
Nat. Hazards Earth Syst. Sci., 11, 971–980, 2011
www.nat-hazards-earth-syst-sci.net/11/971/2011/
doi:10.5194/nhess-11-971-2011
© Author(s) 2011. CC Attribution 3.0 License.

Natural Hazards
and Earth

System Sciences

North Atlantic atmospheric regimes and winter extremes
in the Iberian peninsula
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Abstract. In this study, we assess the relationships between
North Atlantic scale atmospheric regimes and extremes of
precipitation and minimum temperature in the Iberian penin-
sula for an extended (DJFM) winter season. As found in
previous studies, large scale atmospheric regimes are well
represented in climate simulations while the extreme atmo-
spheric variability is not. The relationship between some of
these atmospheric regimes and the probability of occurrence
of extreme values in simulations of present day climatic vari-
ability is validated here with daily observations at 68 mete-
orological stations all over the Iberian peninsula. Therefore,
the possible changes in the probability of occurrence of win-
ter extremes of minimum temperature and precipitation are
obtained by projecting the changes in the probability of oc-
currence of the winter atmospheric regimes. The trends in
the frequency of the observed large scale patterns give an in-
dication of what can be expected in the next decades. For the
long term (in a century), the changes are obtained directly
from the comparison of the frequencies of the atmospheric
regimes in the scenario simulations with those of the histor-
ical period. The projections obtained in this way are tested
for consistency with the results obtained by comparing the
changes in the extremes threshold values in the scenario with
those of the historical simulations. The results point to a fu-
ture with less precipitation extreme events and less minimum
temperature extreme events in winter in the westerly central
part of the Iberian peninsula.
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1 Introduction

Meteorological extreme events have important environmen-
tal and socio-economic impacts (SánchezǴomez and Terray,
2005). Climate simulations performed with atmospheric or
coupled General Circulation Models (GCM), represent some
variables reasonably well, like the temperature at 850 hPa
or the geopotential height at 500 hPa. On the other hand,
the simulations have shortcomings in the representation of
some variables like precipitation or the occurrence of ex-
treme events (Meehl et al., 2000). Therefore, they can not
provide direct information on their evolution in the climate
of the future. In order to obtain a more satisfactory rep-
resentation of those variables or of extreme events, several
studies proposed the use of an interface, either dynamical
(for instance, Regional Climate Models, RCM) or statistical.
Along these lines, Śanchez et al. (2004), for instance, used a
RCM to study the evolution of extremes in the Mediterranean
Region. They found significant negative changes in the pre-
cipitation decile in some areas in the southeast and the east
of Spain. Significant increases in the minimum temperature
(Tmin) decile for most of Spain have been found in a com-
plete review paper using seven RCM (Beniston et al., 2007).

Previous works have established the relationship between
atmospheric regimes and global extremes in some regions of
the Northern Hemisphere (Robertson and Ghil, 1999; Plaut
and Simmonet, 2001; Yiou and Nogaj, 2004). These stud-
ies show how atmospheric regimes influence some extreme
event characteristics, as in the case of persistent blocking
events, or the heat (cold) waves in the northern European
summer (winter). In some cases, this relationship can be
used for downscaling purposes (Boé et al., 2006). It offers
also a potential for predictability, as the extreme event occur-
rences have been associated with transitions between weather
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regimes (ŚanchezǴomez and Terray, 2005). Transitions are
in turn conditioned by the phase of an intra-seasonal oscilla-
tion in the European-Mediterranean sector (SánchezǴomez
et al., 2008). Large scale Atmospheric Regimes (hereinafter
LAR) are preferred states of the circulation, characterised,
among other properties, by its persistence, recurrence and
stationarity. They are usually identified by applying classifi-
cation techniques on a large number of daily 500 hPa geopo-
tential height maps. The 500 hPa geopotential height and,
therefore, atmospheric regimes, is a variable reasonably well
represented in the climate simulations performed with atmo-
spheric GCMs. In contrast, these simulations have shortcom-
ings in the representation of some variables like precipita-
tion or the occurrence of extreme events (Meehl et al., 2000).
The objective of this study is to establish a connection be-
tween weather regimes and the probability of occurrence of
extremes in the Iberian peninsula in winter and, thereby to
estimate how this variability could be modified in the cli-
mate of the future, with a modified atmospheric composition.
Once this relationship is established, we estimate the possible
modifications in the future frequency of extremes from the
changes in the occurrence of the large scale patterns. Trends
in the evolution of the observed weather regimes could give
an indication for the immediate future (one or two decades),
while differences in the weather regime frequencies between
scenario and historical period will point to the evolution once
the anthropogenic climate change has stabilized.

