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Spring and summer time extreme
temperatures in Iberia in relation to
circulation types frequency

S.Fernandez-Montes', F.S. Rodrigo’, S.Seubert’

Abstract — In the Iberian Peninsula (IP) the rise of temperatures during last decades has been noticeable,
especially in spring and summer seasons. The aim of this study is to identify characteristic circulation types
(CTs) conducive to the occurrence of warm extremes and to describe long-term changes both in circulation
and in the percentage of associated extremes. A sample of 29 long station series of daily maximum (Tmax)
and minimum (Tmin) temperature across the IP are considered for the study. Daily mean Sea Level Pressure
reconstructions from the EMULATE project for the period 1850-2003 were classified into daily CTs using a
simulated annealing clustering technique, separately for spring (MAM) and summer (JJA). The distinct CTs
are examined for their tendency to give rise to daily temperature extremes at each specific location.
Moreover, the existence of significant trends in the temporal frequency of the CTs is discussed, as well as
their within type temporal variations in association to local extremes.

In both seasons, spring and summer, a warming signal has been detected in specific circulation types:
especially in spring, an increasing incidence of high pressure conditions in the north of Iberia together with
a warming of CTs indicating westerly and south-westerly flows explain the increase in warm days. In
summer there is significant long-term positive trend in strong North Atlantic Anticyclone and Iberian
thermal low-type patterns, but most of the warming has to be explained by within-type changes: the same
CTs give rise to high temperatures more frequently, especially from around the 1970s.

Keywords — Iberian extreme temperatures, daily circulation types, within-type changes, spring and summer warming,

long-term changes

1 INTRODUCTION

Greenhouse warming has had an indisputable effect
on temperature extremes in Europe (see, e.g, [1]),
but it is crucial to analyse whether the atmospheric
circulation has also suffered changes (forced both by
natural and human factors) and how they influence
changes in regional climate. In this context it is
necessary to distinguish to what extent fluctuations
in temperature extremes can be explained by
circulation variability (e¢.g, in terms of circulation
types frequency or circulation indices, like in [2])
and how the link between circulation and regional
climate has been affected (e.g, atmospheric
circulation types are warmer than in former times,
shown by [3], [4]. [5]).

Analysing fluctuations in climate extremes and their
causes is especially important for regions of high
natural variability such as the Mediterrancan area,
since extremes have large environmental and human
impacts and risks (e.g, fire hazards, see [6]). The
reader is directed to [7] for an extended description
of the main factors influencing Mediterranean arca
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temperature variability. The Iberian Peninsula
(hereafter IP) climate variability, highly affected by
atmospheric circulation and by both Mediterrancan
and Atlantic influences, has been subject of many
works in recent times. Focusing on long-term
temperature changes in Spain, [8] found increases of
warm extremes and decreases of cold extremes
during the last century; moreover, they found that,
for the recent period 1973-2005, both maximum and
minimum temperatures have risen quickly and at
similar rates (0.51 vs. 0.47 °C/decade), above all due
to warming in spring and summer. For Portugal, an
increase of temperature extreme indices in 1976-
2006 is also notable and more important in spring
and summer than in winter and autumn [9]

Many publications have related Iberian rainfall to
atmospheric circulation types, e.g, [10], [11], and
[12]. By contrast, synoptic climatology studies
regarding long-term temperature extremes in Iberia
are quite rare. Links between circulation types and
Iberian temperature anomalies are only partially
described by [4], who analyse European series and
examples of secasonal changes. Focussed on changes
in 100 weather types for second half of 20th
Century, [5] found increases of temperatures (Spain)
within most of the types, more so in the minimum
than in maximum temperature. Another recent work
about changes over 1950-2006 in annual indices of
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warm days and cold nights in the IP, [13], shows that
warm days have increased in the IP and may be
linked to high pressure over the Mediterranean and
decrease of the Scandinavian index [14]. However,
the above works do not account for extremes values
of maximum and minimum temperatures in a long-
term and in relation to characteristic atmospheric
types. Moreover, some studies have focussed on
synoptic patterns related to, for example, extreme
hot events in Lisbon and Madrid in 1958- 1997 [15]
or the more comprehensive work [16] analysing
large-scale and sea surface temperature forcing in
Western Europe summer heat-waves during 1880-
2003.

Philipp et al (2007) [17] developed a classification
based on daily sea level pressure (SLP) grids for
each 3-month season in 1850-2003, from which
long-term variability of central Europecan mean
temperature was reproduced in a large degree,
specifically for winter and spring. This novel cluster
method ([17], [14]) is used in this study for
classifying daily SLP also for the period 1850-2003.
Here the classification is made for a smaller domain
centred in the IP, thus, it is more appropriate for
linking circulation to Iberian station series.

For the period 1960-2001, [18] classified daily
circulation types for Western Europe on an annual
scale and analysed trends in the frequency of the
patterns, obtaining significant trends mainly in
patterns of high frequency in summer and spring
months, such as a negative trend in two patterns with
northerly flow in Western Europe, east in south
Iberia.

