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Abstract. This paper presents the reconstruction of a cli-and Huelva, is a good candidate to be studied by a system-
matological series of winter coastal storms on the northermatic analysis of information published in newspapers.

coasts of the Gulf of Cadiz. This series has been put to- The Gulf of Cadiz is located between the southern coasts
gether using information extracted from regional and localof the Iberian Peninsula and the northern coasts of Morocco,
Spanish newspapers. It includes all the storms coming fronfacing the Atlantic Ocean. The Spanish part of the Gulf ex-
the Atlantic sector that have been detected during the wintetends from Gibraltar Strait to the Portuguese limit. In Spain,
season, from October to March, between 1929 and 2005. lit includes coasts of two different administrative regions:
order to validate this historical storm series, it has been comHuelva province, to the west, and Cadiz province, to the east.
pared with storms series identified from quasi-observationaHuelva coast shows, mainly, a W-E orientation; while Cadiz
data and using different wave heights as thresholds to decideoast shows a general NNW-SSE orientation. Sea and swell
what s to be considered as a coastal storm. Nearly 2.6 reportwaves generally approach the coast of the Gulf from the W
per year about coastal storms are published in the press whiciind SW. Thus, a prevailing longshore current towards the E
correspond to waves of 3.6 m high or more and to prevailingand SE is observed. Finally, long-term mean wave height is
winds from a direction ranging between SSW and WNW. A less than 1 m and, throughout this area, waves over 1.5m are
long- term positive trend has been detected for the completeonsidered as storm waves by the Spanish Ministry of Public
storm series. If only the instrumental period is analysed, noworks (Benavente et al., 2000).

significant trend is detected. It is suggested that this differ- On the Spanish coasts of the Gulf, meteorological condi-
ence might be associated with the impact of the North At-tions affecting fishing activities are usually registered in the
lantic Oscillation over the occurrence of storms in this area. local press. The press includes information about the impos-
sibility for the fishing fleet to go out due to extremely adverse
meteorological conditions (wind storms, very intense rain,
wave heights...), or it reports about the loss of human lives
caused by the sinking of fishing boats. For example, the ABC

It is widely accepted that documentary sources can providd'€Wspaper (2 Marph 1963) reported: “Cadiz Fishing Fleet re-
high quality information on the past climate (Bradley and M&ins at home: wind and rain storms have strengthened and

Jones, 1992: Brazdil et al., 2005; Chenoweth, 2006). News'ave become more violent than in previous days..."; or El
papers can be an excellent source of early hi-resolution inC0Te0 de Andalucia (23 February 1966) published: “Due to

strumental data, due to their periodic nature (Gallego et al.the bad weather, about 24 miles away from Huelva, a hole
2007). In addition, they usually give special treatment to ex-OPened in the hull of the fishing botasso 23 The sailors,
treme events with a big economic or societal impact (Prieto"VN0 were notable to repair it, were helped by the fishing boat
et al., 1999; Andrade et al., 2008). In consequence, the ocBadayawhich took the 17 sailors safely back to Huelva. The

currence of storms in coastal areas, as is the case of CadRurrent carried thitlasso 23and smashed it against the reef”.
Maritime transport is also affected by storms. For example

when the ferry connecting Spain and North Africa through

Correspondence tcP. Ribera the Gibraltar Strait was interrupted, the press informed about
m (pribrod@upo.es) it. A good example of how these cases appear in the press can

1 Introduction
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be found in El Correo de Andalucia (12 December 1980) [m ABC = Correo de Andalucia = Odiel = La Noticia de Huehva = Huehva on - La Voz de Huelva m Diario de Cadiz]
“Since the day before yesterday at 06:00 p.m. and due to |
the strong winds from the East, the passenger connection be
tween Algeciras, Ceuta and Tanger has been stopped. Th
intense Levante (local name for the wind blowing from the
East, often characterised by high speeds) has led the Alge TTHE FTLEEY RELE TERRTY EETERT ERREET RLEPD
ciras Port Authority to cancel all passenger departures from
Algeciras Harbour. The intensity of the gale can be noticed
in the northern dike of the city harbour, which is over-passed
by the waves creating a strange and beautiful spectacle...”.
In some cases, the destruction of coastal infrastructure is
described in the press: Diario de Cadiz (22 December 1945): |
“Yesterday morning, due to the ViOIence Of the waves Over1929 1935 1941 1947 1953 1959 1965 1971 1977 1983 1989 1995 2001
the Southern Wallsa hole 80 centimetres in diameter was

