
Atmósfera 28(3), 149-160 (2015)

Recent warming in the Balearic Sea and Spanish Mediterranean coast. 

Towards an earlier and longer summer 
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RESUMEN

Este trabajo analiza los cambios recientes en la temperatura del mar Balear y las tierras costeras circundantes. 
Para el análisis de la temperatura terrestre se han utilizado registros mensuales de varios observatorios litorales 

del mar (SST, por sus siglas en inglés) se utilizaron imágenes térmicas mensuales de satélite procedentes del 
Physical Oceanography Distributed Active Archive Center (PO.DAAC) disponibles para el periodo 1985-2009. 

últimos 25 años, con tasas de 0.039 ºC/año en tierra para el periodo 1960-2010 y 0.026 ºC/año para el mar 
durante el periodo 1985-2009. El análisis estacional de las tendencias muestra que en los últimos 25 años las 
mayores tasas de calentamiento se producen durante la transición primavera-verano, con tasas máximas en el 
mes de junio (0.12 ºC/año en tierra y 0.08 ºC/año en el mar). Los resultados evidencian una tendencia hacia 
el adelantamiento y prolongación de la estación estival en las últimas décadas, tanto en tierra como en mar.

ABSTRACT

This paper analyses recent changes in the temperature of the Balearic Sea and surrounding coastal areas. 
Monthly temperature data from several weather stations located around the Balearic basin have been used 
to obtain land temperatures during the period 1960-2010, and monthly thermal satellite images from the 
Physical Oceanography Distributed Active Archive Center (PO.DAAC) covering the period 1985-2009 have 
been processed to obtain sea surface temperatures (SSTs) in the Balearic Sea. A rise in temperature has been 
observed since 1980 and increasingly in the last 25 years, with an average warming trend of 0.039 ºC/year 
on land for the period 1960-2010 and 0.026 ºC/year in SSTs for 1985-2009. The seasonal analysis showed 
that, in the last 25 years, higher trends were registered during the transition from spring to summer, with 
the highest warming rates in June (0.12 ºC/year on land and 0.08 ºC/year in SSTs). Results show a recent 
tendency towards earlier and longer summers both on land and sea.

Keywords: Air temperature, sea surface temperature, global warming, Mediterranean Sea, Balearic Sea, 
temperature trends, seasonal and temporal variability.

1. Introduction

At the present time there seems to be a reasonable 

the increase in global average air temperature 
during the 20th century, especially during the last 
three decades. The IPCC Fourth Assessment Report 
(AR4) gives a rate of warming in land temperatures 
for the Northern Hemisphere ranging from 0.072 to 

0.089 ºC/decade during the period 1901-2005 (IPCC, 
2007). Although there is some disagreement as to 
whether this warming is due to climate variability or 

warming on regional, continental and global scales 
in the last decades (Easterling et al., 1997; Jones et 

al., 1999; Jones and Moberg, 2003). However, dif-
ferent rates are given depending on the spatial scale 
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(global, regional or local), the geographical area and 
the period of time considered.

Vjg"Ogfkvgttcpgcp"jcu"dggp"kfgpvkÝgf"cu"qpg"qh"
the “hot-spots” in future climate change projections 
because it is an especially vulnerable environment 
(Giorgi, 2006; Lionello gv"cn0, 2006; Giorgi and Lio-
nello, 2008; Lejeusne gv"cn0, 2010). There are many 
factors behind this assertion: (1) it is a transitional 
region between mid-latitudes and subtropical climate 
regimes; (2) it is dominated by the Mediterranean 
Sea, a semi-enclosed sea which is an important source 
of moisture and a heat reservoir, that has also been 
considered as a miniature ocean by physical, chem-
ical, climatic and environmental studies (Bethoux et 

cn0, 1999); and (3) the Mediterranean environment 
has experienced a strong human impact since ancient 
times due to demographic pressure, agricultural ex-
ploitation, urbanization and, more recently, coastal 
tourism. Many works (Bethoux et cn0, 1990, 1998; 
Rholin and Bryden, 1992; Vargas-Yáñez et cn0, 2005, 
422:."4232+"eqpÝto"vjg"kpetgcug"kp"vgorgtcvwtg"kp"
deep, intermediate and surface Mediterranean waters, 
and others explore the effects of this warming in the 
biology and ecology of organisms in the sea (see the 
review by Lejeusne et cn0, 2010) as well as its role in 
Ýujgtkgu"Þwevwcvkqpu"*V¦cpcvqu"et cn0, 2014). It is im-
portant to further increase our knowledge of regional, 
seasonal and decadal variability on temperatures 
in the Mediterranean environment as temperature 
ejcpigu" kpvgtcev"ykvj" rqnnwvkqp." qxgtÝujkpi." ugc"
ngxgn"ejcpigu"qt"cekfkÝecvkqp."cpf"ecp"vtkiigt"oclqt"
changes in the ecosystems.