Recent observational analysis has already noticed some of
these changes in the intensity and in the frequency of extreme
events. In the case of Spain, Prieto et al. (2004) reported in-
creasing trends in the percentile value and decreasing trends
in the number of extremes in historical records of minimum
temperatures for the last part of the twentieth century. Simi-
lar trends are found by Rodriguez-Puebla et al. (2010) for the
whole Iberian peninsula. In the case of extreme winter pre-
cipitation, decreasing trends for most of Spain and increas-
ing trends along the Mediterranean coast were detected by
Garćıa et al. (2007). Also for the Spanish region, Queralt et
al. (2009) found only a weak connection between the trends
in extreme values and the circulation types (10 Grosswet-
terlagen, GWL) while they detected a strong connection be-
tween trends in extreme values and those of the snow cover.
On the other hand, van den Besselaar et al. (2010) established
a significant relationship between 27 GWL and extremes of
temperature in the whole European sector. However, conclu-
sions of this last work for Spain are not straightforward, the
spatial coverage there being poor. Concerning the North At-
lantic sector, a trend of the North Atlantic Oscillation toward
its positive phase has been detected by Osborn (2004), cor-
responding to a decrease in surface pressure over the Artic
and an increase over the subtropical North Atlantic. In the
case of Blocking, a strong decreasing (4.5%/decade) trend
was found in the same sector (centred in Greenland) for win-
ter (DJF), that changed to a weak positive trend in spring
(MAM) (Croci-Maspoli et al., 2007).

The methodology applied in the present study relies on the
assumption that the relationship between LAR and extremes
would still be valid in a warmer climate (Wilby et al., 2004).
Although this is a plausible hypothesis, this methodology has
its limitations (Najac et al., 2009). Other procedures, like
downscaling studies using dynamical models, do not seem
more reliable, given the current representation of extremes in
simulations of “state of the art” regional models. For that rea-
son downscaling studies often assess the plausibility of their
conclusions against those obtained by a direct determination
on the scenario simulations (Boé et al., 2006). This is the
procedure that we will also follow here.

The outline of the paper is as follows: Data are presented
and the methodology followed is explained in Sect. 2. Re-
sults are described in Sect. 3 and discussed in Sect. 4.

2 Data and methods

The LAR patterns were identified from the field of daily
anomalies of the geopotential height at 500 hPa (hereafter
Z500) in the North Atlantic sector obtained from the ERA-
40 reanalysis (Uppala et al., 2004) of daily maps, for an
extended winter season (1 December through 31 March)
of each year during the period 1958–2001. The anomalies
were filtered, removing the variability associated with pe-
riods shorter than 10 days, and then expanded in terms of
their empirical orthogonal functions (EOF). The variability
of the field reconstructed with the first 10 EOF (90% of the
filtered field) was classified using a k-mean clustering pro-
cedure (Michelangeli et al., 1995). The first four clusters
retained roughly explain a 60% of the variance of the filtered
field.

The future evolution of climate is estimated from daily
minimum temperature and precipitation data from climate
simulations under present and future conditions. The present
climate data were extracted from three simulations per-
formed at MeteoFrance with the Arpege model (Dequé et
al., 1994). The model set up for the present climate simu-
lations has an irregular grid, with approximately 50 km reso-
lution over the Iberian peninsula, and was integrated for the
period 1950–1999, with boundary conditions from a simula-
tion with the coupled Arpege-ORCA global model. The data
for the future climate come from two simulations performed
with the same model under conditions corresponding to the
scenario A1B for the period 2100–2149 (greenhouse gases
concentrations fixed to the 2100 levels, Gibelin and Dequé,
2003). For the classification of the simulated daily maps, the
centroids of the LAR determined from ERA-40 are used as
existing clusters. Each map is aggregated to one of the clus-
ters by a discriminating algorithm based by its distance to
each of the centroids.