Fig. 1. Newspapers used in the review and the period they covered.

produced in the maritime sidewalk ..."; or Diario de Cadiz Regional press is represented in gray scale and local press in colour
(27 October 1967): “A very intense wind and rain storm hassct,ﬂe' P P aray P

produced such high waves in the harbour of Cadiz that much
damage has been caused. Some waves reached a height of
20 meters and caused great damage in the breakwater and the- The newspapers must contain information about local
jetty of the city...”. impacts, so we preferred regional and local press pub-
Descriptions of morphological impacts of coastal storms lished along the Atlantic coasts of Andalusia (Huelva
on beaches are often found in the local press: Diario de Cadiz  and Cadiz provinces).
(28 December 1995): “Rota: the storm has caused big dam-
age to the town coastline. ...Ira Ballenabeach, some me- In this way, the search for information about storms was ini-
ters of sand have been swept away by the waves while almogially based on the regional press where references to meteo-
all the sand is gone frorRunta Candotbeach. The Coastal rological phenomena in Huelva or Cadiz were identified. In
Authority has indicated that, in the old times, when stormsthis first stage, no single paper was found which covered the
similar to these occurred, the sand practically disappearegvhole period, thus, a comprehensive review on a daily scale
from the beaches but, usually, it came back to the beachewas done with the newspapers “ABC” and “El Correo de
the following Spring. ..". Andalucia”. A chronology of intense meteorological events
These examples show the potential of newspapers to corwas developed. The addition of these two papers covered the
struct series of extreme events in the Gulf of Cadiz related tovhole 1929-2005 period.
destructive coastal events. The aim of this work has been to The next step was to review the available local press to
build a comprehensive historical series of coastal storms orook for the local impacts of each storm found in the gen-
the Spanish coasts of the Gulf of Cadiz by using informationeral chronology. Five local newspapers were needed to com-
from historical data extracted from newspapers published irpletely cover the period 1929-2005. Local press was thus
this region. The new series will be then compared to instru-used to obtain a precise description of each particular event
mental data currently used to study the series of storms in théound at regional scale, the associated phenomena, its loca-
area. tion and its impact. Figure 1 summarises the newspapers
used in the search for historical storms and information about
i _ the period covered by each one. It must be stressed that lo-
2 The newspapers in the Gulf of Cadiz cal press sources are substantially different for Huelva and
Cadiz. While information about Cadiz was obtained from a

In order to build a series of historical storms in the Gulf of ingle newspaper (Diario de Cadiz), four different newspa-

. . . . s
Cadiz, a review of local, regional and national newspapers ) !
has been performed. Useful data for the period 1929-200 ers (Huelva Informacion, La Noticia de Huelva, La Voz de

. . uelva and Odiel) were needed to complete the information
were found. The selection of the newspapers to be reviewed . .
; . N about Huelva, particularly during the last 20 yr of the study
was done according to the following criteria:

period.

