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Part I: outliers 

 

1) Determination of the 𝑪 value in 𝜶(𝒏) = 𝑨 𝒍𝒐𝒈(𝒏) + 𝑩 + 𝑪/𝒏 

The value of 𝐶 has been parametrized on the Pearson family for 𝑛 = 9 (𝑚∗ would break with a single outlier 

for 𝑛 = 8) so that the percentage of flagged outliers is equal to 0.1%, which corresponds to the order of 

magnitude of the theoretical threshold (from ~0.033% to 0.1% for small samples) 

The optimum value of 𝐶 = 36 has been determined with the following Monte-Carlo procedure: for a given 

𝐶, the percentage of flagged outliers is estimated over 100 generations. Each generation is composed of 100 

random distributions of the Pearson family, each distribution generates 1000 random samples of size 𝑛 = 9. 

The total number of points per generation is therefore 100 × 1000 × 9 = 9 × 105. 

 

Fig. S1. Impact of the 𝐶 value on the percentage of outliers flagged in small samples (𝑛 = 9) with the Boxplot 

rule using 𝛼 = 𝐴 log(𝑛) + 𝐵 +
𝐶

𝑛
 with 𝐴 and 𝐵 known. Each boxplot has been constructed on 100 generations of 

105 random samples of size 𝑛 = 9 from the Pearson family. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Part II: the ctbi procedure 

 

 

Fig. S2. The coefficient of determination (𝑅2 = 1 −
𝑆𝑆𝑟𝑒𝑠

𝑆𝑆𝑡𝑜𝑡
) has been calculated for multiple stationary time series 

of Gaussian noise 𝑦, with 𝑆𝑆𝑟𝑒𝑠 = ∑(𝑦𝑖 − 𝑆𝑖)2,  𝑆𝑆𝑡𝑜𝑡 = ∑(𝑦𝑖)2 and 𝑆 the cyclic component calculated with the 

ctbi procedure.  

 

1) Definition of the Stacked Cycles Index 

Considering Fig. S2, an inverse relationship appears between the coefficient of determination calculated 

on a pure Gaussian noise and the number of bins used (related to the sample size). This relationship is 

independent from the number of points per bin (illustrated by different colors). Theoretically, a 

stationary timeseries has a null cyclicity (𝑅2 = 0). While this is observed for a large number of bins 

(𝑁𝑏𝑖𝑛 ≫ 100), a bias of  𝑁𝑏𝑖𝑛
−1 exists at a smaller amount and needs to be corrected. This justifies the 

definition of the stacked cycles index as 𝑆𝐶𝐼 =  𝑅2 − 𝑁𝑏𝑖𝑛
−1  .  

 

2) The outlier level for the precipitation dataset 

Because daily precipitation data follow a heavy-tailed distribution, it is difficult to determine an outlier 

level that seems “reasonable” for a 30-year time series. The outlier level is defined as 𝑦𝑜𝑢𝑡𝑙𝑖𝑒𝑟 = 𝜆𝑦𝑚𝑎𝑥  

and the constant 𝜆 is determined using all century-old weather stations. The procedure is the following 

for a station 𝑖: 

(i) Compute (𝑦𝑚𝑎𝑥)100 𝑦𝑒𝑎𝑟𝑠. An “impossible” event is defined as occurring above 

1.2 × (𝑦𝑚𝑎𝑥)100 𝑦𝑒𝑎𝑟𝑠 (20% above the century maximum) 

(ii) Randomly select 30 continuous years, and compute (𝑦𝑚𝑎𝑥)30 𝑦𝑒𝑎𝑟𝑠 

(iii) Compute and store 𝜆𝑖 = 1.2
(𝑦𝑚𝑎𝑥)100 𝑦𝑒𝑎𝑟𝑠

(𝑦𝑚𝑎𝑥)30 𝑦𝑒𝑎𝑟𝑠
 

The mean value for all stations is 𝜆 = 1.6 ± 0.4 

 



3) Complex seasonality 

Signals showing residuals with non-stationary variance need to be split into several parts of similar 

variance. This can be achieved using bins with similar MADs. This operation is illustrated on a soil 

respiration dataset (MIGLIAVACCA) from the COSORE database (Bond‐Lamberty et al., 2020). 

The MIGLIAVACCA dataset consists of 8 sensors (or “ports”) performing measurements of CO2 flux 

from 2015 to 2020. Each port performs a measurement every 32 minutes, and there is a 4-minute gap 

between two successive ports. For each port, the following protocol is applied (Fig. S3): 

(i) Apply ctbi with the median every day (bin.period = ‘1 day’), do not flag outliers 

(𝑐𝑜𝑒𝑓𝑓. 𝑜𝑢𝑡𝑙𝑖𝑒𝑟 = 𝑁𝐴) or impute data (𝑆𝐶𝐼𝑚𝑖𝑛 = 𝑁𝐴). 

(ii) Split the raw data into data.low (bins with low MAD) and data.high (bins with high MAD). 

(iii) Apply ctbi separately to data.low and data.high, and flag outliers (𝑐𝑜𝑒𝑓𝑓. 𝑜𝑢𝑡𝑙𝑖𝑒𝑟 = ′𝑎𝑢𝑡𝑜′) 

(iv) Merge data.low and data.high 

(v) Repeat steps (i) to (iv) with bin.period = ‘1 month’ 

 

 

The comparison between 𝑐𝑜𝑒𝑓𝑓. 𝑜𝑢𝑡𝑙𝑖𝑒𝑟 = ′𝑎𝑢𝑡𝑜′ and 𝑐𝑜𝑒𝑓𝑓. 𝑜𝑢𝑡𝑙𝑖𝑒𝑟 = 𝑁𝐴 is shown in Fig. S3. 

While obvious periods of instrument failure are still present (in September 2017, August-October 2018 

for port 4 or March 2019 for port 1), this procedure proves that most outliers are correctly flagged (all 

ports were treated independently) when compared to an aggregation without pre-processing 

(𝑐𝑜𝑒𝑓𝑓. 𝑜𝑢𝑡𝑙𝑖𝑒𝑟 = 𝑁𝐴  in Fig. S3). 

 

 

Fig. S3. Soil respiration (daily flux) for the MIGLICAVACCA dataset, with the value of 𝑐𝑜𝑒𝑓𝑓. 𝑜𝑢𝑡𝑙𝑖𝑒𝑟 = 𝑁𝐴 

(no outlier detection, panel a) and 𝑐𝑜𝑒𝑓𝑓. 𝑜𝑢𝑡𝑙𝑖𝑒𝑟 = ′𝑎𝑢𝑡𝑜′ (Logbox procedure, panel b). 
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