In the Iberian Peninsula, during the last two 
decades, many papers have been published which 
attempt to explain the spatial and temporal variabili-
ty of temperature at national, regional or local level. 
Most studies agree that there has been an increase in 
temperature from the 1970s onward (Esteban-Parra 
et cn0, 1995, 2003; Serra et cn0, 2001; Morales et cn0, 
2005; Salat and Pascual, 2006; Brunet et cn0, 2007; 
Homar et cn0, 2010; Del Río et cn0, 2011; El Kenawy 
et cn0; 2012). Amongst them, we highlight those that 
explore the monthly, seasonal and annual variability 
of the warming trends. In their study of temperatures 
in Castilla-León (Spain) for the period 1945-1996, 
Morales et cn0" *4227+" hqwpf" ukipkÝecpv" rqukvkxg"
trends only in winter, but when analyzing a shorter 
and more recent series (1972-1995) they obtained a 
clear increasing trend for the spring (0.058 ºC/year) 

and summer (0.057 ºC/year). Del Río et cn0 (2011), 
using data from 473 weather stations distributed all 
over Spain for the period 1961-2006, observed a 
ukipkÝecpv"rqukvkxg"vtgpf"cv"pcvkqpcn"uecng"ykvj"tcvgu"
of 0.1-0.2 ºC/decade. They also found that summer 
and spring are the seasons with the largest contribu-
tions to annual trends, with rates of 0.3 ºC/decade, 
and a maximum rate recorded in June (around 
0.5 ºC/decade). Similar results can be inferred from 
Brunet et cn0 (2007), also covering the whole of 
Spain and based on 22 weather stations for the pe-
riod 1850-2005. These authors obtained a warming 
rate of 0.1 ºC/decade for the whole period and in-
dicated that autumn and winter contributed slightly 
more than spring and summer to the annual warming 
over the 1850-2005 period. However, a detailed 
reading of this work shows that for the most recent 
decades, between 1973-2005, the highest warming 
rates are in spring (0.77 ºC/decade) and summer 
(0.67 ºC/decade). More recently, El Kenawy et cn. 
(2012), in a study about variability of temperature 
over northeastern Spain (the region between the Pyr-
enees and the Iberian system) based on data from 19 
weather stations for the period 1920-2006, obtained 
warming rates of 0.1 ºC/decade and pointed out that 
the warming observed during this period was mainly 
due to the increase of temperature from the 1970s. 
A deeper analysis based on 128 stations for the pe-
riod 1960-2006 led them to the conclusion that the 
warming is faster during the warm-half of the year 
(spring and summer) than in the cold-half (winter 
and autumn) and that coastal areas have warmed at 
higher rates than inland areas. A maximum warming 
trend of 0.22 ºC/decade was obtained in summer 
for the period 1920-2006, and a maximum of 
0.66 ºC/decade in spring when the period considered 
was restricted to 1960-2006. 

This idea of a larger increase of temperature 
during the warm seasons had previously been pointed 
out by other authors. In a study based on the analysis 
of the climatic series of air and sea surface tempera-
ture (SST) of the oceanographic station L’Estartit, 
located on the Catalan coast (Spain), for the period 
1974-2005, Salat and Pascual (2006) obtained mean 
rates of 0.6 ºC/decade and 0.3 ºC/decade for air tem-
perature and SST, respectively, with the highest trend 
in air temperature (+0.8 ºC/decade) observed for the 
period April-June. The impression that the higher 
warming rates observed in recent decades are due to 
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the increase of temperature during spring and summer 
uggou"vq"dg"urtgcfkpi"kp"uekgpvkÝe"nkvgtcvwtg."cpf"ku"
leading to many studies which explore seasonal and 
monthly temperature variability. Similar conclusions 
have also been found recently in other Mediterranean 
regions like Tuscany (central Italy), where Bartolini 
et cn0 (2012) observed, for the period 1955-2007, a 
positive trend for mean temperature of about 0.9 ºC 
in 50 years with larger increases in summer and 
spring compared to a smaller positive trend in autumn 
and winter. In the eastern Mediterranean, Dahech and 
Dgnvtcpfq" *4234+" tgrqtvgf" c" ukipkÝecpv" kpetgcukpi"
trend of annual average daily maximum and min-
imum temperatures in the city of Sfax (Tunisia) 
since the 1980s, especially during the warm season. 
Also Scherrer et cn0 (2008) found larger changes in 
mean temperature during the summer in a study of 
central Europe for the period 1961-2005. It is not yet 
possible to know if this tendency will continue or if 
it is only a consequence of climate variability, but 
qdugtxcvkqpu"uggo"vq"eqpÝto"vjg"j{rqvjguku"vjcv"kp"
Mediterranean areas we are moving towards a longer 
and earlier summer.

