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Abstract. Most of the actual studies and previews of fu- precipitation patterns, based on past observed records and
ture rainfall patterns, based on past observed records foclimate change scenarios for the Mediterranean Basin, indi-
Mediterranean climate areas, focus on the decline of the raineate a decrease of rainfall amounts over the years, and an in-
fall amounts over the years, and also on the increase of therease of the frequency of heavy/intense rainfall events in au-
frequency of heavy/intense rainfall events particularly in thetumn and winter seasons, particularly in the winter (Brunetti
winter season. These changes in heavy rainfall events magt al., 2001; Kostopoulou and Jones, 2005). In some regions,
have severe implications and impacts on soil erosion resultthe increasing number of heavy precipitation events increases
ing in increased soil degradation risks. the flood risk (Hidalgo et al., 2003). Issues such as drought

The objective of the present work is to evaluate the spatialand erosive rainfall have been raising concern about the risks
distribution of extreme precipitation events in Southern Por-of land degradation and desertificatiora@daro et al., 2001).
tugal, using a geostatistical approach to assess the relatiof-hese changes in heavy precipitation events may also have
ships between spatial and temporal extreme rainfall patternssevere implications and impacts on soil erosion resulting in
The used dataset comprises a set of 105 stations’ records @ficreased soil degradation risks.

daily precipitatiqn.wit.hin the period 1960-1999. Twoindices A common tool to understand and assess the precipitation
of extreme precipitation were selected to be computed basefatterns over a region is to use extreme precipitation indices
on the daily precipitation observation series: one representy,sed on daily precipitation series, as indicators of climate
ing the frequency of extremely heavy precipitation eventschange, (Jones et al., 1999; Karl et al., 1999; Brunetti et al.,
(R30) and another one characterizing flood events (RSD).  2001). A considerable number of extreme precipitation in-
The space-time patterns of the precipitation indices wergjices are described and analyzed in the literature. Gener-
evaluated and simulated using a geostatistical approach. D%”y, these indices can be split in two main categories: one
spite no significant temporal trends were detected on the calnyolves arbitrary fixed thresholds, such as the number of
culated indices series, the space-time decadal patterns are t@ays with daily precipitation exceeding a specific amount
coming more continuous in the last two decades than the preg, threshold (in mm) (e.g. Klein Tank anddkinen, 2003;
Vvious ones. Kostopoulou and Jones, 2005) and the other category is
based on statistical quantities such as percentiles, which are
more appropriate for regions that contain a broad range of cli-
1 Introduction mates (Haylock and Nicholls, 2000; Klein Tank andnfen,
2003). The use of extreme precipitation indices are recom-
In Mediterranean climate regions, precipitation patterns arenended by the joint working group on climate change de-
highly variable concerning time, space, amount and duratioriection of the World Meteorological Organization — Com-

of the events. Most of the studies and predictions of futuremission for Climatology (WMO-CCL), the Research Pro-
gramme on Climate Variability and Predictability (CLIVAR)

B (Peterson et al., 2001), and the CLIVAR/GCOS/WMO work-
Correspondence tdR. Durao shop on indices and indicators for climate extremes (Karl et
BY (rmdurao@ist.utl.pt) al., 1999) that has released a list of recommended indices.
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From this list, two precipitation indices representing wet con-2  Study region and data
ditions (R30 and R5D) have been selected in this work.

The R30index is based on the count of days per year cross2.1 ~ Study region
ing a fixed threshold (30 mm) and R5D which is a duration-
based index, defined as the highest consecutive 5-day precig-he study region corresponds to the southern part of conti-
itation total in each year. The use of annual indices greatlynental Portugal, which comprises two different administra-
simplifies the analysis of extremes and provides useful meative regions, Alentejo and Algarve, having different physio-
sures for impact analysis as they can be related with extremgraphic characteristics. In the far South, the relief is domi-
events that affect human society and the natural environmernated by the two main Algarve’s mountains: Monchique on
(Klein Tank and Konnen, 2003). the West, and Caldéip on the East. In contrast, the Alentejo

