
1. The study area 

Fig. SI-1 Rice cropping systems in the study area 

 

  

 



2. HGDD during historical and future period 

Fig. SI-2 The average HGDD at zonal scale during historical and future period for (a) Single Rice, (b) Early Rice, and (c) Late Rice



3. Projected rice yield and YHloss with and without CO2 fertilization effect 

Fig. SI-3 The rice yield with and without CO2 fertilization for (a) Single Rice, (b) Early Rice, and (c) Late 

Rice. The highest CO2 is used to estimate CO2 fertilization, which is 458ppm in SSP1-2.6 during 2060-

2070, under 750ppm in SSP3-7.0 during 2090-2100, and 1027ppm in SSP5-8.5 during 2090-2100. 



 

Fig. SI-4 The YHloss percentage without and with CO2 fertilization for (a-c) Single Rice, (d-f) Early Rice, 

and (g-i) Late Rice under (a, d, g) 458ppm during 2060-2070, (b, e, h) 750ppm during 2090-2100, and (c, 

f, i) 1027ppm during 2090-2100



4. Calibration and validation of MCWLA-Rice  

Fig. SI-5 The heading date and harvest date RMSE for (a) calibration and (b) validation  

Fig. SI-6 The LAI R for (a) calibration and (b) validation 

Fig. SI-7 The Yield RRMSE for (a) calibration and (b) validation 



We estimated the calibration and validation accuracy through using the average root mean squared 

error (RMSE), the Pearson correlation coefficient R, and the relative RMSE (RRMSE) for 

phenology date, LAI, and yield, respectively. 
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where S and O are the simulations and observations, respectively; 𝑂𝑎𝑣𝑔 is the average observations; 

n is the sample size. 

Specifically, RMSEs for heading dates were below 4 days, and average RMSEs for harvest 

dates were around 8 days (Fig. SI-5). The similarity between time series of the calibrated LAI and 

GLASS LAI was assessed by R, nearly half of which was greater than 0.9 after calibration (Fig. 

SI-6). RRMSEs for the yield were mostly less than 10% (Fig. SI-7). As for the validation result, 

the average RMSE was around 5 days for heading date, and 9 days for harvest date; the most Rs 

were greater than 0.8 except for late rice; and half of yield RRMSE were below 15%. Overall, the 

calibration and validation errors were similar to most previous studies and well satisfactory.  

 

 

 

 

 

 

 

 

 



5. The training and test of XGBoost  

Fig. SI-8 The training and test accuracy of XGBoost for YHloss using (a) RMSE and (b) R2 

Fig. SI-9 The training and test accuracy of XGBoost for yield using (a) RMSE and (b) R2 

The RMSE and R2 were used to measure the training and test accuracy of XGBoost. Specifically, 

the average RMSE of YHloss was 29.70kg/ha for training and 100.17kg/ha for test (Fig. SI-8a); and 

the average RMSE of yield was 354.40kg/ha for training and 529.13 kg/ha for test (Fig. SI-9a). 

As for R2, the estimation accuracy of both YHloss and yield was greater than 0.90 for training and 

greater than 0.85 for testing in all rice-cropping zones (Fig. SI-8b and Fig. SI-9b). Compared 

with similar studies, the current accuracy of XGBoost was sufficient enough. 


