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1. SUMMARY OF THE PROPOSAL (the summary must be also filled 
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PROJECT TITLE:  The role  of  NAO in Western Europe climate variability 
during the Late Glacial and Holocene based on Iberian and Azores Island 
lake cores and climate instrumental data (PALEONAO).

PRINCIPAL INVESTIGATOR: Santiago Giralt Romeu
SUMMARY (brief and precise, outlining only the most relevant topics 
and the proposed objectives):
The North Atlantic Oscillation (NAO) and the El Niño - Southern Oscillation (ENSO) are two of the 
main climate modes that  rule the globe natural  climate variability  on interannual and longer time 
scales. At multiannual scale, NAO oscillations accounts for more of the 50 % of the winter rainfall 
variance in northwestern Iberian meteorological stations. This climate mode also rules other climatic 
and enviromental  variables that  have a direct  impact  on the terrestrial  ecosystems like the plant 
growing  season,  the  plant  flowering  period  length,  the  tree  ring  growth  and  the  location  and 
development of many invertebrate, amphibian and bird species. NAO also has a strong and direct 
influence  on  lacustrine  ecosystems  through  many  ways,  such  as  on  lake  water  temperature, 
hydrological  balance,  and nutrient  input  and hence over  the phytoplankton and zooplankton and 
therefore the whole food web. Despite the importance of this climate phenomenon for Europe, only 
some historical reconstructions based on documentary evidences and tree rings covering the last 
1,500 years and few long-term (millennial scale) reconstructions using terrestrial sedimentary records 
of the NAO fluctuations have been carried out. Surprisingly, few multiproxy reconstructions of the 
NAO evolution have been conducted in the Azores islands, albeit being located in one end of the 
dipole. These NAO millennial-scale studies using terrestrial sedimentary archives are almost absent 
for the Iberian Peninsula though first attempts are currently in progress
The main  objective  of  this  research  project  is  to  achieve  a  high-resolution  spatial  and temporal 
reconstruction of the North Atlantic Oscillation climatic phenomenon at multiannual-decadal resolution 
for the last 1,000 years and at millennial time-scale for the last 15,000 years in the southwestern 
Europe and Azores islands from the multiproxy characterization of lacustrine sediments.
This objective includes the following milestones:
1.-  Geomorphological  characterization  of  the  lake  catchments from Cimera  and  Peñalara  Lakes 
(Central Mountains, Spain) and from a lake in São Miguel island (Azores Islands, Portugal).
2.- Multiproxy high-resolution characterization of the sedimentary cores taken from the selected lake 
systems.
3.-  Paleolimnological  and paleoclimate  reconstruction  at  two temporal  scale  windows:  last  1,000 
years, and Lateglacial and Holocene periods.
4.- Identification and isolation of the NAO climate signal from the other signals in each temporal scale 
window and studied locality.
5.- Development of long and high-quality instrumental climate (temperature and precipitation) records 
(both regional and single sites timeseries) and compilation of the NAO Indices (NAOi).
6.- Assessments of intraannual, interannual, decadal and interdecadal relationships between NAO 
and the surface climate of Central Iberia and Azores.
7.-  Exploratory  analysis  between multiproxies from the sedimentary  lacustrine cores and Central 
Iberia and Azores instrumental climate timeseries.
8.- Characterization of the NAO climate signal transmission from the atmosphere to the sediments for 
the last 1,000 years.
9.- Comparison of the reconstructed NAO climate signals in order to characterize the spatial-temporal 
evolution of this climate phenomenon.
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TITULO DEL PROYECTO: Evolución de la NAO durante los últimos 15000 
años en la Península Ibérica y en Azores a partir del estudio de registros 
lacustres y datos climáticos instrumentales (PALEONAO).

RESUMEN 
(breve y preciso, exponiendo sólo los aspectos más relevantes y los 
objetivos propuestos):
La Oscilación del Atlántico Norte (NAO) y El Niño - Oscilación del Sur (ENSO) son dos de los 
principales modos climáticos que gobiernan la variabilidad climática natural a escala planetaria 
a escala interanual y de más baja frecuencia. A escala multianual, las oscilaciones de la NAO 
explican más del 50 % de la varianza de la pluviometria invernal de la estación meteorológica 
de A Coruña. Este modo climático también gobierna otras variables climáticas y ambientales 
que tienen impacto directo en los ecosistemas terrestres como el periodo de crecimiento de las 
plantas, la duración del periodo de floración, el crecimiento de los anillos de los árboles y la 
localización geográfica  y  desarrollo de muchos animales invertebrados,  anfíbios y  aves.  La 
NAO también tiene una influencia directa e intensa sobre los ecosistemas lacustres a través de 
muchos  aspectos,  como  la  temperatura  del  agua  del  lago,  su  hidrología,  la  entrada  de 
nutrientes y, por tanto, sobre el fitoplancton y zooplancton y, en definitiva, sobre toda la cadena 
trófica. A pesar de la importancia de este fenómeno climático para Europa sólo se han realizado 
algunas reconstrucciones de las fluctuaciones de la NAO para los últimos 1500 años a partir de 
datos documentales y de anillos de árboles y, pocas reconstrucciones a escala de milenios, 
utilizando  registros  sedimentarios  terrestres.  Además,  también  se  han  realizado  pocas 
reconstrucciones de la evolución de la NAO en las islas de la Azores, a pesar que éstas se 
encuentran en un extremo del dipolo. Estas reconstrucciones de la NAO a escala milenaria a 
partir  de  archivos  sedimentarios  terrestres  son  prácticamente  inexistentes  en  la  Península 
Ibérica.

El  objetivo  de  este  proyecto  de  investigación  es  la  reconstrucción  espacio-temporal  a  alta 
resolución temporal de la Oscilación del Atlántico Norte, a escala multianual-decadal para los 
últimos 1000 años y a escala de milenios para los últimos 15000 años, en la zona suroccidental 
de Europa, a partir de la caracterización multiparamétrica de sedimentos lacustres.

La plena consecución de este objetivo se conseguirá a partir de las siguientes metas:
1.- Caracterización geomorfológica de las cuencas de drenaje.
2.- Caracterización multiparamétrica y a alta resolución temporal de los testigos sedimentarios 
de los lagos de Cimera y Peñalara (Sistema Central, España) y de los lagos de la isla de São 
Miguel (Islas Azores, Portugal).
3.-  Reconstrucción paleoclimática y  paleolimnológica a dos escalas temporales:  los últimos 
1000 años y los periodos Tardiglacial y Holoceno.
4.- Identificación y aislamiento de la señal de la NAO de las otras señales para las dos escalas 
temporales y para todos los lagos estudiados.
5.- Desarrollo de registros instrumentales largos y de alta calidad (tanto regionales como de los 
sitios estudiados) y compilación de los índices NAO (NAOi).
6.- Valoración de las relaciones intraanuales, decadales e interdecadales entre la NAO y la 
climatología de superfície de Azores y de la zona de Iberia Central.
7.-  Análisis  exploratorio  entre  los  parámetros  procedentes  de  los  testigos  sedimentarios 
lacustres y las series climáticas instrumentales de las Islas Azores y de la zona central  de 
Iberia.
8.-  Caracterización  de  la  transmisión  de  la  señal  de  la  NAO  desde  la  atmosfera  a  los 
sedimentos para los últimos 1000 años.
9.- Comparación de las diferentes señales de la NAO reconstruidas para poder caracterizar la 
evolución espacio-temporal de este fenómeno climático.
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2. INTRODUCTION
(maximum 5 pages)

• The  introduction  should  include:  the  aims  of  the  project;  the 
background and the state of the art of the scientific knowledge, including 
the  essential  references;  the  most  relevant  national  and  international 
groups working in the same or related topics. 

The North Atlantic Oscillation (NAO): definition and relationship with Iberian Peninsula 
Climate. 

The North Atlantic Oscillation (NAO) and the El Niño - Southern Oscillation (ENSO) are two of 
the main climate modes that rule the globe natural climate variability on interannual and longer time 
scales (McPhaden et al., 2006, Hurrell and Deser, 2010). A significant portion of the global warming in 
recent decades has been attributed to decadal changes in the phase and amplitude of these two 
dominant patterns of variability (Hurrell, 1996) though it has been suggested that this relationship has 
not been constant through time (Gimeno et al., 2003). Moreover, it has been argued that the spatial 
pattern of the response to anthropogenic forcing may project principally onto such modes of natural 
climate variability (e.g.,  Corti  et al., 1999). Therefore, changes in the amplitude and/or intensity of 
these  climate  modes  can  have  important  short-,  mid-  and  long-term  climatic  and  environmental 
consequences (Figure 1).

Figure  1:  Meteorological  instrumental  North  Atlantic  Oscillation  (NAO)  index  for  the  1823  -  2009  period.  
Modified from Jones et al. (1997) reconstruction.

A number of researchers consider the NAO as the winter part of a larger climate mode known 
as the Northern Hemisphere Annular mode (NAM) or the Arctic Oscillation (AO) (Thompson et al., 
2003), characterized by a seesaw between the polar cap and the middle latitudes in both the Atlantic 
and Pacific Ocean basins (Visbeck et al., 2001).

The NAO variability explains precipitation patterns in most part of Western Europe (see the 
classic works of Hurrell, 1995 and Hurrell et al., 2003 and references therein for further information). 
The periodic atmospheric pressure seesaw between the high-pressure cell  of Azores and the low-
pressure cell of Iceland controls the path of the storm tracks from the Atlantic Ocean towards Europe 
and therefore the amount and timing of the precipitation in most of the western part of Europe. Hurrell 
(1995)'s seminal work shows strong negative correlations between NAO and wintertime precipitation 
at the three stations analysed in Azores (Ponta Delgada), Portugal (Lisboa) and Spain (Madrid) and 
suggests that the anomalies in winter surface temperature over the North Atlantic and surrounding 
landmasses were strongly related to NAO’s positive phase. Another formulation of the NAO Index is 
given by Jones et al. (1997) using Gibraltar data as the southern pole, which enables to instrumentally 
further extend back in time to 1823 the Index and explains a higher variance of surface temperature 
than the Hurrell’s NAO’s Index for non-winter seasons over the Iberian Peninsula (IP) (Pozo-Vázquez 
et al. 2000).

Since the last decade, remarkable efforts have been devoted to assess relationships between 
large-scale modes of variability and surface climate over the IP and its central-Atlantic sector. Rodó et 
al. (1997)  found that though most of the Peninsula is under NAO influence in winter, the group of 
stations located in  the eastern  and northern IP show no connection to this mode of  atmospheric 
variability. Similar results were reported by  Rodriguez-Puebla et al. (1998) in their study of annual 
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precipitation variability over the IP for the 1949-1995 period.  In central and western IP, about 46 % 
winter precipitation variance is  explained by NAO, as estimated by Muñoz-Diaz and Rodrigo (2004, 
2006). Trigo et al., (2004) confirmed that precipitation over Guadiana, Tajo and Duero basins has a 
significant  correlation  with  NAO  in  winter,  although  only  the  Guadiana  basin  showed  significant 
correlations with precipitation in other seasons.  At multiannual scale, NAO oscillations accounts for 
more of the 50 % of the winter rainfall variance in the A Coruña meteorological station (García et al., 
2005).

At a regional scale, and for the second half of the 20 th century the relationship between NAO 
and precipitation variables is also clear. Xoplaki et al. (2004) found that above normal precipitation 
during  the  wet  season  significantly  correlates  with  the  NAO’s  negative  phase  and  the  East 
Atlantic/Western Russia pattern over western parts of the Mediterranean’s peninsulas. Lopez-Moreno 
and Vicente-Serrano (2008) showed that over the IP, negative (positive) averages of the standarised 
precipitation index (SPI) are associated with positive (negative) phases of the NAO. Lorenzo et al. 
(2008) also showed significant relationships between NAO and precipitation over northwestern Spain.

Haylock and Goodess (2004) suggested that the recent trend detected in NAO has strongly 
contributed to the observed trends for the extreme indices of number of days above the 90th percentile 
of wet-days and the maximum number of consecutive dry days. Scaife et al. (2008) found that much of 
the observed change in winter minimum temperatures over Europe and Mediterranean regions are 
related to the NAO positive trend in the period 1960-1990. Vicente-Serrano et al. (2009) also indicated 
for  the  1950-2006  period  that  the  most  extreme  precipitation  events  have  a  higher  chance  of 
occurrence over northeastern Spain when NAO is on its negative. 

Other  climate variables,  such  as temperature,  are  also modulated  by the  NAO influence. 
Pozo-Vázquez et al.  (2001) have significantly related European winter temperatures to NAO on a 
monthly scale for the 1852–1997. In the Iberian Peninsula, significant relationships have been found 
with monthly winter maximum and minimum temperature in the southern plateau (Rasilla et al., 1999), 
temperature in the Segura and Duero basins (Manso and Caramelo, 2001; Horcas et al., 2001), and 
interannual, intraannual, and summer temperature change over Catalonia (Sigró et al., 2006, 2008) 
and atmospheric and Western Mediterranean SST modes of variability for the 20th century (Sigró, 
2004; Sigró et al., 2005). 

The Dynamics of the NAO. 
Non-stationary relationship between NAO and surface climate has been reported for Europe 

(Osborn et al., 1999; Slonosky et al., 2001), including precipitation (Zveryaev, 2006; Beranova and 
Huth, 2008; Pauling et al., 2006, Vicente-Serrano and López-Moreno, 2008).  Pozo-Vazquez et al. 
(2001) also suggested that winter temperatures in great part of Europe do not vary in a linear way with 
respect to the phase and intensity of the NAO, and that in the IP, the influence is stronger during 
moderately positive than during extreme positive NAO. Jones et al. (2003) concluded that correlations 
between the Gibraltar-Reykjavik  extended winter  (DJFM) NAO index and DJFM land temperature 
averaged across stations north of 20ºN were much lower in the period 1935–1955 than in the late 19th 
and late 20th centuries. In contrast, the correlation with temperature averaged across northern and 
central Europe (40–70ºN, 10ºW–30ºE) has remained relatively constant.

Several  hypotheses  have  been  formulated  to  explain  this  non-stationarity,  including 
modifications to the meridian pressure gradient (Zveryaev, 2006), North Atlantic air-sea dynamics and 
variability in thermohaline circulation (Walter and Graf, 2002), solar activity (Gimeno et al., 2003), and 
variability in the NAO (Haylock et al., 2007). Jung et al. (2003) and Beranova and Huth (2008) have 
recently identified an intensification of the NAO influence on European climate since the late 1970s 
decade until the mid-1990, which coincides with an eastward shift in the location of the NAO pressure 
centres. Furthermore, Haylock et al.  (2007) suggest that the decadal changes in ENSO variability 
could be responsible for changes in NAO variance, and Brönnimann (2007) indicate that the effect of 
ENSO on European climate is statistically significant and climatologically relevant.

These NAO fluctuations have interannual, decadal and interdecadal components though some 
researchers suggest that its temporal evolution is largely consistent with a stochastic process with a 
fundamental time scale of about 10 days (Feldstein, 2000). Nevertheless, long-term NAO phase shifts 
are clearly visible in the meteorological instrumental record. From the beginning of the 20th century to 
the early 1930s the NAO used to be mainly positive while the 1960s were characterized by unusually 
high surface pressure and severe winters from Greenland across northern Europe (NAO negative 
phase index) (Moses et al., 1987), though no clear explanation has been found for this low-frequency 
phase shift changes (Hurrell et al., 2003).
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The NAO impact on terrestrial ecosystems. 
This climate mode also rules other climatic and environmental variables that have a direct 

impact on the terrestrial ecosystems like the plant growing season, the plant flowering period length, 
the tree ring growth and the distribution and phenology of  many invertebrate, amphibian and bird 
species (see Mysterud et al. 2003 and references therein for further information). NAO also has a 
strong and direct  influence on lacustrine ecosystems through many ways,  such as on lake water 
temperature, hydrology, and nutrient input (and hence over the phytoplankton and zooplankton and 
therefore the whole food web) (see Straile et al. (2003) for a detailed review). Several works, most of 
them conducted in Central and Northern Europe, have stressed the strong relationship between the 
intensity and phase of the NAO and the starting and duration of the ice cover in lakes, though this 
relationship seems to be non-linear (Livingstone, 2000,  Gerten and Adrian, 2002, Yoo and D'Odorico, 
2002, Weyhenmeyer et al. 2004). This direct relationship has important environmental consequences 
that can affect the functional aspects of the lake and its management.  Fluvial records (Benito et al., 
2008) and lacustrine records (Moreno et al., 2008) point to an increase in flooding episodes in several 
Atlantic river basins in the Iberian Peninsula in the last 500 years, likely associated to the interactions 
of changes in the watersheds and the climate impact of the LIA.

