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Supplementary Materials contain: 

This document (Supplementary_Materials.docx), containing a documentation of a sensitivity analysis 

of low-pass filters and their dependency on roll-off rate. 

And a compressed .zip file including: 

 

An excel document (Supplementary_data.xlsx) containing: 

- The autoregressive noise as in Fig. 1 (tabs: Fig1a, Fig1b) 

- Low-pass filters of Greenland 18O data (tab: Greelnland_d18O) as in Figs. 2, 3 

- Low-pass filters of Sofular cave 13C data (tab: Sofular_d13C) as in Fig. 3 

 

Following R scripts:  

Fig1.R: Calculations and raw plot of Fig.1. Please note that the auto-regressive noise generation is 

not reproducible, but the data from the realisation in this manuscript are available in the 

supplementary excel sheet. 

Fig2.R: Calculations and raw plot of Fig.2 



Fig3.R: Calculations and raw plot of Fig.3 

Fig6.R: Calculations for Fig.6, including plotting of results and data export. Note that the plot in the 

manuscript was not directly created in R, therefore the final plot is not included in the R script. 

Supplements_test_rollrate.R: Documents the sensitivity analysis of low-pass filters dependency on 

the roll-off rate 

In total Supplementary Information contain seven documents, and two files.  

 

  



Sensitivity analysis of low-pass Taner filters and their dependency on roll-off rate 

Here three different roll-off rates for Taner filters (Taner, 1992) are compared. Taner filters are used 

as implemented in the R ‘astrochron’ package (Meyers, 2014; R Core Team, 2017). The roll-off rate 

describes the sharpness of the implemented cut-off frequency, with low roll-off rates representing 

soft cut-off frequencies (top right Fig. S1), and high roll-off rates implement sharp cut-off 

frequencies (top right Figs. S2, S3). Often rather high roll-off rates in the order of 10^3 to 10^50 are 

applied to make a clear separation between investigated signal, and not investigated signal (Zeeden 

et al., 2018). In practice, usually roll-off rated from ca. 10^5 and higher give similar results. See Fig. 

S4 for the limited effect here. 

 

Figure S1: Results of low-pass filtering the Greenland 18O (North Greenland Ice Core Project 

Members, 2004) record using a cut-off frequency of 1/5 (1/ka), and a very low roll-off rate of 5. The 

top left panel shows the detrended and standardized record, the top right panel shows a spectrum 

and the Taner filter response (blue) with the cut-off frequency of 1/5=0.2 (1/ka). The bottom left 



panel shows the resulting low-pass filter, and the bottom right panel compares signal (blue) and 

filter (red).  

 

 

Figure S2: Results of low-pass filtering the Greenland 18O record using a cut-off frequency of 1/5 

(1/ka), and a roll-off rate of 10^20. See also heading of Fig. S1. 



Figure S3: Results of low-pass filtering the Greenland 18O record using a cut-off frequency of 1/5 

(1/ka), and a roll-off rate of 10^50. See also heading of Fig. S1. 

 



 
Figure S4: Comparison of Greenland 18O record (North Greenland Ice Core Project Members, 2004) 

low pass filters, using cut-off frequencies of 5 (1/ka; blue), 10^20 (black), and 10^50 (red). Note that 

the filters with higher roll-off rates (10^20, 10^50) are (almost) indistinguishable in this figure here. 
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