To validate the relationship between large-scale atmo-
spheric patterns and extreme meteorological events in
the Iberian peninsula, we use two data fields of daily
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observations of Tmin and precipitation at 68 meteorologi-
cal stations (65 in Spain and 3 in Portugal). The Spanish
observations were kindly supplied by the Spanish Meteo-
rological Agency (AEMAT), while the Portuguese time se-
ries were obtained from the ECAC database (Klein Tank et
al., 2002). They cover the period of the ERA-40 reanalysis
(1958–2002). These data have been tested according to the
guidelines in Aguilar et al. (2003) and only required slight
modifications to pass several statistical homogeneity tests.
The missing data at each station amount to less than 4% of
the entire length of the record and the maximum number of
missing days in a given month never exceeded 7%. How-
ever, the variability of northern Spain is undersampled, due
to the fact that few meteorological records there meet those
quality requirements. Thereafter, winter time series were ex-
tracted, with the days corresponding to winter months as de-
fined above (DJFM).

Extremes are identified from the time series (observed or
simulated) as those values with probability of occurrence of
10% or lower. That is those outside the range between the
upper and the lower decile value. At each station the origi-
nal time series is ordered and the upper and lower deciles are
determined. We then estimate the probability of the observa-
tion corresponding to the upper or lower decile of the LAR
of a specific order in the original data. The changes of this
probability for the upper or for the lower decile are pooled to-
gether and the value obtained in this way is a measure of the
changes in the probability of the extreme values associated to
the first, second, etc. LAR. That is, letd i

u andd i
l be the upper

and lower decile value, respectively, of the time series of the
observations associated to a given LARi, and letdu anddl
be the upper and lower decile value of the time series of all
the observations. We consider that if, for a certain LAR, the
probability ofd i

u or the probability ofd i
l is increased (that is

d i
u < du or d i

l > dl), the tail of the distribution of the obser-
vations will contain less extremes associated with this LAR
than to some other LAR. Therefore, this LAR is associated
with a decrease in the probability of extremes. The statisti-
cal significance is assessed with a Monte Carlo procedure as
specified in Kondrashov et al. (2004). The data are repeat-
edly permuted, obtaining a new classification that preserves
the length of the weather episodes. For these permuted time
series, the changes in the probability of occurrence are esti-
mated, as in the case of the original time series (observed or
simulated), from the changes in the exceedance probability
of the first (or second, etc.) LAR decile value estimated from
the segregated time series with respect to the probability of
the pooled time series.

The trends in the frequency of occurrence of each of the
weather types were also used to estimate the evolution of cli-
mate in the next decades. Because some of these tendencies
have not the required level of statistical significance, a second
estimation was attempted, in another data field with a larger
sample size. Trends of the same variable were also deter-

mined from the 59 winters (1948–2007) of the Z500 anoma-
lies obtained from the NCEP-NCAR Reanalysis (Kistler et
al., 2001), that were previously classified with the methodol-
ogy detailed for the simulations.

The LAR frequencies evolution in the climate of the future
are determined using the LAR classification in the scenario
simulations. Confidence limits were estimated with Monte
Carlo techniques similar to the ones used to establish the sig-
nificance of the extreme values. We compare them with the
LAR frequencies distribution of the historical simulations.

We test the consistency of the projections obtained by the
method detailed above for the future evolution of climate
with those obtained through direct computation. In the case
of the climate of the future, the decile values of the vari-
ables under study calculated directly from the scenario simu-
lations, are compared with those obtained from the historical
simulations. Upper and lower deciles are considered in the
case of the Tmin, while only upper deciles are taken into ac-
count in the case of the precipitations.

3 Results

Four LAR were identified in the North Atlantic sector as in
Vautard (1990). Their spatial patterns in winter are depicted
in Fig. 1. In the Blocking (BL) pattern, there is a strong anti-
cyclone over Scandinavia, in the Atlantic Ridge (AR) pattern
the anticyclone is anchored in the mid-Atlantic. The zonal
(ZO) regime presents the atmospheric conditions of the pos-
itive phase of the North Atlantic Oscillation (NAO+), while
the Greenland anticyclone (GA) pattern reflects the negative
conditions of the Oscillation (NAO-). The percentage of win-
ter frequency of these weather regimes in the Z500 dataset of
ERA-40 reanalysis is also given in Fig. 1. The ZO regime is
the most frequent, followed by the BL and lastly, the AR and
the GA regimes.