— Series of regional newspapers had to be available cov- A digital database was developed where all the informa-
ering the whole period. In consequence, the number otion extracted from the press was registered. The complete
available newspapers to be reviewed is highly reduceddatabase contains 751 records, with meteorological or so-
due to the length of the analyzed period. Only regional cioeconomic information which was considered as possibly
or national newspapers have been published coveringelated to the occurrence of storms on the coasts of the Gulf
the whole area and throughout the complete analysis peef Cadiz. Each record contains information about the date of
riod. the event, the source of the information and the description
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of the phenomenon. After collecting all the candidates to beconsists of millions of individual marine wind observations
classified as a storm, a closer scrutiny had to be performedovering the entire globe. In our analysis, we selected those
to discard any possible spurious event. Examples of recordsecords collected within the region represented by the square
that were not storms are floods caused by heavy rainfall buin Fig. 2 and computed the wind averages on a daily basis.
neither on the coast nor from a single storm, but in the inlandThe average direction of the wind for every day was used
areas or caused by persistent rain. Another example are thoge classify the prevailing wind direction in the Gulf of Cadiz
records with general descriptions of bad weather affectingand, thus, to identify the direction from which storms reached
the whole region, or even the whole Iberian Peninsula, buthe coasts of the Iberian Peninsula. In fact, the square in
not directly linked to a coastal storm in the Gulf area. To Fig. 2 was chosen to represent the atmospheric disturbances
be definitively classified as a storm, the data collected in thecoming from the west related to storm occurrence in this
newspaper must include the description of the coastal stornarea. Even though the ICOADS database covers the period
itself or information about morphological or socio-economic 1850—present, the early data may be scarce in some parts of
impacts associated with it. the world. In fact, in the selected area, the number of wind
Finally, three different categories of storms were createdrecords is highly reduced before 1902, but covers the 20th
considering the description included in the papers: windcentury correctly. In this way, this paper includes a classifi-
storm, rain storm and electrical storm. This classification iscation of historical storms attending to the wind direction in
not mutually exclusive and one record can be considered athe area.
representative of more than one of these categories. In fact,
electrical storms are always included in, at least, one of the
other storm types. No specific classification has been created Validation of the reconstructed series
for other meteorological information but, in their descrip-
tions, some records provide information about other phenomin order to test the historical storm series, wave height data
ena such as fog or hail. This classification was performed irfrom the HIPOCAS database (HIndcast of dynamic Pro-
order to check if historical wind storms were better correlatedcesses of the Ocean and Coastal Areas of Europe) was used.
with instrumental storms than the complete historical stormThese data stem from high-resolution numerical modelling,
series. They were not, and in this paper, the complete seriegover at a daily scale the period 1958-2001 and they are
of storms, including wind and rain storms, is presented. considered the best available source for long-term wave data
A secondary classification of the records was created as groughout the area (Guedes-Soares et al., 2002). These data
function of the location of the storms. Three different areasprovide an overlapping period of 44 yr with the historical se-
could be discriminated: Gibraltar Strait, Cadiz and Huelva.ries. For this study, we chose the nearest grid-point to Cadiz
Again, many records included information about a storm af-(see Fig. 2) and selected the significant wave heighbf as
fecting more than one of these sites. This division was donghe parameter to represent the strength of the storm.
in order to test if storms affecting the city of Cadiz produced In order to construct an instrumental series of the annual
a chronology better correlated with modern instrumental datanumber of storms in the Gulf of Cadiz based on Hg pa-
than the chronology constructed from the total number oframeter of HIPOCAS, different wave-height thresholds have
storms in the Gulf area. Again, it was found that the completebeen tested. Only winter storms have been accounted for,
chronology correlates much better with the instrumental seconsidering that winter lasts from October one year to March
ries than the Cadiz series alone<0.606 vs.r = 0.456 for the following year. This discrimination is due to the fact
the complete series and defining storms for waves higher thathat, for this area, it is during this season when wave en-
3.6m). We find this result reasonable because, even wheargy reaches its maximum value (Rodriguez-Ramirez et al.,
the storm impact can be more noticeable over particular ar2003). Currently, the Spanish National Port Authority pro-
eas of the Gulf, and thus, be described in the press only foposes to uséf,,0 = 1.5m as a threshold to identify coastal
those areas, storms arriving from the Atlantic usually affectstorms (MOPT, 1992), thus, HIPOCAS data has been used
the whole Gulf area. to construct a yearly storm series in the Gulf of Cadiz using
Storms in the Gulf of Cadiz, as in most of the western this threshold. However, the annual number of storms using
side of the Iberian Peninsula, are closely related to low presthis threshold was very high (more than 40 storms per year);
sure systems coming from the Atlantic (Trigo et al., 2002, thus an additional series for the annual number of storms
2004; Trigo, 2006; Gallego et al., 2007). Consequently, ithave been constructed using the 90, 92, 94, 96, 98 and 99
was mandatory to know wind direction at a daily scale in or- percentiles of the wave height series.
der to be able to classify storms as a function of the wind The validation of the historical series was then done by
direction on the different storm days. The longest availablecomparing it with the different instrumental series by means
series of wind direction representative of this area with re-of the corresponding Pearson correlation coefficients for the
liable data at daily scale capable to going back to 1929 isperiod 1958-2001. Correlations were calculated in a mul-
the ICOADS database (International Comprehensive Oceartivariate scheme for all the different wave-height thresholds
Atmosphere Data Set) (Worley et al., 2005). This databasend discriminating storms by using different wind direction
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Fig. 2. Area selected to compute wind averages from the ICOADS database and some significant locations (left); number of winter (October—
March) days with ICOADS wind observations inside the selected square (right).
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As stated in the previous section, the historical storms 8 25
database contains 751 records. A first classification showec§ 20
that, from those, 616 records (corresponding to 523 storm? 15
days) were included in, at least, one of the storm categories 1°
described. There were 383 included as wind storms, 463 as  ° Ca
rain storms and 45 contained information about an electrical ° ™~ S
storm. Additionally, 21 records included information about

