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Supporting Information (SI) 
 

Calibration and Verification 
The mean station location of the eight homogenized instrumental records with continuous 

temperature measurements spanning >70 years during the 1881-2009 period is 68°N, 27°E, 

and 39 m asl, which closely matches the spatial characteristics of the tree-ring network (68°N, 

23°E, and 294 m asl). For calibration, the mean and variance of the proxy data were scaled to 

the June-August (JJA) temperature values (1860-2006) of the gridded CRUTEM3v data 

averaged over the region 65-70°N and 20-30°E. This procedure is the simplest among the 

various calibration techniques but possibly least prone to variance underestimation [1], and 

thus most suitable for assessing the absolute amplitude of past temperature fluctuations. 

Calibration/verification exercises were computed over different split periods between 1816 

and 2006. Durbin-Watson (DW) [2] statistics were computed to detect lag-1 autocorrelation 

in the model residuals. A DW value of 2 means there is no 1st order autocorrelation in the 

residuals, whereas values greater (less) than 2 indicate negative (positive) autocorrelation. 

Reduction of error (RE) and coefficient of efficiency (CE) statistics were applied to assess 

temporal stability in the calibration models. Both RE and CE statistics measure the shared 

variance between the actual and estimated series. CE is a more rigorous verification statistic, 

with all positive values demonstrating that the reconstruction has some skill [3].  

 
Error Estimation 
The reconstruction error was estimated by summing the errors associated with the different 

dataset aggregations and therefore include consideration of site location, species response, 

lakeshore position (distance between tree growth and the nearest lake), tree age, sampling 

design, growth standardization, and model calibration [4]. The range of minimum and 

maximum MXD indices obtained for each year between 1483 and 2006 was calculated from a 

pool of 25 site and 11 subset chronologies after composite RCS detrending, as well as 

individual Hugershoff (HUG), negative exponential (NEG) and spline (SPL) detrending. In 

addition to biases stemming from the various site locations included, the subset (splitting) 

approach accounts for possible influences of the different conifer species (pine/spruce), site 

ecologies (lakeshore/off-shore; i.e. trees located </> 5m from the lakeshore), juvenile, mature 

and adult tree ages (<100 years, 100-200 years and >200 years), as well as the sampling 

designs (pre/post 2000). HUG detrending utilized growth functions with positive slopes; NEG 

excluded such curves but computed the long-term mean instead. SPL was based on the 
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application of cubic smoothing splines with 50% frequency-response cut-off at 300-year long 

waveforms. These methods are typically used for the detrending of northern tree-ring data 

(HUG, EXP, SPL) or to allow lower frequency information to be preserved (RCS) in resulting 

tree-ring chronologies [see 5 for a synthesis]. The obtained envelope of annually resolved 

minimum and maximum MXD indices was than combined with the two-tailed 95% bootstrap 

confidence band (from 1000 replacements), and added to the root mean square error (RMSE) 

of the calibration period (1860-2004). It should be noted that all data- and method-related 

errors vary over time, whereas the calibration-based RMSE describes a symmetric constant 

only. 

 

Model simulation 
The CCSM3 model [6,7], obtained from the National Centre for Atmospheric Research 

(http://www.ccsm.ucar.edu/), consists of atmosphere, ocean, sea-ice, and land surface 

components coupled without additional flux corrections [8]. The transient climate simulations 

of the past five centuries were externally forced by total solar irradiance (TSI), volcanic 

aerosol, and atmospheric greenhouse-gas (GHG) concentrations (CO2, N2O, CH4, and 

halocarbons). Solar variability as introduced by [9] was slightly rescaled towards an increase 

in TSI of 0.26% from the Maunder Minimum to today [6]. Volcanic aerosol was converted 

from TSI [9] to total aerosol masses [10], and spatially redistributed in the stratosphere [6]. 

GHG concentrations up to 1970 were derived from [11], whereas direct atmospheric 

measurements were utilized for the last 30 years of the 20th century [12]. Anthropogenic 

sulphate emissions, relevant to the mid-20th century, were not considered. The SRES A2 

emission scenario was used for the 21st century projection [13]. The simulated SATs (65-

70°N and 15-35°E) and SSTs (60-70°N and 0-10°E) were extracted from the ensemble of four 

transient simulations and compared with the proxy records. 

