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Introduction 

Tree growth is a complex process influenced by many different factors (Fritts 1976). Especially at 
extreme sites, with limiting climatic factors, the production of wood and the carbon isotope 
fractionation notably depends on external influences, e.g. vegetation period temperatures, 
precipitation, snow cover, or radiation variations. Due to the measurement of various parameters, 
including tree ring width (TRW), maximum latewood density (MXD) and stable isotope ratios (δ13C, 
δ18O), trees offer the possibility for multi-proxy analyses (McCarroll et al. 2013). In northern 
Europe, MXD and carbon isotope records have been used to reconstruct several climate 
parameters over the last millennium (Esper et al. 2014, Esper et al. 2012, Gagen et al. 2011, 
Loader et al. 2013, Melvin et al. 2013, Young et al. 2012). All these reconstructions display the 
variability of a climate parameter over at least the last 1000 years. Studying the association 
between these might improve our understanding of the complex interaction between tree growth 
and atmospheric conditions. The relationship between radiation, estimated by using sunshine hour 
and cloud cover reconstructions, and temperature has been discussed in several recent papers 
(Gagen et al. 2011, Loader et al. 2013, Young et al. 2012). These studies indicated temperature 
versus cloud cover homogeneity at higher frequencies, but also a decoupling between these 
elements at lower frequencies, enabling reconstructions of prolonged periods with sunny and cold 
as well as cloudy and warm conditions, respectively. We here build on these results and compare 
summer temperature reconstructions, derived from MXD time series, with reconstructions of solar 
radiation (cloud cover and sunshine hours), derived from δ13C time series. We assess inter- and 
intra-proxy similarities focusing on high and low frequency domains as well as possible effects of 
macro-climate conditions. 
 
Data and Methods  

In northern Europe, several climate reconstructions have been developed, based on long tree-ring 
records, with annual resolution, and covering the last millennium (Overview in McCarroll et al. 
2013). Beside multi-proxy analyses, also intra-proxy relationships are important to understand. A 
recent study showed the similarity between the MXD based temperature reconstructions from 
Torneträsk (Melvin et al. 2013, Schweingruber et al. 1988) and northern Fennoscandia (Esper et 
al. 2012). They combined the two time series to a single record representing summer temperature 
variations in northern Europe (N-Eur; Esper et al. 2014).  
There are two long term carbon isotope records with an annual resolution from Torneträsk and 
Forfjorddalen (Loader et al. 2013, Young et al. 2012). Both records are proxies for solar radiation, 
with the Torneträsk isotopic data representing summer sunshine hours, and the Forfjorddalen data 
representing cloud cover changes.  
All proxy records cover the last millennium (1000-2001AD). Standardization over this common 
period allows comparisons between the reconstructions. For inter-proxy comparisons we use the 
N-Eur temperature reconstruction. Cloud cover and sunshine hours are inversely connected to 
each other: if it is cloudy, the sunshine hours are reduced. Hence, the cloud cover record was 
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inverted enabling the comparability of the reconstructions. The low-frequency relationship between 
the two climate parameters was tested by calculating residuals between the temperature and the 
radiation record. A 10-year spline spots periods of positive and negative alterations. For tests on 
high frequencies we calculated the first differences of the reconstructions. This method allows us to 
test the relationship on a year-to-year perspective. 51-year running correlations with a centrally 
weighted filter help to detect the constancy of the high-frequency relationship over time.  
 

 
 

Figure 1: Map of northern Fennoscandia. Dots display sites of millennial long tree-ring records. N-Scan 
(black box) cannot be determined with one point due to a large extension of the different sampling sites over 
this northern region. 
 