In the past, NAO-related interdecadal-centennial scale variability may have played a principal 
role in regulating Middle Eastern climate, thereby strongly affecting the complex, agriculturally based 
societies  that  emerged  along  the  Tigris  and  Euphrates  rivers  (Cullen  et  al.,  2000).  Despite  the 
importance of this climate phenomenon for Europe, only some historical reconstructions based on 
documentary evidences and tree rings (last 1500 years) (Luterbacher et al., 2002, Frisia et al., 2003, 
Rodrigo and Barriendos, 2008) and few long-term (millennial scale) (Rimbu et al., 2003, Björck et al., 
2006,  Wanner  et  al.,  2008)  reconstructions  of  the  NAO fluctuations  using  terrestrial  sedimentary 
records have been carried out. Surprisingly, few multiproxy reconstructions of the NAO evolution have 
been conducted in the Azores islands, albeit being located in one end of the dipole. To our knowledge, 
only Björck et  al.  (2006) carried out  a detailed study on the millennial  oscillations of  this  climate 
phenomenon using the diatom content and the physical and geochemical properties of a 6.5 m long 
peat-bog core. This last study is a good starting point and it should be enlarged with complementary 
and  more  detailed  paleoclimatic  studies.  These  NAO  millennial-scale  studies  using  terrestrial 
sedimentary archives are almost absent for the Iberian Peninsula (Alt-Epping et al., 2009) though first 
attempts are currently in progress (see the GLOBALKARST project (CGL2009-08415/BTE) of Prof. 
Valero-Garcés and Morellón et al. (in press) and Martín-Puertas et al. (2009)).

The temperature variability of the last 1,000 years is the result of natural and anthropogenic 
factors  (Crowley,  2000),  but  little  is  known  about  the  role  of  these  factors  on  the  precipitation 
variability. Some authors have suggested that a negative NAO regime might be a key feature of cold 
Little Ice Age (LIA) type events (Wanner et al., 2000) but this picture seems to be too simplistic. A 
number of LIA multiproxy reconstructions have highlighted that this period (1350 - 1850 AD) was 
characterized by large precipitation oscillations which led an alternation of humid and arid phases. 
Most of the authors have suggested that changes in the solar activity were the main responsible of this 
cold spell (Crowley, 2000) although some of them have attributed an important role to the volcanic 
forcing  (Lean and Rind, 1999) or to the slowdown of the thermohaline circulation (Broecker, 2000). 
The peaks of glacier activity, centred at AD 1300, 1450, 1650, 1850 in the Alps, Alaska and Rocky 
Mountains, roughly correspond to the Wolf, Spörer, Maunder, and Dalton minima (Wiles et al., 2004; 
Holzhauser  et  al.,  2005;  Luckman  and  Wilson,  2005).  Nevertheless,  clear  mechanistic  principles 
explaining  how  low  solar  activity  caused  glacier  advances  do  not  exist  (Wanner  et  al.,  2008). 
Therefore, there is no clear explanation of which has been the role of the North Atlantic Oscillation 
during the Little Ice Age.

The lake record of past NAO. 
The sedimentary record of lakes is one of the best continental sensors for reconstructing past 

environmental and climatic changes. The large scientific literature already available dealing with this 
topic  highlights  the  importance  of  this  type  of  sedimentary  record.  This  large  amount  of  works 
evidences  that  recent  lacustrine  sediments  can  be  used  for  reconstructing  with  high-temporal 
resolution  past  precipitation  (Kalugin  et  al.,  2007,  Nichols  et  al.,  2009,  Tonello  et  al.,  2009), 
temperature (Pla and Catalan, 2005, Francis et al., 2006, Blass et al. 2007, Larocque and Finsinger, 
2008), land management (Hyodo et al., 2008, Djamali et al., 2009, Striewski et al., 2009) and lake 
environmental  or  limnological  conditions such as pH (Schwalb  and Dean,  2002,  Battarbee et  al., 
2005), salinity (Reed, 1998, Chen et  al.,  2009),  or nutrients concentrations (Bennion et al.,  2005, 
Bigler et al., 2007)  using a large set of techniques and proxies.  Paleoenvironmental reconstructions 
can be improved by validating them twith instrumental data (Fritz, 1990, Kattel et al., 2008). Although 
these quantitative climatic and environmental reconstructions are essential in order to provide robust 
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data to the Global Climate Models (GCM), few quantitative high resolution records are available. This 
scarcity is due to, among other problems, the lack of long-term (10 years and longer) monitored lakes 
to validate environmental reconstructions. In Spain, Lake Sanabria and Estahn Redon have one of the 
longest monitored records, since physical and biological properties of the lake had been measured on 
a monthly basis since 1986 (23 years) and 1984 (25 years of an interrupted record), respectively (de 
Hoyos,  1996,  http://www.ceab.csic.es/obser1.htm).  In  the  Spanish  Central  Range  there  are  also 
relevant data for Peñalara Lake (Sierra de Guadarrama, Madrid) and Cimera Lake (Sierra de Gredos, 
Ávila). There is a limnological database on a monthly basis for the former since 1995 (14 years) and 
several data between 1989-1993 (Granados et al., 2006). Detailed limnological data for Cimera Lake 
is available from the period between 1996 and 1999, and data for the ice-free period between 2006-
2008 (Granados and Toro, 2000). 

Few attempts  have  been  developed  to  reconstruct  climate  variability  using  the  lacustrine 
sedimentary record, with variable degree of success (Battarbee et al.,  2002, Catalan et al.,  2009, 
Catalan et  al.,  2002,  Pla  and  Catalan,  2005,  Granados  and  Toro,  2000,  Trachsel  et  al.,  2008). 
However,  only  some  of  them  were  exploring  the  calibration  of  the  sedimentary  record  using 
instrumental data records (monitoring data). Under this framework, several studies in Spanish lakes 
have developed the calibration of the sedimentary record with instrumental data (Lake Sanabria (Rico 
et al., 2009), Enol Lake (Moreno et al., in prep), Estanh Redon (Pla et al., in prep)). The availability of 
monitoring  data  stresses  the  potential  of  these  lakes  to  evaluate  the link  between the measured 
physical-chemical  parameters  and lake  sediments.  Recently,  this  link  has  also  been  successfully 
established using marine sediments (Abrantes et al., 2009). 

One of our aims in the present project is to use biological remains to reconstruct NAO signal. 
First of all, we know that sediment records preserve algal remains (diatoms, chrysophytes cysts and 
pigments) in good conditions particularly in the lakes selected for study (Hansen, 2001, Toro et al., 
1993,  Toro  and  Granados,  2001).  Algal  remains  have  been  extensively  used  for  environmental 
reconstruction  (Battarbee  et  al.,  2001,  Smol  and Cumming,  2000,  Zeeb  et  al.,  2001,  Leavitt  and 
Hodgson 2001). Second, short term monitoring data (ca. 40 years) from European lakes showed that 
NAO  variability  has  forced  lake  enviromental  (physico-chemical)  conditions  relevant  for  plankton 
composition and productivity  (George et  al.,  2004,  Gerten and Adrian,  2002,  Straile  et  al.,  2003, 
George, 2010). Finally,  in absence of any local anthropogenic impact the main external source of 
phytoplankton variability  would be expected to be due to climate forcing (Capblancq and Catalan, 
1994,  Catalan  and  Fee,  1994),  via  changes  in  lake  physical-chemical  conditions  that  drive 
phytoplankton seasonal replacement (Reynolds, 2006). This fact make algal remains a useful tool to 
reconstruct  seasonal  climate  signatures.  However,  few  attempts  have  been  done  to  indirectly 
reconstruct seasonal variability using phytoplankton paleorecords (Kamenik and Schmidt, 2005, Pla 
and Catalan, 2005), and none to reconstruct NAO signal. Nevertheless, ongoing research showed that 
short-term phytoplankton paleorecord (ca. 150 years) were very responsive to NAO variability and its 
seasonality (Pla et al. submitted, Figure, 6).

Most of  the climate and environmental  terrestrial reconstructions carried out in the Iberian 
Peninsula have been done using the sedimentary records of lacustrine ecosystems located either in 
the northern latitudes, like Laguna Lucenza (Leira and Santos, 2002), Lagoa Grande (Leira, 2005), 
peat bogs from Xistral Mountains (Mighall  et al.,  2006), Lake Enol (Moreno et al., in press), Lake 
Sanabria (Luque and Julià, 2002), Lake Redó (Pla and Catalan, 2005), Lake Banyoles (Pérez-Obiol 
and Julià,  1994),  Lake Estanya (Riera  et  al.,  2003,  Morellón et  al.  2008),  El  Portalet  (González-
Sampériz et al., 2006), Salada Mediana (Valero-Garcés et al.,  2000) or in the southern ones, like 
Salines playa-lake (Roca and Julià,  1997),  Laguna de Medina (Reed et  al.,  2001)  or Lake Zoñar 
(Martín-Puertas et al., 2009) (Figure 2). 

Few  climatic  reconstructions  have  been  done  in  Central  Spain  and  the  available 
reconstructions  span  short  time  periods,  such  Lake  Gallocanta  (Rodó  et  al.,  2002),  Laguna  de 
Taravilla (Valero-Garcés et al., 2008), Lake La Cruz (Romero et al., 2008), a peatbog from Macizo de 
Peñalara (Gómez-González et al., 2009), Lake Peñalara (Toro and Granados, 2002), Lake Cimera 
(Granados and Toro, 2000), or Las Tablas de Daimiel marshlands (Dorado-Valiño et al. 2002), or they 
have a quite coarse temporal resolution, such as Ruidera lakes (Ordoñez et al.,  2005) and Padul 
(Figure 2). So, there is a quite large territory located in the central part of the Iberian Peninsula where 
paleoenvironmental variability an, therefore, the impacts of the NAO on the lacustrine ecosystems 
remains unknown.
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Figure  2:  Location  of 
the  main  climatic 
reconstructions perfor-
med  using  lacustrine 
records. In yellow, the 
sites  with  long  and 
high-resolution recons-
tructions and in red the 
sites  where  short  
and/or  low-resolution 
climatic  reconstruc-
tions  have  been 
carried out.

Main scientific questions. This proposal is designed to provide highlights on the following scientific 
questions:

1.- What are the impacts of the NAO in the lacustrine ecosystems from the Central Iberian 
Peninsula  and  the  Azores  during  the  last  1,000  years,  the  Late  Glacial  and the Holocene 
periods?
2.- How is recorded the signal of the NAO in the sedimentary record of non human-impacted 
lakes by changes in the proxies throughout time?
3.- What has been the main predominant NAO mode during the Late Glacial, Holocene and 
during the last 1,000 years? The meteorological instrumental record shows abrupt NAO phase 
shifts, the last one occurring in the early 1980s. Are the observed decadal NAO phase shifts 
also present in glacial times, deglaciation, the Holocene and during the last 1,000 years?
4.- What has been the evolution of the North Atlantic Oscillation (NAO) during the Holocene and 
the Late Glacial periods? Has it followed the same pattern for these two periods? If not, what 
were the differences?
5.- What has been the role of the NAO during the last 1,000 years in Iberian Climate?
6.- The meteorological instrumental record also shows an intermitent relationship between the 
temperature and the NAO. What has this relationship been during the instrumental period over 
Central Iberia and Azores? And during the last 1,000 years? And during the last 15,000 years? 
Are there changes during the last century that could be related to the recent anthropogenic 
warming or similar trends can be identified in the past?
7.- The meteorological instrumental record displays a clear relationship between the NAO and 
the precipitation. What has been this relationship along the instrumental period? And along the 
last 1,000 years? And along the last 15,000 years?
8.- Is there a role for the NAO in the abrupt Holocene climate events described for the Iberian 
Peninsula? And for the Little  Ice Age? Could be there any relationship of cause and effect 
between the non-stationarity temperature/NAO relationship and past abrupt changes in climate?
9.- Which could be the probable near-future evolution of the NAO?
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3. OBJETIVES
(maximum 2 pages)

 3.1 Describe  the  reasons  to  present  this  proposal  and  the  initial 
hypothesis which support its objectives (maximum 20 lanes)
The meteorological data indicates that the North Atlantic Oscillation plays a key role in the timing and 
amount of precipitation in the Iberian Peninsula during winter, particularly over its western part.
Aquatic  ecosystems  variability  have  been  related  to  NAO  fluctuations  elsewhere.  However,  the 
mechanisms that link large scale climate oscillations (e.g. NAO) and local enviromental variability are 
currently still under study. Particularly lakes ecosystems are very responsive to NAO variability. The 
main local-variable(s) related with NAO, potencially relevant for lake ecosystems, are spring overturn 
in dimictic lakes (variability in limnic enviroment physico-chemical characteristics) and the amount of 
precipitation in polimictic lakes (variability in lake residence time).
Despite the importante of the NAO in the climate variability of the Iberian Peninsula, there is no clear 
picture  of  which  has  been the  NAO role  during the  last  1,000  years,  Holocene and  Late  Glacial 
periods, nor which has been the possible relationships between this climate phenomenon and past 
abrupt  climate changes.  The project  intends to  provide highlights on the NAO role  in the climate 
variability of Central Iberian Peninsula (Central Range) and Azores islands for these time windows 
using a high-resolution multiproxy characterization of  lacustrine sediments and intrumental  climate 
data. This temporal and spatial approach will provide useful highlights about the short-, mid- and long-
term evolution of this climate phenomenon.

