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Outline of this talk

• Aerosols in CERES Edition 4.2 process
• MATCH aerosol transport model

• Direct aerosol radiative effects derived from CERES observations
• Direct aerosol radiative effects derived from computed irradiances

• TOA and surface

• Trend of direct aerosol radiative effect
• Plan to mitigate discontinuity in AOD derived from MODIS and VIIRS 

to extend the time period covered by Edition 4 products  



Assimilating hourly MODIS AOD

Compute TOA, surface, and in atmosphere irradiance hourly



AOD compared with MODIS

Difference  averaged from March 2000 to February 2020

Although  MODIS AODs are assimilated, MATCH AODs 
are different because AOD for cloudy conditions are 
modeled AOD



Comparison with AERONET AOD



Mean aerosol optical thickness

All-sky

Clear-sky fraction 
weighted

Fillmore et al. 2022



Optical properties

Fillmore et al. 2022

Aerosol type 
dependent 
optical 
properties

MATCH provide 
mass mixing 
ratio of 7 
aerosol types



Global mean direct aerosol radiative effects
SYN1deg is used to produce EBAF

CERES SYN: -2.2 Wm-2

Land + Ocean
200003 to 202306

CERES SYN: -5.2 Wm-2

Land + Ocean
200003 to 202306

Land + Ocean

Thorsen et al. 2021



Global monthly surface clear-sky downward shortwave anomalies

August 2000
missing Terra data

June 2011
Canadian smoke October 2015

Indonesian smoke
August 2019
Siberian wildfire
January 2020
Australian fire
August 2021
Siberian wildfire

May 2003
Siberian forest fire??

Standard deviation = 0.59 Wm-2

Number of month > 2𝝈𝝈: 14 (out of 261) 
8 occurred after 2010      5 occurred after 2019



ADO trends
Loeb et al. 2021
MODIS MYD08_M3.0.61 550 nm
Clear-sky AOD trend from July 2002 to April 2020

MATCH All-sky AOD trend
From March 2000 to June 2023



Trend of clear-sky TOA direct aerosol radiative effect derived 
from CERES observations

Loeb et al. 2020
0.18 ± 0.17 Wm-2 dec-1

Shortwave clear-sky aerosol direct 
radiative effect Aerosol optical thickness



Trend of computed TOA Clear-sky and all-sky direct aerosol radiative 
effects

Clear-sky TOA shortwave direct aerosol 
radiative effect (clear-sky – pristine) from Ed. 
4.1 SYN GEO

All-sky TOA shortwave direct aerosol 
radiative effect (all-sky – all-sky no aerosol) 
from Ed. 4.1 SYN GEO

Wm-2 dec-1 Wm-2 dec-1

Clear-sky All-sky



Challenges



Aerosol type and optical properties

Clear-sky Surface DARE / 550 nm AOD

Yu et al. 2006

Clear-sky TOA DARE / 550 nm AOD



MODIS to VIIRS
Terra and Aqua are drifting.
We are using AOD derived from Terra and 
Aqua, but we need to switch to AOD 
derived from VIIRS on NOAA20



VIIRS – MODIS for April 2019

Difference of aerosol optical thickness derived 
from NOAA 20 VIIRS minus Terra+Aqua 
MODIS by the Dark Target and Deep Blue 
algorithms for April 2019. Dark Target aerosol 
optical thicknesses are used over ocean and land 
and best estimate of Deep Blue aerosol optical 
thicknesses are used over land. 

We are working with Dark Target and Deep 
Blue teams to mitigate ADO discontinuity



Summary 

• CERES team use aerosol optical thicknesses derived by Dark Target and 
Deep Blue teams

• CERES Edition 4 SYN1deg Level 3 product provide computed direct aerosol 
radiative effects for clear-sky and all-sky conditions

• Global mean direct aerosol radiative effects derived from SYN1deg product 
agree with observation-based estimate done in earlier studies. 

• Frequency of occurrence of heavy aerosol loading events that affect the 
global mean clear-sky downward shortwave irradiance greater than 2-
standard deviation is increasing

• Aerosol type and seamless transition of aerosol optical thickness that are 
derived from multiple imagers are challenging. 



Backup slides



Aerosol and precipitation
Regional trend from GPCP  

Wm-2 dec-1

Wm-2 dec-1
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