The majority of studies on extreme precipitation indices region is characterized mainly by vast flat to rolling country,
only focus on temporal trends rather than space-time patthe peneplain, where the average altitude is approximately
terns and trends, while for some studies a spatial analysi@00m. The 8o Mamede mountain ridge, the highest in
is not feasible due to the sparse number of monitoring stathe Alentejo region with an altitude of 1000 m, lies in the
tions over large study regions (Costa et al., 2008a; Rodrigextreme North-East. These regions are characterised by a
and Trigo, 2007; Kostopoulou and Jones, 2005; Moberg andviediterranean climate and present a high level of suscepti-
Jones, 2005; Klein Tank and@tnen, 2003, Serrano et al., bility to drought events and desertification phenomena (e.g.,
1999). Pereira et al., 2006).

Rodrigo and Trigo (2007) presented an analysis on ex- The precipitation regime in Southern Portugal is charac-
treme precipitation changes across the Iberian Peninsula userized by highly irregular behaviour in both the spatial and
ing a seasonal and annual aggregation of observed precigemporal domains, namely amount and distribution of rain-
itation data and showed that the main changes occurred ifall (Daveau, 1977). Given the impacts of droughts and
the intensity of northern and southern stations, with a de-floods, the study of extreme precipitation space-time vari-
creasing trend over time, suggesting that further work will ability is of paramount importance in terms of water basins
be necessary to obtain a complete view of the spatiotemporahanagement in the south of the Iberian Peninsula (Ramos
variability of daily precipitation in the Iberian Peninsula. and Reis, 2002; Trigo et al., 2004).

Costa et al. (2008b) provide an insight of the spatial distri- The precipitation regime in Portugal can be explained by
bution of extreme precipitation indices in Southern Portugal,two different seasonal atmospheric mechanisms. In sum-
investigating yearly trends and decadal space-time patternser, the large-scale atmospheric circulation is steered by the
showing that there are no significant trends in the regionalAzores anticyclone, which is displaced towards its north-
extreme indices studied. westerly position, producing northerly or northeasterly winds

In order to accommodate the spatial dimension to pre-that bring warm and dry air into Portugal, which is either
cipitation data analysis, some geostatistical studies have abf continental or maritime origins (Trigo and DaCamara,
ready been done, but mainly focused on the spatial interpola2000). However, in Southern Portugal, summer precipitation
tion of precipitation fields (e.g. Prudhomme and Reed, 1999js sometimes associated with local convective activity (Trigo
Goovaerts, 2000; Daly, 2006). However, there are very fewand DaCamara, 2000). On the other hand, during winter,
studies on the modelling of space-time patterns of extremehe large-scale circulation is mainly driven by the position
precipitation indices. Hundecha anduBlossy (2005) inter- and intensity of the Icelandic low, and Portugal is affected
polated daily precipitation measurements on a X&km by westerly winds that carry moist air and produce rainfall
grid through external drift kriging, using a digital elevation events mainly in northern Portugal (Trigo and DaCamara,
model as secondary information and, afterwards, several ex2000).
treme precipitation indices were calculated on grids of 5, 10,

25 and 50 km. 2.2 Data

A different approach is proposed for this work since the
extreme precipitation indices are calculated directly from The station network utilized is an original set of 105 mon-
daily precipitation measurements and then the spatial disitoring stations with daily precipitation data (Fig. 1). The
tribution of extreme precipitation events is analysed usingdata set was compiled from the National System of Water
another geostatistical methodology. The semi-variograms oResources Information database (SNIRH — Sistema Nacional
extreme precipitation series were modelled and the direct sede Informa@o de Recursosidricos,http://snirh.inag.ptand
quential simulation was performed to assess the relationshipthree daily series were compiled from the European Cli-
between spatial and temporal extreme precipitation patterngnate Assessment (ECA) dataseétt://eca.knmi.nl All

A description of the study region and data is presented inseries data were quality controlled by several procedures
Sect. 2, and the applied methodology is briefly described in(e.g., Costa and Soares, 2008; Costa et al., 2008a). For each
Sect. 3. The obtained results are presented and discussed s$tation, annual precipitation series were computed and stud-
Sect. 4, and the major conclusions are stated in Sect. 5. ied for homogeneity through the application of six statistical
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Fig. 2. Distribution of precipitation data series by length.