Results 

The described homogeneity of the Torneträsk and N-Scan temperature reconstructions is 
displayed in the upper panel of figure 2 and the correlation coefficient of 0.72 over the last 
millennium highlights this close relationship. The radiation records (Fig.2, bottom panel) correlate 
at 0.48 over the past millennium, though include periods of obvious coherence (e.g., 1600-1800) 
and divergence (e.g., around 1100 and 1500).  
The inter-proxy relationship at lower frequencies is shown in figure 3. The residual time series 
indicate periods with dominating warm and cloudy conditions, alternating with cool and sunny 
conditions. Considering the Torneträsk record, the residuals show warmer conditions at the 
beginning of the last millennium followed by a colder/sunnier period in the 13th century. The most 
distinct and persistent era of cooler and sunnier conditions is around the Little Ice Age (LIA) in the 
17th and 18th century. The results are quite similar with the residual time series derived using the 
Forfjorddalen record. The key periods are the same as with the Torneträsk data, but there are 
more distinct warmer periods (e.g., around 1400 AD), as well as clearer changes in the 
atmospheric conditions in the early 12th and mid-15th century when the climate turned cool and 
cloudy. 
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Figure 2: Millennial long climate reconstructions with annual resolution in northern Fennoscandia. Upper 
panel shows summer temperature reconstructions based on MXD chronologies. Lower panel shows 
sunshine hour/cloud cover reconstructions. The common period is 1000 - 2001 AD. All data were z-
transformed over this common period. The cloud cover reconstruction is inverted to simplify comparison with 
the other reconstructions. Thicker lines are 50 year spline. 
 
 

 

Figure 3: Relative differences between the combined temperature reconstruction (N-Eur) and sunshine 
hour/cloud cover reconstructions (upper panel: Torneträsk; lower panel: Forfjorddalen). Differences are 
smoothed with a 10 year spline. Warm and cloudy conditions are represented by positive values (grey), 
negative values indicate cool and sunny atmospheric conditions (black). 
 
51-year running correlations indicate similar patterns among the three records (Fig.4). The 
relationship between temperature and radiation (sunshine/cloud cover) is positive throughout the 
entire millennium and varies around 0.5. The most striking deviation occurred in the late 16th 
century when correlation drop below 0.2 in all cases. The correlation drops in the 11th century 
using Torneträsk data, though this feature is not revealed in the Forfjorddalen data nor in the 
combined record (bottom panel in Fig.4)  

r = 0.72

r = 0.48
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Fig.4: Inter-proxy high frequency analysis. 51-year running correlation of the first differences of temperature 
and radiation reconstructions. Upper (middle) panel shows the correlations of N-Eur and Torneträsk 
(Forfjorddalen). Lower panel shows the running correlations of a combined record of Torneträsk and 
Forfjorddalen versus N-Eur. Dotted line is r= 0.5. 
 