The dependence of the extreme values of the observed
winter precipitations on the LAR, when statistically signif-
icant at the 90% confidence level, is presented in the two
lower rows of Fig. 2. Increases in the values of the extremes
are depicted by up-tipped, decreases by down-tipped trian-
gles. During the BL situation (third row, left), the probability
of extreme values of precipitation in the central and southerly
parts of Iberia diminish, except for the Mediterranean coast,
where they increase. During the ZO (third row, right) and
the AR regimes (fourth row, left), the precipitation extremes
decrease in the western part of Spain. In the ZO situation
there is a contrast between the increases in the northern part
of the Mediterranean coast and the decreases in the south-
east, while in the AR regime there are increases on all the
Mediterranean coasts. There is also a generalized increase
in the precipitation extremes in the GA episodes, except for
some regions of the Mediterranean coast.

The simulations capture the observed relationship between
the extremes of precipitation and the LAR reasonably well in
most of the domain (western and central part). However, on
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Fig. 1. The four atmospheric weather regimes (LAR). First row, Blocking (BL, left) and Zonal (ZO, right). Second row, Atlantic Ridge (AR,
left) and Greenland Anticyclone (GA, right).

the Mediterranean coasts, the relationship between LAR pat-
terns and precipitation (Millán et al., 2005b) is complicated
and could not be captured by this simple scheme. The de-
pendence of the extremes of the simulated precipitation are
depicted in the upper two rows of Fig. 2. Increases are rep-
resented by up-tipped triangles, decreases by down-tipped.
The grey scale to the right indicates the exceedance percent-
age. When the light shaded triangles are significant, an aster-
isk is added (for obvious reasons, dark shaded triangles are
always significant). Both, ZO and AR are associated with
a decrease of the extreme precipitations and GA with an in-
crease of the same: the response is quite homogeneous, al-
though there is some lack of significance in the south-east
during the AR episodes. The effects of the BL relationship
present a contrast between the Mediterranean coast (greater
probability of extremes) and the rest of Spain.

In Fig. 3, we present the relationship between LAR and
extremes of Tmin. In this case, increases in the decile ab-
solute value indicate a greater probability of Tmin extreme
values, and are represented as before by up-tipped triangles.
The observed data show a coherent increase in the probability
of extremes in the AR situation (Tmin decile absolute value
grows) and likewise, a decrease of the same during the GA
regime (milder minimum temperatures). The impact of these
LAR on Tmin is well represented in the simulations. In the
case of BL, there is also an increase in the probability of oc-
currence of extremes, but the observed dependence is weak
(less than half of the stations are significant) and, therefore,

hard to compare with the features of the simulated values that
are significant only in the northern part of the peninsula.

Changes in the atmospheric regimes frequencies are esti-
mated from the trends of the subseries of the reanalysed ob-
servations formed with the number of days of residence at
each of the regimes per year. It seems reasonable to asume
that in one or two decades, the tendencies found for the
LAR frequencies will persist. Only two out of four tenden-
cies identified from the LAR frequencies derived from ERA-
40 reanalysis (44 years) were found significant in a t-test:
those of the ZO (increasing trend of 14% per decade) and
the GA case (decreasing trend of 8% per decade) as repre-
sented in Fig. 4. The trends in the frequency of BL (positive)
and AR (negative) were not found significant. Subsequently,
the trends of the weather regime frequencies in the NCEP-
NCAR Z500 field were also estimated and are represented
in Fig. 5. The trends found in the ZO and GA cases (+12%
per decade and−12% per decade) are inside the confidence
interval of the ones determined for the ERA-40 reanalysis.
Trends for the other two weather types (BL y AR) were also
not significant in this case, even when the larger sample size
provided conditions for a better statistical determination.

