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AERONET - the ground based Satellite 
Over 20 Years of Observations and Research 

AERONET provides a long-term,  

continuous public database of aerosol optical,  

microphysical, and radiative properties for aerosol  

research and characterization, validation of satellite 

measurements, and synergism with other databases.   

The AERONET program is a federation of 

ground-based remote sensing aerosol networks 

established by NASA and LOA-PHOTONS 

(CNRS) and has been expanded by 

collaborators from international agencies, 

institutes, universities, individual scientists and 

partners.   

15 May 

1993 

• >7000 citations 

• >400 sites 

• Over 80 countries 

• http://aeronet.gsfc.nasa.gov 
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Brent’s notes 

after team 
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Aug 30, 2013 



Current cloud screening algorithm 

 

 

 

 

Advantages: 
Simplicity 

Reliability 

Standardization 

Proven to be 

operational 

Treats all aerosol 

types equally 



Current cloud screening algorithm 

 

 

 

 

Problems: 
Thin stable cirrus 

clouds 

Highly variable dust 

or smoke 



attempt to 

modify 

AERONET 

cloud 

screening 

algorithm 

in 2006 



Current cloud screening algorithm 

Problems: 
Thin stable 

cirrus clouds 

Highly variable 

dust or smoke 

AOD data not cloud screened 

AOD < -0.01 

AOD range within a triplet is higher 

than MAX {0.02, 0.03*ta} 

Smoothness criterion 

D<16 

Standard deviation (s) of the ta(500 nm) 

for the entire day is less than 0.015 

Find the term with the 

maximum input in D and 

eliminate the maximum ta 

associated with it 

Identified as cloudy 

or poor quality 
Cloud screened database 

Check if any measurement 

have exceeded the limits of 

ta(500 nm)±3s and a±3s  





Suggested modifications 
 Triplet criterion – only THREE channels (675, 

870 and 1020 nm) are considered. 

Measurement is considered “cloudy” when at 

ALL THREE wavelengths within a triplet 

(tau_max – tau_min) exceeds 0.01 or 0.015*tau 

(whatever is greater). 

 Smoothness check – instead of D16 as in the 

current version we presume that AOD at 500 

nm (or 440 nm) should not change greater than 

by 0.01 per minute. 

 

 



                      Parameterization of sky radiance shape 

The angular shape of sky radiances is conveniently parameterized by curvature 

which give the rate of turning of tangent vector, see below 

Δφ Δs 

𝑘 = lim
𝛥𝑠→0

𝛥𝜑/𝛥𝑠 =
 𝑓  

(1 + 𝑓 2)3/2
 

According to the formula above the stronger the forward scattering peak the smaller  

the curvature value (it is inverse proportional to the first derivative) 

𝑓 =
𝑑𝑦

𝑑𝑥
 



             The first curvature value: fine mode aerosols 

Curvature value at the smallest scattering angle (K) in the 3 to 6 range is sensitive to the 

presence of large particles. The fraction of clouds with K greater than 0.001 is relatively small. 

This can be used as an additional constrain in cloud screening. 
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       Effect of cirrus cloud on sky radiances 
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Slope of curvature in ln - ln scale for the 3 to 6 degrees range of scattering angles is 

sensitive to cirrus cloud presence. 



Suggested modifications 
 Curvature check – we compute curvature for 

measured at 1020 nm sky radiances within 3 – 6 

degrees SCATTERING angle. If curvature 

computed for the first available scattering angle 

is greater than 0.001 we do not apply a 

“curvature check”. If curvature is less than 

0.001 we compute a slope of Ln Curvature vs 

Ln Scat Angle. If the slope is greater than 8 

(empirically found) we consider point to be 

“cloud contaminated”. Also we expand this to 

+/- 30 minutes time period and eliminate points 

within. 

 

 



AERONET – MPL Validation Dataset 

 MPLNET cirrus only detection within ±10 

minutes of AERONET measurement 

 •AERONET measurement within various solar 

zenith angles (e.g., 30°) 

 •Homogeneous cirrus conditions assumed 

 



Singapore, #22, 2007-2011 

Fine mode aerosol and Ci 

N AOD Alpha 

Lev 1.0 25500 0.61 0.58 

Lev 1.5 8680 0.45 0.79 

Lev 2.0 6920 0.34 1.21 

NEW 

Lev 1.5 (no/CURV) 8640 0.35 1.17 

Lev 1.5 (w/CURV) 5029 0.33 1.40 



Nauru, #168, 2000-2005, 2010 

Sea salt aerosol and Ci 

N AOD Alpha 

Lev 1.0 25579 0.23 0.09 

Lev 1.5 13326 0.11 0.33 

Lev 2.0 9371 0.08 0.58 

NEW 

Lev 1.5 (no/CURV) 13048 0.09 0.45 

Lev 1.5 (w/CURV) 7879 0.08 0.55 



Ilorin, #29, 1998-2013 

Biomass Burning and Dust 

N AOD Alpha 

Lev 1.0 58151 0.84 0.42 

Lev 1.5 37370 0.84 0.46 

Lev 2.0 35392 0.77 0.51 

NEW 

Lev 1.5 (no/CURV) 32601 0.73 0.55 

Lev 1.5 (w/CURV) 29348 0.76 0.55 



Mexico City, #10, 2000-2004 

Fine mode aerosol 

N AOD Alpha 

Lev 1.0 26354 0.44 1.20 

Lev 1.5 11394 0.32 1.45 

Lev 2.0 10548 0.31 1.54 

NEW 

Lev 1.5 (no/CURV) 14534 0.32 1.61 

Lev 1.5 (w/CURV) 12070 0.32 1.67 



Nes Ziona, 5/27/2005 – Level1.0 





Nes Ziona, 5/27/2005 –Level1.5 



Nes Ziona, 5/272005– new Level1.5 



Advantages of the new cloud 

screening algorithm 

 Automated algorithm delivers AODs and a at 

Level1.5 statistically very close to current 

Level2.0 

 Stable thin cirrus clouds became a lesser 

problem (less residual cloud contamination) 