 3.2. Indicate the background and previous results of your group or the 
results of other groups that support the initial hypothesis 
The Azores islands are located just under the influence of the Azores High, one end of the dipole of 
the North  Atlantic  Oscillation (NAO) climate phenomenon.  This  suggests that  most  of  the climate 
variability of these islands are ruled by the NAO.
The  North  Atlantic  Oscillation  (NAO)  is  an  important  climate  forcing  that  rules  the  biological 
assemblages  in  lakes.  Recent  research  done  by  members  of  this  research  team  highlight  the 
importance of NAO variability to structure chrysophyte assemblages across the last 150 years in three 
distinctive European lakes (Pla et al. submitted). Chrysophytes response to NAO variability is likely 
related to spring climate conditions that drive the timing of lake ice breakup (Livingstone, 2000) and, 
consequently the onset of spring overturn, which is a key process for phytoplankton composition and 
productivity. Furthermore, this process reverberate through the entire growing season by establishing 
the  starting  date  of  phytoplankton  seasonal  replacement  (Reynolds,  2006).  In  polymictic  lakes, 
chrysophytes cysts response to NAO variability is linked to winter weather conditions, that force the 
onset of phytoplankton maximum productivity as well as the clear water phase (Blenckner et al., 2007, 
Gerten and Adrian, 2002, George, 2010). However, little is now on lake sensitivity to NAO variability 
(e.g. switching between nodes), which could varies among lakes and/or regions.
The  Iberian  Peninsula  (IP)  is  a  key  site  for  developing  paleoclimate  reconstructions  owing  its 
geographical position, between two biogeographical/climatic regions: Eurosiberian and Mediterranean 
(Carrión et al., in press). Due to its geographical position, the IP climate is mainly triggered by climate 
modes such  as  the  North  Atlantic  Oscillation  (NAO),  El  Niño  -  Southern  Oscillation  (ENSO),  the 
position of  the Intertropical  Convergence Zone (ITCZ),  and the Meridional  Overturning Circulation 
(MOC) (Rodó et al., 1997, Cacho et al., 2001, Romero-Viana, et al., 2008, Martín-Puertas et al., 2008).
A  large  number  of  paleoclimate  and  paleoenvironmental  reconstructions  for  the  Lateglacial  and 
Holocene periods have been carried out using a large number of proxies, such as pollen (see Carrión 
et al., in press for a detailed review of the vegetation evolution in the IP for the last 15,000 years BP), 
geochemistry  (Luque and Julià,  2002),  chrysophytes (Pla and Catalan,  2005),  diatoms (Leira  and 
Santos, 2002) and sedimentology (Morellón et al., 2008), among others, and type of records, such as 
Mediterranean (Cacho  et  al.,  2001)  and  Atlantic  (Naughton  et  al.,  2007)  marine  cores,  terrestrial 
lacustrine (Valero-Garcés et al., 2000), tuffas (Martín-Algarra et a., 2003) and speleothems (Moreno et 
al., in press), among others. Other approach used to reconstuct the long-term climate evolution has 
been the geomorphological studies (Schulte et al.,  2008, Santisteban and Schulte, 2007).  Climate 
reconstructions  in  the  IP  have  also  been  carried  out  for  the  last  400  years  using  instrumental 
meteorological  data (Brunet  et  al.,  2007) and historic documentation (Barriendos and Martín-Vide, 
1998). All these works highlighted that the climate evolution of the IP is punctuated by abrupt arid and 
humid climate events at low and high frequencies.
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 3.3. Describe briefly the objectives of the project.
The  main  objective  of  this  research  project  is  to  obtain  a  high-resolution  spatial  and  temporal 
reconstruction of the North Atlantic Oscillation climatic phenomenon at multiannual-decadal scale for 
the last 1,000 years and at millennial time-scale for the last 15,000 years in the Iberian Peninsula and 
the Azores Islands from the multiproxy characterization of lacustrine sediments.
This objective will be achieved following the milestones:

1.-  Geomorphological  characterization  of  the  lake  catchments  from Cimera  and  Peñalara 
Lakes  (Central  Mountains,  Spain)  and from a  lake  in  São Miguel  island  (Azores  Islands, 
Portugal).
2.-  Multiproxy  high-resolution  characterization  of  the  sedimentary  cores  taken  from  the 
selected lake systems.
3.-  Paleolimnological  and paleoclimate  reconstruction  at  two temporal  scale  windows:  last 
1,000 years, and Lateglacial and Holocene periods.
4.-  Identification  and  isolation  of  the  NAO  climate  signal  from  the  other  signals  in  each 
temporal scale window and studied locality.
5.- Development of long and high-quality instrumental climate (temperature and precipitation) 
records (both regional and single sites timeseries) and compilation of the NAO Indices (NAOi)
6.- Assessments of intraannual, interannual, decadal and interdecadal relationships between 
NAO and the surface climate of Central Iberia and Azores.
7.-  Exploratory  analysis  between  multiproxies  from  the  sedimentary  lacustrine  cores  and 
Central Iberia and Azores instrumental climate timeseries.
8.-  Characterization  of  the  NAO  climate  signal  transmission  from the  atmosphere  to  the 
sediments for the last 1,000 years.
9.- Comparison of the reconstructed NAO climate signals in order to characterize the spatial-
temporal evolution of this climate phenomenon.
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4. METHODOLOGY AND WORKING PLAN 
(in the case of coordinated projects this title must include all the 
subprojects) 

Detail  and justify precisely the methodology and the working 
plan. Describe the working chronogram.

♦ The working plan should contain the tasks, milestones and deliverables. 
The projects carried out in the Hesperides or in the Antarctic Zone must 
include the operation plan.

♦ For  each task,  it  must  be  indicated the Centre and the  researchers 
involved in it. 

♦ If  personnel  costs  are  requested,  the  tasks  to  be  developed  by  the 
personnel  to  be  hired  must  be  detailed  and  justified.  Remember  that 
personnel  costs  are  eligible  only  when  personnel  is  contracted, 
fellowships are not eligible as personnel costs.

The methodological approach:
The  questions  formulated  in  the  Introduction  section  will  be  answered  using  double  spatial  and 
temporal approaches:

-Spatial approach: the project will study the sedimentary infill of three lakes located in Spain (Central 
Range) and in Azores islands (Sao Miguel). The objective of this spatial approach is to characterize 
how the NAO signal is transferred from the Atlantic to the Iberian Peninsula.
- Temporal approach: this approach will be carried out using two time windows: 

- the last 1,000 years. The objective of this time window is to develop a multiannual - decadal 
reconstruction  of  the NAO from a high-resolution  multiproxy approach  of  the sedimentary 
records from Peñalara and Cimera Lakes (Central  Spain),  and Sao Miguel island (Azores 
islands).  This  reconstruction  will  be  calibrated  with  the  available  meteorological  and 
limnological datasets.
 -  the  last  15,000  years  BP.  The  objective  of  this  time  window  is  to  obtain  a  millennial 
reconstruction of the NAO from the multiproxy study of the cores obtained from the Cimera 
lake. This reconstruction will provide highlights about the main NAO modes that have triggered 
the precipitation shifts in the Central Iberian Peninsula.

The target working places:
Three lake targets, Cimera and Peñalara lakes, in the Iberian Peninsula, and a lake located in the 
Azores Islands, have been selected to reconstruct the North Atlantic Oscillation signal, and thus to 
answer the previous scientific questions:

1.- Cimera (dimictic lake at 2140 m a.s.l., 384 m long, 177 m wide and 9.4 m deep) and Peñalara 
Lakes (monomictic lake at 2017 m a.s.l., 115 m long, 71.5 m wide and 4.8 m deep) are located in the 
Central Spain (Figure 3), where no long-term and high-resolution paleoclimatic reconstructions have 
been carried out.

Cimera Lake is a high-mountain lake with glacial  origin (Figure 3).  It  remains ice-covered 
between 5 and 7 months per year. The summer surface water temperature reaches 20 - 21 ºC. There 
is no constant summer water stratification though it develops a thermal gradient limiting the vertical 
water  column mixing.  The mean annual  water  residence time is  about  60 days albeit  it  changes 
throughout the year. It has low conductivity (< 20 µS cm-1 at 25 °C), acidic water and low nutrient 
(phosphorus and nitrogen) content. This lake can be classified as oligotrophic. On the other hand, 
Peñalara Lake is also a typical  high-mountain lake with a glacial origin (Figure 3).  It  remains ice-
covered between 3 and 5 months per year and it  attains the warmest lake water  temperature in 

10



summer, when it is higher than 20 ºC at its surface. The oxygen concentration always ranges between 
90 % and 110 %, though under the ice cover period it suffers a progressive oxygen exhaustion due to 
the  organic  matter  degradation.  The  water  residence  time is  shorter  than  10 days.  It  has  a  low 
conductivity (4 -  22 µS cm-1 at 25 °C), acidic waters,  low nutrient  (phosphorus and nitrogen) and 
chlorophyll contents and high water transparency. Therefore, this lake can be considered oligotrophic. 
The primary production is mainly ruled by the phytoplancton.

Lake Peñalara is currently monitored on a monthly basis for a large number of limnological 
parameters,  such  as  water  chemistry  (pH,  conductivity,  dissolved  oxygen,  nutrients,  water 
temperature), ice-cover duration, hydrology and biological communities like plankton or invertebrates. 
Cimera is being monitored less intensively, on a yearly basis for limnological  and biological  data. 
Furthermore, both lakes have historical hydrological data on water chemistry, pH, conductivity, oxygen 
concentration, water temperature and ice-cover duration, as well as biological data on phytoplankton 
content  and  assemblages.  All  these  parameters  would  ensure  that  transfer  functions  relating 
instrumental limnological variables (and thus climate variables) and sedimentary environmental data 
could possibly be developed.

Both  lakes  have  also  installed  a  temperature  datalogger  located  in  their  deepest  point 
measuring on a continuous basis for the last 2-3 years. Additionally,  data on the daily water level 
variation (since 1998) and the outflow of Peñalara lake is available since 2001, as well as monthly 
data on dry weight and LOI of deposited material collected in sediment traps since 1998. Ten years of 
meteorological data are available from a weather station in Peñalara Lake watershed.

Figure 3: Up: Bathymetry of Cimera (left) and of Peñalara (right) Lakes (Central Range, Spain) according to Toro  
et al. (2001) and Granados et al. (2006), respectively. Down: General view of both lakes.
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2.- São Miguel island (Azores Islands), and thus all the lakes present in this island, is just under the 
direct influence of the North Atlantic Oscillation. This implies that NAO must be a key forcing ruling the 
natural variability of these ecosystems. The recent volcanic activity of the island (Moore, 1991, Moore 
and Rubin, 1991) and the almost lack of information about the sedimentary infill of most of the lakes 
have prevented us to select a specific lake. Nevertheless, according to the available references, we 
have identified a potentially interesting area located at the southeastern flank of the Sete Cidades 
stratovolcano caldera, on the Unit P17 (Moore, 1991, Queiroz et al., 2008). This Unit is the youngest 
deposit (<5,000 years BP) related with the Caldeira Seca intracaldera activity of this stratovolcano 
(Queiroz et al., 2008). The sedimentary infill of the lakes located on these volcanic units might record 
the environmental history of the island for the last 2500 years BP.

The identified lakes are (Figure 4):
-  Lagoa Empadadas (37º49'34.84'' N - 25º44'54.50'' W, crater lake at 800 m a.s.l. with two 

subbasins: North (740 m a.s.l., 250 m long, 85 m wide, 5.3 m deep and with a total water volume of 
37x103 m3) and South (742 m a.s.l., 85 m long, 80 m wide, 3 m deep and with a total water volume of 
4.9x103 m3)) is located in the (Figure 4). The pH of the lake water ranges between 6.24 and 7.62, with 
very low conductivity (16.7 - 19.1 µS*cm-1) and low mineralization (27.5 - 36.7 mg/l) and its chemistry 
is dominated Na+ and Cl- (Cruz et al., 2006). The volcano cone of this lake has not been directly dated 
but two volcano cones genetically related, Éguas and Carvão, have been radiocarbon dated at 2,700 
and 1,280 years BP, respectively (Moore, 1991, Moore and Rubin, 1991).

-  Lagoa do Canário (37º50'9.36'' N - 25º45'34.53'' W, crater lake at 745 m a.s.l.). The lake 
has an area of 2x10-2 km2, a maximum water depth of 3 m and a water volume of 18.8x103 m3. The 
water  chemistry  of  this  lake  is  characterized  by  pH values  ranging  between 6.31  and  6.40,  low 
conductivity values (45-46 µS*cm-1), low mineralization (26.8-27.2 mg/l) and the dominance of Na+ and 
Cl- ions (Cruz et al., 2006). The crater of this lake has not been directly dated but it seems that the 
genesis of this maar is slightly older than the Sete L event, one of the latest eruptions of the Caldera 
Seca volcano dated at about 500 years BP (Moore, 1991, Moore and Rubin, 1991).

-  Lagoa Rasa (37º49'29.58''N - 25º45'4.32''W, crater lake at 765 m a.s.l.) This lake has an 
area of about 4x10-2 km2, a maximum waterdepth of 0.8 m and a water volume of 12.2x103 m3. The 
lake  water  is  characterized  by  pH  values  of  7.34,  low  conductivity  values  (50  µS*cm-1),  low 
mineralization (27.5 mg/l) and a Na+ and Cl- dominance (Cruz et al., 2006). The volcano cone of this 
lake was originated at the same time as the Éguas (2,700 years BP) and Carvão (1,280 years BP) 
volcanoes (Moore, 1991, Moore and Rubin, 1991).

- Lagoa das Éguas (37º49'42.60''N - 25º45'16.77''W, crater lake at 825 m a.s.l.). The lake has 
an area of 1x10-2 km2, a maximum water depth of 0.8 m and water volume of 3.9x103 m3. As the 
previous lakes, the lake water of Éguas is characterized by a pH value of 6.88, low conductivity values 
(66 µS*cm-1), low mineralization (36.8 mg/l) and a Na+ and Cl- dominance. The eruption that formed 
the cone volcano of this lake has been dated at about 2,700 years BP (Moore, 1991, Moore and 
Rubin, 1991).

3.- The two Spanish lakes have previously been studied in great detail  and, except for the period 
between the 1970s and the 1990s in  Peñalara  lake,  minimum anthropogenic  influence has been 
detected in all of them (see Toro and Granados (2002) and Granados et al (2006) for Laguna Grande 
de  Peñalara,  Toro  and  Granados  (2001)  for  Cimera  Lake).  A  short  sedimentary  record  and  the 
modelling  of  the  dynamic  response  of  these  remote  mountain  lake  ecosystems to  environmental 
changes have been studied in the framework of the EU funded project MOLAR (A Programme on 
Mountain  Oligotrophic  Lake  Research)  (ENV4-CT95-0007)  (Catalan  et  al,  2002).  Several  well 
preserved sediment proxies (diatoms, chironomids, pollen, pigments and organic geochemistry) have 
showed  clear  responses  to  climate  changes  or  lake  watershed  processes  highlighting  the  good 
potential of these sedimentary records to infer short or long-term past changes through the Holocene 
and Late Glacial (Toro et al., 1993; Lami et al., 2000, Toro and Granados, 2002; Granados and Toro, 
2000).

This fact ensures that the climate signal will be not hampered by the local anthropogenic activities. 
Furthermore, São Miguel lakes are located far from the main active volcanic centers of the São Miguel 
island (Sete Cidades, Fogo and Furnas), and all have a low SiO2 content in water (Cruz et al., 2006), 
suggesting  that  their  sedimentary  infill  will  probably  not  be affected  by  hydrothermalism or  other 
geological processes that could hamper the climate signal.
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4.- Preliminary paleoecological studies using short sediment cores have already been performed in 
Laguna Grande de Peñalara and in Cimera Lake (Toro et al., 1993, Rose et al., 1999, Granados and 
Toro, 2000, Robles et al., 2000, Toro and Granados, 2002). The excellent results of these studies 
have evidenced the high potentiality of the sedimentary infill of these lakes and fully justify the coring 
campaign using heavier coring equipment.
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Lagoa Empadadas Lagoa do Canário

Lagoa Rasa Lagoa Éguas
Figure 4: Up right: Digital Elevation Model (DEM) of São Miguel island (Azores Islands, Portugal). Up left: Detail 
of  the  eastern side  of  the  island  highlighting  the  main  geographical  features.  The  red square  indicates  the  
potentially interesting area for conducting the coring campaign (Modified from Queiroz et al., 2008). Middle: Aerial  
view of the selected area. The yellow icon indicates the south-eastern flank of the Sete Cidades stratovolcano 
whereas the blue icons indicate the location of the selected lakes. Down: Detailed views of the four selected lakes 
(Lagoa Empadadas, Lagoa do Canário, Lagoa Rasa and Lagoa Éguas).

5.- The three lakes respond to the North Atlantic Oscillation variations. Instrumental limnological data 
of the two Spanish lakes have clearly shown that the NAO signal rules their ice-cover duration. Using 
historical  data  series  a positive  correlation between Punta Delgada precipitation and Furnas lake 
primary production was encountered (Bio et al., 2008) and a similar relationship was encountered at 
decadal time resolution in the sediment record of the same lake Furnas (Buchaca et al. 2010). In such 
lakes the main nutrient input to the lake occurs with the winter rainfall that, in turn, is ruled by the NAO 
fluctuations, therefore we expect the proposed lakes to be very responsive to NAO fluctuations. 

Therefore, characterizing parameters in the sediments indicative of changes in the ice-cover 
duration (for the Spanish lakes) and in the nutrient input (for the Portuguese lakes) we will be able to 
reconstruct the NAO fluctuations for the two selected time windows. 