The objective of this study, focused in the IP and
spring and summer seasons, is to contribute to the
knowledge of observed long-term fluctuations in the
atmospheric circulation as well as identify the
patterns more related to local extreme temperatures
in these seasons. A further main aim is to determine
whether the changes in the extreme temperatures are
well explained by frequency changes of the
circulation types or there are large within-type
variations. Section 2) describes the temperature and
pressure data, as well as the methods for deriving the
circulation types and relate them to extremes; in
section 3) results are presented for spring and
summer seasons, and in section 4) the most
important conclusions from the work are
highlighted.

2 DATAAND METHODS
2.1 Station temperature series

The database consists of long-term series of daily
minimum and maximum temperature (Tmin &
Tmax, 29 Stations across the Iberian Peninsula (see
Table 1). This database presents a reasonable good
spatial coverage across Iberia. Table 1 shows the
length of the series considered for the present work,

after applying completeness criteria described below.

Most of the data come from the databases of Spanish
Daily Adjusted Temperature and Precipitation series
(SDATS and SDAPS), provided by the University of
Rovira 1 Virgili-GCC, whose sources and
homogeneity procedures are described in [19] and
[8]. These data have been quality controlled (QC)
and homogenized on the daily scale by following
procedures such as those described by the World
Meteorological Organization/ World Climate Data
Monitoring  Programme  Guidance on the
development of daily adjusted temperature data sets
[20]. Homogenization procedures and QC of ECAD
-European Climate Assessment and Dataset series
(PE, BR, L, and PO) are described in [21], [22].

Tablel: Description of station series of daily maximum
and minimum temperatures, latitude (LAT, in decimal
degrees), longitude (LON, decimal degrees), altitude
(ALT, in meters above mean sea level), and length of the
period for the complete series.

STATION (ALIAS) LAT LON ALT LENGHT
CADIZ (CA) 36,45 -6,2 30 1850-2008
MADRID (M) 40,4 -3,67 679 1853-2008

MURCIA (MU) 38 -1,12 57 1863-2008
BADAJOZ (BA) 38,88 -6,82 185 1875-2008
HUESCA (H) 42,08 -0,32 541 1891-2008
BURGOS (BU) 42,35 -3,6 881 1892-2008
VALLADOLID (VA) 41,63 -4,77 691 1894-2005
SORIA (S0) 41,77 2,48 1083 1895-2008
ALBACETE (AB) 38,95 -1,85 699 1895-2008
CORUNA (LC) 43,37 -8,42 67 1900-2008
LISBOA (L) 38,72 9,15 77 1900-2008
ALICANTE (A) 38,37 -0,48 81,5 1901-2008
GRANADA (GR) 37,13 -3,62 685 1901-2008
PERPIGNAN (PE) 42,73 2,87 430 1901-2008
HUELVA (HVY) 37,27 -6,9 19 1903-2008
CIUDAD REAL (CR) 38,98 -3,92 627 1904-2008
VALENCIA (V) 39,47 -0,37 11,4 1905-2008
TORTOSA (TO) 40,82 0,48 50 1905-2008
SALAMANCA (SA) 40,93 -5,48 790 1906-2008
MALAGA (MA) 36,67 -4,48 6,54 1906-2008

BARCELONA (B) 41,42 2,12 420 1918-2008
SEVILLA (SE) 37,42 -5,88 31 1922-2005

PAMPLONA (PA) 42,82 -1,63 452 1922-2005

ZARAGOZA (Z) 41,65 -1 245 1922-2008
SAN SEBASTIAN (SS) 43,3 -2,03 252 1928-2008
LEON (LE) 42,58 -5,63 911 1938-2007
OPORTO (PO) 41,13 -8,6 93 1941-2007

BRAGANCA (BR) 41,8 -6,73 690 1945-2007
BILBAO (BI) 43,28 2,9 35 1947-2007

The completeness has been tested for all the series in
a seasonal scale, in order to fix a period for each
station complete enough for the purpose of the
present work. The criteria applied by [1] has been
taken: each 3-month season (spring and summer for
this work) is considered complete if there is less than
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4 missing values (maximum 3 missing days per
season). Then each 20-years block -since the
beginning of each series- was checked to have at
least 10 complete years according with the rule
above. The last blocks end in 2003 and differ in
length (<20 years). As we will not asses trends in
temperature indices we did not apply stricter criteria
for the first and last blocks like in [1]. Even though
most of the stations are nearly complete with less
than 5 “missing years” per block. Considering
overall missing data, the series with more missing
values in spring (summer) are Albacete with around
9.2% (8.5%) of missing values in its whole period,
Pamplona  with 8.2%(9%), Huesca with 7.4%
(6.4%), Valencia with 7%(6.3%) and Barcelona with
4.9 (5.4%). The rest of stations have less than 5%.
For the more recent and common period 1950-2003,
only Barcelona has more than 5% (6.2%) of missing
values.

