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AERONET's First Light (1993)
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The Interactive computer era
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EOS MODIS
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People and Campaigns and
Instruments

Nadir Abuhassen-Engineer

Alexander Smirnov-Sun Photometry

Oleg Dubovik-RT Inversion
Boreas-Markham

LBA-Schafer

TARFOX, INDOEX, Zibbie, Safari, BASE-B
100 instruments by 1998



Holben et al., 1998

Imposed Network Standardization
— Calibration

— Measurements

— Processing

— Distribution

Near real time Acquisition-transparency of
data (the good and bad)

Federated with global partners
AOT=>Size Distribution,ref Index
Citations: 5316



AERONET Milestones: Eck et
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Wavelength dependence of the optical depth of biomass burning,
urban, and desert dust aerosols

T. F. Eck,' B. N. Holben," . S. Reid,’ 0. Dubovik,’ A. Smimov,’ N. T, O'Neill,
1. Slutsker," and S. Kinne"

Abstract. The Angstrom wavelength exponent , which is the slope of the logarithm of aerosol
optical depth (1,) versus the logarithm of wavelength (&), is commonly used to characterize the
waw :I:ngth dependence of 1, an:l 0 pnwld: some basic information on the acrosol size

This g is i puted from the spectral measurements of both
ground-based sunpno(ome!.m and from satellite and aircraft remote sensing retrievals. However,
spectral variation of @ is typically not considered in the analysis and comparison of values from
different technigues. We analyze the speciral measurements of 1, from 340 to 1020 nm obtained
from ground-based Aerosol Robutic Network radiometers iocated in various locations where either
biomass burning, urban, or desert dust aerosols are prevalent. Aerosol size distribution retrievals
obtained from combined solar extinction and sky radiance measurements are also utilized in the
analysis. These data show rha.l mm is sugmhcam curvature in the In T, versus In A relatonship
for aerosol size distrit d by ion mode aerosols (biomass burning and
urhan). Mie theory calculations of o for biomass burning smoke (for a case of aged smoke at high
optical depth} agree well with observations, confirming that large spectral variations in o are due
to the dominance of accumulation mode aerosols. A second erder polynomial fit o the In T,
versus In & data provides 11 with diffe in T, of the order of the uncertainty
in the measurements (~0.01-0.02). The significant curvature in In T, versus In A for high optical
depth accumulation mode dominated acrosols resulis in o values differing by a factor of 3-5 from
340 1o 870 nm. We characterize the curvature in In T, versus In & by the second derivative o and

suggest that this parameter be utilized in cunjunclim with e to characterize the spectral
dependence of T,. The second derivative of In T, versus In A gives an indication of the relative
influence of accumulation mode versus coarse mode pariicles on optical properties.

1. Introduction

Varizhility in the size distribution of atmospheric acrosols
tesults in part from variability in the processes that initially
form the ssrosols such as biomass buming [Reid and Hobbs,
1998; Remer ev al., 1998], combustion of fossil fuels from
urbanvindustrial proccsses [Remer and Kawfman, 1998],
oceanic wave action producing sea salt serosol [Hoppel et al..
1990). plants producing biogenic aerosols [Kavouras ef al..
1998; Araxo er ol 1988], volcanic ervpions |Russell e al.,
1993] and airborne soil particles [d'Almeida, 1987). In
addition, once these asrosols have been formed there are often
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dynamic processes that may result in evelution of the size
distribution in time. For example, in the case of hiomass
buring acrosols. Reid ef al. [1998] show that aging of the
acrosols resulls in chmg:a in serosol size distibution relaed
[ and g particle conversion
processes.  Similarly Remer and Kaupnan [1998] have
observed  variability in the size  distributions  of
wrbanfindusirial serosols which are likely dec o particle
growth at high relative humidity and aerosol interactions with
clouds.

These variations in size distribution of various aerosol 1ypes
swrongly influence the radiaive propenies of the acrosols such
as the scattering phase function, single scattering albedo, and
spectral  variation  of aerosol optical  (hickness.  The
characterization of the spectral dependence of aerosol optical
thickness 7, in the atmosphere is important for modeling of
the radiative cffects of acrosols on the atmosphere/surface
system, retrieval of aerosol parameters (rom satellite remotle
sensing, cormection for aerosol effects in remote sensing of
the Earth’s surface, and assistance in identification of serosol
source tegions and acrosol evolution in time. Many studies of
aerosol optical thickness and its spectral dependence rely on
the Angsirom wavelengih exponent o 10 quantify this spectral
dependence. Angsirom’s [1929] empirical expression is given

as
5, =g tl}

where A is the wavelength in microns of the corresponding 1,

31,333
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AERONET Milestones:
Smirnov et al., 2000
Dubovik and King 2000

