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Supplementary Text 38 

Supplementary Text 1.1 The 10-fold cross-validation in the random 39 

forest model 40 

The 10-fold cross-validation divided the training dataset into 10 subsets: 90% for the training 41 

model with specified hyperparameters and 10% for validation in each subset. The trained model 42 

then predicted the dependent variable using selected features in the 10% validation dataset, and 43 

both the dependent variable and the selected features were recorded. During the process, the 44 

importance of each feature is calculated based on how much each feature contributes to 45 

decreasing the impurity (measured by Gini index) in the tree nodes across all the trees in the 46 

forest. Higher scores indicate more important predictors (Strobl et al., 2008). After processing 47 

all 10 subsets, the overall hyperparameter-specific coefficient of determination (R2) and root 48 

mean square error (RMSE) were calculated based on the aggregated dependent variable and the 49 

selected features from all subsets. The above procedure was repeated for all pairs of 50 

hyperparameters and the ones with the highest R2 were selected to define the final random forest 51 

model. Note that the RMSE values for all hyperparameter pairs remain consistently around 0.02.  52 
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Supplementary Figures 53 

 54 

Supplementary Figure 1 The dynamics of 10m 5-day Sentinel-2 surface albedo at 8 ICOS 55 

sites from 2018 to 2020. The numbers in legend brackets represent the percentage of available 56 

data (%) in three years.  57 
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 61 

Supplementary Figure 2 The bare soil albedo extracted from Sentinel-2 (S2) surface albedo 62 

product (αbs, S2, triangles) and computed by site eddy covariance (EC) measurements (αbs, site, 63 

circles) during the same bare soil periods detected by field photos instead of satellite vegetation 64 

indices at 8 ICOS sites from 2018 to 2020 (Table 3). ‘EC’ and ‘S2’ in each plot mean eddy 65 

covariance and Sentinel-2, respectively. “N” is the number of dots  66 
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 67 

Supplementary Figure 3 The SHapley Additive exPlanations (SHAP) Values of the top 3 68 

selected features in the spatial random forest model ((a)-(c)), and in the temporal random forest 69 

model ((d)-(f)). ‘LSZA’, ‘SM’ and ‘SM_RC’ represent the local solar zenith angle, soil 70 

moisture and relative SM anomaly, respectively. αbs, spatial is the spatial bare soil albedo 71 

distribution predicted by the spatial random forest model. The blue dots represent the 72 

contribution of each feature to bare soil albedo variation.  73 



7 

 

 74 

Supplementary Figure 4 The probability density of different bare soil albedo (αbs) products 75 

within the European cropland regions. The αbs, RF is produced by the trained random forest 76 

models from 2018 to 2020, with 300 m spatial resolution and 5-day intervals. αbs, Carrer and αbs, 77 

bgd are derived from 8-day 1 km αbs map (Carrer et al., 2014) and a monthly 50 km αbs map 78 

(Pinty et al., 2011), respectively. αbs, S2 is the αbs datasets trained in random forest models 79 

obtained from Sentinel-2 surface albedo observation (Lin et al., 2023) using vegetation indices 80 

(see Methods). 81 
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 84 

Supplementary Figure 5 The NDVI distribution of crop residues at 6 European cropland sites 85 

from 2018 to 2020. The NDVI datasets were derived from 5-day Sentinel-2 reflectance product 86 

with a spatial resolution of 300 m on the Google Earth engine platform. The residue periods 87 

were identified by daily or weekly site photos. The red and blue lines in each figure represent 88 

the median and mean NDVI, respectively. The gray line represents the NDVI threshold of 0.25 89 

used to extract bare soil periods and the corresponding Sentinel-2 bare soil albedo samples.  90 
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 92 

Supplementary Figure 6 The linear relationship between αbs, RF and αbs, site (circles, black line), 93 

and between αbs, S2 and αbs, site (triangles, gray line) at 4 sites during the same bare soil periods 94 

from 2018 to 2020. The bare soil periods are detected by field photos instead of satellite 95 

vegetation indices. The αbs, RF is produced by the trained random forest models. The αbs, S2 is 96 

extracted from the Sentinel-2 surface albedo products, while αbs, site is computed by site eddy 97 

covariance measurements (Table 3). Different colors represent different sites. The gray and 98 

black lines are the fitting trends between αbs, site and αbs, S2, and between αbs, site and αbs, RF, 99 

respectively. The numbers in the legend brackets represent the sample size. The black dotted 100 

line is 1:1 line. R2 and p are the coefficient of determination and significance level.  101 
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 102 

Supplementary Figure 7 The linear relationship between αbs, site and soil moisture (SM), αbs, RF 103 

and SM, αbs, MODIS and SM, and αbs, Gascoin and SM, respectively (see Table 3). The superficial 104 

SM dataset in the x-axis is derived from daily soil sensor measurements which have an SM step 105 

of 5% during the same bare soil periods from 2018 to 2020. The dots with areas in different 106 

colors show the averages and 2-time standard deviations of all datasets in each SM step. The 107 

αbs, RF is produced by the trained random forest models using daily GSSM SM product as one 108 

of the predictors (red dots). The αbs, S2 is extracted from the Sentinel-2 surface albedo products 109 

(black dots), while αbs, site is computed by site eddy covariance measurements (gray dots). The 110 

αbs, MODIS is extracted from 500m daily MODIS surface albedo product (MCD43A3) (yellow 111 

hollow dots). αbs, Gascoin is computed by the function of SM using the 1km GSSM SM product 112 

(brown dots). ‘*’ means the linear relationship (solid lines) passes the significance level of 0.05. 113 
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Supplementary Figure 8 The comparison of surface albedo at 8 cropland sites during the same 117 

periods between (a) Sentinel-2 (300m, 5-day) and site measurements; (b) MODIS surface 118 

albedo product (500m, daily) and site measurements. (c) represent the probability density of the 119 

surface albedo from Sentinel-2 data, MODIS product and site measurements.  120 
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 121 

Supplementary Figure 9 The count of field sizes of LUCAS 2018 farms.  122 
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