For the long-term future (a century ahead), the changes
are estimated from changes in the probability of the LAR
in the simulations: we compare the average number of days
spent by the atmosphere in each of the four regimes in the
historical simulations, with those spent in the scenario simu-
lations. In Fig. 6, we represent the results of this estimation.
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Fig. 2. Dependence of extreme values of precipitation on LAR. First and second row, the dependence in the historical simulations: first row,
BL (left), ZO (right), second row, AR (left), GA (right). Up tipped triangles denote increases (with respect to the pooled decile values), down-
tipped triangles, decreases. Asterisk mark statistical significance, grey scale, percent of exceedance. Third and fourth row, the dependence
in the observations: third row, BL (left), ZO (right), fourth row, AR (left), GA (right). Up-tipped triangles denote increases (with respect to
the pooled decile values), down-tipped triangles, decreases. The grey scale to the right indicates the exceedance percentage. When the light
shaded triangles are significant, an asterisk is added (dark shaded triangles are always significant).

www.nat-hazards-earth-syst-sci.net/11/971/2011/ Nat. Hazards Earth Syst. Sci., 11, 971–980, 2011



976 M. J. OrtizBevía et al.: Atmospheric regimes and winter extremes in Iberia

Fig. 3. Dependence of extreme values of minimum temperature on LAR. First and second row, the dependence in the historical simulations:
first row, BL (left), ZO (right), second row, AR (left), GA (right). Symbols as previously. Third and fourth row, the dependence in the
observations: third row, BL (left), ZO (right), fourth row, AR (left), GA (right). Up-tipped triangles denote increases (with respect to the
pooled decile values), down-tipped triangles, decreases.
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Fig. 4. Trends in the frequencies of observed LAR for the 45 years
of the ERA-40 reanalysis (1958–2002). As before first row, BL
(left), ZO (right), second row, AR (left), GA (right).

Fig. 5. Trends in the frequencies of observed LAR for the 59 years
of the NCEP reanalysis (1948–2007). As before first row, BL (left),
ZO (right), second row, AR (left), GA (right).

The increase in the number of ZO days is significant, as is
the decrease in the number of GA days. The decrease in
the frequency of the AR regime in the scenario simulations
compared with historical, although considerable, is not sta-
tistically significant. Changes in the BL regime frequencies
are less clear.

A further assessment was obtained from the direct com-
parison of the upper and lower decile values of the variables
under study in the scenario simulations with those of the his-
torical ones. The upper decile values of the precipitation
in the historical simulations are represented in Fig. 7, top

Fig. 6. Estimates of the changes in the frequencies of the LAR
obtained from climate simulations. The bars, representing the fre-
quencies of each of the four LAR types, are shaded light for the
historical simulations and dark for the scenario ones. Confidence
intervals obtained with a Monte Carlo procedure are depicted near
the bars of the historical simulations.

Fig. 7. In the top row the upper decile values of the precipitation (in
mm day−1), in the historical period simulations. In the bottom row,
the percentages of exceedance of the historical upper decile values
in the precipitations of the scenario simulations.

row. The percentages of exceedance of the historical upper
decile values in the scenario simulations are represented in
the same Fig. 7, bottom row. Upper decile values of the
precipitation in the historical simulations are exceeded by
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Fig. 8. In the top row, the lower decile values of the minimum temperature (left) and the upper decile values of the historical simulations
(right). In the botton row, the percentages of exceedance of the historical lower decile values (left) and upper decile values (right) in the
temperatures of the scenario simulations.

precipitation values in the scenario simulations in less than
10% of the cases and, thus, only in the northern part of the
Mediterranean coast, and in northern Spain. In the case of
the minimum temperatures (Fig. 8), the deciles of the histor-
ical simulations (in◦C) are represented in the top row and
the percentages of exceedance of the scenario temperatures
of the historical decile values, in the bottom row. The lower
decile values are depicted to the left, the upper decile values
to the right. The exceedance of the scenario temperatures of
the lower decile values is less than 10% for all Spain. How-
ever, the historical upper decile values are exceeded in more
than 35% of the cases, mainly along the Mediterranean coast.
Altogether, this indicates that minimum temperatures could
increase considerably in the climate of the future.

4 Conclusion and discussion

The main objective of this work was to estimate possible
changes in extreme values of temperature and precipitation
in the Iberian peninsula for an extended winter season. As
found in previous studies, the extreme values of these vari-
ables are not well represented in simulations with atmo-
spheric GCM while mean values of some large scale physical
variables, like Z500, are. Large scale atmospheric patterns,
that correspond to the four main weather regimes are iden-

tified by this variable and, therefore, are satisfactorily repre-
sented in climate simulations. Changes in extreme values of
minimum temperature and precipitation, in the next decade
or so, and for the future, are obtained from the changes in the
frequencies of LAR patterns. These are determined from the
trends in the reanalysis fields and also from the changes of
the scenario frequencies with respect to those of the histori-
cal period. The validity of our inferences of changes in the
extremes, based on changes in the weather regime frequen-
cies, therefore, relies on the validation of the relationships
among those variables.