Table 1. Basic statistics of the daily precipitation data (in mm).

Basic statistics  Study period  Climate-normal
(1960-2000)  (1961-1990)

Mean 1.727 1.764
Median 0 0
Std. deviation 5.995 6.002
Variance 35.946 36.028
. Minimum 0 0
* Stations Maximum 274.7 186

|:| Study area

in order to characterize the precipitation pattern in the study
region within the period 1960-1999.

The annual extreme precipitation indices (R30, R5D) were
0 50 100 200 Km computed using the chosen daily precipitation series.

The index R30 measures the frequency of heavy precipi-
tation events and is defined as the number of days per year
with precipitation equal or over 30 mm. This threshold fits
the extreme events regime of the region understudy, since it
corresponds approximately to the 95% regional-average per-

tests, by means of the hybrid approach proposed by len-Centile of the 1961-90 climate normal.

. . 0 ) g
gaard et al. (2003). Besides this, 62% of the long-term series The index R5D is defined as the highest consecutive 5-day

were also checked through relative approaches (testing pro- _.~. . ; . .
. .. “precipitation total in each year and provides a measure (in
cedures that use records from reference stations), comprisin . S
m) of the magnitude of strong precipitation events.

the application of five homogeneity tests which are capable
of locating the year where a break is likely (Costa and Soares,
2008; Costa et al., 2008a). 3 Methodology for assessing space-time patterns

The final dataset comprises the time series of 105 moni-  jn extreme precipitation indices
toring stations, distributed irregularly over the study region,
with daily precipitation observations within the period 1960— Geostatistical estimators, known as kriging, provide statisti-
1999. Extreme precipitation indices are sensitive to the num<ally unbiased estimates of surface values from a set of obser-
ber of missing days, thus the selected stations have less tharations at recorded locations, using the estimated spatial (and
16% of daily records missing in each year. Therefore, fortemporal) covariance model of the observed data. Consider
each station, the indices for a specific year were set to missthe two dimensional problem of estimating a primary vari-
ing if there were more than 16% of the days missing for thatablez at an unsampled locatian,. Let {z(uy), a=1, ..., n}
year (Haylock and Goodess, 2004). be the set of primary data measurea &cationsu,,.

The length of the precipitation series ranges from 3 to Most of geostatistics is based on the assumption that the
40years (Fig. 2). The average length is 23 years, and 28 staset of unknown values is a set of spatially dependent random
tions have at least 30 years with precipitation records. Basiwariables, hence each measuremeény,) is a particular real-
statistics of the daily rainfall data are presented in Table lization of the random variabl& (u,,).

Fig. 1. Study domain and stations’ locations with selected daily
precipitation series.
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Kriging uses a linear combination of neighbouring obser-3.1 Direct sequential simulation
vations to estimate the unknown value at the unsampled lo- o . _ _
cationug. This problem can be expressed in terms of randomPirect sequential simulation, which means without any trans-

variables as: formation of the original variable, has been used to charac-
. terize the space-time variability of phenomena (Russo et al.,
5 2008; Nunes and Soares, 2005), which is the main objective
Z = Ao Z . 1 ! - ! D S
(o) 0;1 aZ (Ua) @) of this work. The aim of sequential simulation is to generate

a set of equiprobable realizations of a random field, rather

The optimal kriging weights., are determined by solving than the most probable realization (given, for example, by
the kriging equations that result from minimizing the estima- least squares interpolators), which reproduce the main spa-
tion variance while ensuring unbiased estimationZefio)  tial patterns as revealed by the spatial covariances and semi-
by Z(up). variograms inferred by the experimental data. Direct sequen-

