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Text S1.  Sen’s slope approach and Mann Kendall trend detection 
Sen’s slope is calculated from: 

                            (1)



where b is the estimated Sen’s slope, and Xi and Xj are the i-th and j-th (i > j) values of time series X, respectively. That is, if there are n values of Xj in a time series, there will be  values of . The slope evaluated by Sen’s method is the median of these  values ranked from smallest to largest. Then, the nonparametric M-K test is calculated as: 

                           (2)
where n is the number of time series X and sgn is the sign function:

                     (3)
The statistic S represents the difference between all positive and negative numbers of differences and obeys a normal distribution with a mean value of 0. The variance of S is given as follows: 

                        (4)
When n > 10, the standard normal test statistic ZS is calculated as follows:

                       (5)

For ZS, a value > 0 suggests an increasing trend and one < 0 suggests a decreasing trend. According to the standard normal distribution table, whenvalues is greater than 1.96, this indicates that the trend value pass the statistical significance tests at 95% confidence levels (i.e., P < 0.05). 
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Fig. S1. Interannual variations in land average AOD from multiple data sources. Note that the colored numbers inserted at the top of each panel represent the correlation coefficients (R) between MISR and the other four datasets. Numbers labeled with * and ** represent R values above the 90% and 95% significance levels from two-tailed Student’s t-tests, respectively.
[image: ]
Fig. S2. The 14 sub-regions (SRs) defined in this study: North America (NAM), Central America (CAM), South America (SAM), Europe (EUR), North Africa (NAF), South Africa (SAF), Middle East (MDE), Russia (RUS), Central Asia (CAS), South Asia (SAS), East Asia (EAS), Indochina Peninsula (ICP), Southeast Asia (SEA), and Australia (AUS). 
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Fig. S3. Interannual variations in regional AOD averaged over the 14 SRs. Note that the colored numbers inserted at the top of each panel represent the correlation coefficients (R) between MISR and the other four datasets. Numbers labeled with * and ** represent R values above the 90% and 95% significance levels from two-tailed Student’s t-tests, respectively. 
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Fig. S4. Interannual variations in land FoOs of different APLs from 2003 to 2018.
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Fig. S5. Annual trends [unit: %/yr] in the total AOD during 2003-2018. Note that all trends are expressed as percentage changes: , where slope represents Sen’s slope and  represents the annual mean value. Note that the grids with black circle signs indicate trend values statistically significant at the 95% confidence level from M-K test.
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Fig. S6. The same as Fig.S5, but calculated using (a) MODIS/Terra, (b) MODIS/Aqua, (c) MERRA-2, and (d) CAMS.
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Fig. S7. The Pearson’s correlation coefficients (R) between MISR and (a) MODIS/Terra, (b) MODIS/Aqua, (c) MERRA-2, and (d) CAMS. Note that the grids with black circle signs indicate R values statistically significant at the 95% confidence level from two-tailed Student’s t-tests.
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Fig. S8. Interannual variations in land mean (a) size-segregated and (b) shape-segregated AODs from 2003 to 2018.
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Fig. S9. (a) Annual trends [unit: %/yr] in shape-segregated AODs. Note that all trends are expressed as percentage changes: , where slope represents Sen’s slope and  represents the annual mean value. Only grids with trend values above the 95% significance level from the M-K test are shown. The number in the lower-left of each panel represents the trend value calculated from the time series of the global average. Numbers marked in red indicate that the trend values are above the 95% significance level from the M-K test. (b) The R between shape-segregated AODs trends and TAOD changes. (c) Relative contributions (RCs) of shape-segregated AODs to TAOD changes. Note that the RCs are only showed when the trends for TAOD and shape-segregated AODs are significant simultaneously. 

[image: ]
Fig. S10. The Pearson’s R between MISR-derived AOD and (a) anthropogenic fine-mode AOD (ANT_FM_AOD) and (b) natural coarse-mode AOD (NAT_CM_AOD). Note that only grid cells with R above 95% significance level are shown. 
[image: ]

Fig. S11. Regional non-negative RCs (NRCs) [unit: %] of composition-dependent AODs to TAOD changes. Estimated results are based on the five aerosol components from the CAMS reanalysis. The quantification method is consistent with Fig.5, refer to Section 2.5. An asterisk above each bar indicates that the NRC is above the 95% significance level from the two-tailed Student’s t-tests. 
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