In a previous work (López García and Camarasa, 
2011) we described the regional, seasonal and decadal 
variability of SST in the western Mediterranean ba-
sins from the analysis of monthly thermal satellite 
images for the period 1985-2007. This study showed 
an annual warming trend of 0.3 ºC/decade, with the 
nctiguv"ukipkÝecpv"vtgpf"*208"ºC/decade) during the 
oceanographic spring season (from April to June). 
Although the series was limited by the availability 
of thermal images to only 23 years, these images 
allowed the study to cover most of the western 
basins of the Mediterranean (Alboran, Algerian, 
Balearic and northern basins). The paper suggested 
an early warming of the sea in all basins during the 
oceanographic spring (April, May and June), with an 
increase of 0.5-1 ºC in the mean SST over the two 
decades studied.

The aim of the present paper is to increase our 
knowledge of the recent warming observed in Med-
iterranean areas during the spring and summer and to 
discern more precisely the time of the year when the 
nctiguv"kpetgcugu"cpf"ukipkÝecpv"yctokpi"vtgpfu"ctg"
observed. We analyze SST around the Balearic Sea 
as well as land temperature in the surrounding area. 
Monthly mean temperature at several coastal weather 
stations covering the period 1960-2010 have been se-

lected for the study of land temperature, and monthly 
thermal satellite images for the period 1985-2009 
have been processed to study SST trends. Finally, 
we wanted to test whether the results obtained in our 
previous study of SST in the western Mediterranean 
(López García and Camarasa, 2011) are in agreement 
with land temperature trends.

2. Data set and methods

403 Utwf{ ctec cpf fctcdcue
The study area covers the Balearic Sea and its sur-
roundings (Fig. 1). Although the Balearic Sea extends 
from the Spanish coast to the Balearic Islands, this 
work considers a wider area extending to Corsica 
and Sardinia, a zone considered a transition space 
between the northern and the Algerian basins. In 
this area, the recent Atlantic water that occupies the 
Algerian basin coming through the Strait of Gibraltar 
oggvu"vjg"qnfgt"cpf"eqqngt"oqfkÝgf"Cvncpvke"ycvgt"
circulating from the Ligurian Sea towards the south 
along the Iberian continental shelf. These water mass-

Fig. 1. Map of the study area. The land stations and the 
grid points used to compute average values in the Balearic 
Sea are shown.
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es form the Balearic front, whose position around 
the Balearic Islands varies through the year (López 
García, 1991; López García et cn., 1994; Millot, 
1999). A previous study of the seasonal and spatial 
variability in the western Mediterranean basins from 
thermal satellite images (López García and Camara-
uc."4233+"eqpÝtogf"vjku"vtcpukvkqpcn"ejctcevgt0"Vjg"
Balearic Sea has the highest annual thermal amplitude 
of all the basins (11.8 ºC) with the lowest tempera-
ture in February (13.5 ³E+"wpfgt"vjg"kpÞwgpeg"qh"vjg"
coolest waters of the northern basin and the highest 
temperature in August (25.3 ºC) with similar values 
to those registered in the Algerian basin, where the 
warmest waters of the western Mediterranean are 
found in spring and summer.

In our analysis, SST data have been derived from 
thermal images of the satellite NOAA AVHRR. 
The data were obtained from the Physical Ocean-
ography Distributed Active Archive Center at the 
NASA Jet Propulsion Laboratory, Pasadena, CA. 
Vjg"Egpvgt" rtqxkfgu" vjg" RcvjÝpfgt" UUV" fcvcugv"
which is the longest time series of historical global 
datasets currently available online (http://podaac.
lrn0pcuc0iqx1+0"Yg" jcxg" wugf" vjg" 6" mo"RcvjÝpf-
gt" xgtukqp" 7" UUV"Rtqlgev" *RcvjÝpfgt"X7+."yjkej"
provided several products for 5, 7, and 8-day, as 
well as monthly and yearly temporal averages (see 
Vázquez et cn0, 1998; Kilpatrick et cn., 2001). Our 
study is based on monthly images which we con-
sider a robust product for climatological analysis 
of SST because daily or weekly data contain many 
missing information due to the cloud cover in the 
images. Only nighttime data were selected to avoid 
the effect of intense diurnal heating which can be 
very important in the Mediterranean during the 
spring and summer (Deschamps and Frouin, 1984). 
A total of 300 images were collected covering the 
period 1985-2009 for a subset of the Mediterranean 
Sea comprising the area between 27-49 ºN and 
14º W-14 ºE. The images were processed by using 
the GIS software Idrisi 32 in order to obtain aver-
aged monthly temperature values for the Balearic 
Sea applying a regular sampling of 59 points (one 
point for every 0.5 degrees of latitude and longi-
tude). Figure 1 shows the area of study and the 
sampling points. In order to estimate SST values 
cp"cniqtkvjo"ku"wugf"yjqug"eqghÝekgpvu"ctg"eqpvkp-
uously updated. This makes the data suitable for 
studying multi-year SST trends. A validation of 

