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Introduction
The understanding of past multiannual-decadal climate 
variability in the Iberian Peninsula, and the long-term 
evolution of the main climate modes, can only be fully 
achieved if a large set of well resolved precipitation 
and temperature reconstructions are available. Such 
reconstructions can be obtained through a large array 
of proxies measured from different natural archives, like 
tree rings, lacustrine and marine sedimentary records, 
peatbog sequences and speleothems, among others. 
These climate reconstructions permit to characterize the 
main climate conditions and modes of climate variability 
at different geographical and time scales, and identify 
the stationary or non-stationary behaviour in the 
relationship of different climatic variables.

The Iberian Peninsula lies within two main climatic 
regions: Eurosiberian (north and northwest) 
characterized by wet and cold climate without a marked 
summer drought, and Mediterranean with a summer 
drought and relatively cool and wet winters. The complex 
geography of the Iberian Peninsula, with a central 
altiplano segmented and bounded by several mountain 
ranges exceeding 2,000 m of altitude and a relatively 
large coastal area, results in north-south and west-east 
gradient of decreasing precipitation and increasing 
temperature. Because of these interactions, multiple 
microclimatic regimes occur across the Iberian Peninsula 
with different spatial and temporal sensitivity to the main 
climate modes that rule its climate variability.

Multiannual-decadal evolution of the main Northern 
Hemisphere climate modes such as the North Atlantic 
Oscillation (NAO), Eastern Atlantic (EA) and Scandinavian 
(SCAND) is of paramount importance controlling the 
Iberian Peninsula climate, but the lack of long time view 
compromises our ability to forecast their evolution 
under the present global warming scenario. To reach this 
goal, we need robust and reliable datasets, obtained by 
both instrumental measurements and detailed Global 
Climate Models (GCM), but proxy records are our only 
measurements at long time-scales. Here, we present a 
comprehensive summary of the climate evolution of the 

Iberian Peninsula for the last 2,000 years through the 
integration of different sets of continental and marine 
climate reconstructions. Figure 1 shows the location of 
the main paleo-reconstructions available from the Iberian 
Peninsula for this time period, and those highlighted 
have been represented in Figure 2 as an example of the 
current available records. Climate fluctuations during 
the last two millennia represent the recent Holocene 
variability before the Global Warming (GW), and they 
include four main periods: the Roman Period (RP, ca. 
250 BC – 500 CE), the Early Middle Ages (EMA, 500-900 
CE), the Medieval Climate Anomaly (MCA, 900-1300 CE) 
and the Little Ice Age (LIA, 1300-1850 CE). In fact, the 
comparison of the RP and MCA with the GW period might 
provide a baseline to better evaluate the relative impact of 
both anthropogenic warming and the natural variability 
associated with the main climate modes by the end of 
the 21st century. Only well-dated sequences, with high 
temporal resolution and robust multi-proxy approaches 
can provide valuable information, but they need to cover 
complete latitudinal and altitudinal transects to fully 
capture the climate history of the multiple microclimatic 
regions in the Iberian Peninsula. A large number of 
continental and marine reconstructions are available, 
and several efforts have been carried out to summarize 
the climate evolution and trends in the Iberian Peninsula 
for the last two millennia with different temporal and 
spatial coverages (Morellón et al., 2012; Moreno et al., 
2012; Cisneros et al., 2016; Sánchez-López et al., 2016; 
Abrantes et al., 2017) Nevertheless, there are still 
significant geographical gaps, such as the central areas 
of the Iberian Peninsula and the high-mountains, which 
hamper a more comprehensive picture of the climate 
evolution of the whole Iberian Peninsula during the last 
two millennia. 

