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Figure S1. The spatial distributions of GHCN-D precipitation stations from 1900 to 2019. 



 
Figure S2. The spatial distributions of GHCN-D minimum temperature stations from 1900 to 2019. 



 
Figure S3. The spatial distributions of GSOD stations from 1900 to 2019. 



 
Figure S4. The spatial distributions of inferred ERA5 shift hours using data from 1950 to 2019.



 
Figure S5. (a) The spatial distributions of the standard deviation (STD) of yearly shift hours from 

1950 to 2019 for precipitation. (b) The yearly shift hours at one example station from 1950 to 2005.



 
Figure S6. The distributions of the numbers of observation periods. The station time series is 

divided into different segments using a gap of five years. For precipitation, Tmean, and Trange, 

~25% stations have at least two observation periods. For Tdew and Wind, the ratio is ~35%. 



 
Figure S7. Similar with Figure 1, but for the daily series of observed and gap filled precipitation, 

Tmean, Trange, Tdew, and wind speed for the example station (03749099999 from GSOD). A 

sub-period from 1992 to 1993 is used to ensure that the curves are clear. Note that station 

observations have notable gaps during this period, and thus they are not shown in the monthly 

curves in Figure 1. 



 
Figure S8. Same with Figure 4, but estimates are before bias correction. 



 
Figure S9. The distributions of KGE'' for the precipitation, Tmean, Trange, Tdew, and wind speed 

estimates. The mean KGE'' value of all stations is shown at the left bottom corner. The estimates 

are before bias correction and based on 70% station observations. The KGE'' is calculated based 

on the remaining 30% observations. 



 
Figure 10. Same with Figure S8, but metrics are the three components (𝑟: correlation coefficient, 

𝛼: variability ratio, 𝛽: bias term) of KGE" instead of KGE". See Equation (5) for detailed definition 

of the three components. 

 



 
Figure S11. Same with Figure S8, but the metric is root mean square error instead of KGE". 



 
Figure S12. Same with Figure S8, but the metric is mean error instead of KGE. 



 
Figure S13. The distributions of KGE'' for Tmean estimates from 15 gap filling strategies 

(Section 3.3). The mean KGE'' value of all stations is shown at the left bottom corner. 



 
Figure S14. Same with Figure S13 but for Trange. 



 
Figure S15. Same with Figure S13, but for Tdew. 



 
Figure S16. Same with Figure S13, but for wind speed. 



 
Figure S17. The distribution of the best strategy group with the highest KGE" during gap filling. 

Group-1 includes QMN-1 to 4. Group-2 includes QMR. Group-3 includes INT-1 to 4. Group 4 

includes MAL-1 to 4. MRG-1 and 2 are not included because they are often the best strategy and 

would affect the comparison between independent strategies from the four groups. 



 
Figure S18. Temporal variations of (a) KGE'' and (b-d) its three components: correlation 

coefficient (perfect value: 1), variability term (perfect value: 1), and bias term (perfect value: 0), 

respectively. The variable is Tmean, and the estimates are before correction. Only stations with at 

least 50-year observations are involved. The line within the box is the median. The upper and lower 

edges of the box represent the 25th and 75th percentiles, respectively. Values more than 1.5 times 

the interquartile range away from the upper or lower edges are outliers (not shown to be clean). 

Each box represents a five-year period: ≥ left bound year and < right bound year. The colored dots 

show the median value over the six continents. 



 
Figure S19. Same with Figure S18, but for Trange. 



 
Figure S20: Same with Figure S18, but for Tdew. 



 
Figure S21. Temporal variations of the median value of (a) KGE'' and (b-d) its three components. 

The variable is wind. Only stations with at least 50-year observations are involved. 



 
Figure S22. The distributions of station and ERA5 wind speed trend for GSOD stations with at 

least 50-year observations from 1950 to 2019.



 
Figure S23. Annual mean value (Mean) and standard deviation (Std) of observed and reanalysis 

wind speed. Nine GSOD stations with significant decreasing trend are selected. 



 
Figure S24. For a target station and Trange data, let CC_near be the mean correlation coefficient 

between it and its ten closest neighboring stations, and CC_ERA5 be the correlation coefficient 

between it and its concurrent ERA5 estimates. (a) shows the scatter density plots between CC_near 

and SC-Earth KGE'' (blue) and CC_ERA5 and SC-Earth KGE'' (green). The determination 

coefficients (R2) between CC and KGE'' are shown at the bottom right and top left corners. (b) 

and (c) are the spatial distributions of CC_near and CC_ERA5, respectively. 



 
Figure S25. Same with Figure S24, but for Tdew. 



 
Figure S26. Same with Figure S24, but for wind speed. 