 

Large-scale comparison 
Linking the proxy-based northern Scandinavian temperature variations to those reported for 

the northern hemisphere might supply additional insight on the spatial signature of our new 

reconstruction. We therefore employed a variance-adjusted record of extra-tropical northern 

hemisphere temperatures that contains 14 individual tree-ring chronologies from Europe, 

Siberia and North America, as well as a newly developed ‘Scandinavian-free’ subset version 

of this record to avoid data overlap (initial contributions from Torneträsk, Jämtland, and 

Gotland were excluded). First smoothing the individual records and then normalizing them 
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over their common period resulted in overall similar amplitudes and fairly small differences 

on decadal-scales (Figure S6). This methodological treatment allows comparison of regional 

differences in the temporal evolution of the reconstructed temperatures, but eliminates any 

information on possible amplitude differences between the regional- and large-scale 

approaches. The two large-scale reconstructions, either based on 14 or 11 site chronologies, 

are fairly comparable, except during the 13th century when the exclusion of generally ‘cooler’ 

Scandinavian proxies resulted in a warmer hemispheric mean. While the reconstructed 

Scandinavian temperatures were equally high during medieval times, in the early 15th century 

and again after ~1930, the hemispheric 20th century warming remains unprecedented in the 

context of the last millennium.  

 

Table S1. Characteristics of the (A) 25 MXD chronologies and (B) eight instrumental 

stations used. Grey site codes refer to less-sensitive chronologies, blue (green) 

refers to updated (pre-2000) site. The mean inter-series correlation (Rbar) and the 

Expressed Population Signal (EPS) were computed over 30-year windows lagged by 

15 years [14]. Setting refers to the number of inhabitants if a station is located in 

urban terrain. 

 

Table S2. (A) Temperature extremes of the target and proxy data computed over the 

common period 1860-2006. Italic letters refer to common extremes. (B) 
Reconstructed summer temperature extremes and associated error estimates 

computed over the full period 1483-2007.  

 

Table S3. Summary information of the 5 Scandinavian tree-ring chronologies used 

for comparison with this study. ‘Season’ refers to the originally indicated response 

window, whereas ‘Response’ refers to correlations computed against Scandinavian 

JJA mean temperatures over the 1860-1970 common period.  

 

Figure S1. Temporal coverage of the 1,179 MXD series, of which 387 were 

developed before 2000 AD with 792 added in 2006, covers the entire Scandinavian 

peninsula north of 65°N and has a mean segment length (MSL) of 161 years with an 

maximum latewood density (MXD) of 0.72 g/cm3 (inset denotes the relationship 

between tree age and MXD value). Site chronologies start between 1400 and 1844, 

and their autocorrelation ranges from 0.23-0.50. 
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Figure S2. Correlation of the 25 MXD site chronologies after RCS detrending 

(circles) with monthly temperature means (CRUTEM3v) computed over the common 

100yr interval (1860-1977). Results are classified into 20 sensitive (green) and 5 less 

sensitive (grey; GLO, LOF, NAR, SKI, SKS) sites, with the horizontal lines referring to 

their average response. 

 

Figure S3. (A) Correlation (r >0.3) of the reconstruction against gridded JJA SAT 

(1901-2006) and four MXD-based summer temperature records: 1 = Polar Ural 

(0.06), 4 = Tyrol (-0.07), 3 = Lötschental (0.13) and 2 = Pyrenees (0.00). (B) 
Correlation of the reconstruction against gridded JJA SST (1901-2003).  

 

Figure S4. Spatial field correlation (r >0.3) between the new MXD-based 

reconstruction of northern Scandinavian summer temperature and gridded (5°×5°) 

SLP [HadSLP2r; 20] calculated for the June-August season and 1860-2006 period. 

 

Figure S5. Spatial composite analysis at 500-hPa geopotential height of (A) the 20 

coldest and (B) the 20 warmest reconstructed summers (JJA; 1659-1999), and (C) 
temporal comparison (1650-1975) of the reconstructed JJA temperatures (orange) 

with JJA estimates of the AO (light blue). Smoothed lines are 30-year low-pass filters 

and stars refer to the annual extremes composed. 

 

Figure S6. Temperature reconstructions from Scandinavia (green) and the Northern 

Hemisphere that were 60-year low-pass filtered and standardized over their common 

period 831-1992. The two Northern Hemisphere versions either include (brown) or 

exclude (ochre) Scandinavian proxies. 
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