CXJTT"RcvjÝpfgt"UUV"qxgt"vjg"Ogfkvgttcpgcp"Ugc"
using independent data obtained from MEDATLAS 
CTD and XBT casts was done by D’Ortenzio et cn0 
(2000), who found a mean bias of 0.2 ºC, and Marullo 
et cn0"*4229+."yjq"gxcnwcvgf"RcvjÝpfgt"d{"eqorct-
ing satellite SSTs to kp uktw data from 1985 to 2005, 
concluding that satellite data are able to reproduce kp 

uktw measurements with a mean bias of less than 0.1 K 
and a root-mean-square error (RMSE) of about 0.5 K. 
A more detailed description of the methodology can 
be found in López García and Camarasa (2011).

Land temperatures were obtained from six coastal 
weather stations covering the period 1960-2010: 
Valencia-airport, Tortosa, Barcelona-airport, Barce-
lona-Fabra, Ibiza- airport and Menorca- airport. The 
choice of these stations was made taking into account 
the length of the series and their location away from 
urban areas in order to avoid “heat island” effects 
on the records (Fig. 1). All the data come from the 
Agencia Española de Meteorología (Spanish Meteo-
rological State Agency, AEMET) with the exception 
qh"vjg"tgÝpgf"ugtkgu"qh"vjg"Hcdtc"qdugtxcvqt{0"Vcdng"K 
ujqyu" vjg" urgekÝe" nqecvkqp" ejctcevgtkuvkeu" qh" vjg"
weather stations. All the airport weather stations in 
Spain renewed their instruments and were relocated 
during the years 2003-2005. The availability of a 
parallel series of data for the Valencia airport at both 
the old and new locations for the period 2005-2010 
allowed us to detect a bias of –1.20 ºC on average for 
the data collected in the new location, which let us 
adjust the series. However, since the other relocated 
airport stations (Barcelona, Ibiza and Menorca) have 
no parallel series, their data were only used in a pre-
nkokpct{"vtgpf"cpcn{uku"dwv"pqv"kpenwfgf"kp"vjg"Ýpcn"
calculations of trends in order to avoid the effects of 
these discontinuities. In order to be consistent with 
the analysis of SST, mean monthly values have also 
been used in the analysis of land temperatures.

404 Vtepf cpcn{uku
The statistical analysis was performed by using the 
software Prism. Simple linear regressions have been 
applied to the time series, calculating averaged an-
nual trends for the whole period and monthly trends. 
A 12-month moving average has been applied to 
monthly data to smooth out the inter-annual variabil-
kv{"cpf"tgoqxg"ugcuqpcn"Þwevwcvkqpu0"Vjg"unqrg"qh"
the least squared regression was used for indicating 
the magnitude of change during the period analyzed. 



153Recent warming in the Balearic Sea and Mediterranean coast

The trend was expressed in units of ºC per year. The 
uvcvkuvkecn"ukipkÝecpeg"cv"vjg";7'"eqpÝfgpeg"ngxgn"
was tested by the standard t-test.

3. Results

In this section we present together the trends obtained 
for land and sea surface temperatures in the study 
ctgc"eqpukfgtkpi"Ýtuv"vjg"kpvgtcppwcn"xctkcdknkv{"cpf"
then seasonal and monthly trends.

503 Kptetcppwcn ttepfu
The linear trend in mean temperature was assessed 
separately for every land station for the period 1960-
2010. Figure 2 shows the evolution curves obtained. 
Fkhhgtgpegu" kp"ocipkvwfg" ctg" fwg" vq" vjg" urgekÝe"
location of the station, however all the stations in 
general showed a similar evolution, with an apparent 
warming trend especially noticeable from the 1980s. 
Lower values were registered in the stations of Bar-
celona airport and Fabra which are located further 
north and, the latter, at 415 masl.