A simple additional QC were realized to the whole
database by means of Rclimdex software
(http://cccma.seos.uvic.ca/ETCCDMI/RClimDex/rcl
imdex.r”) to detect possible digitalizing or
instrumental errors such as a) Daily Tmax below
Tmin (no errors in these sense) and b) extreme
values (“outliers™) in Tmax and Tmin. The “outliers”
are daily values that fall out of a region defined by
the user, in our case, 4 times the Standard Deviation
(stdv) of the sample. In the most extreme cases we
investigated (searching in newspapers, historical
SLP maps) to check whether they likely refer to real
registered extreme-values. Therefore we finally did
not remove any of these “potential outliers™ as we
found documentary evidence of them.

Extreme indices were calculated from daily Tmax,
Tmin secries separately for each station. Thus
moderately daily temperature extremes are defined
as warm days (warm nights) taking into account
those days on which Tmax (Tmin) exceeds the
station specific monthly 90th percentile value of the
reference period 1971-2000. Taking these
percentiles is a compromise between studying
Tmean 90th percentile -smoother than Tmax and
Tmin 90th percentiles- and higher thresholds —that
make the statistical method less robust since very
few extremes could be retained-.

2.2 Mean Sea Level Pressure

In order to do a daily classification of atmospheric
circulation extended as far as possible in the past, we
have used daily reconstructions of mean sea level
pressure (SLP) from the Emulate project (European
and North Atlantic daily to MULtidecadal climATE
variability). The development and quality features of
Emulate reconstructions are described [23] They are
built from 82 land stations and ship observations.
The spatial resolution of the grids is 5°x5°, and we
make use of the complete available period 1850-
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2003. Reconstructions for the first period 1850-1881
has, as describe in Ansell et al, (2006) less
confidence -in comparison with more recent data-,
LLe, exists a higher mean squared error associated to
such interpolations. Despite of this, for the second
half of 20" century, SLP Emulate data explain in a
90% the variability of SLP from ERA-40 Reanalysis
pressure data (ECMWEF).

2.3 Relating Circulation to extreme

temperatures

types

. The Application of Circulation types classifications
[24] allows the deriving of distinct circulation types
or patterns which are subsequently analysed
regarding their frequency variations and  their
meaning for the occurrence of warm days and/or
nights. The representative circulation types for the
period 1850-2003 are defined in terms of Mean Sea
Level Pressure (SLP) for a domain centred in the
Iberian Peninsula (between 30°N-50°N and 30°W-
20°E). Seasonal circulation classifications were
obtained  using  non-hierarchical  Simulated
Annealing and  Diversified = Randomization
Clustering (SANDRA), described in detail [17]: The
algorithm is based on conventional k-means
Clustering but differs in the ability to approximate
the final solution (Classification) to the global
optimum.

Non-hierarchical cluster analyses require an a priori
determining of the number of clusters. This decision
is reached here by the “Dominance Criteria”
([251,[17]): the same SLP data-Set is initially
decomposed in independent weather types (Principal
Components, PCs) using t-mode Varimax-Rotated
Principal component Analysis (PCA, [26]). To
ensure that the extracted PCs are real manifestation
of circulation variability and not artificial results of
lincar combinations, the “Dominance criteria”
demands: each of the extracted PC has to represent
best the variability of at least one input variable
(daily SLP-patterns 1850-2003) resulting in the
highest amount of the corresponding PC-loading
(correlation coefficient between PC-Score and the
given input variable). Further restrictions are
applied: all the PCs must explain more than 1% of
the variability and contain at least one case with
loading factor above 0.5. These criteria pointed out
to 9 classes for the spring (March to May, MAM)
and 8 classes for summer (June to August, JJA).

An advantage of SANDRA classification algorithm
regards to the achievement of more optimized and
stable clusters, hence increasing credibility of the
trends in the temporal frequency of these clusters
[17]. We make use of the same tests and procedures
than in the cited paper for investigating temporal
evolution in the frequency of the circulation types
(hereafter CTs or clusters) in the IP.
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A Mann-Kendall (M-K) non-parametric test [27] is
used to detect the existence of significant (p-
value<0.05) trends in the annual frequency of each
CT, considering the whole period 1850-2003. This
test assesses the relative order of the points and says
whether more increases than decreases occur (or the
contrary). In case of significant trends for M-K test,
a linecal regression by least squares is done to
quantify them, assessing trend-to-noise ratio tests to
estimate the significance of such linear trend.

Additionally, normalized series of cumulative
anomalies of the temporal frequency were used.
They are assessed for each year as the difference
between the frequency of the cluster in that year
minus its mean long-term frequency (in 1850-2003);
after that, cumulative series are obtained adding to
target anomaly all the previous anomalies. To
normalize, the series are divided by the standard
deviation (STD) of the cumulative anomalies of the
frequency. They allow identifying periods with
predominant positive anomalies (curve is increasing)
or predominant negative anomalies (curve is
decreasing).

We compute an index (called index EF) for each CT
and station to measure the mean efficacy of the CT
to give rise to extremes in such station, for the
common period 1950-2003: it is the quotient among
percentage of extreme days (from total extreme
days) that occur under CT among percentage of non-
extreme days (from total non-extreme days) that
occur under such CT.

