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1. Three research questions of the project 
● How can the high-resolution solar variability during the last millennium be quantified? 
● How can solar variability be converted into solar forcing?  
● How can solar forcing be detected and attributed in climate records? 

2. Research Summary 
Cosmogenic radionuclides such as 10Be in ice cores and 14C in tree rings have proven to be 
useful proxies for long-term solar variability (Vonmoos et al. 2006) (Steinhilber et al. 2008a). 
However, these radionuclides reflect not only production changes induced by heliomagnetic 
and geomagnetic variability. They are also influenced by system effects (transport and 
deposition processes in the case of 10Be; the global carbon cycle in the case of 14C (transport 
and deposition processes in the case of 10Be; the global carbon cycle in the case of 14C 
Muscheler et al. 2000; Project R1 CLER). In previous work we developed a technique to 
separate the solar signal and the system effects by combining two 10Be records with the 14C 
record. Applying this technique to a new annual 10Be record from North GRIP combined with 
an existing annual 10Be record from Dye3 in Southern Greenland and the 14C record from 
tree rings will enable us to produce a new high-resolution solar variability record (Beer et al. 
2007) (Abreu et al. 2008). 
In a second step this new solar variability record is used to derive the solar forcing function 
in terms of Wm-2. 
In the final step the solar forcing function is used for model runs (P1.1. Monalisa) and 
compared with paleorecords of climate change (P1.2. Palvarex-3)  The 14C system component 
derived in step 1 is compared with carbon cycle changes (Project R1 CLER) and the 10Be 
component with model runs using ECHAM-HAM (Heikkila et al. 2008).  
 

3. Data and methods 
A) Data: Since all records of a single cosmogenic radionuclide are composed of a production 
component reflecting solar and geomagnetic modulation of the cosmic rays and a system 
component reflecting the transport from the point of production in the atmosphere to the 
site of storage in an ice core (10Be) or a tree (14C), combining 10Be and 14C records provides a 
means to separate these two components because both records contain a common 
production signal (Masarik and Beer 1999), but a different system signal (10Be is attached to 
aerosols and removed from the atmosphere within 1-2 years while 14C forms 14CO2 and 
enters the global carbon cycle). The geomagnetic production component can be removed 
using paleomagnetic records based on remanence measurements in lava and sediments. 
This procedure which is based on the PCA (principal component analysis) has been 
successfully applied to low resolution (40 y) long-term records (1-9 kyr BP) of 10Be from ice 
cores and 14C from tree rings (Beer et al. 2007) (Abreu et al. 2008). 

Using the annual 10Be records from Dye 3 (South Greenland) (Beer et al. 1990) (Beer et al. 
1994) and a new annual 10Be record from NGRIP (North Greenland) (Berggren et al. 2008)  
in combination with partly annual 14C data from tree rings (Reimer et al. 2004) the same 
approach is used to produce a high-resolution solar variability record for about the past 600 
years reflected by the first principal component (Abreu et al. 2008). The second principal 
component reflects the 14C system variations. Whenever the 14C signal deviates significantly 
from the production signal this is an indication of a change in the carbon cycle. A detailed 
analysis of the second principal component will be done in close collaboration with F. Joos 
making use of the Bern 3D-LPJ climate-carbon cycle model (Project R1 CLER). 

B) Solar forcing: A quantitative high resolution solar forcing function is fundamentally 
important not only to model past climate changes, but also to distinguish between natural 
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and anthropogenic forcing during the present and the future global warming. There are at 
least three reasons why the establishment of such a quantitative forcing in Wm-2 is difficult: 
1. Direct measurements of the total solar irradiance (TSI) form satellite based radiometers 
are limited to the past 30 years, a period of comparatively high solar activity (Frohlich and 
Lean 2004). In particular, direct measurements for grand solar minima such as the 
Maunder Minimum (1645-1715) are missing. 2. The observed changes over an 11-year 
Schwabe cycle during the past 30 years are only about 0.1%. 3. The underlying physical 
processes relating the solar magnetic activity to the TSI are only rudimentary known. 
Nevertheless, there is growing evidence that the TSI is controlled by the magnetic fields in 
the convective zone and at the solar surface. Since it is the open magnetic solar field that 
modulates the cosmic ray intensity in the heliosphere cosmogenic radionuclides turn out to 
be a good tool to reconstruct past solar magnetic activity and a promising candidate for a 
proxy of the TSI (Steinhilber et al. 2008b).  

C) Detection and attribution of solar forcing: The quantitative solar forcing function together 
with the annual 14C and 10Be system records derived from the PCA analysis provide a 
unique data set to study solar forcing and climate change. Putting the TSI record together 
with other forcing functions (e.g. volcanic forcing) into climate models will enable us to 
compare modelled and observed spatial and temporal climate variability. This will be done in 
close collaboration with P1.2. PALVAREX-3 (observations) and MONALISA-3 (modelling). In 
addition, the third principal component which is related to the transport of 10Be and the 
second component related to the global carbon cycle will be interpreted in terms of climate 
forcing and climate change. The analysis in the time domain will be complemented by 
spectral analysis in the frequency domain. 

4. Milestones and deliverables 
After 18 months: 
• Separation of production and system effects based on 10Be in 2 ice cores and 14C in tree 

rings using PCA. 
• High-resolution record of solar variability for the past 600 years 
• Quantitative solar forcing in Wm-2 with estimated uncertainties 

After 36 months: 
• Comparison of spatial and temporal variability of model runs with observations  
• Interpretation of the second and third principal component in terms of global carbon 

cycle changes and 10Be atmospheric transport. 
• Publications 

5. Contribution to the WP1 and collaboration with other NCCR projects and 3rd 
parties 
The interpretation of the PCA will be done in close collaboration with the project R1 CLER 
(F. Joos). A (combined 14C and 10Be) solar forcing is provided to P1.1 MONALISA-3 and 
compared with observations P1.2 PALVAREX-3.  
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