Kriging methods require a stationarity assumption, ex-tial simulation is based on the principle proposed by Jour-
pressed in two parts. First, the mean of the process is asiel (1994), and its simple algorithm succeeds in reproducing
sumed constant and invariant with spatial location (first orderthe variogram and histogram of a continuous variable.
stationarity). Second, the variance of the difference between Consider the continuous variab®(x) with a global cu-
two values is assumed to depend only on the distanoe-  mulative distribution function (cdf)
tween the two points, and not on their locatiensecond
order stationarig/). Stationarity assumptions or:(kriging areFZ(Z) = proi(Z(x) < z} ©)
traditionally accounted for by using local search neighbour- and stationary variogram(h). The objective is to repro-
hoods so that the dependence on stationarity becomes locdlice bothF, (z) andy (k) in the final simulated maps.
(Goovaerts, 1997). Soares (2001) describes the sequence of the direct sequen-

When developing the kriging equations the model of spa-tial simulation (DSS) algorithm of a continuous variable as
tial covariances, or variogram (inverse function of the spatialfollows:
covariancgs), is assumed kpown. This. Is a key function pf 1. Randomly select the spatial location of a nadep) in
geostatistics and characterlzes' the variability of thel spatial a regular grid of nodes to be simulated:
(and temporal) patterns of physical phenomena. Typically, a
mathematical variogram model is selected from a small set 2. Estimate local mean and variance identified with simple
of authorised ones (e.g. exponential or spherical) and is fitted ~ kriging estimator and kriging variance. Sample from the
to experimental semivariogram values calculated from data  global histogram a valug (u;) centred in the estimated
for given angular and distance classes. local mean and variance.

The experimental se_rmvanogra;n(h) 'S compute_d as half . 3. Return to step Eq. (1) until all nodes have been visited
the average squared difference between data pairs belonging by the random path
to a certain angular and distance class: y path.

N 3.2 Space-time pattern’s methodology

o1 ~ )
y(h)——ZN(h);[zwa) (g + )] )

The geostatistical methods described above were used in this
paper for the evaluation of space-time patterns of extreme
whereN (h) is the number of pairs of data locations a vector precipitation indices over the study region. Spatial correla-
h apart. tions between monitoring stations were generalized in a cor-
The parameters of the semi-variogram model (sill, rangerelation function of distance between any two points, the var-
and nugget) are used to assign optimal weights for spatialogram, which summarizes the main spatial continuity pat-
prediction using kriging. The nugget is determined when terns of the chosen precipitation indices.
approaches 0. The nugget effect results from high variability The methodology was developed in two stages. In the
at short distances that can be caused by lack of samples, dirst one, the extreme precipitation indices were computed
sampling inaccuracy. for each monitoring station and the space-time correlations
In bounded models (e.g., spherical and exponential), var{semi-variograms) were obtained for the given period. In the
iogram functions increase with distance until they reach asecond stage, stochastic simulation (DSS algorithm) is used
maximum, named sill, at an approximate distance known ago evaluate the mean spatial pattern and the local variability
the range. The range is the distarcat which the spatial (or  of the extreme precipitation indices.
temporal) correlation vanishes, i.e. observations separated by Direct sequential simulation is also used to illustrate the
a distance larger than the range are spatially (or temporallyspace-time precipitation patterns and the spatial random field
independent observations. The range is one of the most imsimulations, which have the same probability distribution
portant parameters because it is related with the spatial (ofunction and spatial semi-variograms (covariances) of the ex-
space-time) extent of continuity of the phenomenon. treme precipitation indices.
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4 Results and discussion Table 2. Basic statistics of the R5D index (greatest consecutive 5-

. - . day precipitation total per year, in mm).
4.1 Space-time continuity analysis