fog and 26 records described the presence of hail. All hail
days but one were included in, at least, one of the other storngjg 3. Mean number of winter coastal storms obtained from
categories and only 6 fog days were included in, at least, ongj|POCAS database using different wave height thresholds to clas-
of the storm categories. sify what a storm is (1.5m and percentiles 90 (1.8 m), 92 (2.0 m),

The total number of coastal storms is reduced when the sit®4 (2.2m), 96 (2.5m), 98 (3.1 m) and 99 (3.6 m)). The blue line
analysis is done by including the description in the local pressshows the mean number of news reports about winter storms pub-
of a storm’s impacts. Only records about 361 days of thelished in the press.

523 storm days include information about its impact on the
coast. Finally, 226 records referred to storms in the vicinity
of the city of Cadiz, 172 near Huelva and 194 near Gibraltarof coastal storms are reduced to 29.6, 22.5, 17.6, 11.9, 6.1
Strait. and 3.4 storms/winter. Attending to these figures, it is appar-

When the seasonal separation was done, only 26 record@nt that newspaper report storms defined ¥, value sit-
were excluded from the total list and a final number of uated between percentiles 98 and 99 of the HIPOCAS series,
335 records describe storms occurring during winter, fromcorresponding to waves between 3.1 m and 3.6 m in height
1 October in one year to 31 March, the year after. That pro<(Fig. 3). But again, if the direction of the wind is consid-
duces a mean number of 4.3 storms per year during the perio@l’ed to characterize the annual number of winter storms, this
1929-2006. situation varies slightly.

When the HIPOCAS database is analysed with the rec- Figure 4 shows the mean number of winter storms during
ommended wave height of 1.5 m as the threshold to define ¢he period 1958-2001, both for the instrumental record (per-
coastal storm, the mean annual number of winter storms risesentile 99, dashed line) and for the historical record (solid
to 44.5. This number of storms per year would mean that dine) as a function of the direction of the wind in the area.
coastal storm occurs one day in every four and that is clearlyThese values have been calculated using a moving window,
not the case over this area. When the 90 (1.8 m), 92 (2.0 m)90 degrees wide, centred on the direction indicated in the
94 (2.2m), 96 (2.5m), 98 (3.1 m) and 99 (3.6 m) percentileshorizontal axis. Storm occurrences smaller than 1 storm/yr
of the winter series ofi,,,o are considered, the mean number are not represented in this figure. Additional analysis using

1.8 23 238 33 38
Wave Height (HmO)
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different window sizes were preformed (not shown), but the -
results obtained were quite similar to those presented here
From Fig. 4, it becomes clear that most of the storms in zo
the area are produced when the wind blows from a direc-
tion ranging from south to northwest, with a maximum when 25
those windows are centred at an angle situated between 240
and 260 (windows ranging from 195SSW to 305 WNW). 20
When the historical and instrumental mean annual number of
winter storms are counted using the’3@indows centred at
those angles, their numbers become very similar, being low-

ered to about 2.5 storms per year, for the historical record, B e

and 2.9 storms per year for the instrumental one.

