by: Moreno Rgdez, J. M.,
CCS, and from 2004 onwards, losses resulting from business Ministerio de Medio Ambiente, Madrid, 507-528, 2005.
interruption have been covered. We expected that the effedfOE: Real Decreto 300/2004, de 20 de febrero, por el que se
of these changes would have been to increase the losses overzgir:%aiglzi?gg:géo gg'lie%‘gf;;ggzgos extraordinarios, Bo-
thg second part of the time-series, a feature not evident in thEOE: Real Decreto 1265/2006, de 8 de noviembre, por el que se
adJUSte(_j losses. . . L . modifica el Reglamento del seguro de riesgos extraordinarios,

Considerable uncertainty remains because of limitations in aprobado por el Real Decreto 300/2004, de 20 de febrero,iBolet
the time-series of flood losses, difficulties for measuring ex-  oficial del Estado, 40879-40882, 2006.
posure and vulnerability and the complex dynamics drivingBouwer, L. M.: Have Disaster Losses Increased Due to Anthro-
changes in flood hazard (Svensson et al., 2006). Notwith- pogenic Climate Change?, B. Am. Meteorol. Soc., 92, 39-46,
standing these limitations, the methodology implemented in  2011a.
this study provides an effective approach for adjusting in-Bouwer, L. M.: Reply, B. Am. Meteorol. Soc., 92, 792-793, 2011b.
sured flood losses for known socio-economic influences. Af-Burby, R.. Hurricane Katrina and the Paradoxes of Government
ter adjusting for these, there remains no residual signal that Disaster Policy: Bringing About Wise Governmental Decisions
might be attributable to other influences, in particular anthro- fzoorol-éazardous Areas, Ann. Am. Acad. Polit. S. S., 604, 171-191,
pogenlc C“mg.ﬂe change. A _Cor(_)IIary to this result 'S_ that it CCS: Estatstica — Riesgos extraordinarios — Serie 1971-
points to the importance of risk-informed land planning and 2008, Consorcio de Compensacion de Seguros, Ministerio de
other factors that are under our control as means to reduce Econonia y Hacienda, Madrid, 161 pp., 2009.
this nation’s exposure to damaging floods. CCS: La cobertura de los riesgos extraordinarios en fizspaon-
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