There is agreement between the increasing trends found
for the frequency of the ZO regime in both datasets (+14%
per decade in ERA-40 and +12% per decade in NCEP), and
the same can be said for the GA regime frequency (−8% per
decade in ERA-40 and−12% per decade in NCEP), all of
them significant at the 95% level. Those trends can be related
to the trend towards its positive phase shown by the North
Atlantic Oscillation (Osborn, 2004), that some studies have
been found inconsistent with the internal variability of the
basin (Osborn, 2004; Gillet et al., 2005). In both estimations,
the one based in ERA-40 and the other from NCEP Reanal-
ysis, the trends in the frequencies of occurrence of the other
two weather types (BL and AR) are not found statistically
significant. However, for the BL trends, there is an important
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difference in the risk II level (probability of being wrong ac-
cepting the null hypothesis): below 20% in the case of NCEP
dataset and below 80% for ERA-40 (negative trend). In the
case of the AR regime, the same risk II level goes from below
20% (NCEP) to less than 40% for ERA-40 (positive trend).
These differences can be explained by differences in the in-
fluence of the interdecadal variability in each of the LAR.

The LAR identified in the observations are well-
represented in the historical simulations. Therefore, we can
estimate the changes one century ahead by comparing the
frequencies in the scenario simulations with those for the his-
torical period. The changes basically go in the same direc-
tion than the ones projected by the trends for the Zonal and
GA regimes for the next future. However, the reduction in
the occurrence of the AR regime is, not only important, but
significant. In the case of BL, other studies (Sillmann and
Croci-Maspoli, 2009) describe how the significant changes
affect other variables than the frequency, like time-span or
position of the centres of action. These will counteract one
another to maintain the influence of blocking on most of Eu-
rope. But in the Iberian peninsula, due to the displacement of
the centre of the negative anomalies from central to eastern
Europe, this influence will be weakened.

In the case of precipitation, our results show, for most of
the domain under study, a consistent relationship between
extremes and weather regimes. For the central and western
part of Spain, only one of the precipitation patterns associ-
ated exhibits a significant increase of extreme values (GA),
and the tendency of this LAR is to be less frequent. The
two procedures we have set up – the one based on the trends
in the observed LAR frequencies and the other based in the
comparison of those frequencies in the historical and sce-
nario simulations – point to a decrease in the GA frequency.
This indicates that extreme values of precipitation will be
less probable in this region for the immediate as well as for
the long-term future. Stations along the Mediterranean coast
have a different behaviour: in the northeast, the ZO and GA
patterns are associated with a decrease in the extreme events
probability while AR and BL with an increase of the same.
Mill án et al. (2005a) show how some observed changes in
the West Mediterranean region could be related to a decrease
of the contribution of the precipitation of Atlantic origin, to-
gether with an increase in those of other kinds, i.e., convec-
tive. As the orography plays an important part in the feed-
back mechanisms set up by this modification, such effects
might not be well captured by basin scale atmospheric pat-
terns. Furthermore, the results of the direct estimation also
support this conclusion.

In the case of minimum temperatures, the changes in prob-
ability in the western and interior Spain and in the Mediter-
ranean coast have the same sign. Only for two of the regimes
(GA and AR) the agreement between those changes in the
observations and in the simulations under historical condi-
tions can be considered good for all the domain, while for
the other two (BL and ZO) such agreement exists only in the

northern part. In the case of the AR pattern, the trend found
in the observations is not statistically significant. Therefore,
only for the northern part of the domain the present study
supports an evolution to less extreme minimum temperatures
in the next decade or two. However, the important decrease
in the frequency of the AR regime and the increase in the
ZO one found in the scenario simulations with respect to the
historical simulations points to a reduction in the probability
of extreme minimum temperature under future conditions,
for all the Iberian peninsula. This conclusion is further sup-
ported by the direct estimation.
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