6.- Paleoclimate reconstructions for the Late glacial and the Holocene are available for both regions. 
For the Azores region, the most reliable climate reconstruction was carried out by Björck et al. (2006) 
in  the  Pico  island.  These  authors  used  sedimentology,  geochemistry,  diatom analyses,  magnetic 
properties, and multivariate statistics, together with AMS 14C and 210Pb dating techniques, to analyze 
an almost 6.5 m long core and to characterize the environmental history of the Lake Caveiro. They 
concluded that in the youngest part of the record (AD 1600–2000) the humidity variations seemed 
partly related to shifts in dominating NAO mode. The more long-term precipitation changes further 
back in time (350–5100 cal yr BP) roughly corresponded to the well-known North Atlantic drift-ice 
variations.  Therefore,  the  low  precipitation  phases  took  place  during  the  drift-ice  periods.  They 
suggested that these low precipitation phases were driven by changes in the thermohaline circulation 
as large-scale equivalences to the Great Salt Anomaly; low sea surface temperatures and changes in 
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circulation patterns of the central North Atlantic decreased the regional precipitation. They defined 
cooler/drier periods at 400–800, 1300–1800, 2600–3000, 3300–3400 and possibly also 4400–4600 cal 
yr  BP,  while  300–400,  900–1000,  2000–2400,  3100–3200,  3800–4000 and 4700–5000 cal  yr  BP 
seemed to have been more humid phases. Leeuwen et al.  (2005) characterized the palynological 
content of a 3.40 m long core from the Lagoa Rasa (Flores island) in order to determine if Selaginella 
kraussiana is a native plant or if it was introduced (Leeuwen et al., 2005). This core contained the last 
2,500 years BP environmental history of the island and they clearly showed that the human arrival to 
the Azores islands took place at about 500 years BP. Before this date, the authors consider that the 
islands were completely pristine (Willis and Birks, 2006). Other unsuccessful attempts to reconstruct 
the environmental history of São Miguel island were carried out, mainly using the lacustrine sediments 
of the Furnas caldera (Ammann and Wright, personal communication). In October 1995, these authors 
obtained a 12 m long core made up of gyttja with variable amounts sands. The presence of active 
hydrothermal vents in this caldera seems to supply large quantities of dead 14C, what would make 
impossible to radiocarbon date these sediments (Pasquier-Cardin et al., 1999). Therefore, only small 
crater lakes far from the large active calderas seem to contain the undisturbed sedimentary sequences 
to fully reconstruct the environmental history of the island for the last millennia.

For the Central Range, larger paleoenvironmental and paleoclimate information is available 
(see Carrión et al. (in press) for a detailed review). Most of this available information proceeds from 
archaeological sites, such as Dehesa Río Fortes (López-Sáez, 2002), Narrillos Rebollar (López-Sáez 
et al., 2008), Prado de las Zorras (Ruiz-Zapata et al., 1996), Guaya (López-Sáez et al., 2008), Azután 
(Bueno  et  al.,  2002)  and  La  Covatilla  (Atienza,  1995),  and  seeks  to  characterize  the  complex 
relationships  between  humans,  vegetation  and  climate,  though  some  long-term  paleoclimate 
reconstructions from lacustrine sediments, such as Lake Carrizal (Segovia),  are available (Franco-
Múgica et al., 2005). From these works arises that the wet and dry spells detected with the use of the 
aquatic taxa and nonpollen microfossils loosely coincide with similar phenomena in the Mediterranean 
and in North Africa. The Lake Carrizal sequence stressed that an initial phase previous to 7500 14C 
years BP of high levels in the lake derived by high percentages of  hydrophytes was identified.  A 
progressive increase in halophytes surrounding the lake over the last 5000 years appeared to indicate 
a  phase  of  low  lake  levels  similar  to  those  desiccation  phases  established  for  the  western 
Mediterranean.

7.- The development of regional and single site-based timeseries for Central Iberia and Azores.
The location of the lakes in the Iberia Central Range and Azores will enable the development 

of  remarkable  long  (particularly  for  Central  Iberia)  and  high-quality  climate  series,  since  the 
observational period in these areas began in the late-18th century in Central Iberia and in the mid-19th 
century in Azores. This will allow us to develop both high-quality and homogeneous site-based and 
regional climate timeseries, especially for Central Iberia, covering near the last 220 (150) years for 
Central Iberia (Azores). Therefore, the targeted instrumental climate data include for Central Iberian 
one  of  the  longest  observational  sites  in  the  IP  (Madrid),  which  counts  with  continuous  daily 
temperature and precipitation observations. Besides, the compilation and treatment of a temperature 
and precipitation network, composed of about 25 (50) temperature (precipitation) records and mainly 
covering the 20th century, will  permit  us to develop robust  regional climate timeseries for Central 
Iberia, which minimise local noise from single observing sites related to specific local factors. Figure 5 
displays  the  location  map of  the  temperature  and  precipitation  network  to  develop  Central  Iberia 
timeseries. 

The developed regional climate series will  facilitate better and longer assessments of sub-
regional climate variability, the NAO’s influence during these long periods and the transmission of the 
climate signal into the lakes and on the proxies contained in the sedimentary cores. For the Azores 
subregion,  another  long observing site  (São Miguel),  counting with  temperature,  precipitation and 
evapotranspiration data, will be developed, quality controlled and homogenised on a monthly basis. 

This  exceptionally  extended instrumental  period thus covers,  the characteristic  features of 
both  the end of  the Little  Ice  Age (LIA)  and the recent  period of  anthropogenically  forced global 
climate, together with the signatures of their forcing factors (particularly, the NAO’s signal and its non-
stationary influence on surface temperature and precipitation variability). At the same time, it matches 
an almost similar long period to the one that is intended to reconstruct as part from the analysis of the 
high time-resolution proxies contained in the upper sedimentary cores. Besides, the development of 
quality  controlled and homogenised instrumental  records on a monthly  basis  for  both sectors  will 
permit to further explore back in time NAO and Central Iberian/Azores surface climate intra-annual, 
interannual, decadal and inter-decadal relationships over the whole instrumental period for both sub-
regions. Also, the development of daily adjusted temperature and precipitation records for Central 
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Iberia will allow us to examine the connexion of climate extreme events to the NAO’s modulation and 
the impact of them on the sedimentation rates of the lakes and on the type and characteristics of the 
proxies to be developed. 

Figure 5: Location of the temperature and precipitation network to develop Central Iberia timeseries.

This project, if succeeded, will facilitate for the very first time the examination of the early instrumental 
period and two specific subregions, which have not been explored before in such detail. Besides, it is 
intended to compile and examine the impact of using two slightly different NAO’s indices, the NAO’s 
Index of Hurrell (1995) and the Jones et al. (1997) Index, on the studied subregions. This later index 
will be particularly useful to explore relationships between NAO and temperature and precipitation for 
non-winter  seasons,  as  higher  correlations  have  been  estimated,  at  least,  for  temperature  over 
mainland Spain during the 20th century (Brunet et al. 2007). Thus, we hope to gain further insights on 
subregional  climate variability  and its forcing factors,  particularly  the NAO influence,  over  specific 
Iberian and Central Atlantic subregions, which have not previously been so extensively (in time and 
space) assessed. 

The working plan 
It has been organised in nine milestones.

Milestone  1.  Geomorphological  characterization  of  Cimera  and  Peñalara  Lakes  (Central  Range,  
Spain) and of São Miguel lakes (Azores Islands, Portugal) catchments

Large number of processes take place in the lake catchment. Most of them have an impact in 
the lake. Therefore it is essential to characterize the geomorphology of the catchments and 
their  temporal  evolution  in  order  to  understand  some  lacustrine  sedimentary  processes. 
Previous studies on geological topographical and previous geomorphological maps (Palacios 
et al., 2003; de Marcos, 2000) and aerial photographs will be used (Sanz Herráiz, 1988,1999; 
Pedraza et  al.,  2004;  Pedraza and López,  1980),  together with new field work and photo 
interpretation, to improve the understanding of the geomorphological settings and processes. 

- Responsible: Angel Enrique Salazar (IGME)
-  Deliverables:  geomorphological  map highlighting the main accumulative and erosive 
landforms  (moraines,  mass  wasting  deposits)  and  processes  that  have  affected  the 
catchments. Long-term environmental and climate reconstructions of the Central Range 
and São Miguel islands.

Milestone 2. Multiproxy high-resolution characterization of the sedimentary cores from Cimera and  
Peñalara Lakes and from a lake from the São Miguel island.
This milestone is subdivided in the following tasks:
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2.1.- Seismic survey
At the beginning of the two one-month long field campaigns (one in Sao Miguel Island and the 
other  one in the Spanish Central  Range) a seismic survey will  be carried out  in  order  to 
perform a 3D characterization of the sedimentary infill  of  the lakes. The subsurface of the 
lakes  will  be investigated with  the EdgeTech equipment  of  the IPE-CSIC.  The  EdgeTech 
3100-P  Portable  Sub-Bottom  Profiling  System  is  a  high-  resolution  wideband  Frequency 
Modulated (FM) subbottom profiler.The system transmits a FM pulse that is linearly swept 
over a full spectrum frequency range (for example 2-16 kHz for 20 milliseconds.) The acoustic 
return received at the hydrophones is passed through a pulse compression filter, generating 
high-resolution images of the sub-bottom stratigraphy. The instrument allows a penetration of 
several  tens of  metres with a vertical  resolution of  less than 10 cm in optimal conditions. 
Positioning data will be obtained by a GPS system mounted directly on the sender/receiver 
assembly. The subsurface of the lakes will be accurately imaged with a dense grid of seismic 
lines providing data that can be interpolated to a quasi-3D subsurface model. Seismic lines will 
be plotted and interpreted with the Kingdom Suite software to establish seismic facies and 
seismic stratigraphic analysis, and to choose ideal coring sites. This proxy will play a key role 
in the Peñalara Lake, where the present-day bottom lake is almost completely covered by 
large stones, and in the selection of the most suitable lake for coring in São Miguel island. The 
seismic results obtained in this lake will also determine the coring equipment (gravity corer or 
Uwitec piston coring system)  that will be employed to recover its sedimentary cover.

- Responsible: Dr. Blas Valero (IPE-CSIC).
- Involved researchers: Alberto Sáez, Santiago Giralt, Armand Hernández, Olga Margalef
- Deliverables: seismic profiles of the studied lakes. Sedimentological interpretation of 
seismic  facies,  3D  reconstruction  of  the  sedimentary  architecture  infill,  including  the 
identification of the main sedimentary discontinuities. Selection of the key coring sites.

2.2.- Coring campaign
Within the same one-month field campaigns, and just afterwards the seismic profiling, a coring 
campaign will be carried out in order to recover the maximum sedimentary infill of these three 
lakes. Two coring systems will be employed: the Uwitec piston coring system installed on a 
floating raft and a gravity coring system. The first will allow us to recover the thickest possible 
sedimentary infill whereas the second will permit to retrieve undisturbed the water - sediment 
interphase and to obtain short sediment cores (ca. 40 cm) to be sliced at higher resolution (ca 
2-4 years) in order to calibrate sedimentary records with instrumental data. In every lake, and 
according to the seismic profiles, their size and morphological features, several coring points 
will be carried out. In every point, two cores will be obtained in order to ensure the complete 
recovery of  the sedimentary  infill.  All  cores will  be collected within plastic PVC liners and 
sealed hermetically to avoid humidity looses. They will be stored in the already available cold 
rooms (+4 ºC) in the ICTJA-CSIC until the sampling party.
On the other hand, the coring campaign will  also serve to collect water samples following 
vertical profiles as well as to measure physical-chemical parameters of the water column as 
temperature, pH and dissolved oxygen content with a Turo T-613 probe.
Surface sediment samples (the first 0.5 cm) following a bathymetric profile will be collected in 
the three lakes as well  as in  lakes located in  the vicinity  according a  altitudinal  gradient. 
Physical-chemical parameters will also be measured in these sampling points. These samples 
will be used as a training set for constructing a transfer function for converting the qualitative 
reconstructions obtained from biological proxies (diatoms, chrysophytes and chironomids) into 
quantitative ones.

- Responsible: Dr. Santiago Giralt (ICTJA-CSIC).
- Involved researchers: Alberto Sáez, Olga Margalef, Armand Hernández, Blas Valero, 
Sergi Pla, PhD student.
- Deliverables: Recovery of the complete sedimentary infill and, if it is not possible, then 
the uppermost one.

2.3.- Measurement of physical properties of the retrieved cores
Physical properties (magnetic susceptibility, sediment density and p-waves) will be measured 
using a Geotek Multi-Sensor Core Logger (MSCL) at 1 cm step. These data will contribute to 
the description of the recovered sediments as well as to provide insights for constructing the 
lithological correlation panel. These measurements will be carried out in collaboration with the 
IGME or the CSIC.
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- Responsible: Dr. Alberto Sáez (UB).
-  Deliverables:  Physical  properties  (magnetic  susceptibility,  sediment  density  and  p-
waves) of the cores.

2.4.- Sampling party
The sampling party will be conducted in the ICTJA-CSIC. Cores will be split longitudinally in 
two halves using standard procedures and a first  lithological description will  be performed. 
One core half will be wrapped in plastic and aluminum foils as archive and the other core half 
will be subsampled for the different proxies. Smear slides will be prepared every 5 cm in order 
to complement this first visual inspection of lithofacies components. 

- Responsible: Dr. Santiago Giralt (ICTJA-CSIC) will coordinate the sampling party and 
the possible successive samplings.
- Involved researchers: all
- Deliverables: distribution of sediment samples for all the specialists.

2.5.- Facies analysis and stratigraphic core correlation 
The main lithofacies and facies associations in each core will be established according to the 
visual  and  the  smear  slides  study  and  analyzed  to  understand  the  main  sedimentary 
processes and paleoenvironments and their temporal evolution. The lithological correlation of 
the retrieved cores from the same lake will  allow the reconstruction with a high degree of 
precision  of  the  sedimentary  architecture  evolution  and,  thus,  to  detect  any  possible 
discontinuities  (hiatus,  erosive  surfaces)  that  might  have  affected  the  sediments.  The 
correlation of the obtained panel with the seismic facies identified with the seismic surveys will 
permit to lithologically characterize the latter.
This  correlation  panel  will  be  fundamental  to  select  the  most  representative  core  for 
conducting all the paleoenvironmental studies. 

- Responsible: Dr. Alberto Sáez (UB).
- Involved researchers: Blas Valero
- Deliverables: Facies, facies associations and facies sequences interpreted in terms of 
sedimentary paleoenvironments and their evolution. Lithological characterization of the 
seismic facies.  Identification of sedimentary  discontinuities.  Calculation of  sedimentary 
rates and their variations. Lithological correlation panels of the cored lakes. Long-term 
water level reconstruction curves.

2.6.-   Geochemical, mineralogical, biological and dating studies   protocol  
The  chemical  composition  of  these  cores  will  be  established  using  the  Avaatech  X-Ray 
Fluorescence  (XRF)  core  scanner  already  available  at  the  Department  of  Stratigraphy, 
Paleontology and Marine Geosciences of the University of Barcelona. The measurement step, 
that can be performed from 0.2 mm up to 1 cm,  will be decided according to the nature of the 
recovered sediments. The XRF data will permit to characterize the sedimentary processes that 
have triggered the input, distribution and sedimentation of the sedimentary particles within the 
lakes.

- Responsible: Prof. Juan José Pueyo (UB).
- Involved researchers: Santiago Giralt, Olga Margalef.
-  Deliverables:  High-resolution  chemical  composition  of  the  cores.  Chemical 
characterization of the lithological and seismic facies.

Afterwards, a sampling party will take place and the selected cores will be subsampled for:
- Scanning Electron Microscope (SEM) observations. The characterization of the lithofacies 
will be complemented with SEM observations. These observations will also provide highlights 
about the nature of the mineral species (terrigenous vs. authigenic vs. endogenic) and the 
different relationships between themselves that will help to interprete other proxies such as x-
ray diffractions and stable isotopes.

- Responsible: Prof. Juan José Pueyo (UB).
- Involved researchers: Alberto Sáez, Santiago Giralt
- Deliverables: Textural characterization of the sediment cores. Identification of mineral 
phases with low presence. Identification and characterization of diagenetic processes.

- Grain size: A laser grain size Malvern/E already available at the ICTJA-CSIC will permit to 
determine the grain size of the particles that make up the sediments of the lakes. This proxy 
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will provide valuable insights about the sedimentary processes that have triggered the input, 
distribution and sedimentarion of the sedimentary particles within the lake, such as erosion, 
eolian transport  and hydrological  conditions.  Sediment  samples taken every 2 mm will  be 
dispersed using peroxide water (to remove the organic matter) and phosphate (to avoid the 
flocculation of the clays) and analysed using the Malvern/E. Sorting - skewness diagrams will 
provide  insights  about  the  sediment  transport  processes  (turbidites,  homogenites,  eolian 
contribution).

- Responsible: Dr. Alberto Sáez (UB)
- Deliverables:  Determination of coarse-grain episodes interbedded between fine-grain 
intervals related with clastic alluvial current and/or volcaniclastic fallout episodes.

