
 

Figure S1 Sensitivity response curves of Mean R2 and Mean RMSE during grid-search 
optimization for cross-scale sample weighting  

Table S1 Sensitivity analysis of model validation performance under varying global sample 
weights 

Global_Weight Mean_R2 R2_Std Mean_RMSE RMSE_Std 
0.5 0.724 0.031 1432.1 65.4 

0.55 0.7352 0.0293 1407.96 62.46 
0.6 0.7483 0.0276 1380.2 59.51 

0.65 0.7627 0.0259 1348.64 56.57 
0.7 0.7774 0.0241 1313.48 53.63 

0.75 0.7905 0.0224 1276.01 50.69 
0.8 0.7992 0.0207 1243.04 47.74 

0.85 0.802 0.019 1250.4 44.8 
0.9 0.7963 0.0202 1261.32 46.56 

0.95 0.7857 0.0232 1281.34 49.92 
1 0.773 0.025 1302.5 53.6 

Table S2 Cross-validation predictive performance, structural complexity, and sample efficiency of 
different modeling algorithms. 

Model Mean 
R2 

Mean 
RMSE(kg 

ha−1) 

Mean 
MAE(kg 

ha−1) 
R2 Std nRMSE 

(%) 
Num 

Parameters 
Samples 

per 
Parameter 

Random 
Forest 0.8 1250.4 980.15 0.0965 12.1 0 

(Non-parametric) ∞ (Inf) 

XGBoost 0.79 1280.6 1010.5 0.074 12.8 0 
(Non-parametric) ∞ (Inf) 

TabNet 0.71 1490.25 1190.7 0.2288 14.9 24,766 0.0249 
MLP 0.68 1550.8 1250.4 0.2318 15.5 12,929 0.0477 