There are different reasons for this diminution. It is well Fig. 4. Gray scale indicates the value of Pearson correlation coef-
known in the area that when the Levante blows, conditionsﬁCiems between historical storm series and instrumental storm se-
become warm and dry. In general, Levante winds can pro_rie_s constructed using qlifferent wave _height threshol_ds (left yertical
duce unpleasant conditions but, usually, they are related neﬁ.lx's).’ fo.r 1958-2001 W't.h a QON'de. window centred in the d|rep-
ther to intense storms nor to very high waves, which couldtlon indicated in the horizontal axis. The mean number of winter

; . L storms, depending on wind direction, is included in the right verti-
produce socioeconomic or morphological impacts on the At-cal axis and is shown by the solid line (number of historical storms)

lantic coast.of the province. Previous studies ShOW?d thahng the dashed line (number of storms with waves 3.6 m high (per-
storms coming from the 3rd and 4th quadrant (Atlantic) arecentile 99) or higher).

characterized by a longer fetch responsible for the genera-
tion of high waves, surge and, consequently, coastal damage.
Thereby storms caused by easterly winds did not generate Figure 5 includes both the historical and the instrumen-
high waves or storms surge — nor big coastal damage — dutal storm series (using the percentile 93.6 m of the wave
to the short fetch in this direction (Rdduez-Rarirez etal.,,  height series as a threshold) for the 195—-285 degrees window.
2003; del Ro et al., 2011). In any case it is not unusual Both series are characterized by very high variability, with
for Levante storms to produce adverse weather conditions ivalues ranging from 0 storms in some years to as much as 10
the Strait area and, in some cases, cause difficulties in thetorms in a single year. This variability seems to be higher in
maritime transport between Algeciras (Spanish coast of theéhe second half of the analyzed period. The comparison be-
Gibraltar Strait) and Ceuta or Tanger (African coast of thetween the instrumental and the historical series shows that,
strait). As a matter of fact, this is the most common reasondespite the close agreement between both serie€9(682),
for Levante wind storms to appear in the local press. Thesdt is evident that the historical series slightly underestimates
storms show up in the press about 0.75 times per year durthe annual number of storms, particularly in those years with
ing the instrumental period. In fact, news in the press aboutigher storm occurrence.
Levante storms are partially responsible for the difference Figure 5 includes, as well, the representation of lin-
between the number of storms per year in the complete hisear trends for both series. It shows that none of them
torical chronology and its value when only southwesterly to has a significant trend during the instrumental period, but
westerly winds are considered. that a small, positive and significanp & 0.05) trend of
The correlation between the historical and the instrumen-0.21 storms/decade is detected when the complete histori-
tal storm chronologies between 1958 and 2001 is shown, asal period is analyzed. This trend implies that the number
well, in Fig. 4. The correlations have been computed us-of news about storms published in 2005 is about 55% higher
ing 90 degrees moving windows of wind direction and dif- than in 1930.
ferent wave heights, from 1.5 to 3.6 m, as thresholds to de- Spectral analysis of the complete and instrumental series
fine coastal storms. Correlations are generally very low forhas been performed. No significant band of oscillation was
wave heights below 2 m and for wind directions different to found for the complete series but a near 6 yr significant os-
those included in the range 170 to 270 degrees. The relaeillation band was found for the instrumental period (Fig. 6).
tively good correlation for low wave heights with winds from This period is similar to that found by Rodriguez-Ramirez
145 degrees is not very representative of the climatology ofet al. (2003), when analysing winter storms on the coasts of
the region, due to the extremely low number of storms perHuelva during 40 yr through the second half of the 20th cen-
year when wind blows from those directions. In fact, a de-tury. They found, as well, a quasi-decadal oscillation band
tailed analysis of the correlations obtained shows that thenot identified in the series presented in this paper.
best agreement between the historical and the instrumental As stated in previous paragraphs, storms in the Gulf of
chronologies is obtained for the 195-285 degrees windowCadiz are closely related to low pressure systems coming
with significant correlations with values aroumd= 0.68 from the Atlantic. The North Atlantic Oscillation (NAO)
(p <0.01) for wave heights of 2.5 m and higher. is the main climatic pattern over the area and influences the
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Fig. 6. Spectral analysis of the winter storms series obtained using
3.6 m as wave height threshold to define a storm.