Discussion 

The similarity of the MXD-based temperature reconstructions (Torneträsk and N-Scan) enables  
merging these records into a single temperature reconstruction for northern Fennoscandia (Esper 
et al. 2014). A similar combination of the stable carbon isotope-based radiation reconstruction 
(sunshine hour and cloud cover) from nearby Forfjorddalen and Torneträsk would increase 
replication and likely advance the spatial expansion of the radiation signal. In general, 
discrepancies between these records (see lower panel in Fig.2) could be related to the location in 
the luv (Forfjorddalen) and lee (Torneträsk) of the Scandinavian Mountains. The coastal site is 
influenced by a higher atmospheric moisture content due to the Atlantic Ocean. The Scandinavian 
Mountains serve as orographic border where the air masses rise. During the movement the air 
masses are transformed into precipitation, fog and clouds (Young et al. 2012). The phenomenon of 
the foehn provides drier and warmer conditions in the continental Torneträsk area (Holmgren and 
Tjus 1996). While these site effects appear important to understand differences between the 
carbon isotope records, the overall coherence is still striking. Also the spatial importance is unclear 
due to the strong effect of macro-climatic influences. 
Changing connections of temperature and radiation proxies at differing frequencies (Fig.3 and 
Fig.4) have already been addressed by Gagen et al. (2011) detailing co-variance at high frequency 
and divergence at decadal to centennial time scales. We here provide more detail on these 
changes. First of all the relationship between temperature and sunshine hour is positive over the 
last millennium (Fig.4), indicating that warmer temperatures coincide with more hours of sunshine 
(Loader et al. 2013). This positive relationship on a high frequency level is accompanied by an 
opposite relationship at lower frequencies. The residual time series (Fig.3) point out changing 
conditions and a decoupling of the positive relationship between temperature and sunshine hours 
during the last 1000 years. As the high frequency shows robust results of a positive relationship, 
we will discuss the possible causes for the divergence at lower frequencies. 
Next to annual information tree-rings also store low frequency trends. Depending on the measured 
parameter and the statistical treatment, the low frequency capacity of the time series could vary. 
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The low frequency content in the temperature reconstructions depends on the detrending method 
of the raw MXD measurements. The applied detrending technique on the MXD-measurements is 
the RCS detrending as it is known to keep the low frequency in the tree-ring data (Briffa et al. 
1996, Esper et al. 2003). MXD-data also shows similar frequencies as the target parameter and is 
very suitable for temperature reconstructions (Franke et al. 2013). Some studies propose that 
carbon isotope records also contain low frequency information even without detrending (Young et 
al. 2011) but the relationship of the frequencies of the proxy and target data is unclear and 
depends strongly on the trend caused by the CO2 corrections of the carbon isotope data (Konter et 
al. 2014). These differences also could bias the low frequency relationship between temperature 
and radiation, as well as the link of MXD and carbon isotope records, respectively.  
Another approach to explain the divergence of temperature and radiation over time was discussed 
by Loader et al. (2013). They point out that a change of the dominant air masses could cause this 
divergence. Their results are based on the residual time series (Fig.3) where on the one hand 
positive differences are indicated to be warm and cloudy and on the other hand negative values 
point out cool and sunny conditions. This simple way to calculate differences is not very robust as it 
does not consider the extreme years of the climate reconstructions and therefore a 
misinterpretation could be the consequence. Hence, a more complex analysis of differences and of 
the low frequency relationship is needed to verify if there is a change in the air masses. 
The high frequency relationship of temperature and radiation is very stable over the last 
millennium. A decoupling between both proxies is only indicated by the drop of running correlations 
shown in figure 4. The positive relationship between the first differenced temperature and sunshine 
hour time series breaks down in the 16th century. We exclude an error of dating of the temperature 
time series as it fits quite well to other existing independent temperature reconstructions in this 
area. Dating problems of the radiation records are also unlikely due to the appearance of the drop 
at both sampling sites. Also woodland clearance as a factor for the decrease in correlation appears 
unlikely. Even if this effect would result in more light and increased growth, the thinning must have 
taken place at both sites. Helama et al. (2009) reconstructed a dry period around 1500 AD, 
indicating that increased drought stress could have influenced tree growth in the North and 
affected the temperature signal in the MXD measurements. Furthermore, this also could affect the 
radiation reconstructions as they are established under the condition that the carbon isotope 
fractionation takes place in moist environments and that the photon flux (Hari et al. 1981) is 
responsible for the assimilation in the tree-rings. But very dry years can change this main factor for 
carbon fractionation and stomata conductance controls the fractionation (McCarroll and Loader 
2004). Therefore, in dry years water availability and not sunshine is influencing the signal in the 
carbon isotope time series.  
 
Acknowledgments 

We thank Neil J. Loader and Giles H.F. Young for discussion about the complex relationship 
between temperature and radiation records.  
 
References 

Briffa, K., Jones, P., Schweingruber, F., Karlén, W., Shiyatov, S. (1996): Tree-ring variables as 
proxy-climate indicators: Problems with low-frequency signals. In: Jones, P, Bradley, R, Jouzel, 
J (eds): Climatic Variations and Forcing Mechanisms of the Last 2000 Years. Springer Berlin 
Heidelberg.  9-41. 

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. 

Scientific Technical Report STR 15/06 
DOI: 10.2312/GFZ.b103-15069

Deutsches GeoForschungsZentrum GFZ



Düthorn et al. (TRACE Vol. 13) 33

Esper, J., Düthorn, E., Krusic, P.J., Timonen, M., Büntgen, U. (2014): Northern European summer 
temperature variations over the Common Era from integrated tree-ring density records. Journal 
of Quaternary Science. 

