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Introduction 
There are many studies showing that tree-ring data are highly useful for the assessment of 
past climatic variations. Annually resolved proxy time-series that extend several centuries 
back in time and reach into the 21st century, are, however, exceptionally rare. Temperature 
sensitive ring-width datasets of millennial length are restricted to a mere handful of 
geographic regions at high northern latitudes or higher elevations. 
The paucity of long-term temperature sensitive tree-ring records is greatest in the mid to low-
latitudes, and there are even less records if additional parameters (e.g., density) besides 
tree-ring width are demanded. Critical consequences are that (i) too few data exist to 
distinguish spatial patterns of climatic extremes, particularly prior to AD 1400 (D’Arrigo et al. 
2006), (ii) large-scale reconstructions of temperature indicate substantial divergence in their 
amplitude (Esper et al. 2005), and (iii) the restriction to ring width data complicates 
benchmarking annual extremes (Büntgen et al. 2006a, b), as ring width measurements 
reflect only a short portion of high summer conditions with the tendency of containing some 
information of the previous year (Frank and Esper 2005). For the southern European region, 
detailed knowledge of the climatic signal preserved in different tree-ring parameters is 
limited. Previous dendroclimatological studies from the Pyrenees are based on ring width 
data from living trees only (Camarero et al. 1998; Gutiérrez 1991; Rolland and Schueller 
1994; Ruiz-Flaño 1988; Tardif et al. 2003).  
Here we seek to understand the potential of multiple tree-ring parameters for palaeoclimatic 
reconstructions in the western Mediterranean region. We have developed the first tree-ring 
dataset of living and dry-dead timberline wood from the Central Spanish Pyrenees that both 
extends into the 21st century and meanwhile reaches back prior to AD 1000 (with 58 series 
from three sites reaching back to AD1500). Five annualized tree-ring parameters were 
measured: tree-ring width, maximum latewood density, minimum earlywood density, 
earlywood width and latewood width, herein abbreviated as TRW, MXD, MID, EWW and 
LWW. Their climatic signal was assessed by comparison with regional temperature and 
precipitation data. 
 
Data and methods 
Tree-ring data and detrending 
Three climatologically and partly ecologically similar high-elevation timberline sites: Gerber, 
Sobrestivo and Port de Cabus (hereinafter GER, SOB and CAB) were considered. Living and 
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in situ dry-dead (i.e., preserved on dry ground) pine (Pinus uncinata Ram.) trees of all age-
classes were sampled. Pinus uncinata Ram. is a shade-intolerant species, most dominant 
within the sub-alpine Central Pyrenees between 1,600-2,500 m asl. 
The GER site (42°38’N, 1°06’E) is located in the northern part of the National Park 
‘d'Aigüestortes I Estany de Sant Maurici’ within an altitudinal range of 2,200-2,450 m asl. The 
SOB site (42°41’N, 0°06’E), ~70 km west of GER is located between the National Park ‘de 
Ordesa y Monte Perdido’ and the French border within an altitudinal range of 2,350-2,450 m 
asl. The CAB site (42°30’N, 1°25’E), ~50 km east of the GER site is located at the border 
between Spain and Andorra within an altitudinal range of 2,350-2,450 m asl (Figure 1). While 
GER and SOB are characterized by wide talus-slopes, CAB is less steep and dominated by 
an open-forest grassland. 
 

 
 
Figure 1: Location of the three timberline sites Gerber (GER), Sobrestivo (SOB), and Port de Cabus 
(CAB) in the Spanish Central Pyrenees. The inset map shows the location of the Pyrenees in a larger-
scale context. 
 