L o Decade Min. Median Mean  \Var. Std. Max.  Sam-
The R30 and R5D precipitation indices were computed for dev. ples

each monitoring station using data within the period 1960— 1g60/69 372 952 1027 126325 3554 2560 339
1999. Having in mind the purpose of detecting spatial- 1965/74 36.8 86.6 93.52  1254.76 3542 256.0 353
temporal changes in the extreme precipitation indices be- TS 308 8IS aely ioie2s Se28 22 3
haviour, the data were grouped in seven ten-years periods: 1980/89 232 89.0 101.93 207532 4556 299.4 755
1960_69, 1965_74, 1970_79, 1975_84’ 1980_89' 1985_94' 1985/94 21.0 86.3 101.45 2740.99 5235 4450 910
and 1990-99. Spatial semi-variograms (covariances) were 1990/99 210 9445 10687 280364 5295 4450 864
then calculated to assess the spatial correlation between mon-

itoring stations during each ten-year period.

range of the distribution is increasing, the minimum is de-
creasing and the maximum is increasing over decades. Also,

1), describe how the spatial continuity changes as a functior{fe variance and standard deviations show an increasing pat-

) L . . : ern over time. In what concerns R30, the analysis of the ba-
of the distance and direction (where anisotropy is considered) - - )
. o ) : . Sic statistics (Table 3) does not indicate evidence of tenden-
between any pair of points in space and time. Variogram’s

. o . . . .?ies over time. Analysis of Table 3 shows that the maximum
values increase with increasing distance of separation unti

. . : of the R30 index varies over decades therefore the variance
they reach a maximum, named sill, at a distance known as_ .
the range. varies over through decades too.

The semi-variogram models and their parameters are esti- The semi-variogram model parameters (Figs. 3 and 4) of
ni-variog . P A each index are summarized in Tables 4 and 5. Analysis of
mated taking into account the experimental semi-variogramg, . pa parameters (Fig. 3 and Table 4) shows that the spa-

that are computed_wnh data values._ The main ObJeCt'.Ve Sial range is increasing gradually over decades, from 65 km
to capture the spatial pattern of physical phenomenon in the aximum range in the 1960s to 160 km in 1990s. The con-

\rfgﬁgeﬁTGrgg\?ae;r:gtq%;%a[‘rhg;t;g?eav\?:z;gtsgfef Zig%?ii;nuity of the temporal pattern varies little, but it seems that
' ’ N ponentiay 1 s an increasing tendency. R30’s sill presents the same
models that capture the major spatial features of the atmbUt%ehaviour as the variance parameter
un_lqre] r study Wm:! nleacr(; dle.cadef. " f 1 ters: Analysis of the R5D parameters (Fig. 4 and Table 5) shows
th N exp?]nen(lja mtodeb 'S a:th;]nc I'(I)Indo \;v% para_rl:nhe €1S-that the spatial range is also increasing over decades, from
c rangi, Iered elno c h y?kr: '"e s! e?ot.e ”bg_i' € 70km maximum range in the 1960s to 165 km in the 1990s.
exponential model reaches the siff asymptoticaily- On the other hand, the continuity of the temporal pattern
seems to be slightly decreasing over decades, although this
needs to be further investigated. It can be observed that the
main change of this index occurs between the 1970s (70 km)
. . : .., .and the 1980s (150 km), where the spatial continuity double
the distance at which the model value is at 95% of the S|II:in a decade ;((ance th()e Z)vbtained s:r%i-:/ariogr;r;:gnoduel p;_
y(@)=0.95C. .rameters show that the spatial continuity of the two indices

The selected model was f'tted. to the experlmental SeMhig increasing over time and have doubled during the studied
variogram values, not only by giving more importance to th_e eriod, while no relevant tendencies have been detected in
smaller lags and the ones computed from more data pair he temporal scale

but also taking into account physical knowledge of the area The ranges of the exponential models fitted to the experi-

and phenomepon._ ConS|d§rlng the results of a thoro.ugl?nental semi-variograms, which express the extent of spatial
ana!y3|s on d'|rect'|onal semi-variograms, 'only t.he omnidi- continuity of the phenomena, are generally increasing over
rectional semi-variograms of the spatial dimension were ré-yecades for both indices. This is a very important achieve-
tained. Consequently, the spatial variability is assumed iden-ment that can be visualized in the space-time images of the
ti_cal in all directions (i.e. isotropic) within each ten-year pe- main patterns of extreme precipitation provided by the simu-
riod. lations (see Sect. 4.2). This means that extreme events tend to