In order to obtain an averaged value representative 
of the area, we selected three stations with the best 
quality data and cover of temperature ranges: Valen-
cia-airport (3), Tortosa (2) and Barcelona-Fabra (6), 
and calculated an averaged new series. The Pearson 
eqttgncvkqp"eqghÝekgpv"dgvyggp"vjgug"ugtkgu"ku"20;;0"
As mentioned above, the stations located at airports 
(1, 4, 5) were relocated between 2003 and 2005 lead-
ing to discontinuity in the data. Our correlations of the 
data series from the different stations were all high to 
date (0.98-0.99), so we took the Valencia, Tortosa and 
Barcelona-Fabra data as representative of the whole 
region and we discarded the rest. Figure 3 shows both 
the evolution curve obtained for SST in the Balearic 
Sea (1985-2009) and the averaged evolution curve 
obtained for land temperatures in the three stations se-
lected, for the longer series 1960-2010. Monthly data 
have been plotted and a 12-month moving average 
applied to remove seasonal effects. The correlation 
dgvyggp"ncpf"cpf"UUV"ugtkgu"ujqyu"c"eqghÝekgpv"qh"
0.85. The slope of the linear regressions indicates an 
increase trend of 0.026 ºC/year for SST and a rate 
of 0.039 ³E1{gct"hqt"ncpf"vgorgtcvwtg."cnn"ukipkÝecpv"
cv";7'"eqpÝfgpeg"kpvgtxcnu0"The rate for land sta-
tions remains very much the same (0.038 ºC/year) 
when the shorter series of years (1985-2009) is con-
sidered. The visual observation of the curves suggests 
that the increase of temperature is stronger in the Ta
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1980s decade, the warm summers of 1990, 2003 and 
2006 being clearly visible. These results seem to be 
in agreement with the observations of other authors 
(Morales et cn0, 2005; Del Río et cn0, 2011; El Kenawy 
et cn., 2012) in several regions of Spain.

504 Oqptjn{ cpf uecuqpcn ttepfu
Monthly trends were calculated using linear regression 
in order to assess their seasonal contribution to the 
average annual warming rate. Trends were obtained 
for the series of years available, but, in order to better 
compare land and sea temperatures, the trends for 
land stations were also calculated for the period 1985-
2009 when data were available for the sea. Table II 
shows the monthly rates obtained in each period, with 
vjgkt"uvcvkuvkecn"ukipkÝecpeg0"Hqt"ncpf"uvcvkqpu"qp"vjg"

period 1960-2010, all trends—except February—are 
ukipkÝecpv" cpf" vjg"oczkowo"yctokpi" tcvgu" *qxgt"
0.05 ºC/year) are registered in the warmest months of 
August, June, and July. However, when the analysis 
is limited to the most recent 25 years, the maximum 
trends—for land and sea—are obtained during spring 
and the beginning of summer, especially in June, 
when a maximum warming rate of 0.12 ºC/year has 
been recorded in land temperatures and 0.08 ºC/year 
in SSTs. For this period, only the data for April, May, 
cpf"Lwpg"ctg"ukipkÝecpv"hqt"ncpf"cpf"Crtkn."Oc{."Lwpg"cpf 
July for SST. These peak records in June have also 
been obtained by other authors in the Mediterra-
nean basin, with a significant maximum rate of 
0.12 ºC/year in June recorded for the northern basin 
during the period 1985-2009 (López García and 

1
9

6
0

1
9

6
1

1
9

6
2

1
9

6
3

1
9

6
4

1
9

6
5

1
9

6
6

1
9

6
7

1
9

6
8

1
9

6
9

1
9

7
0

1
9

7
1

1
9

7
2

1
9

7
3

1
9

7
4

1
9

7
5

1
9

7
6

1
9

7
7

1
9

7
8

1
9

7
9

1
9

8
0

1
9

8
1

1
9

8
2

1
9

8
3

1
9

8
4

1
9

8
5

1
9

8
6

1
9

8
7

1
9

8
8

1
9

8
9

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

13

14

15

16

17

18

19

20

T
 (

ºC
)

Barcelona A Valencia A Ibiza A Barcelona-Fabra Menorca ATortosa

Year

Fig. 2. Interannual temperature variability at the six weather stations. Monthly data are plotted and a 12-month 
moving average applied to eliminate seasonal effects.