The Roman Period (ca. 250 BCE – 500 CE)
The available terrestrial and marine temperature 
reconstructions suggest relatively warm conditions 
during this period. Sea surface temperatures in records 
from both sides of the Iberian Peninsula, in the Atlantic 
margin and in the Balearic sector, show this as the

A comprehensive overview of the last 2,000 years 
Iberian Peninsula climate history
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Figure 1: Map of the Iberian Peninsula (IP) with the location of the main records currently available for the last 2000 
years. Blue dots indicate marine records, red dots represent lacustrine sequences, yellow dots are speleothems archives, 
and green dot corresponds to a peat bog. The location of the Figure 2 records are highlighted in bold and cursive. 

Figure 2: Selection of some of the available records that represent temperature and humidity changes along the IP. The source of 
the data is indicated in the figure 
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warmest interval of the last 2000 years (Abrantes et al. 
2011, Cisneros et al., 2016). On land, a warming trend 
is detected on the Pyrenees (Pla and Catalan, 2005) 
whereas the central Iberian Peninsula was characterized 
by centennial-to-decadal scale alternation of cold and 
warm periods (Sánchez-López et al., 2016). In terms 
of humidity, the available records display a rather 
complex spatial pattern: while the northern Iberian 
Peninsula was dominated by arid conditions, the central 
Iberian Peninsula showed alternating humid and arid 
phases, and the more humid conditions prevailed in 
the southern Iberian Peninsula (Martín-Puertas et al., 
2008; Morellón et al., 2012; Sánchez-López et al., 2016). 
Furthermore, the comparison between high-altitude 
and lowland sites underlines this complex hydrological 
pattern: high-altitude eastern Iberian Peninsula 
records reflect humid conditions, while western low-
altitude sites indicate prevailing aridity (Morellón et 
al., 2011). These latitudinal and altitudinal humidity 
gradients might be related to regional precipitation 
variability, albeit the scarcity of records prevents the 
evaluation of the possible responsible climate processes.

The Early Middle Ages (500 – 900 CE)
This period was also characterized by a complex spatial 
climate pattern. While colder and humid conditions 
prevailed in the northwestern Iberian Peninsula  
(Jambrina-Enríquez et al., 2014), the eastern Iberian 
Peninsula showed generally more arid conditions, 
although with a larger hydrological heterogeneity. 
Evaporation/precipitation (E-P) ratio decreased in the 
Minorca Mediterranean area (Cisneros et al., 2016), 
consistent with the drier trend recorded in the central 
Pyrenees (Morellón et al., 2011; Perez Sanz et al., 2013), 
but with a high variability also detected in the central and 
southern Iberian Peninsula (Nieto-Moreno et al., 2011; 
Sánchez-López et al., 2016). However, some Pyrenean 
sites suggest higher precipitation than during the 
previous RP (Corella et al., 2013). Therefore, in terms of 
humidity, Atlantic versus Mediterranean gradients seem 
to be present, although the scarcity of robust climate 
reconstructions covering the Iberian Peninsula hampers 
a more precise characterization of these gradients. 
On the other hand, the thermal conditions for this 
period were more homogeneous for the entire Iberian 
Peninsula. Marine and terrestrial records generally 
show colder climate conditions, and a temperature 
decrease of about 1-2oC has been reconstructed in the 
Minorca Mediterranean area (Cisneros et al., 2016). 

The Medieval Climate Anomaly (900 – 1300 CE)
The larger number of climate records spanning this 
period and their better spatial distribution has allowed 
a better reconstruction of main climate conditions for 
the MCA (Moreno et al., 2012).  Marine records from the 
northwestern Iberian Peninsula suggest that the first half 
of the MCA was dominated by warmer winters and cooler 
springs-falls with large storms, while during the second 

half warmer springs-falls and drier conditions dominated 
(Abrantes et al., 2017). Overall drier conditions occurred 
in the Minorca Mediterranean (Cisneros et al., 2016) and 
in the Alboran Sea (Nieto-Moreno et al., 2011). On land, 
dry conditions have been documented in the northern 
(Martín-Chivelet et al., 2011; Morellón et al., 2012), 
central (Sánchez-López et al., 2016) and southern Iberian 
Peninsula (Martín-Puertas et al., 2008). Some climate 
reconstructions in the Pyrenees display more humid 
conditions (Pla-Rabes and Catalan, 2011) or increased 
storminess (Corella et al., 2014), possibly related to local 
factors such as geographical location and orientation. In 
terms of thermal conditions on land, almost all climate 
reconstructions suggest warmer conditions in the entire 
Iberian Peninsula. 