Esper, J., Frank, D.C., Timonen, M., Zorita, E., Wilson, R.J.S., Luterbacher, J., Holzkamper, S., 
Fischer, N. et al. (2012): Orbital forcing of tree-ring data. Nature Climate Change 2: 862-866. 

Franke, J., Frank, D., Raible, C.C., Esper, J., Bronnimann, S. (2013): Spectral biases in tree-ring 
climate proxies. Nature Climate Change 3: 360-364. 

Fritts, H.C. (1976): Tree rings and climate. Academic Press. 
Gagen, M., Zorita, E., McCarroll, D., Young, G.H.F., Grudd, H., Jalkanen, R., Loader, N.J., 

Robertson, I. et al. (2011): Cloud response to summer temperatures in Fennoscandia over the 
last thousand years. Geophysical Research Letters 38. 

Hari, P., Hallman, E., Salminen, R., Vapaavuori, E. (1981): Evaluation of Factors Controlling Net 
Photosynthetic Rate in Scots Pine-Seedlings under Field Conditions without Water-Stress. 
Oecologia 48: 186-189. 

Helama, S., Merilainen, J., Tuomenvirta, H. (2009): Multicentennial megadrought in northern 
Europe coincided with a global El Nino-Southern Oscillation drought pattern during the Medieval 
Climate Anomaly. Geology 37: 175-178. 

Holmgren, B., Tjus, M. (1996): Summer air temperatures and tree line dynamics at Abisko. 
Ecological Bulletins 45: 159-169. 

Konter, O., Holzkamper, S., Helle, G., Büntgen, U., Saurer, M., Esper, J. (2014): Climate sensitivity 
and parameter coherency in annually resolved delta C-13 and delta O-18 from Pinus uncinata 
tree-ring data in the Spanish Pyrenees. Chemical Geology 377: 12-19. 

Loader, N.J., Young, G.H.F., Grudd, H., McCarroll, D. (2013): Stable carbon isotopes from 
Tornetrask, northern Sweden provide a millennial length reconstruction of summer sunshine 
and its relationship to Arctic circulation. Quaternary Science Reviews 62: 97-113. 

McCarroll, D., Loader, N.J. (2004): Stable isotopes in tree rings. Quaternary Science Reviews 23: 
771-801. 

McCarroll, D., Loader, N.J., Jalkanen, R., Gagen, M.H., Grudd, H., Gunnarson, B.E., Kirchhefer, 
A.J., Friedrich, M. et al. (2013): A 1200-year multiproxy record of tree growth and summer 
temperature at the northern pine forest limit of Europe. Holocene 23: 471-484. 

Melvin, T.M., Grudd, H., Briffa, K.R. (2013): Potential bias in 'updating' tree-ring chronologies using 
regional curve standardisation: Re-processing 1500 years of Tornetrask density and ring-width 
data. Holocene 23: 364-373. 

Schweingruber, F.H., Bartholin, T., Schar, E., Briffa, K.R. (1988): Radiodensitometric-
Dendroclimatological Conifer Chronologies from Lapland (Scandinavia) and the Alps 
(Switzerland). Boreas 17: 559-566. 

Young, G.H.F., Loader, N.J., McCarroll, D. (2011): A large scale comparative study of stable 
carbon isotope ratios determined using on-line combustion and low-temperature pyrolysis 
techniques. Palaeogeography Palaeoclimatology Palaeoecology 300: 23-28. 

Young, G.H.F., McCarroll, D., Loader, N.J., Gagen, M.H., Kirchhefer, A.J., Demmler, J.C. (2012): 
Changes in atmospheric circulation and the Arctic Oscillation preserved within a millennial 
length reconstruction of summer cloud cover from northern Fennoscandia. Climate Dynamics 
39: 495-507. 

 

Scientific Technical Report STR 15/06 
DOI: 10.2312/GFZ.b103-15069

Deutsches GeoForschungsZentrum GFZ