1
9
6
0

1
9
6
1

1
9
6
2

1
9
6
3

1
9
6
4

1
9
6
5

1
9
6
6

1
9
6
7

1
9
6
8

1
9
6
9

1
9
7
0

1
9
7
1

1
9
7
2

1
9
7
3

1
9
7
4

1
9
7
5

1
9
7
6

1
9
7
7

1
9
7
8

1
9
7
9

1
9
8
0

1
9
8
1

1
9
8
2

1
9
8
3

1
9
8
4

1
9
8
5

1
9
8
6

1
9
8
7

1
9
8
8

1
9
8
9

1
9
9
0

1
9
9
1

1
9
9
2

1
9
9
3

1
9
9
4

1
9
9
5

1
9
9
6

1
9
9
7

1
9
9
8

1
9
9
9

2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

2
0
0
5

2
0
0
6

2
0
0
7

2
0
0
8

2
0
0
9

2
0
1
0

13

14

15

16

17

18

19

20

T
 (

ºC
)

T Land

Year

P1 P2 P3

SST Balearic Sea

Fig. 3. Interannual temperature variability for land (average values of three weather stations) (1960-2010) and for 
SST (averaged value over the whole Balearic Sea) (1985-2009). Monthly data have been plotted and a 12-month 
moving average applied to eliminate seasonal effects. The time range in SST is limited to the number of years 
available. P1, P2 and P3 are the time periods used in Figures 5 and 6.
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Camarasa, 2011) and rates of 0.16 ºC/year in June for 
the Tyrrhenian, Ligurian and Adriatic seas during the 
period 1985-2006 (Nykjaer, 2009).

Figure 4 jointly represents monthly trends obtained 
for land and sea. In Figure 4a land data show the trends 
for the whole period (1960-2010) while in Figure 4b 
only the trends for the more recent and shorter series 
(1985-2009) are shown. The horizontal lines point out 
the annual trend in each case. If we observe the trends 
for land stations during the longer series (Fig. 4a), the 
highest contribution to the annual trend corresponds to 
summer (August, June, July), however, if we observe 
the data for the more recent decades (Fig. 4b), a more 
similar pattern is found for SST and the coastal land 
stations with the highest contribution in June. Autumn 
and winter show the lowest trends and these data are 
pqv"uvcvkuvkecnn{"ukipkÝecpv0"Vjg"cpqocnqwu"jkij"tcvg 
(0.068 ºC/year) registered in January on land stations 
can be explained by a widespread frost episode which 
occurred at the beginning of the series in 1985.

The results show that, during the last 25 years, 
temperature in June has increased around 2 ºC in the 
Balearic Sea and about 3 ºC at the coastal land sta-
tions. These increases have also been marked during 
Oc{."Lwn{"cpf"Crtkn"yjkng"vjg"vtgpfu"ctg"pqv"ukipkÝ-
cant for autumn and winter months. Consequently, the 
annual warming rate observed during the last decades 
seems to be mainly due to the increase of tempera-
ture occurring during the transition period from 

spring to summer, being June the most critical month. 
In other words, in the Balearic basin and Spanish 
Mediterranean it seems that summer is beginning 
earlier than a few decades ago.

Although the length of the series, especially for 
the sea, is not very long, we tried to identify possible 
changes in the seasonal cycle over the period of time 
studied. From the visual observation of interannual 
evolution curves in Figure 3, we divided the series 
in three periods: Period 1 (P1), from 1960 to 1980; 
Period 2 (P2), from 1981 to 1992; and Period 3 (P3), 
from 1993 to 2010. For each period, monthly mean 
temperatures were calculated and seasonal curves 

Table II. Monthly and annual trends (ºC/year) for coastal 
stations (T Land) and sea surface temperatures (SSTs). 
UkipkÝecpv"xcnwgu"cv"vjg";7'"eqpÝfgpeg"ngxgn"ctg"octmgf"
in bold.

T Land SST
1960-2010 1985-2009 1985-2009

January 0.025 0.068 0.013
February 0.025 0.006 0.011
March 0.046 0.039 0.019
April 0.033 0.072 0.043

May 0.039 0.079 0.060

June 0.057 0.123 0.077

July 0.050 0.041 0.056

August 0.059 0.027 0.028
September 0.029 –0.009 0.010
October 0.039 0.053 0.002
November 0.028 0.025 0.010
December 0.027 –0.014 0.017
Annual 0.039 0.038 0.026
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Fig. 4. Linear trends (ºC/year) for every month for land and 
SST. The horizontal lines represent the averaged annual 
trend in land (dashed line) and sea (solid line). (a) Land 
temperature trends have been calculated for the series 
1960-2010. (b) Land and SST trends have been calculated 
for 1985-2009.
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were drawn for land (Fig. 5a) and SST (Fig. 6a). The 
absolute differences (ºC) obtained for every month 
between the average temperatures in each period are 
also represented in Figures 5b and 6b for land and 
sea, respectively.