NAD index

statistically significant only forp < 0.2. If percentiles 20
1040 LT, 1980 2000 and 80 are used, the characteristics are very similar but the
difference between mean numbers in the different phases is,
Fig. 5. Series of storms from newspaper records (black solid line),usually, slightly reduced.
percentile 99 of instrumental records (blue dotted line) when wind  Eyen if speculative, these differences in the number of
comes from 195-285 degrees. Trend lines for news series in red fogiqrms associated with the NAO could. somehow. be affect-
the whole p?”c’d_ and folr_éhl_e instrumental p_:f_”Od an%ngsblue f%r thejng the differences between trends in the two analyzed peri-
instrumental series (soli line means significant < 0.05 — an ods. When those trends are calculated for the NAO index, no
dashed line means not significant). Evolution of the winter NAO . . . .
. : trend is detected for the whole period, while a positive and
index in the lower panel. o . . . -
significant trend is characteristic for the NAO series during
the storm series instrumental period. Thus, if the long term
storm track position, particularly during winter (Trigo et al., trend in .the number of Wlnter.storms is caused by an external
2002, 2004; Trigo, 2006). In fact, Gallego et al. (2005) factor different to NAO, the impact of that factor could be

found that winter NAO affected both the frequency and theMitigated due to the opposite effect exerted by NAO during
accumulated precipitation of intense rainfall events over theth€ second half of the 20th century.

Southwest of the Iberian Peninsula. As well, Andrade et

al. (2008) identified a negative correlation between NAO and5 Discussion and conclusions

Azores storm series obtained from newspapers. A detailed

analysis of Fig. 5 shows the existence of a negative correlaA new 76yr long series of coastal storms on the Spanish
tion between the annual number of winter storms and wintercoasts of the Gulf of Cadiz has been developed from informa-
NAO index (mean value of the Climatic Research Unit NAO tion appearing in local and regional newspapers. This series
index from October one year to March the following year has been checked against instrumental series during the sec-
http://www.cru.uea.ac.uk/cru/data/npoln this paper, and ond half of the 20th century and a close agreement between
in order to analyse if NAO had a noticeable impact on stormboth series has been found.

occurrence over the area, percentiles 10 and 90 of the winter The correlation between the historical storm series and
NAO index series for the complete and for the instrumentalthe instrumental one reaches a high degree of agreement
periods were identified. Then, the mean number of winterfor wave heights higher than between 2.2 and 2.5m. Thus,
storms was calculated for those years. In all cases, the nunthose heights could be good candidates as thresholds to de-
ber of winter storms was higher during the negative phasdine coastal storms in the area instead of the current recom-
of NAO. For the historical chronology, there are 3.38 stormsmended value of 1.5m. However, the best correlation be-
per year during negative NAO years and 1.38 during posi-tween the instrumental and the reconstructed series is ob-
tive NAO years. During the instrumental years the situationtained when the storms are defined using a wave height
is very similar. Positive phase years have a mean value ofhreshold of 3.6 m. In addition, for this threshold, the an-
1.80 storms per year both in the historical and the instrumennual number of storms is quite similar for both historical and
tal data (storms defined by waves higher than 3.6 m), whileinstrumental series so, probably, 3.6 m could be used as an
the negative phase mean values are 4.00 for the historical datgptimum threshold to identify storms with a sensible impact
and 4.2 for the instrumental data. It must be stressed that then the Spanish coasts of the Gulf of Cadiz. In a recent paper
low number of cases implies that these differences becoméy Del Rio et al. (2011), where the morphological impact
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of coastal winter storms in the coasts of Cadiz are studiedthose waves can be very different depending, among other
it was suggested that 3.3 m was the wave height needed tfactors, on the phase of the tides. Since newspapers will only
produce a morphological impact on those coast. Our resultpublish, or at least most frequently will only publish, news
found independently, seems to confirm this value. about storms with noticeable impacts, two similar storms,
It has been seen that the impact of the coastal storms, botbne occurring during neap tides and the other during spring
in the historical and in the instrumental series, is most in-tides, will have different impacts on the coasts and will be
tense during the cold half of the year — October to Marchvery differently treated in the press. It is very likely that, un-
— and that the wind direction plays an essential role in theless they are very intense storms, only the ones during spring
coastal impacts of a storm. Storms have a more noticeablédes will be referenced in the local press.
impact on the coast when their wind direction ranges from
SSW to the WNW. As a matter of fact, very similar results AcknowledgementsThis work is a contribution to the project
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