Generally two cores were taken from each tree using an increment borer. 62 (141) core 
samples from living (dead) trees were collected at GER, 26 (32) were collected at SOB, and 
17 (25) were collected at CAB, respectively. Although full site control of the dry-dead material 
existed, the coring location (i.e., stem height) within relict trees often remained unclear, as 
advanced levels of wood decay yielded to sparse stem leftovers. However, as pines growing 
near the timberline commonly produce large amounts of resin that preserves the wood by 
hindering the growth of fungi long after a tree has died (e.g., Grudd et al. 2002). 
Consequently, dry-dead material herein considered, though often not more then small stem 
remains, has a wide age range, with the oldest germination date being in the AD 920s. For 
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this study, 303 core samples of all age-classes, i.e., segment length ranges from 11-732 
years, were selected for MXD measurements (Figure 2). Wood was processed using a 
WALESCH 2003 X-ray densitometer with a resolution of 0.01 mm, and brightness variations 
transferred into g/cm3 using a calibration wedge (Eschbach et al. 1995). High-resolution 
density profiles were then utilized to obtain the five tree-ring parameters: TRW, MXD, MID, 
EWW and LWW (Schweingruber et al. 1978). 
 

 
 
Figure 2: A) Temporal distribution of the 203 Gerber (GER), 58 Sobrestivo (SOB), and 42 Port de 
Cabus (CAB) core samples. Note the reduction in sample size <5 series prior to AD 1260, 1517 and 
1479, respectively. Black dots denote potential sample distribution if series are ordered by their 
outermost ring. B) Mean cambial age of the GER, SOB and CAB samples for each calendar year. The 
inset table compares the five individual tree-ring parameters and chronology characteristics on a site-
by-site level. 
 
To remove non-climatic, age-related growth trends from the raw measurement series (Fritts 
1976), though allow variations from inter-annual to multi-decadal length to be preserved, 
individual series standardization was applied using ARSTAN (Cook 1985). Indices were 
calculated as ratios from relatively stiff 300-year cubic smoothing splines (Cook and Peters 
1981). For details see Cook et al. (1995) and Esper et al. (2003), for example. For 
chronology development, series were averaged using a bi-weight robust mean. The variance 
in the mean chronology was stabilized using methods described by Osborn et al. (1997). 
Signal strength of the chronologies was assessed using a ‘moving window’ approach of the 
inter-series correlation (Rbar), and the expressed population signal (EPS; Wigley et al. 



 63

1984). Rbar is a measure of common variance between single series, independent of the 
number of measurement series. EPS is an absolute measure of chronology error that 
determines how well a chronology, based on a finite number of trees, estimates the 
theoretical population chronology from which it has been drawn. EPS quantifies the degree 
to which this particular sample record portrays the theoretical population chronology.  
 
Meteorological data 
For growth/climate response analyses, records of monthly minimum and maximum 
temperatures from the Pic du Midi mountain observatory (Pic du Midi de Bigorre: 2,862 m 
asl, 43°04’N, 0°09’E) were used. See Bücher and Dessens (1991) and Dessens and Bücher 
(1995, 1997) for details. A dataset of gridded (0.5°x0.5°) monthly temperature means and 
precipitation sums was further considered (CRUTS2.1; Mitchell and Jones 2005). Mean 
values from 15 grid-boxes covering the 42-43°N and 0-2°E region were utilized.  
Local climate conditions of the GER site were estimated from three nearby high-elevation 
instrumental station records: Bonaigua (2,263 m asl, 42°40’N, 1°06’E), Sant Maurici (1,920 m 
asl, 42°34’N, 1°00’E), Estany-Gento (2,120 m asl, 42°30’N, 1°00’E). The mean annual 
temperature with respect to the 1961-90 period is ~4.3°C, with the lowest (-2.5°C) and 
highest (13.1°C) monthly values measured in January and July, respectively. The mean 
annual precipitation is ~1250 mm, evenly distributed throughout the year, which is likely due 
to the study’s location in commonly prevailing air masses of maritime origin, and the 
existence of convective summer precipitation during periods of persistent high-pressure 
influence from the Azores-high. 
 