For land stations (Fig. 5a, b) we can observe an 
increase of about 1 ºC from P1 (1960-80) to P2 (1981-
1992) during the summer and autumn and also in March. 
During the most recent decade, from P2 (1981-1992) 
to P3 (1993-2010), however, the strongest increase in 
temperature is registered during late spring-summer, 
with the highest values of 1.6 ºC in June, 1.4 ºC in May, 
and 1 ºC in April. There is also an increase above 0.5 ºC 
in January, February, March, August and October. 
Overall, for the whole period, adding up the changes of 

P2-P1 and P3-P2, the highest increases were registered 
in June and August (about 2 ºC).

In the Balearic Sea (Fig, 6a, b), due to the lim-
ited series of data available, it was only possible to 
compare the seasonal curves from P2 (1985-92) to 
P3 (1993-2009). During this period, the strongest 
increase in temperature is registered during June 
and May, with values of about 1 ºC. The increase 
of 0.5 ºC observed during winter on land stations 
is not observed at sea, where the recent warming is 
produced clearly during the oceanographic spring 
(April, May and June). Both on land and at sea during 
the last decade there seems to be a slight decrease of 
temperature in September, which is also noticeable 
in October at sea.
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Fig. 5. (a) Changes in the seasonal cycle for land temperatures (average values of three weather stations) calculated 
in three time periods. (b) Absolute difference of monthly temperatures between each period.

Fig. 6. (a) Changes in the seasonal cycle for SSTs in the Balearic Sea calculated for two time periods. (b) Absolute 
difference of monthly temperatures between the two periods.
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4. Discussion and conclusions

This paper describes the recent annual and monthly 
evolution of temperature in the Balearic Sea and the 
surrounding Spanish Mediterranean coastal area from 
SST satellite-derived data and kp uktw land temperature 
records. Similar behavior has been observed for land 
and sea temperatures. The analysis of land tempera-
ture for the period 1960-2010 shows a warming rate of 
0.039 ºC/year, representing an overall increase of 
1.9 ºC during the last 50 years. This rate is consistent 
with the trend obtained for the SST, where a lower 
rate (0.026 ºC/year) has been registered for the period 
1985-2009, which translates into an overall increase 
of 0.7 ºC in 25 years. The annual warming rate in SST 
ku"kp"citggogpv"ykvj"vjg"Ýpfkpiu"qh"P{mlcgt"*422;+."
López García and Camarasa (2011) and Skliris (2012) 
for the western Mediterranean, who gave a rate of 
about 0.03 ºC/year for about the same period; and 
with the trends given by Macías et cn0 (2013) for the 
whole Mediterranean (0.037 ºC/year). Although the 
warming of the climate system since the middle of 
the 19th century is accepted by almost all scientists, 
the observed trends in oceanic SST differ depending 
on the ocean, the period of reference and also the da-
tabase employed in the analysis. It is not easy to esti-
mate long-term warming in the world’s oceans as they 
do not warm uniformly and decadal changes in ocean 
circulation can mask warming signals. However, sev-
eral works have tried to estimate long-term warming 
at a global scale. Rayner et cn0 (2006), based on the 
improved International Comprehensive Ocean-At-
mosphere Data Set (ICOADS) observed linear 
warming between 1850 and 2004 of 0.52 ± 0.19 ºC 
*;7'"eqpÝfgpeg"kpvgtxcn+"hqt"vjg"inqdg."c"dkv"jkijgt"
(0.59 ± 0.20 ºC) for the Northern Hemisphere, and 
lower (0.46 ± 0.29 ºC for the Southern Hemisphere. 
At a regional scale, some studies suggest that the 
warming is particularly marked in the Atlantic Ocean 
(Palmer et cn0, 2007; Servain et cn0, 2014). The latter 
indicates a clear warming of the entire tropical At-
lantic Ocean from 1975, with positive trends (> 1 ºC) 
in some areas in the last 50 years.

