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Supplementary Fig 1. Spatial distribution of the relationship between Global Surface Summary 

of the Day (GSOD) diurnal temperature range (DTR) observations and BEST DTR (a), as well as 

CRU TS DTR (b), based on Pearson correlation analysis. (c) Spatial distribution of the difference 

between the Pearson correlation coefficient of GSOD DTR observations and BEST DTR, and the 

Pearson correlation coefficient of GSOD temperature observations and CRU TS DTR. (d) Boxplot 

visualization of the Pearson correlation coefficient for GSOD DTR observations with both BEST 

DTR and CRU TS DTR. The height of each box indicates the interquartile range, the notch of 

each box indicates the median, and the bottom and top of the box indicate the first and third 

quartiles, respectively. The whiskers extend to the most extreme regression coefficient. The 

outliers, which is a value that is more than 1.5 times the interquartile range away from the bottom 

or top of the box, are plotted individually using the '+' marker symbol. All correlation analyses 

were performed for the period 1978-2020. 
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Supplementary Fig 2. Annual and seasonal trends in global mean land surface maximum 

temperature (a), minimum temperature (b), and diurnal temperature range (c) during 1961-1990 

(green bar) and 1991-2020 (orange bar). The asterisk indicates the significant level (*: p<0.1, **: 

p<0.05). The temperature was extracted from the BEST dataset. 
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Supplementary Fig 3. (a) Evaluation of the ridge regression model using determination 

coefficients in the validation dataset, along with the spatial distribution of regression coefficients 

for total cloud cover (b), aerosol optical depth (c), and soil moisture (d) with respect to diurnal 

temperature range (DTR) during 1981-2020. The ridge regression analysis was performed by 

randomly dividing the original anomalies into an 80% calibration dataset and a 20% validation 

dataset. The training set dataset was used to train the ridge regression model, while the validation 

set dataset was employed to evaluate its performance. Subsequently, all the datasets were merged 

to determine the ridge regression coefficients. Only grid cells exhibiting regression results that 

passed the significance test (p<0.05) are shown. The total cloud cover was from ERA5 dataset, 

aerosol optical depth was from MERRA-2, and soil moisture was from GLEAM dataset.  
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Supplementary Fig 4. (a) The contributions of total cloud cover (CLD; magenta), aerosol optical 

depth (AOD; cyan) and soil moisture (SM; yellow) to diurnal temperature range (DTR) changes 

during 2003–2020. Here the total cloud cover is derived from the Moderate Resolution Imaging 

Spectroradiometer (MODIS) dataset. The color of the composite was determined by the relative 

contribution from the magnitude of the ridge regression coefficients. (b) Spatial distribution of the 

determination coefficients (R2) of the regression model. Only the grid cells with the regression 

result that passed the test of significance (p<0.05) in the training set are shown. The AOD was 

from MERRA-2, and SM was from GLEAM dataset. 
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Supplementary Fig 5. (a) The contributions of total cloud cover (CLD; magenta), aerosol optical 

depth (AOD; cyan) and soil moisture (SM; yellow) to diurnal temperature range (DTR) changes 

during 1981–2020. Here the map composite was determined based on the relative importance of 

predictor variables for predicting errors, which were derived using the Random Forest algorithm. 

(b) Spatial distribution of the determination coefficients (R2) of the regression model. The CLD was 

from the fifth-generation ECMWF reanalysis (ERA5) dataset, AOD was from MERRA-2, and SM 

was from GLEAM dataset. 
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Supplementary Fig 6. (a) Global area-weighted annual average anomalies of diurnal temperature 

range (DTR), total cloud cover (CLD), aerosol optical depth (AOD), and soil moisture (SM). The 

z-score anomalies were calculated using monthly climatology (from 1981 to 2020) means and 

standard deviations. (b) Bootstrapped partial correlation coefficients between annual DTR and 

CLD, AOD, and SM during 1981-2020. The mean bootstrapped partial correlation coefficients 

between annual DTR and CLD, AOD, and SM are -0.47 (-0.54 to -0.41, 95% CI), -0.18 (-0.28 to -

0.07, 95% CI) and -0.31 (-0.39 to -0.23, 95% CI), respectively. The error bars represent the range 

from the 0.5th to the 99.5th percentile. When conducting partial correlation analysis between DTR 

and one environmental variable, the influence of the other two environmental variables was 

controlled. The DTR temperature and CLD data here is sourced from the ERA5 dataset, AOD was 

from MERRA-2, and SM was from the GLEAM dataset. 
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Supplementary Fig 7. Spatial distribution of partial correlation coefficients between total cloud 

cover and maximum temperature (a) or minimum temperature (b) during 1981-2020, while 

controlling for the influence of soil moisture. The black dots mark the areas where correlations are 

significant at the p < 0.05 level. The total cloud cover was obtained from ERA5 dataset. (c) to (d), 

same as (a) to (b), but the total cloud cover was obtained from MODIS (2003-2020) dataset. 
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Supplementary Fig 8. The spatial distribution of partial correlation coefficients between diurnal 

temperature range (DTR) and incident shortwave radiation, while controlling for the influence of 

soil moisture. The incident shortwave radiation dataset was obtained from ERA5 (1981-2020, a), 

CERES (2001-2020, b) and MERRA-2 (1981-2020, c), respectively. The black dots mark the 

areas where correlations are statistically significant at the p < 0.05 level. 
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Supplementary Fig 9. Spatial distribution of trends in (a) soil moisture and (b) aerosol optical 

depth during 1991-2020. The black dots mark the areas where changes are statistically significant 

at the p < 0.05 level. The aerosol optical depth was from MERRA-2, and and soil moisture was 

from GLEAM dataset. 

  



11 

 

 

Supplementary Fig 10. Spatial distribution of partial correlation coefficient between annual 

BEST diurnal temperature range (DTR) and surface albedo during 1981-2020, control the effect of 

total cloud cover, aerosol and soil moisture. The black dots mark the areas where correlations are 

significant at the p < 0.05 level. The surface albedo was obtained from MERRA-2 dataset. 

 