Then, if the index is significantly above 1, such CT
is considered as conducive to extreme in the station,
because the attributable percentage of extreme days
is significantly larger than the attributable
percentage of non-extreme days. The value of the
index is assessed at 0.01 of significance level (99%
of confidence level) by Monte-Carlo resampling of
1000 series.

The index EF is similar to that in [28] in their
characterization of extremes in Central Europe. The
difference is that, in the cited paper, series of mean
Temperature/Precipitation are used from averaging
16/33 central-European series. Owing to the great
spatial variability of the climate in the IP, we would
rather consider individual series to search for CTs -
local extremes relationship. This is even more
important when referring to the occurrence of
extreme temperatures, as orographic and local
factors may usually play an important role.
Relationships between CTs and surface temperatures
are not always stable in time, regarding to daily
temperatures [5] as well as extreme values [28].
Then, the next step is analysing the temporal
variations in the relationships between CTs and local
extreme temperatures. As justified in [29] and [30],
the use of 3l-years moving averages results

appropriate  for studying these  within-type
variations. By this moving-window we study, for the
most important types (related to extremes) and some
representative stations:

-The percentage of extreme days within-type
(respect to the overall occurrence of the CT).

-The percentage of extreme days owing to such CT
(respect to total observed extremes).

3 RESULTS

Daily SLP grids for spring (MAM) and summer
seasons (JJA) in 1850-2003 were classified, i..e, a
total of 14168 days for each 3-month season. Fig. 1a
(Fig. 4a) show the derived 9 (8) SLP centroids for
spring (summer): in the SLP scale, in hPa, the
highest values are in red (orange) and the lower are
in blue. On the right hand side of each centroid (Fig.
1b,4b), is shown the temporal frequency (days) of
the CT in each year (black bar-charts, left axis) in
1850-2003. The normalized series of scasonal
cumulative anomalies of the frequency are shown in
red (right axis). In the following, we will analyse
results scparately for spring (warm days) and
summer (warm days and warm nights)

3.1 Spring

Centroids patterns of SLP clusters for spring are
shown in Figla. They show the average SLP field
and are sorted according to the number of days
belonging to the clusters (first accounts for 2278
days, i.c., 16% of the days, second 13,8%, etc..). In
CT 1 and CT 8 (Fig.1a), extensions of Azores High
appear, with cores over Western France and
Northern Iberian Peninsula respectively, thus
prevailing casterlies winds exit in Iberia. Meridional
circulation types are CT 3 (more extended
Anticyclone in North-Atlantic and West Europe) and
CT 5 (Northern Circulation). Zonal circulations are
presented in CT 9 (W-SW winds), CT 6 (SW) and
CT7 (NW, low pressure over Western France).
Another variant of Anticyclone type is CT 2. Finally
CT 4 represents a weak Azores High and NW stream
over North-western Africa that could explain
cyclogenesis in the lee of Atlas mountain (Sahara
low), quite frequent in spring [31].

The presence of trends in the annual frequency for
the whole period is tested by means of Mann-
Kendall and trend-to-noise tests, results are shown in
table 2. Mann-Kendall test has detected significant
(p-value<0.05) negative trends for clusters 4, 7, and
9, and positive trend for cluster 3. These results
indicate that, for the last century and a half, there
have been significant increases in the frequency of
North Atlantic Anticyclone (CT3) and decreases in
the frequency of zonal circulation (CT 7, CT9 and
CT4)
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Fig.1. Centroids patterns of the SLP clusters (hPa, scale in the bottom) for spring (MAM) season; in the right hand side
annual frequencies (days) of the clusters are shown (bar charts, left axis) as well as normalized cumulative anomalies of
the frequency (red, right axis)
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Table 2. Trends in the frequency of spring (MAM) SLP-
Clusters in 1850-2003. Mann-Kendall statistic (7) is
shown in bold when trends are significant (p-value<0.05).
Linear trend (Trend in days /154 years) refers to the
magnitude in the whole period and T/noise is the quotient
between linear trend and standard deviation. No
significant linear trends are detected (T/noise above 1.96)

Cluster Z(M-K) p-valueM-K) Trend T/noise
1 1,46 0,1436 2,319 0,345
2 1,24 0,2149 2,176 0,364
3 3,18 0,0015 6,081 0,756
4 -2,95 0,0032 -6,079  -0,886
5 0,48 0,6305 1,410 0,215
6 -1,06 0,2908 -1,744  -0,295
7 -2,30 0,0213 -4,223  -0,700
8 0,59 0,5542 2,403 0,353
9 -2,04 0,0409 -2,344  -0,395

In Fig. 2, box-plots of daily Tmax, Tmin (25 series
in 1929-2003), composites for each of the CT, are
shown. In the box-plots, are shown the median, the
25th and 75th quantiles (that demarcate the limits of
the boxes), as well as 10th and 90th percentiles of
distributions (top and lower extremes of the plots).
Below a short qualitative analysis of changes in
spring temperatures in Iberia linking to the CTs
frequencies (Fig. 1b) is done.