Basic statistics of the daily rainfall data presented in Ta-pe more spatially homogeneous through time in this region.
ble 1 show that comparing the studied period data with the

climate normal data, all the statistics are quite similar exceply.2  Space-time patterns of extreme precipitation indices

for the studied period maximum (274.7 mm), which is 50%

higher than the climate normal one (186 mm). The space-time patterns of the indices can be visu-
The statistics of R5D (Table 2) show that although the alised with maps generated by direct sequential simula-

mean and median are considerably constant over time, theéon on 800 mx800 m grid cells, using the space-time semi-

yy=cl1-e"'] )

In this type of models, a practical rangeis defined as
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Fig. 3. R30 index experimental semi-variograms and exponential models fitted. Graphs show the spatial component for the(@ecades:
1965-74(b) 1970-79(c) 1975-84(d) 1980—-89(e) 1985-94 andf) 1990-99, respectively.

Table 3. Basic statistics of the R30 index (number of days per yearTable 4. Parameters of the space-time semi-variograms for the R30
with daily rainfall above or equal to 30 mm).

Decade Min. Median Mean Var. Std. Max. Sam-
dev. ples
1960 0 3 4.08 9.98 3.16 20 339
1965 0 2 3.16 8.62 294 15 353
1970 0 2 3.21 9.51 3.08 16 365
1975 0 2 2.94 7.68 277 16 488
1980 0 2 3.53 13.09 362 23 755
1985 0 2 3.28 11.86 3.44 23 910
1990 0 3 3.24 8.98 3.0 18 864

index, by decade.

Decade Spatial range  Temporal range Sill
(m)  (years)
1960-69 65000 15 9.98
1965-74 95000 15 8.62
1970-79 100000 25 9.51
1975-84 120000 1.3 7.67
1980-89 145000 5 13.09
1985-94 160000 3 11.86
1990-99 160000 4.5 8.98

variogram models previously fitted for each ten-year period. g simylation algorithm generates a set of realizations of
Space-time patterng, as rgvealed by th(? Semi-variograms, affe spatial phenomenon with the same probability distribu-
reproduced in the simulation of space-time random fields by;q, fnction, spatial covariances and semi-variograms of the

performing direct sequential simulations (Sect. 3.1).

Nat. Hazards Earth Syst. Sci., 9, 2256 2009

data of the R5D and R30 indices. For each ten-year period,
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100 equiprobablfa si.mulated images per year Werg CornpUteﬁjable 5. Parameters of the space-time semi-variograms for the R5D
and the local variability was assessed through variance mapggey, by decade.

of the equiprobable simulated images set, computed at each
grid node.

Decade  Spatial range Temporal range Sill
Since the precipitation regime in Portugal is characterized (m) (years)

by a large inter-annual variability, the computation and anal-
ysis of average maps per decade permits to evaluate long- iggg_si 28 888 g ggié?
term trends. On the other hand, the computation of the vari- 7550 -9 70000 5 154321
ance maps of the equiprobable simulated image allows us 1975 g4 120000 3.5 1704.02
to assess the variability associated to the computed average 19gg_gg 150000 4.5 2075.30
maps. Average equiprobable maps (images) give a mean  1985-94 160000 2.3 2740.99
image of R30 and R5D indices per decade, while the local 1990-99 165000 1.3 2803.65

variability maps enable the quantification of spatial variabil-
ity/homogeneity of each index per decade. R30 and R5D av-
erage maps of the 1970-79, 1980-89 and 1990-99 decades
and their associated local variability are presented in Figs. @and Calde@o), and the lower values in the Alentejo region
and 6, respectively. which is characterized mainly by vast flat to rolling country,
In Fig. 5I, the R30 average values present an identicathe peneplain, where the average altitude is approximately
spatial pattern over the three decades, showing the high200 m. But the maps of uncertainty, Fig. 5II, clearly present a
est values in mountainous regions of Algarve (Monchiquedecreasing variability of the R30 index over the three decades
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Fig. 5. (1) Average of the equiprobable images of the R30 index (in 1980-89 andc) 1990-99.