- Magnetic characterization. The physical and magnetic properties of the sediments will  be 
carried out at the Paleomagnetic Laboratory of the Serveis Científico-Tècnics (SCT) UB-CSIC 
present at the ICTJA-CSIC. They will also provide highlights about the sedimentary and post-
sedimentary processes that have taken place in the sediments. Continuous sampling using 2-
cm  squared  plastic  boxes  will  be  performed.This  work  will  be  carried  out  through  a 
collaboration  agreement  with  Dr.  Juan  Cruz  Larrasoaña  (IGME)  and  Dra.  Miriam  Gómez 
Paccard (ICTJA-CSIC),  with whom some researchers of this project have already ongoing 
collaborations for the paleomagnetic characterization of other lacustrine sequences (see the 
attached letter).

- Responsible: Dr. Santiago Giralt (ICTJA-CSIC)
- Involved researchers: This item will be developed as external work at the IGME and at 
the ICTJA-CSIC under the supervision of  Juan Cruz Larrasoaña and Miriam Gómez, 
respectively.
-  Deliverables:  Characterization  of  the  main  mineral  responsibles  of  the  magnetic 
properties of the lacustrine sediments.

- Secular variations determination. The determination of the secular variations, together with 
the  AMS  14C  and  137Cs  and  210Pb  dates,  will  strengthen  and  improve  the  chronological 
framework of the sequences. The obtained curves will complement those already available for 
the Iberian Peninsula and Western Europe (Gómez-Paccard et al., 2006, Gómez-Paccard and 
Beamud, 2008). The measurements will also be carried out at the Paleomagnetic Laboratory 
of the UB-CSIC. The samples obtained for the magnetic characterization will be also used for 
this purpose. This work will  also be carried out through a collaboration agreement with Dr. 
Juan  Cruz  Larrasoaña  (IGME)  and  Dra.  Miriam  Gómez  Paccard  (ICTJA-CSIC)  (see  the 
attached letter).

- Responsible: Dr. Santiago Giralt (ICTJA-CSIC)
- Involved researchers: This item will be developed as external work at the IGME and at 
the ICTJA-CSIC under the supervision of  Juan Cruz Larrasoaña and Miriam Gómez, 
respectively.
- Deliverables: Independent chronological model of the studied sedimentary sequences.

- X-ray diffraction. XRD will allow us to identify the mineralogical composition of the sediments 
and thus it will provide information about the sedimentary processes (endogenic, terrigenous, 
volcanic) that have triggered the input, distribution and sedimentation of particles within the 
lake. This proxy will permit to establish a link between the mineralogical composition and the 
XRF dataset. Such link will help to interpret the XRF dataset. The XRD determinations will be 
carried out at the ICTJA-CSIC and samples will be taken every 5 cm. Dra. Pilar Mata (IGME) 
will collaborate with the interpretation of the XRD spectra and the environmental and climatic 
significance of the identified mineral species.

- Responsible: Dr. Juan José Pueyo (UB)
- Involved researchers: Alberto Sáez
- Deliverables: Characterization of the mineralogical composition of the sediments of the 
studied cores. Spatial and temporal characterization of the main sedimentary processes 
that have controlled the sedimentary infill of the lakes. Spatial and temporal evolution of 
the  main  diagenetic  processes  that  have  affected  the  sedimentary  infill  of  the  lakes. 
Temporal characterization of the physical and chemical conditions of the lakes.

- Determination of major and minor elements of sediment samples by ICP-MS and OES-MS. 
The conversion of  the qualitative XRF core scanner data in to  quantitative ones must be 
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carried out by analizing the elemental composition of a representative subset of samples by 
ICP-MS and OES-MS. Samples will be analyzed at the STC-UB laboratory.

- Responsible: Prof. Juan José Pueyo (UB)
- Deliverables: Conversion of the qualitative elements obtained in the XRF core scanner 
in to quantitative ones.

- Elemental analyses related to the organic fraction (TC, TOC, TS and TP). Total Carbon (TC), 
Total Organic Carbon (TOC), Total Sulphur (TS) and Total Phosphorus (TP) on bulk organic 
samples will be determined every 5 cm in order to characterize the evolution of the lacustrine 
biochemical processes related to the nutrient input and recycling and to sedimentary and early 
diagenetic redox conditions. These analyses will  be performed in the IPE-CSIC and in the 
STC-UB.

- Responsible: Dr. Juan José Pueyo (UB)
- Involved researchers: Olga Margalef, Santiago Giralt, Blas Valero, Roberto Bao, Sergi 
Pla, Teresa Buchaca.
- Deliverables: Determination of the Total Carbon, Total Organic Carbon, Total Sulphur 
and Total Phosphorus of the studied sequences.

-Stable isotopes on bulk organic matter (13C and  15N) and, if present, on carbonates (13C 
and  18O on ostracodes and biogenically-induced carbonates), sulphates or sulphides (34S) 
and silica (18O on diatoms and chrysophyte cists). They will provide useful information about 
a  wide  range  of  processes  related  to  lake  primary  productivity,  lake  trophic  status, 
precipitation/evaporation  ratio  and early  diagenesis,  among others.  Samples will  be taken 
every 5 cm and they will be analyzed at the STC-UB laboratory.

- Responsible: Prof. Juan José Pueyo (UB)
- Involved researchers: Olga Margalef, Sergi Pla, Armand Hernández, Roberto Bao
-  Deliverables:  Determination  of  the  carbon,  oxygen,  nitrogen  and  sulphur  isotopic 
composition of the studied sediments.

- Chrysophyte cysts and diatoms. These algae are very useful to characterize the limnological 
evolution  of  a  large  number  of  physico-chemical  parameters,  such  as  pH,  temperature, 
dissolved oxygen, nutrient input, duration of the ice-cover or the summer stratification period 
(Smol and Cumming, 2000). Special emphasis will be done on these organisms since they 
could provide many insights about the impact of the North Atlantic Oscillation through time. 
Cores will be sampled every 5 cm, except for the last 500 years that they will be sampled 
every 0.5 cm or less for the last 200 years. Both proxies would be analyzed at the CEAB-CSIC 
and at the University of A Coruña. Diatoms taxonomy will be also identified at CEDEX by SEM 
to solve possible taxonomic problems that could appear. The diatom identification must be 
accurately carried out owing to the ecological implications that can be derived. In addition, an 
extensive training set to apply a quantitative environmental reconstruction base in chrysophyte 
cysts exits from Pyrenean lakes (Pla et al., 2003), which could be potentially used on Gredos 
and  Guadarrama  records.  A  training  set  from  chrysophyte  cyst  Azores  Island  is  already 
published  (Hansen,  2001),  which  could  be  used  as  a  calibration  set  to  develop  transfer 
functions. In collaboration with J. Catalan CEAB-CSIC is also available a extensive diatoms 
calibration from the Pyrenees (Catalan et al., 2009).

- Responsible: Dr. Sergi Pla (CEAB-CSIC)
- Involved researchers: Roberto Bao, Manuel Toro
-  Deliverables:  Taxonomy of Chrysophyte cysts and diatoms throughout the sediment 
cores. Ecological optima of taxa for main limnological variables. Short (high resolution) 
and  long-term  (low  resolution)  records  of  chrysophytes  cysts  and  diatoms. 
Characterizacion of the main components of diatoms and chrysophytes variability for the 
last  500  years,  and  their  relationship  with  climate  instrumental  records  (since  1845). 
Development of NAO-related variables. Reconstruction of short term (1,000 years, high 
resolution) and long-term (ca. 15,000 years) NAO records based on these algal remains. 

- Chironomids: Chironomidae (Diptera:Insecta) are a family of small flies whose larval and 
pupal stages are mainly aquatic. They usually make up over 50% of the insects that live at the 
bottom of streams and lakes as larvae, and usually play an important role in aquatic systems.
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Subfossil remains of chironomids are being increasingly valued as indicators of limnological 
and climatic changes. Since the classic work of Walker (1987) about the use of chironomids in 
paleoecology,  several  scientists have used the chironomids head-capsules for  quantitative 
palaeotemperature reconstructions (e.g., Walker, 2006) and nowadays they are accepted as 
one of the most useful climate palaeoindicators (Battarbee, 2000). There is a previous work in 
Cimera lake that supports the use of chironomids head capsules as an effective tool to infer 
past temperatures (Granados and Toro, 2000). In this lake some key factors of lake ecology 
like the extent of the oxygen depletion during ice cover period, which is related to this ice 
cover length, could be related to the abundance of chironomid taxa, especially the low oxygen 
content adapted Chironomus sp. 

Both chironomid fauna from high mountain lakes of central Spain (Toro and Granados, 2001; 
Granados et al., 2006) and Azores islands (Cobo et al., 2002;   Murray et. al., 2004) are well-
known. This will  facilitate the identification of subfossil  chironomids. Cores will  be sampled 
every 5 cm, except for the last 500 years that they will be sampled every 0.5 cm and they will 
be analyzed at the laboratory of Peñalara Natural Park following standard methods. Additional 
taxonomic identifications will be done by using a SEM at CEDEX if needed. This study will be 
carried out by Dr. Ignacio Granados, biologist of the Peñalara Natural Park, and well-known 
chironomid specialist.

- Responsible: Ignacio Granados (PN Peñalara)
- Involved researchers: Manuel Toro
- Deliverables: Subfossil chironomids will provide information about past temperatures and, in 
Spanish Central Mountains, about ice cover length (which is expected to be also related to 
NAO signal).

- Pigments. Chlorophyll-a is an estimation of total biomass of primary producers, carotenoids 
are  biomarkers  of  different  taxa,  and  transformation  products  are  indicative  of  trophic 
interactions  and  diagenetic  processes.  Pigments  are  used  as  taxonomic  markers  to 
reconstruct past lake primary production variability,  to identify which are the photosynthetic 
organisms (algae, cyanobacteria and photosynthetic bacteria) involved and as proxies of the 
processes  occurring  at  different  spatio-temporal  scales  (Leavitt  and  Hodgson,  2001).  The 
occurrence of some specific groups of primary producers provides information to reconstruct 
shifts in lake trophic status, stratification or anoxia (e.g. McGowan et al. 2005; Buchaca et al., 
2010).  Furthermore,  the ratio CD/TC is  also indicative of  lake trophic status and provides 
some evidence for the relative importance of allochthonous versus autochthonous detritus in 
sedimentary  organic  matter  (Sanger  and  Gorham 1972;  Giralt  et  al.  2004;  Buchaca  and 
Catalan, 2008). On the other hand, the evaluation of a preservation index (Chl-a expressed as 
a percentage of a-phorbins) and the alloxanthin/diatoxanthin ratios throughout the sediment 
record can give evidence of historical changes in the relative importance of planktonic versus 
benthic  primary  production  and  might  ultimately  be  interpreted  in  terms  of  climatic  or 
environmental changes (Buchaca and Catalan, 2007). Cores will be sampled every 5 cm and 
they will be analyzed at the CEAB-CSIC following the standard procedure.

- Responsible: Dr. Teresa Buchaca (CEAB-CSIC)
-  Deliverables:  This  proxy will  provide insights about  photosynthetic  communities that 
have populated the lakes and thus it will also give information about the trophic status 
and limnological evolution of these lakes.

- Palynological content. The characterization of the pollen and non-palynomorphs content of 
the sediments is a powerful tool for reconstructing the evolution of the terrestrial vegetal cover 
and aquatic vegetation through time. The large sample volume needed in the high-resolution 
palynological study of the three lakes makes it completely unfeasible within the framework of 
this project. Therefore, it will only be carried out in selected sections of the cores were the 
other  proxies  suggest  abrupt  climate  changes.  This  study  will  be  performed  under  the 
supervision of Dr. Valentí Rull from the IBB-CSIC laboratory (see attached letter).

- Responsible: Dr. Santiago Giralt (ICTJA-CSIC)
- Involved researchers: This item will  be developed as external work at the IBB-CSIC 
under the supervision of Dr. Valentí Rull (see attached letter).
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- Deliverables: identification and temporal evolution of the main palynological taxa present 
in  the lake catchments.  Centennial  and millennial  reconstruction of  the main  forcings 
(precipitation, temperature, humidity, etc) that have ruled the vegetation.

- The chronological framework will be constructed employing a real multiproxy approach. The 
entire sequences will be dated using AMS 14C and, if enough available endogenic carbonates 
are  present,  using  the  uranium-series  disintegration  method  (234U/230Th).  Two  dating 
approaches will be followed: the first dating sampling will retrieve a sample systematically at a 
given interval. It is expected to be around every 0.5 m in Azores lakes and around every 0.1 m 
in high mountain lakes in Spanish’s Central  Range for the whole sequences whereas the 
second  dating  sampling  will  focus  to  solve  specific  problems  (the  age  of  an  important 
discontinuity, etc). Samples for AMS 14C will be sent to the Poznan Radiocarbon Laboratory. 
Furthermore, the uppermost part of the cores and the short gravity cores will be dated using 
gamma-spectrometry (210Pb and 137Cs). One gravity core with the unperturbed water-sediment 
interphase  will  be  directly  sampled  at  the  field.  Samples  will  be  obtained  every  few mm 
following standard procedures. The obtained samples will be sent to the Department of high 
energies (UPC-Barcelona) for their measurement.

- Responsible: Dr. Blas Valero (IPE-CSIC)
- Involved researchers: Alberto Sáez, Santiago Giralt
- Deliverables: Detailed chronological model of the studied cores.

2.7.-  Characterization  of  sediment  trap  and  biological  samples. The  establishment  of  the 
relationships between the limnological datasets (physical, chemical and biological data) and 
the reconstructed climate signals from sediments rely on the large availability of data. This 
implies  that  the  limnological  datasets  must  be as longest  and  complete  as possible.  The 
limnological datasets of Cimera and Peñalara lakes includes also information on last 15 years 
sedimentation  processes  (continuous  in  Peñalara  and  occasional  years  in  Cimera)  from 
sediment traps located at the deepest part of the lake. Some of these samples and the water 
column  (plankton)  were  not  analysed  at  the  moment  they  were  collected  and  will  be 
characterized using the proxies described in the point 2.6 in order to complete the limnological 
datasets.

- Responsible: Dr. Manuel Toro (CEDEX)
- Involved researchers: Roberto Bao, Sergi Pla, Ignacio Granados
-  Deliverables:  A  complete  limnological  dataset  for  both  Peñalara  and  Cimera  lakes. 
These  datasets  will  be  fundamental  to  correlate  with  the  meteorological  instrumental 
record in  order to understand how the climate signal  is  transferred to  the lake water 
masses, and from there to the sediments. In addition, this characterization would provide 
data to assess the relevance of the seasonal signal.

Milestone 3. Paleolimnological and paleoclimate reconstruction at two temporal scale windows: the  
last 1,000 years and the Lateglacial and Holocene periods.

Multiannual - subdecadal paleolimnological and paleoclimate reconstructions for the last 1,000 
years must be carried out in order to calibrate them with the meteorological and limnological 
datasets.  This  high-resolution  reconstructions  will  be obtained  integrating  all  the  available 
proxies for the Central Range and São Miguel lakes. 

A millennial to centennial reconstruction of past climate variability will be performed based on 
the integration of the available proxies for the studied lakes. A low resolution comparison of 
the main periods of climate change between the Azores Islands and the Central Range will 
help to identify  their  synchroneity,  regional  variability  and phasing.  Available studies show 
some similarities between Azores and southern Spain: The Zoñar (Martín-Puertas et al., 2009) 
and the Azores records (Björck et al., 2006) show similar hydrological responses for the late 
Holocene. In the Azores island records, main cooler/drier periods occur at 600, 1400–1500, 
2600–3000 and 3300 cal. yr BP, while more humid phases occur 300–400, 900–1000, 2000–
2400, 3100–3200, 3800–4000 and 4700–5000 cal. yr BP. The Iberian Roman Humid Period in 
Zoñar is one of the most humid periods in Azores, followed by a period of generally lower 
precipitation that includes the post-Roman to the ‘Mediaeval Climate Anomaly’ in Zoñar. The 
humid phase at 300–400 cal. yr BP (AD 1540–1700) in Azores corresponds to the flooding of 
the Zoñar Basin in the sixteenth century.

- Responsible: Dr. Blas Valero (IPE-CSIC)
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- Involved researchers: all.
- Deliverables: Robust environmental and climate reconstructions for the last 1,000 and 
the Lateglacial Holocene periods on the studied sites.