The Little Ice Age (1300 – 1850 CE)
The LIA represents the last cold spell before the onset of 
anthropogenic warming. Marine and terrestrial records 
show colder and more humid conditions, with a double 
structure. Records in the Minorca area suggest that the 
first thermal stage was characterized by warmer average 
temperatures with large sea surface temperature (SST) 
oscillations, while the second half was characterized by 
colder average SST with short-time oscillations (Cisneros 
et al., 2016). Northern and central Atlantic marine records 
also show a transition from warmer to colder conditions 
along the LIA but with an intense cooling trend of about 
3ºC along the LIA (Abrantes et al., 2017). Alboran marine 
records show overall humid conditions with a decadal 
oscillation pattern (Martín-Puertas et al., 2010; Nieto-
Moreno et al., 2011). Terrestrial climate reconstructions 
highlight that the overall climate of the Iberian Peninsula 
for that period were dominated by cold and humid 
conditions with decadal oscillations. Terrestrial records 
from northeastern Iberian Peninsula show more humid 
and colder conditions during the LIA compared to the 
previous periods. However, the timing and intensity of 
the changes show clear regional differences (Morellón 
et al., 2012; Corella et al., 2013; Pérez-Sanz et al., 2013). 
Some records indicate a higher lake level, particularly 
during the mid to late 19th century (Morellón et al., 
2011). In the Lake Moncortés record, the onset of the LIA 
is characterized by the largest increase in late spring-
summer heavy rainfalls between 1372 and 1452 CE, 
suggesting an anomalous frequency of high elevation cold 
air arrivals towards southern latitudes during summer 
(Corella et al., 2016). Considering the diverse resolution 
of the age models, coherence between periods of higher 
lake level and lower solar activity suggest a climatic 
control of lake paleohydrology at centennial scales. In the 
Central (Sánchez-López et al., 2016) and Iberian Range 
(Barreiro-Lostres et al., 2015), the reconstructed LIA 
climate conditions were cold and humid with an increase 
of extreme events during the LIA (Moreno et al., 2008). 
The presence and intensity of these decadal oscillations 
most probably is linked to the temporal resolution and 
sensitivity of the reconstruction.
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The Global Warming (1850 CE – present day)
Instrumental meteorological records clearly show that 
the last 150 years have been characterized by a long-
term temperature increase and precipitation decrease 
as a consequence of the anthropogenic activities (Bladé 
et al., 2010). The long-term aridity increase is visible in 
most of the available continental records of the Iberian 
Peninsula, while the marine ones, specially those located 
in the southern Iberian Peninsula, display an increase 
in humidity (Nieto-Moreno et al., 2011). With respect to 
the temperature, the continental records located in the 
lowlands agree with the instrumental meteorological 
records, and a clear trend towards warmer and more 
arid conditions are commonly seen. However, some 
high-altitude lakes (Sánchez-López et al., 2016) and 
Mediterranean marine records (Cisneros et al., 2016) 
display a marked temperature decrease, although marine 
records for the Gulf of Lions capture the instrumental 
global warming (Sicre et al., 2016). The scarcity of well 
resolved proxy records, and the appearance of several 
interferences from human activities during this time 
interval, still prevents any solid instrument-proxy data 
comparison, although several efforts are currently in 
development to achieve this goal. 