The highest maximum temperatures for the set of 25
stations in the IP are presented for the CT 1, 2, 6,
and 8, and the lowest for the CTs 7, 9, and 5 (Fig.2).
A rise in spring temperatures in the last century,
especially in 1970's onwards ([8], [9]), could be
explained by enhanced occurrences of cluster 1 (in
1930-1960, and 1970-2003) and cluster 2 (1960-
1980), and 8 (1990°s) as well as a decrease in the
frequency of the clusters 9 (1970's onwards), 5
(1980 's onwards), and 7 (in 1940-1970). The CT
linked to highest minimum temperatures is CT4
(follow by 1, 2 and 9) and the lowest Tmin are
linked to CT 3, 5, and 8. So, the rise observed in the
minimum temperatures in spring can be dynamically
related to a higher frequency of CT 1 and 2, and
increase of CT4 in the last decade of study,
meanwhile between the “cold types” both CT3 and
CT 5 seem to diminish their frequencies from 1980°s
onwards. This feature agrees with the negative
trends in northern circulation in 1960-2001 found by
[18].

In the Fig. 3a is shown the incidence of the CTs
(clusters) to the occurrence of warm days
(Tmax>Tmax90th). We found 5 out of 9 CT to be
significantly ~ (p-value<0.01)  conducive  to

moderately warm days in part or whole IP.
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Fig.2. Box-plots of daily Tmax, Tmin (25 series in 1929-
2003), composites for each of the CTs in spring. In such
box-plots are shown the median, the 25th and 75th
quantiles (that demarcate the limits of the boxes), as well
as 10th and 90th percentiles of distributions (top and lower
extremes of the plots)

The index EF (maps in Fig 3a) is plotted in red when
above 1, i.e, the percentage of warm days is higher
than the percentage of non-extreme days attributable
to the corresponding CT. Therefore, analysing these
maps:

-CT 1 and CT 8 are conducive to moderately warm
days in the IP because predominant High Pressure
blocks West and North flows. The exception is in
Mediterranean E/SE, because the associated ecast
flow brings fresh sea breeze in these coastal regions.
-CTé6: The link of this type (SW flow over Northern
Iberia) to warm days is significant for a large
number of stations, mostly inland and more
significant in Northern coast because of larger Féhen
effect.

-CT2: Regarding the occurrence of warm days in
Mediterrancan and Ebro Valley, one of the most
important clusters is CT2 (Fig 3a), showing Azores
High quite extended over Iberia which involves
west-inland flow over the Mediterranean coast.
-CT9: This westerly type gives rise to moderately
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Fig.3. Index EF (see legend in first map and definition in method section) for spring clusters (CTs) significantly
conducive to the occurrence of warm days. On the right hand side: The percentage of extreme days within-type respect to
the overall occurrence of the CT is plotted in solid red line (right axis), while the percentage of extreme days owing to
such CT respect to total observed extremes is plotted in discontinue blue (left axis).
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extreme warm days in Mediterranean Fringe and
East Cantabrian Coast due to warm westerly
(W/SW) winds over Mediterrancan and SW flow
over Northern Iberia.

The above mentioned relationships between local
temperature extremes and synoptic scale circulation
variability (in terms of CT-specific extreme indices)
were obtained taking the whole period 1950-2003
into account. As discussed in previous sections it is
likely that these relationships vary on inter-annual
and/or inter-decadal time-scales. Hence it is
necessary to analyse the so-called within-type
changes [29] and to characterise periods of stronger
and weaker coupling between the focused CT's and
spring “extreme” temperature conditions.

Here only a few examples are shown (Fig.3b)
thought within-types changes for a large number of
stations in every CT have been analysed. In solid
line (right axis), the within -type extreme character
(warm days in the CT/ all days in the CT) is shown;
this is related only to how efficient the CT in relation
to extremes is. In discontinuous line (left axis) is
shown the contribution of the CT to the total number
of warm days (extremes in the CT/all extremes).
This percentage, besides efficiency, is related to the
frequency of the CT.

-Both for CT 1 and CTS8, it is observed an increase in
the within -type percentage of extremes (solid line)
since around 1960 ‘s onwards (see Fig. 3b, Madrid
and Soria examples). At the same time, owing to this
increase in the extreme character and to an
increasing frequency of both types (Fig.lb), the
percentage of the total warm days due to these
clusters (discontinue lines) has increased.

-With respect to CT6, it can be observed that the
relative importance of this CT for warm days is
diminishing (Madrid, discontinue line, Fig.3b),
which is related to a lesser frequency from 1960's
(Fig. 1b). Nevertheless, the within-type extreme
character does not diminish but only suffers small
fluctuations since the 1950’s (continue line, around
15%). The same stationary character is found also
for Soria and San Sebastian (not shown). In contrast,
we found an increase in warm days linked to this
type for La Corufia (LC) in the last two decades (not
shown).

-For CT2, within-type variations are weak, after
analysing its behaviour for Valencia (Fig 3b) and
Barcelona (not shown).