In the Mediterranean Sea, a semi-enclosed sea 
connected to the Atlantic Ocean through the Strait 
of Gibraltar, the warming seems to be happening 
at a higher rate than in the open ocean. Our results 
for the Balearic Sea agree with others who have 
observed a marked warming of the Mediterranean 
Sea in the last three decades (Skliris et cn0, 2012) and 

are consistent with their hypothesis that the warming 
of the western Mediterranean could be induced by 
vjg"yctokpi" qh" vjg"Cvncpvke" kpÞqy" tgncvgf" vq" vjg"
Atlantic Multidecadal Oscillation (AMO) (Macías et 

cn0, 2013) combined with increasing concentrations 
of greenhouse gases produced by human activities. 
Macías et cn0"*4235+"eqpenwfgf"vjcv"7:'"qh"vjg"tgegpv"
warming in Mediterranean waters could be attributed 
to the AMO oscillation, whilst anthropogenic-in-
fwegf"enkocvg"ejcpig"ycu"qpn{"tgurqpukdng"hqt"64'"
of the total trend. The acceleration of the warming 
observed in the Mediterranean during the 1990s could 
be caused, according to them, by a superimposition 
of anthropogenic-induced warming with the positive 
phase of the AMO. According to their projections, a 
slowdown of the warming trend will happen in the 
coming decades. 

Our analysis of seasonal trends in the Balearic 
basin has shown important differences in trends, 
depending on the time of the year. During the last 25 
years, both land temperature and SST have registered 
the highest warming rates during the transition from 
spring to summer, with a maximum rate in June of 
0.12 ºC/year on land and 0.08 ºC/year at sea. Ac-
cording to these records, on average, the temperature 
in June has increased by 3 ºC on land and 2 ºC in 
the Balearic Sea over the period. When the study 
is extended to a longer period (1960-2010) at land 
stations, maximum rates are registered in June and 
also in August with a trend of 0.06 ºC/year for both 
months. These land temperature results are consistent 
with those studies which indicate that warming ob-
served in recent decades is mainly due to the increase 
of temperatures during the warm seasons, either 
spring or summer (Morales et cn0, 2005; Brunet et 

cn0, 2007; Del Río et cn0, 2011; Bartolini et cn., 2012; 
El Kenawy et cn., 2012). However, our data indicate 
that the warming takes place precisely during the 
transition from spring to summer with June being the 
month when the largest changes have been recorded 
especially during the last three decades. 

Del Río et cn0 (2011), using data from 473 weather 
stations distributed all over Spain also found maxi-
mum warming rates in June with a trend of 0.5 ºC/
decade for the period 1961-2006. With respect to 
SST, Skliris et cn0 (2012) also found much higher 
warming rates during spring/summer than autumn/
winter in their seasonal analysis of the Mediterra-
nean basin based on satellite-derived temperature. 
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They observed large seasonal variability in the 
western Mediterranean, where the highest warming 
rate was in spring (0.054 ºC/year) and then summer 
(0.029 ºC/year), with almost zero warming in autumn. 
They performed the analysis using two datasets: 24 
years of satellite derived temperature, and 35 years 
qh"kp"ukvw"fcvc"*PQEU"X04+."Ýpfkpi"ukoknct"rcvvgtpu"
from both datasets over the common period, although 
lower trends were obtained from the NOCS data. 
Unfortunately, they do not report monthly rates which 
would allow comparison with our results.

In our study, the observation of changes in sea-
sonal curves over different periods show that in land, 
where a longer series of data is available, there was an 
increase of temperature > 1.5 ºC between the earlier 
period (1960-1980) and the more recent period (1993-
2010). However, once again these changes show 
seasonal differences. Between the periods 1960-80 
and 1981-1992 the increase of temperature occurred 
mainly during the summer and autumn (from July 
to December), but between the more recent periods, 
from 1981-1992 to 1993-2010, the increase is espe-
cially strong in spring (May and June). Overall, these 
tguwnvu"eqpÝto"vjg"vtgpf"vqyctfu"cp"gctnkgt"qpugv"qh"
the summer in the last two decades as observed in 
the Mediterranean Sea basins from the analysis of 
thermal images (López García and Camarasa, 2011). 
The analysis of both SST and air temperature for land 
stations located near the Spanish Mediterranean coast 
also indicates that June is the month when the high-
est increase of temperature is registered. This result 
suggests the importance of seasonal and monthly 
analysis in global warming studies as annual trends 
can smooth over seasonal differences.

The changes in observed seasonal cycles could 
be important due to their ecological implications. In 
a review of climate change effects on the Mediterra-
nean, Lejeusne et cn0 (2010) warn about the effects 
of fauna shifting, the spread of invasive species, the 
risk of what some authors have called the “tropical-
ization” of the Mediterranean (Bianchi, 2007), as 
well as the possibility of more multispecies mass 
mortality events such as those related to heat waves 
in 1999 and 2003. These authors point out the need 
for further research to better understand the impli-
cations of climate change on Mediterranean marine 
ecosystems. They also note that a multidisciplinary 
approach would be the only way to tackle such a 
complex problem. In this context the changes in the 

seasonal cycle observed in this paper and the effect of 
earlier and longer summers on the ecosystem deserve 
consideration.
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