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State of the Art
Bladé and Castro-Diez (2010) provided a comprehensive
review on climate trends in the Iberian Peninsula
during the instrumental period, with a special focus
on precipitation and air temperature. According to
that review, Spain witnessed a general air temperature
increase during the 20th century. That increase was more
pronounced during the last decades of the 20th century,
a finding that is consistent with other regions of Europe.
The review of Bladé and Castro-Diez (2010) indicated a
strong spatial, seasonal and inter-annual variability of
precipitation over Spain, with a general negative trend
between 1960 and 2010. Nevertheless, the authors did not
include any updates on variability and changes of other
essential atmospheric variables (e.g. relative humidity,
wind speed, drought and atmospheric evaporative
demand). Vicente-Serrano et al. (2017) published an
update revision of the recent peer-reviewed articles that
analysed changes in temperature and precipitation but
also in solar radiation, near-surface wind speed, surface
humidity and evapotranspiration. This article presents a
summary of that study.

found an identical rate of increase (0.3oC decade-1) for
maximum and minimum temperatures, particularly in
summer and spring months. The average of increase in
maximum temperature was 0.37oC and 0.43oC decade-1
during summer and spring, respectively. For minimum
temperature, the warming rate was 0.34oC (summer) and
0.41oC decade-1 (spring). Gonzalez-Hidalgo et al. (2015a; b)

Changes in solar radiation
Sánchez-Lorenzo et al. (2013) showed a significant
upward trend between 1985 and 2010 on the order of
3.9 Wm−2decade-1. Similar significant increases were
observed in the mean seasonal series, with the highest rate
of increase during summer (6.5 Wm−2 decade-1) (Figure
1). Mateos et al. (2014) quantified the contribution of
clouds and aerosols to “brightening” processes in Spain,
indicating that clouds are the key factor responsible
for explaining “brightening” trends, as they explain
approximately 75% of the solar radiation changes.

Air temperature change
Del Río et al. (2011) analysed the evolution of mean air
temperature using 473 meteorological stations between
1961 and 2006, and showed dominant positive trends,
mainly in spring and summer months, suggesting an
annual increase between 0.1 and 0.2oC decade-1, which
was statistically significant in the entire peninsular Spain.
Del Río et al. (2012) analysed the evolution of maximum
and minimum air temperatures for the same period and

Figure 1: Mean annual and seasonal global radiation series
(thin line) from 1985 to 2010 from the network of stations
in Spain, plotted together with a 13-year Gaussian low-pass
filter (thick line). The series are expressed as anomalies from
the 1991–2010 mean. Dashed lines show the mean global
radiation series obtained using the subset of 5 stations with
collocated diffuse radiation records (From Sánchez-Lorenzo
et al., 2013)
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showed that maximum temperature has risen in late
winter/early spring and summer, while minimum
temperature has increased in summer, spring and autumn,
especially in southern regions of Spain. Moreover, they
showed that trends in the daily temperature range had a
clear north–south gradient during summer, with positive
trends in the north and negative trends in the south.
The overall signal in maximum temperature showed
a positive trend over more than 75% of land, and the
strongest signal was detected in June, in which 87% of
land exhibited a statistically significant positive trend
(Figure 2).

Figure 2: Annual mean of Tmax and Tmin value (1951–2010).
Anomalies to base line period 1951–2010. Red line: Tmax;
blue line: Tmin; triangles: volcanic eruptions (From GonzálezHidalgo et al., 2015b)

Regarding changes in daily temperatures over Spain,
Rodríguez-Puebla et al. (2010) analysed changes in
warm days and cold nights and indicated that warm
days increased by 1.1% of decade-1 on average, while
cold nights exhibited a decrease on the order of -1.3%
decade-1. The increase in the frequency of warm
temperature extremes was continuous during the past
two decades. Sánchez-Lorenzo et al. (2012) confirmed
that the average frequency of tropical nights showed a
continuous increase since the beginning of the 1970s,
with the most extreme values recorded during the 2000s.
Changes in surface winds
Azorín-Molina et al. (2014) showed a generally slight
downward trend for the period 1961–2011 (-0.016 ms-1
decade-1). However, they found seasonal differences, with
a declining trend in winter and spring and an increasing
trend in summer and autumn. Over Spain, wind “stilling”
affected almost 77.8% of the stations in winter and 66.7%
in spring. Nonetheless, roughly 40% of the declining
trends were statistically significant. On the contrary,
increasing tendency appeared in 51.9% of the stations in
summer and 57.4% in autumn.
Changes in surface humidity
Vicente-Serrano et al. (2014) showed a large decrease
21
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in relative humidity over mainland Spain from 1961 to
2011, which was more pronounced in spring and summer
(-1.02% and -1.56% decade-1, respectively). On average,
the decrease was on the order of -5.1% at the annual scale
between 1961 and 2011. In contrast, there was no overall
change in the specific humidity in this period, except in
spring that exhibited an increase (Figure 3).