-Finally, probably the most worth mentioning is the
sharp rise in moderately extreme warm days in
Mediterrancan Fringe (Valencia, not shown) and
East Cantabrian Coast (San Sebastian, Fig.3b) due to
CT9, even if its frequency has decreased in 1970's
onwards (Fig 1b)
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3.2 Summer

For summer scason (Fig 4a), Azores High is present
in all the SLP centroids, thought with different
intensity and extension: the anticyclone is more
intense in the CT 2, 5 and 7, and it is quitc more
extended for CT 4, 5 and 6. The Azores High is
weaker in CT 8, 4 and 1. Heat low is observed in
Northern Africa in all the CTs, as well the relative
low pressure in South Spain in the CTs 4, 5, and 7 is
very likely linked to heat troughs development.

Table 3. As in Table 2, but for summer (JJA) season

Cluster Z(M-K) p-value(M-K) Trend T/noise
1 -3,25 0,0012 -6,194  -0,979
2 0,90 0,3699 1,088 0,177
3 -1,07 0,2858 -1,995  -0,322
4 1,85 0,0644 3466 0,511
5 5,20 0,0000 10,430 1,334
6 -2,29 0,0220 -4,114  -0,698
7 2,97 0,0030 4,403 0,784
8 -4,34 0,0000 -7,084 -1,118

Mann-Kendall test (table 3) detected significant (p-
value<0.05) negative trends in summer 1850-2003
for CTs 1, 6, and 8, and positive trends for CT 5 and
7. The most pronounced positive trend is detected
for CT 5 (deep Azores anticyclone with ridge
extended to North Atlantic-West France) and
negative trend in cluster 8 (relative low pressure in
North Atlantic).

From box-plot represented in Fig.5a, the CT linked
to highest values of Tmax are CT 1 and 6. Both
follow decreasing frequencies in the last decades
(Fig.4b), so recent warming cannot be explained by
a higher frequency of these types. CT 4 also has
associated high Tmax, and the highest values of
Tmin (Fig 5b) distributions. The sharp increase in
Tmin in summer months (Brunet et al., 2007)
partially could be related to a higher frequency of
CT4 since 1990 (Fig 4b). During the last year of our
study-period, i.e, the anomalous warm summer of
2003, the CT more frequent were CT1 (25 days),
CT2 (19 days) and 4 (11 days). It is worthy to
highlight increasing frequencies of the CTs that are
heat trough-alike, these are CT 4 (last 2 decades),
CT 5 and CT7 (both in 1910’s onwards). A further
warming in Iberia, in fact, would lead to higher
frequency of thermal lows, as projected by [32].
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Focusing in the index EF that links summer CT to
the occurrence of warm days (Fig 6a):

-CT 1 and CT6 are conducive to relative warm days
in most of the IP. Both types reflect blocking
conditions, i.c., high pressure extended over North
IP that blocks the displacement of air from the North
Atlantic into Iberia. In the first type we observe an
anticyclone bridge joining Azores High with central
Europe High. In CT6, appears a wide anticyclone
(though not strong) with ridge extended to Central
Europe, i.c, a more typical blocking situation. These
situations tend to provoke high temperatures in most
of the IP except in Southern Mediterranean Fringe,
where cooler conditions are expected because of east
wind (sea breeze wind).

-CT 3 favours the entrance of masses of air from
North Atlantic to the North and West of Iberia, hence
permitting cool or temperate summer temperatures.
Again the exception is SE region (V, MA, MU, A)
where masses of air arrive warmer after travelling
over the Iberian Peninsula (katabatic effect).
Additionally, the thermal low pressure in Africa
makes possible the intrusion of air from this
continent.

a}  TMAX(°C) SUMMER,
25 stations, 1929-2003

15 20 25 30 35 40 45

10

CT1
CT2
CT3
CT4
CT5
CTe
CcT17
CcT8

b) TMIN{°C} SUMMER,
25 stations, 1929-2003

20 30 40

10

CT1
CT2
CT3
CT4
CT5 -
CT6
CT7
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Fig.5. As in Fig.3, but for summer (JJA).

-CT 8 produces a similar temperature pattern than
CT 3 in Southern Mediterrancan coast, but in this
case also Cantabrian Coast is affected because of a

11-14 July, 2011, Lisbon, Portugal

SW flow component (i.e, warming because of a
Fohn or katabatic effect, depending on the humidity
of the air).

In Fig 6b) we represent variations in warm days
within the types for some localities.

-In Burgos is observed, both for types 1 and 6, an
increase in the occurrence of moderately warm days,
specifically in the last 3 decades of the study (solid
lines). As well, due both to this increase in the
extreme character and high annual frequencies, the
contribution of these types to the total number of
warm days is higher in the last decades than in
former periods.

-Regarding CT3 and 8 (Fig 6b for Malaga) within-
type changes towards warming are also observed
(solid lines) with jumps in the 1940-1970 and
middle 1970's onwards, respectively. CT3 has
slightly become less important in recent decades
(discontinue line) with respect to overall occurrence
of warm days in Malaga. At the same time, CT7 -
that reflects conditions of extended and intense
Azores high pressure- also is significantly conducive
to warm days in the locality (not shown).

