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Figure S1. Global spatial patterns of daytime (a) and nighttime (c) f (unitless) for 2008-2017. 

Non-linear color maps are used to better visualize the spatial variations throughout the world. 

The corresponding zonal characteristics are given in panels b (daytime f) and d (nighttime f). The 

solid lines represent the zonal means, while the shaded regions show standard deviations at each 

degree of latitude. 

 

 

 



 

Figure S2. a, Global spatial patterns of daytime surface longwave RE (∆L↓; in W m-2) and c, 

global spatial patterns of daytime temperature perturbation ∆T to daytime longwave RE (in K) 

for 2008-2017. Non-linear color maps are used to better visualize the spatial variations 

throughout the world. The corresponding zonal characteristics are given in panels b (daytime 

∆L↓) and d (temperature perturbation to daytime ∆L↓). The solid lines represent the zonal means, 

while the shaded regions show standard deviations at each degree of latitude. 

 

 

 

 

 



 

Figure S3. a, Global spatial patterns of 24-hour ∆T (in K) and b, the zonal characteristics of 24-

hour ∆T for 2008-2017. Non-linear color maps are used to better visualize the spatial variations 

throughout the world. The solid line in panel b represents the zonal mean, while the shaded 

regions show standard deviations at each degree of latitude. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S4. a, Distribution of Koppen-Geiger climate zones and regions of interest used in this 

study and b, comparison of contribution of different species to total AOD for MERRA-2 and 

Street et al. [2009]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S5. Contribution of anthropogenic aerosols to a, daytime shortwave RE (∆K↓), b, 
daytime temperature perturbation due to shortwave RE, c, daytime longwave RE (∆L↓), d, 
daytime temperature perturbation due to longwave RE, e, nighttime longwave  RE (∆L↓), f, 
nighttime temperature perturbation; g, total RE at the surface, and h, 24-hour mean temperature 
perturbation for 1980-2006. 
 



 

Figure S6. Long-term trends in a, daytime apparent surface climate sensitivity (λ∗), b, nighttime 

λ∗, c, daytime surface shortwave RE (∆K↓), d, nighttime surface longwave RE (∆L↓), e, daytime 

temperature perturbation, and f, nighttime temperature perturbation for the arid climate zone. 

The dashed lines show the linear trends of the temporal variation. All long-term trends are 

statistically significant (p-value < 0.01). 

 

 

 

 

 

 

 

 



 

Figure S7. Long-term trends in a, daytime apparent surface climate sensitivity (λ∗), b, nighttime 

λ∗, c, daytime surface shortwave RE (∆K↓), d, nighttime surface longwave RE (∆L↓), e, daytime 

temperature perturbation, and f, nighttime temperature perturbation in the temperate climate 

zone. The dashed lines show the linear trends of the temporal variation. All long-term trends are 

statistically significant (p-value < 0.01). 

 

 

 

 

 



 

Figure S8. Long-term trends in a, daytime apparent surface climate sensitivity (λ∗), b, nighttime 

λ∗, c, daytime surface shortwave RE (∆K↓), d, nighttime surface longwave RE (∆L↓), e, daytime 

temperature perturbation, and f, nighttime temperature perturbation in the snow climate zone. 

The dashed lines show the linear trends of the temporal variation. All long-term trends, except 

for nighttime ∆L↓, are statistically significant (p-value < 0.01). 

 

 

 

 

 

 

 



 

Figure S9. Long-term trends in a, daytime apparent surface climate sensitivity (λ∗), b, nighttime 

λ∗, c, daytime surface shortwave RE (∆K↓), d, nighttime surface longwave RE (∆L↓), e, daytime 

temperature perturbation, and f, nighttime temperature perturbation in the polar climate zone. 

The dashed lines show the linear trends of the temporal variation. All long-term trends are 

statistically significant (p-value < 0.01). 

 

 

 



 

Figure S10. Long-term trends in a, daytime apparent surface climate sensitivity (λ∗), b, 

nighttime λ∗, c, daytime surface shortwave RE (∆K↓), d, nighttime surface longwave RE (∆L↓), e, 

daytime temperature perturbation, and f, nighttime temperature perturbation for the world's land 

surfaces. The dashed lines show the linear trends of the temporal variation. All long-term trends 

are statistically significant (p-value < 0.01). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S11. Long-term trend of diurnal temperature range perturbation for the world's land 

surfaces. The solid line shows the mean values while the shaded portion shows the standard error 

of the means. The standard errors are negligible. The dashed line shows the linear trend of the 

temporal variation. The long-term trend is statistically significant (p-value<0.01). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S1. Summary of mean and standard deviation of the estimated variables 

for the world’s land surfaces and each climate zone for 2008-2017. Here, f is the energy 

redistribution factor (unitless), λ0 is the intrinsic climate sensitivity (in K W-1 m2), λ* is the 

effective local climate sensitivity (in K W-1 m2), RE is the aerosol radiative effect (in W m-2), 

∆𝐾↓ is the aerosol RE in the shortwave band (in W m-2), ∆𝐿↓ is the aerosol RE in the longwave 

band (in W m-2), ∆T is the temperature perturbation (in K), and ∆DTR is the diurnal temperature 

range perturbation (in K). 

 