Results 
Growth-trends 
Raw measurement series of each of the five parameters were age-aligned on a site-by-site 
basis (considering pith-offset estimation), and their mean growth trends, the so-called 
regional curves (RCs) estimated (Figure 3). Resulting RCs depict the common growth trend 
of a given species, parameter and site. Increased variance towards the series outermost 
ends is induced by low sample replication. While the RCs estimated for TRW, EWW and 
LWW resemble negative exponential functions, i.e., high values during the juvenile phase 
(~50 years) followed by an exponential decrease, the RCs derived from MXD describe a 
somewhat generalized linear decline. After a short juvenile period of high densities until ~25 
years, RCs for the MID parameter are nearly horizontal. 
Surprisingly, the greatest between site differences are found for MXD, whereas the other 
parameters show rather similar growth trends at each site. Age-aligned MXD values from the 
CAB site show almost no juvenile increase following a horizontal line with a relative low 
mean. Note that the other parameters derived from CAB, though, show a clear juvenile 
growth pattern, indicating that only little to no pith offset is given. Although MXD values from 
the GER and SOB sites show a slight juvenile increase, their linear trends are nearly flat, 
however, characterized by different mean values.  
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Figure 3: Mean growth trends of the five parameters after age-aligning all series by cambial age 
(considering pith-offset estimation) on a site-by-site basis. Regional curves are truncated at 5 series. 
 
Chronology characteristics 
Visual comparison of the 20-year low-pass filtered site chronologies (using individual 300-
year spline detrending) illustrates some common decadal-scale variability in the TRW, MXD, 
EWW and LWW series, but less agreement with MID chronologies (Figure 4). Distinct 
decadal-scale depressions are recorded around 1600 AD, 1700, in the 1820s and 1970s in 
the TRW, MXD, EWW and LWW chronologies that coincide with the timing of solar minima 
(Luterbacher et al. 2001; Wanner et al. 1995), and/or periods of increased volcanic activity 
(Oppenheimer 2003). Similar TRW and MXD responses to solar and volcanic forcing are 
reported from the European Alps (Büntgen et al. 2006a), Tatra Mountains (Büntgen et al. 
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2006b) and Canadian Rockies (Luckman and Wilson 2005), for example. In contrast, the 
MID chronologies show increased values during these periods.  
 

 
 
Figure 4: Site chronologies (GER = black; SOB = grey; CAB = light grey) of the five parameters after 
standardization using fixed 300-year smoothing splines. Series are 20-year low-pass filtered, 
truncated at <5 series and shown over their common 1517-2005 period. Grey shadings denote periods 
of common decadal-scale growth depressions in the TRW, MXD, EWW and LWW series. Bar plots 
denote intra-parameter correlations between the three sites GER, SOB and CAB, using the original 
(left) and low-pass filtered (right) chronologies. 
 
Correlations between chronologies of the same parameter, but from different sites, show 
highest agreement between the GER and CAB data. Such inter-site correlations are most 
significant for MXD, followed by MID, and generally lower for all three ‘width’ parameters 
(Figure 4). While inter-site coherency of the ‘density’ chronologies is strongest between the 
original chronologies and tends to decrease after 20-year low-pass filtering, coherency of the 
‘width’ chronologies is equally distributed amongst inter-annual and multi-decadal frequency. 
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Interestingly, lowest correlations are obtained between the smoothed TRW, EWW and LWW 
chronologies from GER and SOB, most likely reflecting the parameters high degree of 
unexplained mid-frequency variability, in comparison to MXD.  
First order autocorrelation is lowest for MXD, followed by slightly higher values for MID 
(Table 1). LWW, EWW and particularly TRW, however, show significant first order 
autocorrelation, reflecting biological persistence in radial growth (Frank and Esper 2005a). 
Hence, there is a tendency of overestimating decadal-scale variability when using TRW 
measurements for reconstructing past environmental conditions, as the ‘target’s’ 
autocorrelation is lower. Out of all five parameters, the lowest autocorrelation is derived from 
GER, whereas increased values obtained from SOB and CAB are fairly similar. Rbar and 
EPS statistics of the SOB site are generally lower than those of the GER and CAB sites. 
Robust EPS statistics for the GER chronology most likely result from the high sample depth, 
whereas stable EPS statistics for the CAB chronology most likely result from open forest-
grassland site conditions, which result in less between tree competition and physical stress 
(e.g., rock fall). Signal strength of the SOB chronology, however, possibly suffers from low 
replication and the severe talus-slope site condition (e.g., increased rock fall activity). Such 
indicators of chronology signal strength are relatively high for the MXD, TRW and EWW 
records, compared to lower values obtained for the MID and LWW chronologies.  
 