Milestone 4. Identification and isolation of the NAO climate signal from the others in each temporal  
scale window and studied locality.
Milestone  5.  Development  of  long  and  high-quality  instrumental  climate  (temperature  and 
precipitation) records (both regional and single sites timeseries) and compilation of the NAO Indices 
(NAOi)

These milestones will be fully achieved by:

-  Instrumental  reconstruction  and  analysis  of  NAO and  surface  climate  relationships  over 
Central Iberia and Azores. 
As  mentioned,  potential  for  extending  back  in  time instrumental  climate  timeseries  to  the 
earliest instrumental observations exists over the two-targeted subregions: Central Iberia and 
Azores.  These data are on a monthly (daily)  basis for Central  Iberia and Azores (Central 
Iberia) and they go back in time to the late 18th century (to the mid-19th century). Therefore, 
we  will  search  and  assemble  from  sensible  sources  (Spain  and  Portugal  meteorological 
services)  and  former  funded  projects  (e.g.  EMULATE1,  CLICAL2,  CAFIDEXPI3,  SIGN4) 
currently available data in digital format and recover/digitise the earliest part of the longest 
records. The Central Iberia targeted climate network is composed of about 25 (50) daily and 
monthly temperature (precipitation)  timeseries (see Figure 5 from page 15).  There is  also 
intended to develop monthly and daily adjusted climate records (temperature and precipitation 
observations) and develop with them monthly (daily) adjusted regional climate series for the 
Central Iberia window (41º20’-39º50’N, 2º50’-6º50’W) and Azores (Central Iberia only). 

- Responsible: Dra. Manola Brunet (URV)
- Involved researchers: Javier Sigró, Ricardo Trigo.
- Deliverables: Monthly quality controlled and homogenised temperature and precipitation 
timeseries for Central Iberia and Azores subregions spanning from the late 18th and the 
mid  19th  centuries  onwards,  respectively.  Daily  quality  controlled  and  adjusted 
temperature and precipitation records for Central  Iberia for  about  the last  220 years. 
Regional temperature and precipitation timeseries for Central Iberia on monthly and daily 
resolution for the same period than the first deliverable.

-  Isolating  climate signal  from the  sediments. Lakes  record  all  climate and environmental 
signals in a multiple ways (through physical, chemical and biological changes). Therefore it is 
essential to identify what are the main physical, chemical and biological proxies that should be 
used to characterize the main processes (sedimentary, geochemical and/or biological) that 
can be used to reconstruct the climate signal. The main limitation of using these proxies is that 
they  respond  to  climate  as  well  as  other  forcings  not  related  with  climate,  such  as  the 
ontogeny of the lake, landslides and earthquakes. One way to overcome such limitation is to 
use a statistical approach. For all  the three lakes ordination analyses will  be used. These 
analyses will be:
-  stratigraphically-unconstrained  cluster  analysis:  in  order  to  isolate  'anomalous'  values, 
commonly due to erroneous measurements.
- stratigraphically-constrained cluster analysis to identify and characterize zones of the core 
that present an homogeneous behaviour.
- principal component analysis (PCA) and derivatives (e.g. redundancy analysis) in order to 
identify and isolate the main hidden environmental and climatic forcings that are ruling the 
evolution of the considered proxies.

- Responsible: Dr. Santiago Giralt (ICTJA-CSIC)
- Involved researchers: Sergi Pla, Olga Margalef
- Deliverables: Reconstructed climate series free of interferences from other forcings.

Milestone 6. Assessments of intraannual, interannual, decadal and interdecadal relationships between 
NAO and Central Iberia and Azores surface climate
Milestone 7. Exploratory analysis between multiproxies from the sedimentary lacustrine cores and  
Central Iberia and Azores instrumental climate timeseries
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Milestone 8. Characterization of the NAO climate signal  transmission from the atmosphere to the  
sediments for the last 1,000 years.
Lakes act as a low-pass filter. This means that there is a progressive quality and intensity 'degradation' 
of  the  climate  signals  when  transmitted  towards  the  sediments  (Rico  et  al.,  2009).  A  detailed 
characterization of this transmission must be carried out in order to understand how the climate signal 
is recorded in the sediments. This characterization will be carried out in Laguna Grande de Peñalara 
and in Cimera Lake owing to the existence of large limnological datasets.

This milestone can be subdivided in the following tasks:
- Establishing the relationship between the North Atlantic Oscillation and the meteorological 
data. The NAO signal is mainly a winter precipitation signal, but it exerts its influence on other 
meteorological  parameters such as the temperature and wind stress.  We will  compile  the 
available  NAO  indices  for  assessing  which  one  returns  the  best  relationships  for  both 
subregions and examine the time-changing relationships between NAO and surface climate 
variables at intraannual, interannual, decadal and interdecadal temporal scale.
Furthermore,  it  is  remarkable  the  existence  of  a  meteorological  weather  station  (AEMET) 
located quite close to Peñalara lake (6 km), in a relatively high altitude (1.890 m.a.s.l.) and 
with a long dataset (1946-2009). There is also an automatic weather station (Refugio Zabala, 
2.100 m.a.s.l) in the Peñalara Lake basin operating since 1998. This coincidence will  also 
allow us to explore the influence of factors forcing local  microclimates around the Central 
Range lakes and examine their  relationships with  the previously  developed Central  Iberia 
timeseries, in order to isolate and estimate the fraction of the variability that is induced by local 
factors. 

- Responsible: Dra. Manola Brunet (URV)
- Involved researchers: Javier Sigró, Ricardo Trigo.
-  Deliverables:  Assessments  of  intra-annual,  interannual,  decadal  and  inter-decadal 
relationships between NAO and surface climate variables (precipitation and temperature) 
over the studied areas. Estimation of the climate variability fraction explained by the NAO.

- Establishing the relationship between the meteorological and the limnological datasets. The 
North Atlantic Oscillation influences the lake behaviour in many different ways: through the 
precipitation,  controlling  the  total  amount  of  water  and  ice  to  the  catchment,  through  the 
temperature  triggering  the  ice-cover  duration,  the oxic  state  of  the water  column and the 
nutrient  availability,  among others. Commonly the relation between the meteorological  and 
limnological  datasets  is  non-linear.  Therefore  it  is  important  to  highlight  these  complex 
relationships in order to understand how the NAO climate signal is translated to the sediments. 
Generalized linear models (glm) will be used to determine these complex relationships and to 
characterize them. In addition, monthly sediment traps data (biological proxies and fluxes of 
matter)  from  Peñalara  lake  could  help  us  to  understand  how  a  given  climate  signal  is 
translated to the sediment record and recognize any potential amplifications or ameliorations 
of  a  climate  signal  for  the  lake  ecosystems  that  could  improve  the  reliability  of  climate 
reconstructions.  This will allow us to better understand the transmission of the atmospheric 
signal into the lacustrine sediments and proxies, as well as the relationships between proxies 
and instrumental data.

- Responsible: Dr. Javier Sigró (URV)
-  Involved researchers:  Manola  Brunet,  Santiago Giralt,  Sergi  Pla,  Ignacio  Granados, 
Manuel Toro
- Deliverables: Quantitative and qualitative description of the processes that connect the 
main meteorological variables with the response of hydrological, physical and chemical 
variables,  and  biological  communities,  and  with  the  sedimentary  fluxes  and 
thanatocoenosis. Evaluation of the relationships between the analysed climate variables 
and proxies in order to detect the best signal/responses to the atmospheric forcing in the 
proxies’ series.

- Establishing the relationship between the limnological datasets and the reconstructed NAO 
signals from the sediments. It is obvious that lakes respond to the NAO fluctuations, but this 
relation is commonly established in a qualitative rather than in a quantitative way. Limnological 
data recorded for the last 17 years (Peñalara Lake) and 10 years (Cimera Lake) will be related 
with the already available NAO reconstructions performed with the multiproxy study of the 
lacustrine  sediments.  This  relationship  will  be  established  using  constrained  ordination 
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analyses,  such  as  Redundancy  (RDA)  and Constrained  Correspondence  (CCA)  analyses. 
Also an assessment on NAO’s influence on the occurrence of climate extremes over Central 
Iberia will be carried out in order to evaluate impacts of them on both rates of sedimentation 
and type and abundance of climate proxies. 

- Responsible: Dr. Javier Sigró (URV)
- Involved researchers: Manola Brunet, Santiago Giralt, Sergi Pla, Teresa Buchaca, 
-  Deliverables:  Characterization  of  the  NAO  signal  transmission  from the  lake  water 
column to the sediments.  Analysis of the impact of winter extreme events on lacustrine 
rates of sedimentation and on the climate proxies contained in the cores for Central Iberia 
lakes and for the last 220 years.

Milestone 9. Comparison of the reconstructed NAO climate signals in order to characterize the spatial-
temporal evolution of this climate phenomenon.
This milestone can be subdivided in the following tasks:

9.1.- Temporal characterization of the reconstructed NAO signal. The North Atlantic Oscillation 
exerts  its influence over interanual,  decadal  and multidecadal  ciclicities.  This has induced 
NAO phase shifting  thoughout  time from mostly  negative  to  mostly  positive  and inversely 
(Visbeck  et  al.,  2001).  Spectral  analyses,  such  as  Multitapper  Method  (MTM)  and  Time-
Frequency (TF), will be employed to define such cyclicities and when they were active. These 
analyses will  be performed in all three NAO reconstructions. The comparison between the 
reconstructed NAO signals for the Late Glacial and for the Holocene periods for the three sites 
will provide highlights about the similarities and differences of behaviour of this climate signal 
and, thus to evidence if it followed the same pattern for these two periods.

- Responsible: Dr. Santiago Giralt
- Involved researchers: all
- Deliverables: Evolution of the NAO signal for the Late Glacial, Holocene and last 1,000 
years for the Iberian Peninsula and the Azores islands. Definition of the maximum and 
minimum activity periods for these three time windows. Highlights about the similarities 
and differences of the NAO behaviour during the Late Glacial and Holocene periods.

9.2.-  Spatial  characterization  of  the  reconstructed  NAO  signal. The  obtained  NAO 
reconstruction index for Laguna Grande de Peñalara and Cimera lakes and for a lake from 
São Miguel island will be compared among themselves. This will permit to identify different 
NAO spatial patterns, from one of the main climate poles (Azores islands) towards the Iberian 
Peninsula.

- Responsible: Dr. Santiago Giralt
- Involved researchers: all
- Deliverables: Characterization of the geographical impact of NAO for the Late Glacial, 
Holocene and last 1,000 years periods.

9.3.- Integration of the reconstructed NAO signal in the general paleoclimate context of the 
Iberian Peninsula. The NAO is responsible for a fraction of the climate variability of the Iberian 
Peninsula, but there also is a large climate variability due to other climate forcings, such the 
solar activity.  The comparison of  the available paleoclimate reconstructions carried out  by 
other researchers in the Iberian Peninsula with the reconstructed NAO signals obtained in this 
project will allow us to highlight the role of the NAO in the abrupt climate events in the Iberian 
Peninsula. These comparisons will be carried out for the Late Glacial, Holocene and last 1,000 
years periods. These comparisons will permit to define, for example, the role of the NAO in the 
Little Ice Age and abrupt arid climate events defined by other researchers (600, 1400–1500, 
2600–3000 and 3300 cal. yr BP) in the Iberian Peninsula and Azores islands.

- Responsible: Dr. Santiago Giralt
- Involved researchers: all
- Deliverables: Characterization of the role of the NAO in the abrupt climate events for the 
three time windows. Characterization of the role of the NAO in the Little Ice Age.
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4.1 CHRONOGRAM MODEL (EXAMPLE)

This chronogram must indicate the persons involved in the project, including those contracted with 
project funds.
Underline the name of the person responsible of each task.

- Researchers: SG: Santiago Giralt, BV: Blas Valero, OM: Olga Margalef, SP: Sergi Pla, TB: Teresa Buchaca, AS: Alberto Sáez, JJP: Juan José Pueyo, AH: Armand Hernández, RB: 
Roberto Bao, MT: Manuel Toro, MB: Manola Brunet, JS: Javier Sigró, AES: Angel Enrique Salazar.
- Collaborators: VR: Valentí Rull, PM: Pilar Mata, JCL: Juan Cruz Larrasoaña, MG: Miriam Gómez, IG: Ignacio Granados, RT: Ricardo Trigo.
- Responsible centers: ICTJA: Instituto de Ciencias de la Tierra Jaume Almera (CSIC), IPE: Instituto Perenaico de Ecología (CSIC), CEAB: Centro de Estudios Avanzados de Blanes 
(CSIC), UB: Universitat de Barcelona, UAC: Universidade A Coruña, CEDEX: Centro de Estudios y Experimentación de Obras Públicas, URV: Universitat Rovira i Virgili, IGME: 
Instituto Geológico y Minero de España, PNP: Parque Natural de la Cumbre, Circo y Lagunas de Peñalara
- Collaborator centers: IBB: Instituto Botánico de Barcelona (CSIC), CGUL: Centro de Geofísica da Universidade de Lisboa.
- PhD student required: PhD

Tasks
Centre Persons First Year (*)

Second Year 
(*)

Third Year (*)

Milestone 1. Geomorphological characterization of Cimera and 
Peñalara Lakes (Central Range, Spain) and of São Miguel lakes 
(Azores Islands, Portugal) catchments

IGME AES X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

Milestone 2. Multiproxy high-resolution characterization of the 
sedimentary cores taken from the selected lake systems.
Seismic survey IPE, ICTJA, UB BV, AS, SG, AH, OM X|X|X|X|X|X|X|  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

Two coring campaigns IPE, ICTJA, UB
SG, BV, SP, AS, AH, 
OM, 

 |  |  |  |X|X|X|X|X|  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

Measurement of physical properties of the retrieved cores UB AS  |  |  |  |  |  |  |  |  |X|X|X   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

Sampling party
ICTJA, IPE, UB, 
CEAB, CEDEX, 
UAC

SG, BV, OM, SP, TB, 
AS, JJP, AH, RB, MT

  |  |  |  |  |  |  |  |  |  |X|X   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

Facies analysis and stratigraphic core correlation UB, IPE AS, BV   |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

XRF core scanner analysis UB, ICTJA JJP, SG, OM   |  |  |  |  |  |  |  |  |  |  |X X|X|X|  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |



ICP-MS and OES-MS sample characterization UB, ICTJA JJP   |  |  |  |  |  |  |  |  |  |X|X   |X|  |X|  |X|  |X|  |X|  |X   |  |  |  |  |  |  |  |  |  |  |

Scanning Electron microscope (SEM) study UB, ICTJA JJP, AS, SG   |  |  |  |  |  |  |  |  |  |X|X   |X|  |X|  |X|  |X|  |X|  |X   |  |  |  |  |  |  |  |  |  |  |

Grain size analysis UB AS   |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|X|X|X|  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

Magnetic characterization ICTJA, IGME SG, JCL, MG   |  |  |  |  |  |  |  |  |  | X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|  |  |  |  |  |  |

Secular variations determination ICTJA, IGME SG, JCL, MG   |  |  |  |  |  |  |  |  |  | X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|  |  |  |  |  |  |

X-ray diffraction analysis UB JJP, AS   |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|  |  |  |  |  |  |  |  |

Elemental analyses related to the organic fraction (TC, TOC, TS, TP)
UB, ICTJA, IPE, 
UAC, CEAB

JJP, OM, SG, SP, BV, 
RB, TB

  |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|  |  |  |  |  |  |

Stable isotopes on bulk organic matter (13C and 15N)
UB, ICTJA, 
CEAB, UAC

JJP, OM, AH, SP, RB   |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|  |  |  |  |  |  |

Chrysophyte cysts and diatoms
CEAB, UAC, 
CEDEX

SP, RB, MT   |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|  |  |  |  |  |  |

Chironomids PNP, CEDEX IG, MT   |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|  |  |  |  |  |  |

Pigments CEAB TB   |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|  |  |  |  |  |  |

Palinology CEAB, IBB SG, VR   |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|  |  |  |  |  |  |

Chronology (AMS 14C, 210Pb, 137Cs and 234U/230Th) IPE, UB, ICTJA BV, AS, SG   |  |  |  |  |  |  |  |  |  |X|X X|  |X|  |X|  |X|  |X|  |X| X|  |X|  |X|  |  |  |  |  |  |

