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Table S1 Data Selection after applying the Provenance Model to Simplon and Zermatt/ Zmutt historical series (Kuhl 

et al. 2023). Numbers include living and historical series. 

 

Table S2 Performance measures (correlation between predicted and observed (r), explained variance (R²) and root 
mean squared error (RMSE)) of the linear models in Figure 6a). Asterisks show the columns for the linear model 
calibrated on the early period, without asterisks are the columns for the linear model calibrated on the later period. 

 Calibration Periods Validation Periods 

Period [CE] 1901-1959* 1960-2017 1960-2017* 1901-1959 

r 0.83 0.84 0.84 0.83 

R² 0.69 0.7 0.7 0.69 

RMSE 0.39 0.46 0.7 0.64 

 

 

 

 

 

 

 

 

 

 

 

 

 Simplon Valley Matter Valley  

 Site  

(Elevation [m 

asl]) 

SV1 

(1900) 

SV2 

(2000) 

SV3 

(2200) 

MV1 

(2000) 

MV2 

(2300) 

MV3 

(2300) 

SUM 

Total number of 

series 

56 24 25 180 24 43 352 



Table S3 Testing for low frequency signals: Approaches applied to analyse the missing low frequency in our 

reconstruction.  

 

 

 

 

 

 

 

 

 

 

 

 

 

No Approach Visual improvement of 

low-frequency signal? 

1 No mean adjustment  No  

2 Including another high elevation living site. No 

3 Other detrending methods (Spline, Hugershoff, 

signal-free age-dependent Spline signal-free RCS, 

see Fig. S2) 

No 

4 Include low elevation historical series and adjust 

their mean levels accordingly 

No 

5 Use all historical series neglecting the new 

altitudinal approach (see Fig. S5)  

No 

6 Subsampling (50/50 ratio Simplon/ Zermatt 

samples) 

No 

7 Reducing samples of houses with 

overrepresentation in a time period  

No 

8 Influences of tree age distribution in time  No 

9 Only using only the historical series from Simplon  No (replication too low) 



Table S4 20 volcanic events between 880-2000 CE linked with the highest volcanic stratospheric aerosol optical 
depth (SAOD) values in the Westwind Zone (30 - 60°N) from Sigl et al. (2021)1. Eruption year and volcanos were 
taken from Wang et al. (2022)2 and Büntgen et al. (2020)3. Greyed event no. 20 is taken from Wang et al. (2022) to 
extend the record into the 19th century (SAOD Peak was calculated over 30-90°N4). 

No. Eruption Year 
[CE] 

SAOD Peak Year1 
[CE] 

SAOD Peak 30-60N1 Volcano 

1 12572,3 1258 0.46 Samalas2,3 

2 9393 939 0.43 Katla3 

3 11802 1181 0.34 UE2 /Katla3 

4 17832,3 1783 0.32 Laki3 

5 14572 1458 0.26 UE2,3 

6 18152,3 1815 0.26 Tambora2,3 

7 12292 1229 0.24 UE2,3 

8 16412,3 1642 0.23 Parker2,3 

9 18312,3 1832 0.2 UE3 

10 11083 1109 0.16 UE3 

11 14772,3 1477 0.16 Veidivötn2,3 

12 1199 1199 0.15 UE 

13 11702 1171 0.14 UE2,3 

14 16002,3 1600 0.13 Huaynaputina2,3 

15 12102,3 1209 0.12 Katla2 

16 13432 1344 0.12 UE2 

17 15862 1587 0.12 Kelud2 

18 16672 1666 0.12 Shikotsu2 

19 17293 1729 0.12 UE3 

20 18832,3 1883 0.124 Krakatau2,3 

 

 

 

 

 

 

 

 

 

 

 

 



Figures 

 

Figure S1 Mean adjustment of the Matter valley in a and Simplon valley in b depending on the regional curves. 
Lower elevation sites were adjusted to the highest one. Differences were calculated over the period of replication ≥ 
15. Grey lines show the original curves of the sites 

 

 

 

 

 

 

 

 



 

Figure S2 Different detrending methods compared with each other, smoothed with a 100-year smoothing spline. a  
Regional Curve Standardization (RCS, Briffa et al. 1992), 300-year Spline detrending (Cook and Peters 1981), 
Hugershoff detrending (Cook et al. 1990) and a signal-free (SF) age-dependent spline detrending (Melvin and Briffa 
2008) b Comparison of classical RCS with the SF RCS (Melvin and Briffa 2014) detrending. 



 

Figure S3 Larch budmoth (LBM) detection and correction using Impulse Indicator Saturation (IIS) after Pretis et al. 
(2016). Residuals between the original and the corrected chronology in a present a frequent detection of LBM 
events throughout the timeseries b The resulting corrected chronology c A zoom into the 20th century in strengthens 
how a larch non-host as addition indicator is used by the algorithm to exclude potential climate related declines 
(asterisks) from the correction 

 

 

 

 

 

 

 



 

Figure S4 Variance stabilization effects of window-size and the new presented split-window stabilization using the 
method of Osborn et al. (1997): Panel a shows the spectrum analysis (log10 power spectrum) calculated using Fast 
Fourier Transformation. Resulting standard deviations of the chronologies are found in panel b and were calculated 

over a 100-year running window with a 1-year lag   

 

 

 

 

 

 

 



 

Figure S5 Comparison between a classical reconstruction (see methods chapter for more details on procedure) 
and the new altitude considering approach in a. Panel b shows the standard deviations of the reconstructions over 
a 100-year running window (lag 1)  c presents the difference in sample depth between an altitude adjusted and a 
classical dataset 

 

 

 

 

 

 

 



 

Figure S6 Comparison between here presented reconstruction and the 500-year high-pass filtered Lötschental 
reconstruction (Büntgen et al. 2006)  

 

 

 

Figure S7 a 30-year high-pass filtered reconstruction from this study and b 30-year high-pass filtered Pyrenees 
record. Asterisks denote to the 20 warmest and the 20 coldest years, respectively. Triangles show 18 strongest 
volcanic events between 1119-2017 AD (see table S4). c and d Superposed epoch analysis for these 18 events 
(lag = 5, residuals from the 5 years prior to event) with mean (black line) and 99% confidence intervals (grey) after 

bootstrap resampling (n = 10,000) 



 

 

Figure S8 Z-scores of instrumental data versus the detrended MXD chronology 
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