Climate-forcing mechanisms
Several forcings have been commonly invoked to explain 
the climate variability reconstructed in the Iberian 
Peninsula for the last 2,000 years, mainly climate mode 
fluctuations, insolation changes, and volcanic forcing. 
The variability in the main climate modes, such as the 
NAO, are frequently cited to explain the centennial 
to millennial trends, and the changes in summer and 
winter insolation as main forcings for abrupt climate 
fluctuations.  However, Comas-Bru and McDermott 
(2014) have highlighted that besides the role of a given 
climate mode, the interactions between them, and the 
spatial and temporal evolution of these interactions, are 
of paramount importance to explain the observed climate 
variability. The coupling and uncoupling of the NAO with 
other climate modes, such as the EA and SCAND, can 
lead to shifts in winter temperature and precipitation 
spatial patterns (Comas-Bru and McDermott, 2014). It 
can also lead to homogeneous or heterogeneous spatial 
distributions of the climate parameters as a result of the 
interaction of the NAO and EA with the same or opposite 
sign (Comas-Bru and McDermott, 2014; Bastos et al., 
2016).

These climate mode interactions also affect the Iberian 
Peninsula. Hernández et al. (2015) evidenced that the 
winter precipitation of the Iberian Peninsula is mainly 
controlled by the NAO, while EA is mainly responsible for 
winter and summer temperature variability. Dominance 
of the positive (negative) phase of the NAO leads to 
decreases (increases) in the winter precipitation, 
while positive (negative) phase of the EA can cause 
higher (lower) winter and summer temperatures. The 

interaction of both climate modes during periods of 
opposite/similar signs could explain the occurrence 
of periods with temperature and humidity changes of 
opposite trends.

Sánchez-López et al. (2016) suggested that the sign of 
these climate modes as well as their interaction could 
explain the observed spatial and temporal climate 
variability in the Iberian Peninsula for the last 2,000 years. 
The humidity gradients in the RP and EMA periods would 
be the consequence of the predominant interaction of the 
NAO and EA climate modes during opposite sign phases 
(NAO+ - EA- and NAO- - EA+), while the homogeneous 
precipitation distribution that occurred during the MCA 
and LIA periods might be attributed to the interaction 
of both climate modes in the same sign (NAO+ - EA+ and 
NAO- - EA-). Therefore, the main RP climate conditions 
would correspond to the NAO- - EA+ dominance which led 
to wet and warm winters and warm summers, and the 
EMA would be ruled by the predominance of the NAO+ 
- EA- interactions with dry and cold winters, and cold 
summers. On the other hand, MCA would be marked by 
the predominance of the NAO+ - EA+ interaction where 
dry and warm winters and warm summers, whilst the 
LIA climate conditions would be the consequence of the 
NAO- - EA- interactions, with humid and cold winters, and 
cold summers. Marine records located offshore Portugal 
suggest that the MCA climate conditions would also be 
marked by changes in the total solar irradiance, and the 
SCAND climate mode that might explain the observed 
strong increase in precipitation in northern Portugal and 
low SST in the south (Abrantes et al., 2017). 

Conclusions
The available marine and terrestrial climate 
reconstructions in the Iberian Peninsula for the last 
2,000 years show a complex spatial and temporal 
evolution for precipitation and temperature. With a 
pronounced spatial variability, somehow replicating 
the current climate variability in the Iberian Peninsula 
with a complex geography, it leads to a large presence 
of microclimates. However, the climate evolution of 
the Iberian Peninsula for the last two millennia can be 
divided in four main climate periods: the Roman Period, 
The Early Medieval Ages, the Medieval Climate Anomaly 
and the Little Ice Age characterized by distinctive 
temperature and precipitation patterns. The dominant 
climate conditions would be the result of the interaction 
of the main climate modes (NAO, EA and SCAND), as well 
as long- and short-term fluctuations in the summer and 
winter total insolation. However, a larger effort must be 
conducted in order to obtain more robust and multiproxy 
climate reconstructions in areas where the geographical 
coverage is still low, such as the central Iberian Peninsula, 
and northern marine areas. Furthermore, a better 
understanding of the decadal-to-centennial evolution 
of the main climate modes, specially the EA and SCAND, 
is of paramount importance, as well as their temporal 
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interactions with each other, and with the total solar 
irradiance. 
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