Characterization of sediment trap and biological samples
CEDEX, CEAB, 
PNP

MT, SP, IG   |  |  |  |  |  |  |  |  |  |X|X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|  |  |  |  |  |  |

Milestone 3. Paleolimnological and paleoclimate reconstruction 
at two temporal scale windows: the last 1,000 years and the 

IPE, ICTJA, 
CEAB, UB, UAC, 

BV, SG, OM, TB, AS, 
SP, JJP, AH, RB, MT, 

  |  |  |  |  |  |  |  |  |  |  |X X|X|X|X|X|X|X|X|X|X|X|X X|X|X|X|X|X|X|X|  |  |  |



Lateglacial and Holocene periods CEDEX, IGME AS

Milestone 4. Identification and isolation of the NAO climate 
signal from the others in each temporal scale window and 
studied locality.
Milestone 5. Development of long and high-quality instrumental 
climate (temperature and precipitation) records (both regional 
and single sites timeseries) and compilation of the NAO Indices 
(NAOi)
Assemblage and compilation of instrumental climate data and NAO 
Indices in digital format

URV, CGUL MB, JS, RT X|X|X|X|X|X|  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

Recovery/digitisation of the earliest part of Madrid daily climate data URV, CGUL MB, JS, RT X|X|X|X|X|X|X|X|  |  |  |   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

Development of monthly adjusted Central Iberia and Azores 
temperature and precipitation data

URV, CGUL MB, JS, RT   |  |  |  |  |  |  |  |X|X|X|X X|X|  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  |

Development of daily adjusted Central Iberia temperature and 
precipitation records

URV, CGUL MB, JS, RT   |  |  |  |  |  |  |  |  |  |  |   |  |X|X|X|X|X|X|X|X|X|X   |  |  |  |  |  |  |  |  |  |  |

Isolating climate signal from the sediments CEAB, ICTJA SG, OM, SP   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |X|X|X|X|X|X X|X|X|X|X|X|  |  |  |  |  |

Milestone 6. Assessments of intraannual, interannual, decadal 
and interdecadal relationships between NAO and Central Iberia 
and Azores surface climate
Milestone 7. Exploratory analysis between multiproxies from 
the sedimentary lacustrine cores and Central Iberia and Azores 
instrumental climate timeseries
Milestone 8. Characterization of the NAO climate signal 
transmission from the atmosphere to the sediments for the last 
1,000 years.
Assessment of the intraannual, interannual, decadal and 
interdecadal influence of NAO on Central Iberia and Azores surface 
climate

URV, CGUL MB, JS, RT   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | X|X|X|X|X|X|X|X|X|X|X|X

Estimation of the contribution of local factors to the observed climate 
variability over Central Iberia

URV, CGUL MB, JS, RT   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | X|X|X|X|X|X|X|X|X|X|X|X

Establishing the relationship between the meteorological and the 
limnological datasets

URV, CEAB, 
ICTJA, CEDEX, 
PNP

JS, SP, MB, SG, MT   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | X|X|X|X|X|X|X|X|X|X|X|X



Establishing the relationship between the limnological datasets and 
the reconstructed NAO signals from the sediments

CEAB, URV, 
ICTJA

JV, MB, SG, TB   |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | X|X|X|X|X|X|X|X|X|X|X|X

Milestone 9. Comparison of the reconstructed NAO climate 
signals in order to characterize the spatial-temporal evolution of 
this climate phenomenon.

Temporal characterization of the reconstructed NAO signal all centres
SG and all researchers 
and collaborators

  |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | X|X|X|X|X|X|X|X|X|X|X|X

Spatial characterization of the reconstructed NAO signal all centres
SG and all researchers 
and collaborators

  |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | X|X|X|X|X|X|X|X|X|X|X|X

Integration of the reconstructed NAO signal in the general 
paleoclimate context of the Iberian Peninsula

all centres
SG and all researchers 
and collaborators

  |  |  |  |  |  |  |  |  |  |  |   |  |  |  |  |  |  |  |  |  |  | X|X|X|X|X|X|X|X|X|X|X|X

(*) Mark an X inside the corresponding boxes (months)



5. BENEFITS DERIVED FROM THE PROJECT, DIFUSION AND EXPLOTATION 
OF RESULTS
(maximum 1 page)

The following items must be described:

♦ Scientific  and  technical  contributions  expected  from  the  project,  potential 
application or transfer of the expected results in the short, medium or large term, 
benefits derived from the increase of knowledge and technology.  

♦ Diffusion plan and, if appropriate, exploitation plan of the results. 

The PALEONAO proyect intends to provide highlights about the interannual, decadal and millennial scale 
evolution of  the North Atlantic  Oscillation through the multiproxy characterization of  lacustrine sediments and 
instrumental meteorological data from the central Iberian Peninsula and from the Azores islands for three key 
temporal windows: the instrumental period, the last 1,000 years and the Last Glacial and Holocene periods. To our 
knowledge, this  is the first  time that  this  multiproxy and complementary approach to characterize  the spatial 
(Iberian Peninsula and Azores) and temporal (three key windows) NAO signal will be carried out.

The results of this research project will allow to understand how high-mountain lakes react to the NAO 
oscillations and, thus, will  provide valuable information to improve their management. The main results of this 
project will give very valuable insights about the complex interactions between the NAO - precipitation - limnology 
of the studied lakes, which will facilitate the design of sustainable strategies for their management at short-, mid- 
and long-term temporal scales. This information will be specially useful for the managers of the Natural Park of 
Peñalara and the Regional Park of Sierra de Gredos, where Peñalara and Cimera lakes are respectively located. 
Furthermore, the project will provide robust paleoenvironmental and paleoclimate reconstructions that will permit 
to advance in the knowledge of the historical climate variability of the Iberian Peninsula. Special emphasis will be 
done on the extreme climate phenomena, such as droughts and floods, and their recurrence.

The  European  Commission  is  encouraging  the  Member  States  to  consider  the  future  projections  on 
climate variability and change, and the possible effects on water bodies ecological status, into the implementation 
of EU water policy, that is, in the assessment of pressures and impacts, monitoring programmes and adoption of 
measures. Although it  is  expected that first  climate change related short term effects on water status will  be 
caused more by human responses to climate change than by the climate change itself, the understanding of the 
long  time  evolution  of  lake  responses  in  the  past  will  help  to  make  long  term  predictions  and  reduce  the 
uncertainties related to the future effects on lake ecosystems, as well  as to improve the design of monitoring 
programmes to detect first signals of climate change impacts

We hope to gain further insights on subregional climate variability and its forcing factors, particularly the 
NAO  influence,  over  specific  Iberian  and  Central  Atlantic  subregions,  which  have  not  previously  been  so 
extensively assessed. 

The results produced by the project will be transferred to: i) the climate model community, to run better 
computer models and check scenarios of future and past climate change, ii) the government agencies and policy-
makers to be taken into account when developing policies to cope with global change and manage some of the 
foreseen impacts in Iberian ecosystems and Spanish economy, iii) the Natural Reserve and Parks where some of 
the sites are located, to help them manage the natural resources and the environment, iv) the climate research 
community because of the global implications of the findings on Iberian climate variability. In order to achieve the 
maximum dispersion  of  the results,  we plan to  continue publishing  our  findings in  international  journals  and 
scientific meetings. The research team has a proven record of international publications and also participation in 
national initiatives to communicate science to researchers and the general public. Among them, national meetings, 
developing a web page with posting of the preliminary results, public conferences and talks and collaboration with 
the scientific and technical staff of the protected ecosystems located in the terrestrial sites.



6. BACKGROUND OF THE GROUP
(In the case of a coordinated project the topics 6. and 6.1. must be filled 
by each partner) (maximum 2 pages)

♦ Indicate the previous activities and achievements of the group in the field of the project: 
If the project is related to other previously granted, you must indicate the objectives and the 
results achieved in the previous project.
If the project approaches a new research field, the background and previous contributions of the 
group in this field must be indicated in order to justify the capacity of the group to carry out the 
project. 

Most part of the research team that composes this project has been working together in a number of 
research  projects  since  November  2002.  Since  then,  one  of  the  main  objectives  of  this  team has  been  to 
understand the behaviour and mechanisms of the main climate modes that have ruled the Earth climate system, 
such  as  the  El  Niño  -  Southern  Oscillation  (ENSO)  and  the  North  Atlantic  Oscillation  (NAO)  since  the  Last 
Deglaciation. The team agreed that the best way to fully achieve the previous objective was to study lacustrine 
sedimentary  records in  the areas where these climate  modes had their  maximum influence  and intensity.  In 
November 2002, the research team obtained continuous cores from Lake Chungará and Cotacotani  (Chilean 
Altiplano)  and from the hydrothermal  carbonate travertines from the Salar  del  Rincón (Argentinean Altiplano) 
(BTE2001-3225-ANDESTER project and BTE2001-5257-E). In addition, in November 2006 the group we obtained 
continuous sediment cores from the Salar del Rincón (CGL2005-23752-E/BTE). The objective of these three first 
projects was to reconstruct the climatic evolution of northern Altiplano in order to understand the tropical climate 
circulation and its temporal evolution since the Last Deglaciation at low- (Salar del Rincón) and high-frequency 
(Lakes Chungará and Cotacotani).  These projects wanted to characterize the moisture transport  mechanisms 
towards the extra-tropical areas (Sáez et al., 2007, Moreno et al., 2007,  Giralt et al., 2007, Giralt et al., 2008, 
Gibert  et  al.,  2009).  At  high-frequency,  the  LAVOLTER  project  (CGL2004-00683/BTE)  has  allowed  us  to 
characterize the impact of the ENSO phenomena and its relationship with other forcings, such as the solar activity 
(Figure 6) (Hernández et al., 2008, Giralt et al., 2009, Hernández et al., in press).

The main problem that affected these sedimentary records was the presence of volcaniclastic material 
that hampered the isolation of the climate signal.  Therefore, in May 2006, an extensive coring campaign was 
performed in the three lakes present in Easter Island (Chile) within the framework of the LAVOLTER project. These 
sedimentary records were started to be studied within the LAVOLTER project and constituted the main aim of the 
current  research  one  (GCL2008-04182-E/BTE,  GEOBILA).  The  first  preliminary  results  of  the  GEOBILA  are 
providing with accurate data about the long-term climate evolution and the ENSO variability for the last 77,000 cal. 
years BP (Sáez et al.,  2009, Margalef,  2009).  Moreover, during the GEOBILA project the research team has 
increased its interdisciplinariety by incorporating new researchers to improve environmental reconstructions using 
biological proxies such as chrysophytes cysts and pigments. This has allowed the research team to increase the 
understanding about what ecosystem processes are involved in lake response to climate variability.

Recent research done by the team members,  highlight  the importance of  NAO variability  to structure 
chrysophyte assemblages across the last 150 years in three distinctive European lakes (Pla et al. submitted). 
Chrysophytes response to NAO variability is likely related to spring climate conditions that drive the timing of lake 
ice  breakup  (Livingstone,  2000)  and,  consequently  the  onset  of  spring  overturn,  which  is  a  key  process  for 
phytoplankton composition and productivity.  Furthermore,  this  process reverberate  through the entire  growing 
season by establishing the starting date of phytoplankton seasonal replacement (Reynolds, 2006). In polymictic 
lakes, chrysophytes cysts response to NAO variability is linked to winter weather conditions  (Figure 7), that force 
the onset of phytoplankton maximum productivity as well as the clear water phase (Blenckner et al., 2007, Gerten 
and Adrian,  2002,  George,  2010).  However,  little  is  now on lake sensitivity  to  NAO variability  (e.g.  switching 
between nodes), which could varies among lakes and/or regions.

Therefore, we believe that the long- and short-term characterization of the ENSO evolution during the Last 
Deglaciation  will  be  fully  achieved  in  the GEOBILA project  and we want  to  start  to  study  the  North  Atlantic 
Oscillation climatic phenomenon for the same period of time. Furthermore, some researchers have suggested that 
both climate phenomena, together with the solar activity, are interrelated in a long-term temporal scale (Kirov and 
Giorgieva, 2002). In any case, ENSO and NAO affect the Iberian Peninsula, mainly through changes in the winter 
precipitation patterns (Rodó et al., 1997, Trigo and DaCamara, 2000, Muñoz-Díaz and Rodrigo, 2004) though they 
affect  the  environment  and  the  ecosystems  in  other  aspects  (Benito  et  al.,  2008,  Vegas-Vilarrúbia  et  al., 
submitted).



Part of the research team is involved in the long term limnological monitoring programmes of the lakes located in 
Central Mountains (Peñalara and Cimera), implemented by the Regional Protected Natural Areas Authorities since 
1991 (Granados et al, 2006; Toro and Granados, 2001). 

Figure  6:  The  results 
obtained  in  the 
LAVOLTER  project 
point  out  two  important 
aspects  of  the  Late 
Glacial - Early Holocene 
ENSO  behaviour:  a) 
that  its  presence  and 
intensity is not constant 
through  time  and  b)  it  
has  an  inverse 
behaviour  with  respect  
to  the  solar  activity 
(strong  ENSO  events 
occur  when  the  solar 
activity  is  at  minimum 
levels).

Right: Diatom oxygen isotope ratios (18Odiatom)  from 40 consecutive 
dark-green  millimetric  laminae  of  Lake  Chungará  for  the  period 
ranging from 11,990 to 11,450 cal  yr  BP and the Time-Frequency 
(TF) diagram carried out on this proxy (Hernández et al. in press). 
These  results  show  that  the  El  Niño  -  Southern  Oscillation  
phenomena  was  not  permanent  during  the  Late  Glacial  -  Early  
Holocene transition. They also highlight that strong ENSO events (La  
Niña-like conditions) triggered the humid periods. Left: Climate signal  
isolated in Giralt et al. (2008) for the period from 9,500 to 12,150 cal.  
years BP and filtered for strong ENSO (7-9 years) and solar activity  
(11 years) in order to highlight their opposite behaviour (Giralt et al.,  
2009).

Figure  7:  Chrysophyte  cysts  main  components  of  
variability (PC2 and PC3) along the last ca 150 years of  
three  sediments  records  from three  different  European 
lakes  with  different  stratification  patterns  and  their 
correlation  with  NAO  indexes.  In  the  ice-cover  lakes 
correspond to spring NAO indexes related to the timing of  
lake ice-out. In the polimictic lake corresponds to NAO 
winter (from December to March) index that is related to 
local  weather  conditions  (winter  storminess  and 
precipitation)  The  third  component  (PC3)  were  related 
with to additional  lake key processes for phytoplankton 
growth.  In E. Redon NAOSeptember correspond to the 
timing  when thermocline  deepening  reached the  mean 
lake depth (large inputs of nutrients from the sediment).  
In the polymictic lake (Coire Fionnaraich) NAOJuly could 
be  related  to  lake  stratification  higher  chance  period. 
Iochnagar is an acidified lake by atmospheric pollution. 
The  strong  correlation  between  PC3  and  February  air  
temperature could be forced by the occurrence of acidic  
shock related to winter acidic snow patterns.
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6.2 PUBLIC AND PRIVATE GRANTED PROJECTS AND CONTRACTS OF THE RESEARCH GROUP 
Indicate the project and contract grants during the last 5 years (2004-2008) (national, regional or international)
Include the grants for projects under evaluation 

Title of the project or contract
Relation
ship with 

this 
proposal 

(1)

Principal 
Investigator

Budget Funding agency 
and project 
reference

Project 
period

 (2)
EUROS

Origen de solutos y evolución paleohidrológica en 
sistemas lacustres cuaternarios con influencia 
hidrotermal (Altiplano de los Andes Centrales). 
ANDESTER

2 Alberto Sáez 82,939.66 DGCYT C:Mayo 
2002-
Mayo 2005

Estudio paleoambiental en la Puna de Chaschuil y 
el valle de Fiambalá (Dpto. Tinogasta, Catamarca, 
Argentina).

1 Norma Ratto y Blas 
L. Valero Garcés

8,000 Fundación Antorchas 
(Argentina)

 C:2003-
2004

Quaternary Paleoclimate records from tropical 
South America: Lake Titicaca.