 Wrongly filtered in the current version highly 

variable AODs (dominated by fine aerosols) will 

be (at least partly) restored in the database 



What is behind new cloud screening 





Temperature Characterization 

Need a temperature characterization for every 
filter+detector combination  

Also, filter response differences between 
manufacturers often require separate 
characterization for each 

1020Si filters are the most temperature sensitive 
(> 3x greater). Other filters exhibit sensitivity 
ranging from negligible to moderate. 

For a typical 1020Si case, a 10 degree change in 
temperature results in ~ 3% change in signal 

 



Default Sensitivity Determination 

All valid temperature data files are used in 
calculation of defaults, with a 2 sigma outlier filter 

Individual CIMELs may have temperature sensitivity 
that departs significantly from the default values– 
default only used for some of the older historical 
data 

Agreement between independent characterizations 
at GSFC and Lille is good for all manufacturers 



Bold Curves Key 

Red: Spectragon (mean) 

Blue: Barr (mean) 

Green: POC/Opt (mean) 

Black-dash: Current 

default 

Individual Cimel temperature response curves 







AERONET Version 3 Update - AOD 

• Level 2.0 Automated 
Quality Assurance 
– Temperature anomalies 

• Allows for restoration of 
1020nm data affected by bad 
sensor temperatures partly 
based on NCEP surface 
temperature climatology 

– AOD diurnal dependence 
• Removes persistently affected 

data mainly due to obstruction 
in collimator or debris on 
window 

Principal Plane 
 indicates obstruction 

Bad Temps 

NCEP 



AERONET Version 3 Update - AOD 

• Level 2.0 Automated Quality 
Assurance (in development) 

– AOD with channel out of 
spectral wavelength 
dependence  

• Remove channel due to 
systematic instrument anomaly 

– Solar eclipse AOD increase 

• Remove AOD affected during 
solar eclipse period 

• Possibly implement an eclipse 
correction 

Eclipse 



AERONET Version 3 Update - 
Inversions 

• Implement a vector radiative transfer code  
– radiation field in UV (e.g., 380 nm 

retrieval) 
– degree of linear polarization 

• Integrate CALIOP monthly climatology of 
extinction profiles (or MERRA assimilated 
profile) to estimate aerosol vertical profile 

• Provide lidar and depolarization ratio 
products 

• Estimate uncertainties for each retrieval (e.g., 
random error plus biases due uncertainty in 
AOD and sky radiance calibration) 

• Update inversion quality assurance criteria 







Large jump in AOD (~0.3 at 440 nm) at the 

DRAGON Essex site occurred just after solar 

noon on July 5 (No Cloud Screening). 

However, the Angstrom exponent (440-870 

nm) remains very high (>1.9) suggesting 

possible new particle formation in the cloud 

environment since a particularly dense cluster 

of clouds is seen in the vicinity of the Essex 

site. Also note the larger variance of AOD (1 

min intervals) in the afternoon versus morning 

indicating relatively high frequency variation 

in columnar aerosol. 

Essex 



Average AOD computed for each Hour independently – Mid Afternoon drop 

in AOD in L2 (Cloud Screened & QA) likely due to missing Variable AOD 

associated with enhanced aerosol near Cumulus clouds 



AERONET 
New Instrumentation/Enhancements 

• Greater control over instrument 
measurement scenarios (e.g., 
Hybrid) 

• Additional capabilities such as SD 
card storage, GPS, USB, and Zigbee 

• Lunar measurements 
– 1st to 3rd quarter lunar phase (waxing to 

waning gibbous) 
– Processing for lunar measurements 

(e.g., ROLO, Tom Stone) 

• Development toward attachment for 
CO2 measurements (Emily Wilson) 

• Synergism with MPLNET, PANDORA, 
and in situ measurements 

Cimel Sun/Sky/Lunar Radiometer 



Maritime Aerosol Network 

global coverage from October 

2006 to September 2014 

  

Maritime Aerosol Network as a Component of AERONET 

• MAN represents an important 

strategic sampling initiative 

and ship-borne data 

acquisition complements 

island-based AERONET 

measurements 

• In the last several years data 

acquisition was extended to 

the areas that previously had 

very little or no coverage at all 

• Data are easily accessible in 

the web-based public data 

archive and will stimulate 

research and international 

collaboration in various 

scientific areas 

Smirnov, A., B. N. Holben, I. Slutsker, D. M. Giles, C. R. McClain, T. F. Eck, S. M. Sakerin, 

A. Macke, P. Croot, G. Zibordi, P. K. Quinn, J. Sciare, S. Kinne, M. Harvey, T. J. Smyth, S. 

Piketh, T. Zielinski, A. Proshutinsky, J. I. Goes, N. B. Nelson, P. Larouche, V. F. 

Radionov, P. Goloub, K. Krishna Moorthy, R. Matarrese, E. J. Robertson, and F. Jourdin, 

Maritime Aerosol Network as a component of Aerosol Robotic Network, J. Geophys. 

Res., 114, D06204, doi:10.1029/2008JD011257, 2009. 



Maritime Aerosol Network current status 



Circle= 

AERONET 

Triangle= BSRN 

Square= Other 

Blue= Active 

Red= Former/Short-term 

SolRad-net and contributed flux data 
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