Due to the stepped increase observed in warm nights
in 1970’s onwards ([8].[9]) and the impacts of high
nigh time temperatures in human health stress, we
show as well the relationships found between CTs
and warm nights in summer (Fig.7a):

-CT1: The Anticyclone bridge avoids the entrance of
masses W and N, and at the same time, the fact of
this High is a relatively weak may favour the
development of cloudiness, leading to high
minimum temperatures in many localities in half
North Spain.

-CT 4: The heat low extended from North Africa to
Iberia and weaker Azores anticyclone (weak
subsidence of air) make possible the convection and
the formation of clouds that allow high nigh time
temperatures. This is backed by the fact that this CT
has associated the higher percentiles of precipitation
for the set of all stations (not shown).

-CTé; In this type the presence of extended Azores
anticyclone in North Atlantic leads to prevailing
easterlies that give rise to high minimum
temperatures in half North and West Iberia.

-CT 5. In this circulation, as in CT6, flow from
E/NE arrives to Iberia, but in this type Azores High
is more extended and strong, hence, providing
stronger easterlies. This circulation is connected to
warm nights in SW, Lisbon and Badajoz, likely
linked to a katabatic effect in the air masses.

-CT 8. This type presents the weakest Azores High
and the presence of Icelandic low pressure in North-
Atlantic, so westerlies provide humidity to North-
Western Iberia, again with the probability of clouds
formation. The occurrence of warm nights
statistically appears more important in Coruna,
Burgos, and Pamplona.

-10 -



Proceedings of the Global Conference on Global Warming 2011

11-14 July, 2011, Lisbon, Portugal

(%] shep-1D jshep awanxa- |0 #
w w

m ™~ m - aﬂl
1 1

0661
- 0861
- 0L61

0961

0561

BURGOS (BU)

- o¥6L

ra "‘-\J‘\

[N

- 0€6L

/
5
ety

LEY
[}

- 0Z6L

#Cl101

0L6L

b)

[%] sewaxa e sowanxa- |9 #

SUMMER(JJA), WARM DAYS (TMAX>TMAX90th)

", 253 § _
S
0000 @
ONO)
22
o :
o ®
- \ ..
[ } . .
s,
© ©

(%] shep-|D jshep awanxa- | #
(=] w (=1 w =1

32
|

BURGOS (BU)

#Clos

0961
0561
- 0v6l
~0E61L
0261

~0L6L

CLUSTER 6

T 006}

I

[%] shep-|D /shep @
(=1 =1

L
1

wanxa- | #
(=]

MALAGA (MA)

! 0661

0861

0.6}

0961

0561

- ov6lL

-0g61

CLUSTER 3

—T— 0z6l

[%] shep-|D jshep awanxa- 1D #
(=] (=] o
™ o~ - (=]
1 L 1 L 1 1 ﬂ_ﬂﬂv
..,. 0861
;
g ! Lozel
g I3
3 m - 0961
m i
!
: - 0561
)
4
- ovel
@ 1
o e
9 b -0g6L
i
-u
— T T T (1418
[=} [=] = (=]
L] ™~ -

g
8
P,

CLUSTER 8

SOWDIIXA [|B | SAWANKI - D #

e\n

Fig.6. As in Fig. 3, but for summer occurrence of warm days.

-11 -



Ferndndez-Montes et al: Spring and summer time extreme temperatures in Iberia in
relation to circulation types frequency

SUMMER(JJA), WARM NIGHTS (TMIN>TMIN9Oth)
a) b)

CLUSTER 1 . —_ #Cl01 VALLADOLID (VA)
4 230 =
F30=
g 2
§ WS o~ 3
§20 e o/ L 209
> = . SN )
: oy ® : = bl
g i O 000005| 2404 g
o el
" 7 1.01-1.50 s Ll @
08 o= @ 3 5
. ..1,51-2,00 o 0 T T T T T T T 0 =
O * 2 8 8 8§ 8 8 R 8 8
52,01 2 2 8 2 2 2 2 & 2
CLUSTER 4 T o, #CI04 MURCIA (MU) _
2 30
2 o
z L3
5207 F205
s LB
. $10- B £
© © Af .® 5 10g
@. @ s R
= G 0 T T T T T T T T [
" ol * 8 2 8 83 § B 8 R 8 8
o e 2 8 2 2 8 22 8
CLUSTER 5
oy #ClO5 LISBOA (L) —
- - -30=
g 40 n_-,:"’n'-‘ P "‘I‘ 9
= N ;-\n“: " \ -
g ®
530+ 3]
H r203
s &)
] -
— 20+ E
ﬁ ~10 5
210 | 3
¢ 5
g0 T T T T T T T [
# 2 &8 &8 8§ 8 8 R 8 @&
@ -3 @ @ @ @ @ @ @
- - - - - - - - -
E 30— #Cloe HUELVA (HV) —
305
g s
E . PN ¥
2 20 ‘.'u-‘n\_‘,"'-..._;\ A5 e S o
E 3
3 g
s o
g 104 5
g £
£ ] ¥
S -
=0 T T T T T T T 0
O o o o o © ©o o
= = 8 8 § 8 8 R 8 8
g ¢ ¢ 8 ¢ &2 ¢ & 2
230 #Cl08 BURGOS (BU) '30;@
2 2
g g
=20 o
: 2
3 8
. o
10 - E
L 5
- I
208
e

Fig.7. As in Fig. 3 and Fig.6, but for summer occurrence of warm nights.