Table 1: Chronology characteristics of the five parameters on a site-by-site basis using the 1517-2005 
common period. AC_1 refers to the records autocorrelation lagged by one year. Rbar and EPS are 
mean value statistics from using 30-year windows lagged by 50%. 
 

 
 
With respect to the common signal reported from the three site chronologies and to provide a 
more comprehensive regional-scale approach, five records (TRW, MXD, MID, EWW, LWW) 
were averaged using all 303 measurement-series available. These resulting mean parameter 
chronologies reflect growth patterns of the Central Pyrenees, and thus are most suitable for 
the comparison with climate data. For the 20th century where maximum proxy replication is 
given and instrumental measurements of monthly temperature means and precipitation sums 
are most reliable, a detailed examination on inter-annual growth variations of the five 
parameters was conducted (Figure 5).  
 



 67

 
 
Figure 5: Mean series of the five parameters after averaging the three sites chronologies standardized 
using fixed 300-year smoothing splines. Grey shadings denote common extremes in annual growth 
variations. 
 
Due to the applied individual spline detrending, vital inter-annual to multi-decadal scale 
variability was preserved, whereas potential longer-term trends were consequently removed. 
Indices are relatively stable from 1900 to ~1940, followed by a slight increase until ~1955 
and small depressions ~1965 and ~1975. An increase is observed over the last 30 years with 
a peak in 2003. These decadal-scale fluctuations are distinct in the ‘width’ chronologies, but 
less pronounced in the ‘density’ records. A positive pointer year in 1911 is reported from all 
parameters with the exception of MID, which shows a negative anomaly. A similar pattern 
occurs in 2003 where all parameters show a positive pointer year, but a low value is found 
for MID, and also for LWW. Annual growth depressions common to all five parameters are 
found in 1963 and 1991 (most likely due to volcanic eruptions), whereas MID shows 
relatively stable values in 1972 and 1984, and all other parameters indicate negative 
anomalies. In 1939 the three ‘width’ parameters show a positive value, whereas the two 
‘density’ parameters show a negative anomaly.  
Correlations between the mean TRW, EWW, LWW and also the MXD chronologies are 
significant (p <0.01), whereas no significant correlations are found for the MID chronology 
(Table 2). Correlations between the five parameters computed over the 1901-2002 period 
(which is used for comparison with meteorological data) remain stable even if the full period 
1517-2005 is used. 
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Table 2: Correlation matrix of the five mean parameter chronologies as introduced in figure 5. 
Correlations in the upper right part of the matrix refer to the 1901-2002 period of overlap with the 
instrumental data, while correlations in the lower left derive from the full 1517-2005 period common to 
all chronologies after truncation <5 series. 
 

 
 