Figure 3: Spatial distribution of seasonal and annual
trends in relative and specific humidity in Spain
(1961–2011) (From Vicente-Serrano et al., 2014)

Changes in precipitation
González-Hidalgo et al. (2011) showed that monthly
precipitation trends have high monthly variability, with
coherent spatial trend patterns in March, June (both
with a general and significant negative trend) and
October (general positive trends). More localized trend
patterns were noted in July, February and April. Del Río
et al. (2011b) revealed a decrease in rainfall in more than
28% of the Spanish territory during summer and winter
between 1961 and 2006. Although regional patterns of
rainfall changes are complex, regional series over the
whole Spain showed a precipitation decrease in winter
and at the annual scale (Rodríguez-Puebla and Nieto,
2010; Vicente-Serrano et al., 2014). Gallego et al. (2011)
analysed trends in frequency indices of daily precipitation
during the last century (1903–2003), using data from 27
stations in Portugal and Spain, and found that the total
number of rainy days and light (≥0.2 and <0.25 mm)
rainfall increased at many observatories over the Iberian
Peninsula for all seasons. Acero et al. (2011) who used
a peaks-over-threshold approach showed that for a 2-yr
return period yielded a large proportion of negative
trends for the considered seasons: 58% for winter,
63% for spring, and 69% for autumn. Nevertheless, the
parametric approach also revealed an increase in the area
with positive trends for a 20-yr return level, relative to a
2-yr return period. This feature could give indications on
certain increase of intense precipitation events. On the
contrary, Rodrigo (2010) showed that the trend of the

probability of daily rainfall less than the 5th percentile is
positive but in contrast, the probability of daily rainfall
higher than the 95th percentile is negative, which would
suggest a decrease of rainfall intensity during this period.
The atmospheric evaporative demand (AED)
Vicente-Serrano et al. (2014b) found a strong increase
(24.4 mm decade−1) in the magnitude of AED at the annual
scale across Spain, with the main increase in summer
(12 mm decade-1). This increase was mainly explained
by the decrease in relative humidity and the increase
in maximum temperature since the 1960s, particularly
during summer months.

Concluding remarks
Although recent climate trends are determined by
the used datasets and mostly the selected periods for
analysis, it is possible to draw some concluding remarks
for the different variables:
1. there is a strong solar radiation increase from the
1980s;
2. temperatures showed strong increases (around
+0.3oC decade-1) since the 1960s, which were
stronger in summer months;
3. there are no noticeable changes in surface wind
speed, with a slight downward trend recorded but
not statistically significant;
4. strong decrease in relative humidity was recorded
(-5% between 1961 and 2011). In contrast, no
changes in absolute humidity were identified;
5. there is a strong spatial and seasonal variability in
precipitation trends, maybe in relation with change
in atmospheric teleconnections and the influence
of ENSO (see Rodriguez et al., this issue), although
average annual precipitation over Spain showed a
moderate decrease in the past five decades;
6. the atmospheric evaporative demand increased in
the past five decades (+24.4 mm decade-1), mainly in
summer months. Overall, the recent climate trends
observed for Spain clearly suggest a warmer and
drier scenario in comparison to past decades. This
finding is compatible with observations in other
Mediterranean areas, where there is a tendency
toward a climate scenario characterized by lower
water availability (García-Ruiz et al., 2011).
References
Acero, F.J., García, J.A., Gallego, M.C. 2011. Peaks-overthreshold study of trends in extreme rainfall over the
Iberian Peninsula. Journal of Climate 24, 1089-1105. Doi:
10.1175/2010JCLI3627.1.

Azorin-Molina, C., Vicente-Serrano, S.M., Mcvicar, T.R.,
Jerez, S., Sanchez-Lorenzo, A., López-Moreno, J.-I.,
Revuelto, J., Trigo, R.M., Lopez-Bustins, J.A., EspíritoSanto, F. 2014. Homogenization and assessment of
observed near-surface wind speed trends over Spain and
Portugal, 1961-2011. Journal of Climate 27, 3692-3712.

Doi: 10.1175/JCLI-D-13-00652.1.

Bladé I., Castro Díez Y. 2010. Tendencias atmosféricas en
la Península Ibérica durante el periodo instrumental en
el contexto de la variabilidad natural, In Clima en España:
pasado, presente y futuro (Pérez F. Fiz and Boscolo
Roberta EdS.) 25-42 pp.

Del Río, S., Herrero, L., Pinto-Gomes, C., Penas, A. 2011.
Spatial analysis of mean temperature trends in Spain
over the period 1961-2006.
Global and Planetary
Change 78, 65-75. Doi: 10.1016/j.gloplacha.2011.05.012.
Del Río, S., Herrero, L., Fraile, R., Penas, A. 2011b Spatial
distribution of recent rainfall trends in Spain (1961–
2006). International Journal of Climatology 31, 656–667.
Doi: 10.1002/joc.2111.
Del Río, S., Cano-Ortiz, A., Herrero, L., Penas, A. 2012.
Recent trends in mean maximum and minimum air
temperatures over Spain (1961-2006). Theoretical
and Applied Climatology 109, 605-626. Doi: 10.1007/
s00704-012-0593-2.