days) for the decade¢a) 1970-79,(b) 1980-89 andc) 1990-99;

(I1) R30 index local variability for the decadega) 1970—79,(b) ) ] S
1980-89 andc) 1990-99. — the time trend of overall spatial variability can be better

visualized from the local variability/homogeneity maps
given by geostatistical simulations.
and for all territory. As expected, the results for R5D (Fig. 6)
are consistent and similar and both in terms of averages anBue to the large variability that characterizes the precipi-
variability. tation regime in Portugal, it is difficult to detect temporal
trends, but the spatial-temporal analysis provided by geosta-
i tistical tools, allowed us to further understand the precip-
5 Conclusions itation regime dynamics. This study proves that the pre-
. N . . cipitation regime is becoming more homogenous over the
The main objective of this paper is to analyse temporal trend%Ortuguese southern territory, but the understanding of the

in the spatial patterns of extreme precipitation in Southern . : ; . ,
: .~ global and regional atmospheric processes involved in this
Portugal. The spatial patterns of two extreme precipitation . o
change needs further investigation.

indi h i f f 1 itori - . .
indices were characterized for a set of 105 monitoring sta itis generally recognized that the NAO has a strong influ-

tions with records within the period 1960-1999. Spatial co- oS . : )
ence on the precipitation regime over Portugal, especially in

variances (semi-variograms) were computed for several ten-'. T .
winter, as well as several modes of atmospheric circulation

ﬁﬁi:&i;'?::’ir\:\é?;gauow characterizing the space-time COMariability (e.g., Corte-Real et. al., 1998; Trigo and DaCa-

L . mara, 2000; Trigo et al., 2002; Goodess and Jones, 2002;
th;—tr:]e results of the extreme precipitation data analysis Showl’rigo et al., 2004: Santos et al., 2005). However, the as-
sociation between the NAO circulation mode and the sur-
— spatial variability, as can be seen from the semi-face climate of the European continent has been shown to be
variogram ranges, has decreased over time since thaon-stationary, since the correlation between the NAO index
1960s up to the end of the 20th century. This meansand local climate variables has changed over time, this in-
that extreme phenomena, characterized by the R5D andicates that other features at the synoptic and smaller scales
R30 indices, have become more spatially homogeneouge.g., land use changes) can play an important role. More-
since then; over, Trigo and DaCamara (2000) presented a circulation
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weather type (CWTSs) classification and their influence onGoovaerts, P.: Geostatistical approaches for incorporating elevation

the precipitation regime, showing that the cyclonic and west- into the spatial interpolation of rainfall, J. Hydrol., 228, 113-129,

erly type weather have a major contribution to the total and 2000.

relative amount of precipitation at the Southern regions ofHaylock, M. and.Nichollg N.: Trendsin extreme rainfall indices for

Portugal. The same study also suggested that the cyclonic an updated high quality data set for Australia, 1910-1998, Int. J.

weather class is associated with a fairly homogeneous dis., Cmatol., 20(13), 1533-1541, 2000. .

tribution of precipitation over most of the country, while the Haylock, M. R. and Goodess, C. M.: Interannual variability of Eu-

o . . . ' ropean extreme winter rainfall and links with mean large-scale

rainy clasges with an Atlantic origin (W, _SW an.d .va) are  Girculation, Int. J. Climatol., 24(6), 759—776, 2004.

to be associated to the strong decrease in precipitation frorp“da|go‘ J. C. G., De Lis, M., Ravers, J., and 8nchez, J. R.:

North to South. Accordingly, our results may suggest that paijly rainfall trend in the Valencia Region of Spain, Theor. Appl.

the contribution of the cyclonic weather class to the precipi- Climatol., 75, 117-130, 2003.

tation regime in the southern region is increasing against theédundecha, Y. and &dossy, A.: Trends in daily precipitation and

westerly weather classes, but this relation needs to be proved. temperature extremes across western Germany in the second half
of the 20th century, Int. J. Climatol., 25(9), 1189-1202, 2005.
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