 
Growth/climate response 
Growth/climate response analysis between the five mean parameter chronologies and 
minimum, mean, and maximum temperature and precipitation data was undertaken (Figure 
6). Correlations were computed over the common period 1901-2002, using an 18-month 
window from May of the year prior to tree growth until current year October, along with 
various seasonal means.  
MXD revealed generally significant (p <0.01) response to monthly March, May and August, 
and various seasonal temperature means of the current year. May-September temperatures 
yielded the highest correlation. MXD correlations with current year June and July 
temperatures, along with those of the previous year and precipitation sums of all target 
windows were found to be not significant (p <0.01). Even though, this generally derived 
response pattern (monthly May and August, seasonal May-September) of the MXD 
parameter exists for all temperature records, highest correlations are gained from maximum, 
and lowest correlations from minimum temperatures. Detailed information on the potential of 
reconstructing regional-scale maximum summer temperatures back into medieval times 
using MXD data is provided in Büntgen et al. (in review). A nearly similar MXD response to 
maximum growing season temperatures is further reported from the Canadian Rocky 
Mountains (Luckman and Wilson 2005; Wilson and Luckman 2003). A comparable pattern of 
MXD formation, i.e., during the early and late vegetation period with less vitality in between, 
is reported from a larch network from nearby timberline sites in the Swiss Alps (Büntgen et 
al. 2006a), from a multi-species network across the Alpine arc (Frank and Esper 2005), the 
Tatra Mountains in the northwestern Carpathian region (Büntgen et al. 2006b), and from 
hundreds of sites along the northern latitudinal timberline (Briffa et al. 2002). An 
altitudinal/latitudinal modification of the absolute growing season length, however, must be 
considered, when comparing results from different geographical settings.  
MID revealed a somewhat similar monthly response pattern as described for MXD, with 
lower significance, though. Remarkable differences, however, are the significant (p <0.01) 
negative response of MID to July and all high summer seasonal temperature means, 
complimenting the inverted correlation results as described above. 
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TRW, EWW and LWW correlations with minimum, mean and maximum temperatures and 
precipitation sums are not significant, or show only slightly coherence. The first month that 
shows significant, and at the same time highest correlations (p <0.01), independent of the 
parameter and temperature data considered, is May. A similar relationship between radial 
growth and May temperatures of several high-elevation Pinus uncinata TRW sites from the 
Central Spanish Pyrenees has been observed by Tardif et al. (2003), however, they also 
describe some effect of previous November temperatures on tree growth. 
 

 
 
Figure 6: Growth/climate response of the five parameters using A maximum temperatures, B mean 
temperatures, C minimum temperatures, and D precipitation sums. Correlations are computed from 
previous year May to current year October over the 1901-2002 common period. Horizontal dashed 
lines denote the 99% significance levels, corrected for lag-1 autocorrelation. Temperature data derive 
from the Pic du Midi station, and precipitation data from the CRUTS2.1 gridded dataset, using the 
mean of 15 grid-boxes that cover the 0-2°E and 42-43°N region. Seasonal abbreviations refer to 
March-May, May-September, June-September, July-September, May-August, June-August, July-
August, June-July, respectively. 
 
 
Discussion and conclusions 
We have presented a new collection of living and dry-dead wood from three timberline sites 
in the Central Spanish Pyrenees resulting in a composite dataset spanning the AD 924-2005 
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period. For each site chronology five parameters were measured and compared with 
regional-scale climate data. While MXD revealed a distinct positive response to May-
September temperatures, MID showed a distinct negative response to July and June-July 
mean temperatures. All other parameters showed no or little response. Even though the 
dataset utilized, the methods applied and the climate response derived demonstrate the 
capability of high-elevation Pinus uncinata MXD data to robustly reconstruct variations in 
maximum summer temperatures, several limitations remain.  
Even though, all relict material from the three sampling sites is compiled, robust replication 
still ceases to exist before AD 1500. When sampling dry-dead material, variable degrees of 
wood decay complicate knowing the stem’s coring location. Sometimes samples were 
collected far from the base of a tree or at unknown heights, hindering the exact dating of the 
tree’s germination date, and potentially introducing some bias in the climatic signal 
preserved. The individual spline detrending applied, restricts the final chronologies to reflect 
inter-annual to multi-decadal variations and eliminates potential lower frequency information. 
To gain a somewhat distinct summer temperature signal, capable for the assessment of past 
variations, extensive measurements of MXD are required, as TRW revealed a diminished 
growth/climate response. It appears that only trees growing under severe timberline 
conditions maintain a temperature signal, whereas radial growth at lower elevation reflects a 
mixed signal likely to be dominated by changes in precipitation. A reduced number of long 
and homogenized instrumental station data reflecting climate conditions of the high-elevation 
sampling sites, further hinders comparison, calibration and verification over longer periods.  
Our analysis demonstrates that MXD is the strongest proxy for the reconstruction of past 
summer temperature variations in the Central Spanish Pyrenees, whereas all other 
parameters expressed only a weak signal at best. This study, however, also showed that 
differences independent of the parameter exist between the three sites. To gain insight into 
such local-scale variability and at the same time allow regional-scale conclusions to be 
drawn, future research will need to consider (i) the update of existing and (ii) development of 
new MXD chronologies covering the entire Pyrenees from the Mediterranean Sea in the east 
to the Atlantic Ocean in the west. New samplings should be focused at (iii) high-elevations 
and possible compile (iv) dry-dead and sub-fossil wood.  
 