Gallego, M.C., Trigo, R.M., Vaquero, J.M., Brunet, M.,
García, J.A., Sigró, J., Valente, M.A. 2011. Trends in
frequency indices of daily precipitation over the
Iberian Peninsula during the last century. Journal of
Geophysical Research Atmospheres 116, D02109, 28.
Doi: 10.1029/2010JD014255.
García-Ruiz, J.M., López-Moreno, J.I., Vicente-Serrano,
S.M., Lasanta, T., Beguería, S. 2011. Mediterranean
water resources in a global change scenario. Earth
Sciences Review 105, 121-139. Doi: 10.1016/j.
earscirev.2011.01.006.
González-Hidalgo, J.C., Brunetti, M., de Luis, M. 2011. A
new tool for monthly precipitation analysis in Spain:
MOPREDAS database (monthly precipitation trends
December 1945-November 2005. International Journal
of Climatology 31, 715-731. Doi: 10.1002/joc.2115.

Gonzalez-Hidalgo, J.C., Peña-Angulo, D., Brunetti, M.,
Cortesi, N. 2015. MOTEDAS: a new monthly temperature
database of Spanish continental land and the temperature
trend between 1951-2010. International Journal of
Climatology 35, 4444-4463. Doi: 10.1002/joc.4298.
Gonzalez-Hidalgo JC, Peña-Angulo D, Brunetti M, Cortesi
N. 2015b. Recent trend in temperature evolution in
Spanish mainland (1951–2010): from warming to hiatus.
Int. J. Climatol. DOI: 10.1002/joc.4519.

Mateos, D., Sanchez-Lorenzo, A., Antón, M., Cachorro,
V.E., Calbó, J., Costa, M.J., Torres, B., Wild, M. 2014.
Quantifying the respective roles of aerosols and
clouds in the strong brightening since the early 2000s
over the Iberian Peninsula. Journal of Geophysical
CLIVAR Exchanges No. 73, September 2017

22

Research D: Atmospheres 119, 10382-10393. Doi:
10.1002/2014JD022076.
Rodrigo, F.S. 2010. Changes in the probability of extreme
daily precipitation observed from 1951 to 2002 in the
Iberian Peninsula. International Journal of Climatology
30, 1512-1525. Doi: 10.1002/joc.1987.

Rodríguez-Puebla, C., Encinas, A.H., García-Casado, L.A.,
Nieto, S. 2010. Trends in warm days and cold nights
over the Iberian Peninsula: Relationships to large-scale
variables. Climatic Change 100, 667-684. Doi: 10.1007/
s10584-009-9721-0.
Rodríguez-Puebla, C., Nieto, S. 2010. Trends of
precipitation over the Iberian Peninsula and the North
Atlantic Oscillation under climate change conditions.
International Journal of Climatology 30, 1807-1815. Doi:
10.1002/joc.2035.

Sanchez-Lorenzo, A., Pereira, P., Lopez-Bustins, J.A., Lolis,
C.J. 2012. Summer night-time temperature trends on the
Iberian Peninsula and their connection with large-scale
atmospheric circulation patterns.
International
Journal of Climatology 32, 1326-1335. Doi: 10.1002/
joc.2354.

Sanchez-Lorenzo, A., Calbó, J., Wild, M. 2013. Global and
diffuse solar radiation in Spain: Building a homogeneous
dataset and assessing their trends.
G l o b a l
and Planetary Change 100, 343-352. Doi: 10.1016/j.
gloplacha.2012.11.010.
Vicente-Serrano, S.M., Azorin-Molina, C., SanchezLorenzo, A., Morán-Tejeda, E., Lorenzo-Lacruz, J., Revuelto,
J., López-Moreno, J.I., Espejo, F. 2014. Temporal evolution
of surface humidity in Spain: recent trends and possible
physical mechanisms. Climate Dynamics 42, 2655–2674.
Doi: 10.1007/s00382-013-1885-7.
Vicente-Serrano, S.M., Azorin-Molina, C., SanchezLorenzo, A., Revuelto, J., López-Moreno, J.I., GonzálezHidalgo, J.C., Moran-Tejeda, E., Espejo, F. 2014b. Reference
evapotranspirationvariability and trends in Spain, 19612011. Global and Planetary Change 121, 26-40. Doi:
10.1016/j.gloplacha.2014.06.005.

Vicente-Serrano, S.M., Rodríguez-Camino, E., DomínguezCastro, F., El Kenawy, A., Azorin-Molina, C., 2017. An
updated review on recent trends in observational surface
atmospheric variables and their extremes over Spain.
Cuadernos de Investigación Geográfica. 49: 209-232.

23

CLIVAR Exchanges No. 73, September 2017