-12 -



Proceedings of the Global Conference on Global Warming 2011

In Fig 7b, analysing within-types changes, a
common feature stands out: there is an increasing in
the percentage of warm nights within the clusters
since 1970’s onwards. In the case of CT 1 and 6 we
show Valladolid and Huelva examples (Fig 7b), but
it was as well proved in localities like Cadiz,
Barcelona, Murcia (not shown). For CT4, higher
frequencies around the 1990°s (Fig 4b) would
explain, at least partially, the stepped increase in last
decades in the occurrence of warm nights, as in
Murcia (Fig.7) and Sevilla (not shown). In contrast a
larger impact in Lisbon warm nights occurrence
would be expected within CT 5 since it follows a
positive trend in frequency, but it does not occurred
for Lisbon (Fig 7b), ncither for Perpignan or
Badajoz (not shown). Finally, the clearest and
sharpest increase in warm nights seems to take place
within CT 8 (and CT3, not shown) associated to
warm nights in SE and Northern stations. In Fig 7b,
it is plotted for Burgos the percentage of warm
nights within CT 8 (continue line) and one can see
the sharp increase since the 1970’s. The same sharp
increase is found for this CT in Alicante, Malaga and
Murcia (not shown). As in CT 6, the step in warm
nights linked to CT 8 is due mainly to a “within type
warming”, since its frequency do not show clear
trends in recent decades.

4 CONCLUSIONS

In summary, an increase of warm extremes in
Iberia ([8], [9]) in the last 3 decades (1973-2003) in
summer and spring seasons cannot be explained only
by changes in the frequency of the distinct
circulation types, but an important within-type
warming took place. The most important warming
seems to have occurred within the zonal circulation
types, even if it frequency has generally decreased
during the last decades. In both spring and summer
seasons an effect from the topography (and other
local effects) is clear, e.g, Fohn and katabatic effect
for reaching high temperatures.

For spring, our results point to an increase in the
occurrence of warm days linked to a recent increase
in the frequency of high pressure conditions in the
North of the IP (CTs 1 and 8). At the same time, a
rise in the maximum temperatures of these types is
observed, which means a warming of the surface
flow from the east, i.c., from the Mediterranean Sea.
Additionally, a significant rise in the maximum
temperatures is associated to zonal flow (westerlies,
SW) represented by CT 6 and CT9. From the 1970's
onwards zonal circulation types have become less
frequent but warmer.

For summer, maximum extreme temperatures in
mainland Iberia are linked to Atlantic blocking
(Anticyclone Bridge and Anticyclone in NW Iberia
with ridge to Central Europe). In both configurations
—more strongly in the later-, an increase in the
occurrence of moderately warm days took place

11-14 July, 2011, Lisbon, Portugal

within these clusters from around the 1970s. For the
Mediterrancan-SE region, in contrast, moderately
extreme warm days are linked to a zonal component
(W) in circulation (from inland), usually
accompanied by heat low in Northern Africa, hence
probably providing South flow.

Extreme minimum temperatures, besides being
influenced by the direction of flow, appear related to
convection processes associated to weak Azores
High and heat troughs development. We found
positive trends in the frequency of heat troughs
(linked to summer CT4, 5 and 7) in the course of the
last 150 years. Increase in warm nights within most
of the types are found, except CT5 (meridian pattern
with NE flow), even if such type has a significant
long-term positive trend in 1850-2003.

Rodriguez-Puebla et al, (2010) [13] inferred that
the increase in the annual number of warm days in
Iberia in 1950-2006 could be related to higher SLP
in the Mediterranean, i.c., linked to air masses
coming from North Africa. Focus in spring and
summer, this study adds some different nuances: our
results point instead to an increasing incidence of
high SLP in North-mainland Iberia, i.c., linked to
prevailing easterlies. They are found more frequent
and warmer in the last decades than in former times.
A second main reason for increasing warm days is
the warming of the zonal flow. This warming,
especially important for the surface air masses
coming from the Atlantic Ocean, may be linked to
the increase in the Atlantic Sea Surface temperature
(SST), that has been notable specifically south of
45°N and deeper than the other oceans (Solomon et
al, 2007). As highlighted in many studies, besides
large-scale atmospheric circulation, SST is a key
factor for temperature variability in the
Mediterrancan area (eg. [7].[16]). The results
obtained here prove once more the importance of the
interactions  sea-air for describing extreme
temperatures variability in the Iberian Peninsula.

Autumn and winter seasons will be subject of future
analysis, as well as the importance of circulation
types in the occurrence of daily extreme
precipitation in Iberia.
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