Acknowledgements 
We thank F.H. Schweingruber for site selection, the National Park d'Aigüestortes I Estany de 
Sant Maurici (Jordi Vicente i Canillas) for sampling permission and logistic support. J. 
Dessens kindly provided instrumental data from the Pic du Midi, and the National Institute of 
Meteorology (Centre Meteorològic Territorial a Catalunya) made their data available. 
Supported by the SNSF project Euro-Trans (#200021-105663) and the EU project 
Millennium (#017008). 



 71

References 
Briffa, K.R., Osborn, T.J., Schweingruber, F.H., Jones, P.D., Shiyatov, S.G., Vaganov, E.A. 

(2002): Tree-ring width and density around the Northern Hemisphere: Part 1, local and 
regional climate signals. The Holocene 12:737-757. 

Bücher, A., Dessens, J. (1991): Secular trend of surface temperature at an elevated 
observatory in the Pyrenees. Journal of Climate 4:859-868. 

Büntgen, U., Frank, D.C., Nievergelt, D., Esper, J. (2006a): Summer temperature variations 
in the European Alps, AD 755-2004. Journal of Climate 19:5606-5623. 

Büntgen, U., Frank, D.C., Kaczka, R.J., Verstege, A., Zwijacz-Kozica, T., Esper, J. (2006b): 
Growth/climate response of a multi-species tree-ring network in the Western Carpathian 
Tatra Mountains, Poland and Slovakia. Tree Physiology (in press). 

Büntgen, U., Frank, D.C., Grudd, H., Verstege, A., Nievergelt, D., Esper, J. (in review): Eight 
centuries of Pyrenees summer temperatures from tree-ring density. Climate Dynamics.  

Camarero, J.J., Guerrero-Campo, J., Gutiérrez, E. (1998): Tree-ring growth and structure of 
Pinus uncinata and Pinus sylvestris in the Central Spanish Pyrenees. Arctic and Alpine 
Research 30:1-10. 

Cook, E.R. (1985): A time series analysis approach to tree-ring standardization. Ph.D. 
Thesis, University of Arizona pp 171. 

Cook, E.R., Peters, K. (1981): The smoothing spline: A new approach to standardizing forest 
interior tree-ring width series for dendroclimatic studies. Tree-Ring Bulletin 41:45-53. 

Cook, E.R., Briffa, K.R., Meko, D.M., Graybill, D.A., Funkhouser, G. (1995): The ‘segment 
length curse’ in long tree-ring chronology development for palaeoclimatic studies. The 
Holocene 5:229-237.  

D’Arrigo, R., Wilson, R.J.S., Jacoby, G.C. (2006): On the long-term context for late 20th 
century warming. Journal of Geophysical Research 111, D03103, 
doi:10.1029/2005JD006352. 

Dessens, J., Bücher, A. (1995): Changes in minimum and maximum temperatures at the Pic 
du Midi in relation with humidity and cloudiness, 1882-1984. Atmospheric Research 
37:147-162. 

Dessens, J., Bücher, A. (1997): A critical examination of the precipitation records at the Pic 
du Midi observatory, Pyrenees, France. Climatic Change 36:345-353. 

Eschbach, W., Nogler, P., Schär, E., Schweingruber, F.H. (1995): Technical advances in the 
radiodensitometrical determination of wood density. Dendrochronologia 13:155-168. 