1 Paul Baker, Geoff 
Seltzer & Sheri Fritz

NSF EEUU C:2000-
2004

Evolución ambiental y efectos del impacto 
antrópico en el complejo lagunar de Bujaraloz-
Sástago. Bases científicas para la conservación y el 
desarrollo sostenible de las Saladas de Los 
Monegros

1 Blas L. Valero 
Garcés

24,009.6 Diputación general de 
Aragón

C:2002-
2004

Sr isotopes to gauge climatic vs. Tectonic effects 
on carbonate sedimentation in continental basins

2 Elizabeth Gierlowski-
Kordesch

NSF EEUU  C:2002-
2004

El registro sedimentario de los lagos como 
detallados archivos ambientales.

1 Santiago Giralt 10,000 MCyT C: 2004-
2005

Fenómenos extremos en el registro sedimentario de 
lagos en contexto volcánico-hidrotermal activo - 
LAVOLTER

2 Conxita Taberner, 
Santiago Giralt

120,000 CICYT C: Dic 
2004-Dic
2007



Establecimiento de una red piloto para el inicio de 
la red española de observaciones temporales de 
ecosistemas (REDOTE).

2 Fernando Valladares 15,000 CICYT C: 2005-
2006

ALTER-NET: Policy process and knowledge 
transfer in Natura 2000 implementation.

2 Fernando Valladares
(coordinador español)

Comisión Europea C: 2004-
2007

IBERLIMNO: “Registros lacustres de alta 
resolución en España”

0 Blas L. Valero 
Garcés

12,000 CICYT C: 2005-
2006

Cambio global durante el Cuaternario reciente en 
la Península Ibérica: el registro sedimentario de la 
Laguna del Cañizar (Villarquemado, Teruel)

1 Blas L. Valero 
Garcés

47,194 Diputación General de 
Aragón

C: 2005-
2007

Registro sedimentario y paleoclimático del Salar de 
Surire (Altiplano Chileno): obtención de sondeos 
profundos

1 Santiago Giralt 10,000 CICYT C: 2005-
2007

Variabilidad climática e hidrológica en la 
Península Ibérica desde el último máximo glacial: 
análisis de alta resolución de registros lacustres e 
implicaciones para el cambio climático - CLIBER

1 Blas L. Valero 
Garcés

80,000 CICYT C: 2003-
2006

Caracterización Limnológica y control cronológico 
del registro sedimentario del lago Grande de 
Estaña (Huesca)

0 Blas L. Valero 
Garcés

3,300 Instituto de Estudios
Altoaragoneses

C: 2004-
2005

Los registros lacustres como archivos de alta 
resolución de la variabilidad ambiental de la 
Península Ibérica

0 Santiago Giralt 12,000 MCyT C: 2004-
2008

BIOLIM: Biodiversity changes in lakes derived 
both from sediment analyses and in-lake 
limnological monitoring - case studies in selected 
European lakes

2 Blas L. Valero 
Garcés

42,100 EU- Network of 
Excellence
ALTERNet

C: 2006-
2008



Evolución climática y ambiental del Parque 
Nacional de Picos de Europa desde el último 
máximo glaciar

1 Blas L. Valero 
Garcés

70,816.98 Medio Ambiente – Red 
de Parques Nacionales

C: 2006-
2009

Cambios climáticos rápidos en la Peninsula ibérica 
basados en calibración de indicadores, series 
instrumentales largas y analisis de alta resolución 
de registros lacustres. LIMNOCAL (CALIBRE)

1 Blas L. Valero 
Garcés

90,000 CICYT C: 2006-
2009

Reconstrucción paleoclimática de alta resolución 
desde el Último Máximo Glaciar basada en 
indicadores geoquímicos y biológicos de lagos 
andinos y del océano Pacífico. GEOBILA

1 Alberto Sáez 140,000 CICYT C: 2007-
2010

Los Cambios climáticos abruptos y su impacto en 
los ecosistemas y las sociedades humanas del 
Pirineo Central y Occidental

1 Blas L. Valero 
Garcés

56,000 Diputación General de 
Aragón

C: 2007-
2009

CONSOLIDER: GRACCIE Cambios Climáticos 
Graduales y Abruptos, y sus Efectos 
Medioambientales

1 Joan Grimalt 5,000,000 CICYT C: 2007-
2012

Pasado, presente y futuro de las comunidades 
naturales y humanas de los bosques secos de 
Sudamérica. El caso del Chaco Seco Argentino.

1 Bernat Claramunt 200,000 Fundación BBVA C: 2008-
2010

Laguna Yema 1 Bernat Claramunt 15,000 AECI C: 2009-
2010

Laguna Yema 1 Bernat Claramunt 10,000 MEC C: 2008-
2008

GLOBALKARST: Hydrological and geochemical 
response of karstic lakes to anthropogenic and 
climate forcing for the last 4000 years in the 
Iberian Peninsula based on annually-laminated 
(varved) sequences

0 Blas L. Valero 
Garcés

138,000 MICINN C: 2009-
2012



Reconstrucción paleoclimática de alta resolución 
desde el Último Máximo Glaciar basada en 
indicadores geoquímicos y biológicos del lago Aroi 
(Isla de Pascua, Chile).

1 Alberto Sáez 15,000 MICINN C: 2009-
2010

Caracterización de cambios ambientales y 
climáticos a partir de indicadores registrados en 
sistemas sedimentarios continentales 
interrelacionados. Pleistocenos Sup. - Holoceno. 
Sector Oeste Cord. Ibérica. 

2 Antonio Pérez García MICINN C: 2009-
2012

Evolución de las condiciones climáticas durante el 
Holoceno en el noroeste de la Península
Ibérica: estudio multidisciplinar del registro 
sedimentario litoral y de las tendencias a corto
y medio plazo (ECOCLIHO)

1 A. Alonso Millán 126,500 MEC C: 2004-
2007

 Interacción entre los factores naturales y 
antropogénicos en la costa gallega: evaluación del
 estado de los ecosistemas costeros para una mejora 
de la gestión del litoral.

2 Roberto Bao Casal 62,696.85 Xunta de Galicia C: 2008-
2011

Cronología continental del Cenozoico del NE la 
Placa Ibérica

2  Miguel Garces 
Crespo

95,000 MICYT C: 2004-
2007

Reconstrucción paleoclimática desde el Ultimo 
Máximo Glaciar basada en indicadores 
geoquímicos y biológicos del lago Aroi (Isla de 
Pascua, Océano Pacífico, 27ºS) CLIMAROI

1 Alberto Saez Ruiz 15,000 MEC C: 2009-
2010

Ecosistemas acuáticos no marinos de áreas polares. 
Tendencias ecológicas en un contexto de cambio 
climático global. LIMNOPOLAR II

1 Antonio Quesada 142,800 MEC C:2005-
2008

BYERSIPY: Península Byers (Isla Livingston, 
Antártida) como lugar antártico de referencia 
internacional para estudios terrestres, de agua dulce 
y costeros. International Polar Year (IPY).

2 Antonio Quesada 145,200 MICYT C: 2006-
2009



Climatically-induced changes in biological 
interactions during the last 1000 years in a
number of North Atlantic lakes covering a gradient 
from the Shetland Islands in the south to Peary 
Land, Greenland, in the North Danish Research 
Council.

1  John Anderson GEUS (Geological 
Survey of Denmark & 
Greenland, Danish 
Research Council)

C: 2003-
2005

Paleolimnology of Lake of the Woods (Ontario-
Manitoba-Minnesota)

1 John Smol MOE (Ontario Minister 
of Environment)

C: 2003-
2005

European Reanalysis and Observations for 
Monitoring (EURO4M)

2 Albert Klein-Tank 4,000,000 EC-7 FP Programme 
Cooperation Theme 9 
“Space”:

C: 2010-
2014

Desarrollo y mejora de una base de datos 
climaticos instrumental para calibrar
registros ’proxy’ del clima y analizar la 
variabilidad climatica de baja frecuencia en la 
Peninsula Ibérica (CLICAL)

0 Javier Sigró 
Rodríguez

36,600 MICYT C: 2006-
2009

The WMO MEditerranen DAta REscue 
(MEDARE) Initiative

2 Manola Brunet 32,000/year World Meteorological 
Organization 

C: 2009 
onwards

Advances in homogenisation methods of climate 
series: an integrated approach (HOME)

2 Olivier Mestre 400,000 EU-COST C: 2006-
2010

Avaluació del coneixement actual sobre el paper 
del canvi climàtic en el sistema turístic: 
vulnerabilitat, impactes i mesures d'adaptació i 
mitigació.

3 Enric Aguilar 8,000 URV- Parc Científic de 
Turisme i Oci

C: 2007-
2008

Evaluación y minimización del sesgo incorporado 
en las series más largas de la temperatura del aire 
en España asociado al cambio en la exposición de 
los termómetros  (SCREEN)

2 Manola Brunet 20,500 CICYT C: 2003-
2006



Cambios en la Frecuencia, Intensidad y Duración 
de eventos Extremos en la Península Ibérica 
(CAFIDEXPI

2 Enric Aguilar 32,600 CICYT C: 2007-
2010

Seguimiento estacional del cambio climático en 
Catalunya a partir de datos meteorológicos

2  Diego Lopez Bonillo 
/ Javier Martin Vide

51,617  Departament de Medi 
Ambient i Habitatge. 
Generalitat de Catalunya

C: 2002-
2004

Análisis espacio-temporal de la variabilidad 
climática observada en propiedades de la
precipitación basadas en el dato diario. Análisis del 
cambio observado a largo plazo en la precipitación 
en España. Modelización espacio-temporal de los 
episodios de lluvia extrema en la cuenca del Ebro. 

2  Jesus Abaurrea Leon 28,000 MICYT C: 2002-
2005

 European and North Atlantic daily to Multidecadal 
climate variability (EMULATE)

1 Phil D. Jones 1,025,803 EU C: 2002-
2005

Integrated project to evaluate the impacts of global 
change on European freshwater ecosystems

1 Erik Jeppesen EU (GOCE-CT-2003-
505540)

C: 2004-
2008

Galathea 3: The impact of climate and degree of 
isolation on the biological interactions and 
biodiversity in lakes - from the high Arctic to the 
tropics, from continents to islands and from the 
past to the present - with a view to the future

1 Erik Jeppesen Gobierno Danés C: 2006-
2007

Dinámica glacial, clima y vegetación en el Parque 
Nacional de Ordesa - Monte Perdido durante el 
Holoceno   

0 Blas Valero Garcés  104,324.02 Parques Naturales C: 2010-
2012

Interacción entre clima y ocupación humana en la 
configuración del paisaje vegetal del Parque 
Nacional de Aigüestortes y estany de Sant Maurici 
a lo largo de los últimos 15.000 años (OCUPA)

1 Jordi Catalan Aguilà 153,168.05 Red de Parques 
Nacionales 

C:2010-
2012



Effects of forestation in Upland lakes in the North 
of Ireland

1 John Anderson EU-INTERREG C:2006-
2007

El fósforo como factor de interdependencia entre 
biogeoquímica y dinámica de poblaciones en los 
lagos alpinos a distintas escalas temporales

2 Jordi Catalan Aguilà MICINN C:2007-
2010

Clima y patrones de ocupación humana en las 
sierras turolenses durante el holoceno temprano

2 Blas Valero Garcés 60,000 Diputación General de 
Aragón

C: 2010-
2011

Cambio global durante el Cuaternario reciente en 
la Península Ibérica: el registro sedimentario de la 
Laguna del Cañizar (Villarquemado, Teruel)

1 Blas L. Valero 
Garcés

47,194 Diputación General de 
Aragón

C:2005-
2007 

GRACCIE Cambios Climáticos Graduales y 
Abruptos, y sus Efectos Medioambientales

1 Joan Grimalt 5,000,000 CICYT C: 2007-
2012

Los Cambios climáticos abruptos y su impacto en 
los ecosistemas y las sociedades humanas del 
Pirineo Central y Occidental

1 Blas L. Valero 
Garcés

56,000 Diputación General de 
Aragón

C: 2007-
2009

(1)Write 0, 1, 2 or 3 according to: 0 = Similar project; 1 = Very related; 2 = Low related; 3 = Unrelated.
(2) Write C or S if the project has been funded or it is under evaluation, respectively.



7. TRAINING CAPACITY OF THE PROJECT AND THE GROUP 
(In the case of Coordinated Projects this issue must be filled by each 
partner) 

This title must be filled only in case of a positive answer to the corresponding 
question in the application form.
Justify that the group is able to receive fellow students (from the Suprograma de 
Formación de Investigadores) associated to this project and describe the training 
capacity  of  the  group.  In  the  case  of  coordinated  projects,  each  subproject 
requesting a FPI fellowship must fill this issue. 
Note that all necessary personnel costs should be included in the total budget 
requested. The available number of FPI fellowships is limited, and they will be 
granted to selected projects as a function of their final qualification and the 
training capacity of the groups. 

The group is composed by members from several universities (Universitat de Barcelona and Universidade 
da Coruña), institutions (CEDEX) and the CSIC (with different institutes), and all of them participate often in 
formative activities, workshops and courses in collaboration with other national and international institutions. 
The  CSIC  members  have  no  official  teaching  load,  but  they  collaborate  in  postgraduate  courses  and 
lectures. Dr. Santiago Giralt, Prof. Blas Valero, Dr. Teresa Buchaca and Dr. Sergi Pla are currently teaching 
at doctorate level within Spanish and international levels (see their CV's for further details). On the other 
hand, the members affiliated to the different universities (Dr. Alberto Sáez, Dr. Juan José Pueyo, Dr. Javier 
Sigró, Dr. Manola Brunet and Dr. Roberto Bao) have a long teaching experience at undergraduated and 
postgraduated levels.

Furthermore,  the  group  is  equally  constituted  by  geologists  specialized  in  stratigraphy,  paleolimnology, 
geochemistry  and mineralogy,  and biologists  specialized  in  limnology,  ecology,  diatoms,  chrysophycean 
cysts, pigments and chironomids. The research group is also composed by three climatologists giving a 
strong background to it. This gives an exceptional possibility for the Ph.D. students integrated in the research 
group  to  interact  with  a  large  range  of  specialists  and  to  acquire  a  real  multiproxy  knowledge  of  the 
sedimentary records, the main limnological aspects of the lakes and how climate phenomena interact with 
them.

The group has taken part in the supervision or co-supervision of more than than 23 Ph. D. Thesis as well as 
a large number of M. Sc. Projects have been supervised by members of this research team (see the CV's of 
the team members for further details). Most of these works have been published as SCI journal articles. At 
present, members of this research team have been or are currently the supervisors of predoctoral sudents 
and/or Spanish and foreign fellowship researchers. Most of these fellowship holders are currently full-time 
researchers or lecturers at the university.

Olga Margalef is holding a JAE Predoctoral grant from the CSIC associated to the GEOBILA project. Her 
Ph.D.  supervisors  are  Dr.  Sergi  Pla  and  Dr.  Santiago  Giralt.  She  is  studying  the  Rano  Aroi  peatbog 
sequence (Easter Island) using a multiproxy approach in order to obtain an accurate climate reconstruction 
for the last ca. 72,000 cal. years BP in the Central Pacific area. Her Ph.D. Thesis will provide highlights about 
the long- and short-term evolution of the ENSO climate phenomena in this key geographical area. She has 
already defended her Master Thesis about the long-term geochemical  characterization of the Rano Aroi 
sequence with very promising results.

Núria Cañellas has a FPI grant associated to the GEOBILA project. Her supervisors are Dr. Alberto Sáez 
and Dr. Valentí Rull. She is studying the palynomorphs and non-palynomorphs assemblages of Rano Raraku 
(Easter Island) in order to reconstruct the environmental and climate evolution of the Central Pacific for the 
last 34,000 cal. years BP. Her first results about the non-palynomorphs, obtained in her first short stage at 
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therefore, they provide useful insights to understand the main climate trends of the Central Pacific.
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Dr.  Santiago  Giralt.  The  objective  of  his  Ph.D.  Thesis  is  to  reconstruct  the  climate  and  environmental 
evolution at very high resolution using the diatom oxygen isotope ratios (18Odiatoms). His results have also 
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“Reconstrucción  de  cambios  climáticos  rápidos  en  el  dominio  pirenaico  occidental  y  central  durante  el 
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