Esper, J., Cook, E.R., Krusic, P.J., Peters, K., Schweingruber, F.H. (2003): Tests of the RCS 
method for preserving low-frequency variability in long tree-ring chronologies. Tree-Ring 
Research 59:81-98. 

Esper, J., Wilson, R.J.S., Frank, D.C., Moberg, A., Wanner, H., Luterbacher, J. (2005): 
Climate: Past Ranges and Future Changes. Quaternary Science Reviews 24:2164-2166. 

Frank, D.C., Esper, J. (2005): Characterization and climate response patterns of a high 
elevation, multi species tree-ring network for the European Alps. Dendrochronologia 
22:107-121. 

Fritts, H.C. (1976): Tree rings and climate. Academic Press, London, pp 567. 



 72

Grudd, H., Briffa, K.R., Karlén, W., Bartholin, T.S., Jones, P.D., Kromer, B. (2002): A 7400-
year tree-ring chronology in northern Swedish Lapland: natural climatic variability 
expressed on annual to millennial timescales. The Holocene 12:657-665. 

Gutiérrez, E. (1991): Climatic tree growth relationships for Pinus uncinata Ram. in the 
Spanish pre-Pyrenees. Acta Oecologia 12/2:213-225.  

Luckman, B.H., Wilson, R.J.S. (2005): Summer temperatures in the Canadian Rockies 
during the last millennium: a revised record. Climate Dynamics 24:131-144. 

Luterbacher, J., Rickli, R., Xoplaki, E., Tinguely, C., Beck, C., Pfister, C., Wanner, H. (2001): 
The Late Maunder Minimum (1675-1715) – A key period for studying decadal scale 
climate change in Europe. Climatic Change 49:441-462. 

Mitchell, T.D., Jones, P.D. (2005): An improved method of constructing a database of 
monthly climate observations and associated high-resolution grids. International Journal of 
Climatology 25:693-712. 

Oppenheimer, C. (2003): Climatic, environmental and human consequences of the largest 
known historic eruption: Tambora volcano (Indonesia) 1815. Progress of Physical 
Geography 27/2:230-259. 

Osborn, T.J., Briffa, K.R., Jones, P.D. (1997): Adjusting variance for sample-size in tree-ring 
chronologies and other regional-mean time-series. Dendrochronologia 15:89-99. 

Rolland, C., Schueller, F. (1994): Relationships between mountain pine and climate in the 
French Pyrenees (Font-Romeu) studied using the radiodensitometrical method. Pirineos 
143/144:55-70. 

Ruiz-Flaño, P. (1988): Dendroclimatic series of Pinus uncinata R. in the Central Pyrenees 
and in the Iberian System. A comparative study. Pirineos 132:49-64. 

Schweingruber, F.H., Fritts, H.C., Bräker, O.U., Drew, L.G., Schär, E. (1978): The X-ray 
technique as applied to dendroclimatology. Tree-Ring Bulletin 38:61-91. 

Tardif, J., Camarero, J.J., Ribas, M., Gutiérrez, E. (2003): Spatiotemporal variability in tree 
growth in the Central Pyrenees: Climatic and site influences. Ecological Monographs 
73:241-257.  

Wanner, H., Pfister, C., Brázdil, R., Frich, P., Frydendahl, K., Jónsson, T., Kington, J., 
Rosenørn, S., Wishman, E. (1995): Wintertime European circulation patterns during the 
Late Maunder Minimum cooling period (1675–1704). Theoretical and Applied Climatology 
51:167-175. 

Wigley, T.M.L., Briffa, K.R., Jones, P.D. (1984): On the average of value of correlated time 
series, with applications in dendroclimatology and hydrometeorology. Journal of 
Climatology and Applied Meteorology 23:201-213. 

Wilson, R.J.S., Luckman, B.H. (2003): Dendroclimatic Reconstruction of Maximum Summer 
Temperatures from Upper Tree-Line Sites in Interior British Columbia. The Holocene 
13:853-863. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