Standardized cld screening and QA, Smirnov

Accuracy/Sensitivity assessment of inversion
products, Dubovik

Smirnov, 1168 citations
Dubovik, 1367 citations



Single Scattering Albedo
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AERONET Milestones:
Holben et al., 2001

1577 citations

Overall Monthly Averages (1993-2008)
Greenbelt, MD (NASA GSFC)
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The flood gates opened

Regional studies

Field campaigns

Model comparisons

Satellite comparisons

And complimentary data sets
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Remer et al. (2005); 2361 Citations

First ever MODIS validation using

AERONET data.

These are for the over ocean product.

After 2 months, 64 collocated AOD data points
and 25 collocated inversions when AOD > 0.15.

Data collection during the period Aug 21, 2000 to

roughly Oct 20, 2000.

8 months after MODIS “first light’, we
had validation!
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Program Evolution

O’Nelll Factor
AERONET-OC

Maritime Aerosol Network
SolRad-NET

Spectral Polarization
Data Access
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G. Zibordi/JRC & S. Hooker/GSFC

AERONET - Ocean Color (AERONET-OC): an integrated network, part of the
Aerosol Robotic Network (AERONET), supporting ocean color validation with
highly consistent time-series of standardized L\ (}).
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Maritime Aerosol Netwaork
(MAN) 2004-present
SIMBIOS to Smirnov.__
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PHOTONS-Z. Li

Dual-polar instrument

filters

filter + polarizer

Dual-Polar

polarizers

AERONET Spectral Polarization
(440-1640nm)

scattering angle (°)
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Profiting from nearly doubled input information (intensity + polarization),
artifacts in the retrieval of fine mode size distribution, real part of refractive
index and particle shape parameter can be reduced, esp. for small particles.
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(Li et al., submitted, 2009)



The Databases to Ver 3

David Giles:
Out standing...

4 = « Data Display
 Download Tool
 Download All Sites
e Climatology Tables
 Web Services

e Synergy Tool

Glles D. M., Sinyuk, A., Sorokin, M. S., Schafer J. S, Smlrnov A., Slutsker, I., Eck, T. F., Holben, B. N., Lewis, J.,

Campbell, J., Welton, E. J., Korkin, S., and Lyapustin, A.: Advancements in the Aerosol Robotic Network (AERONET)
Version 3 Database — Automated Near Real-Time Quality Control Algorithm with Improved Cloud Screening for Sun
Photometer Aerosol Optical Depth (AOD) Measurements, Atmos. Meas. Tech. Discuss., https://doi.org/10.5194/amt-2018-272,
in review, 2018.

https://aeronet.gsfc.nasa.gov



https://doi.org/10.5194/amt-2018-272

Version 3 Release: 5 Jan 2018

e All Levels: 1.0, 1.5, 2.0

— AOD:

* Improved Quality data

e Level 1.5 NRT QA: Potential for AQ assessment,
latency of ~<1 hr

» Estimated AOD Accuracy: = 0.01 to 0.02

— Inversion Products from Almucantars only

* QA thresholds remain the same: SSA, complex ind.
ref.

e QA thresholds imposed on PSD: >0.05 AOD,
 No Accuracy assessment
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AERONET Version 3 Update -

MERRA 2 Aerosol Extinction - GSFC
2013 July 10 00:00 UTC
8
MODIS BRDF ?
(snow and snow-free) _¢ 3o
fE-S ~#—=500nm
o 4 & ——670nm
Extraterrestrial Spectrum NRL2 £ W om0
(Coddington et al. 2016) 2 s T : 1640nm
AR e b ss20

0.1 0.2 0.3 0.4
Aerosol Extinction (km~-1)

o

Full Vector radiative transfer code

— Successive ORDers of scattering
(SORD)

— radiation field in UV (e.g., 380 nm
retrieval in future)

— degree of linear depolarization

MERRA-2 aerosol extinction profiles

MODIS NBAR January 1-8, 2013



v3-vl S5A440
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Increases in slope

of SSA versus
wavelength in V3
(440 nm increases
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1020 nm decrease)
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Near Term Developments

Hybrid retrievals: 15 Oct. 2018

Uncertainty of inversion products: Nov.
— Sensitivity to uncertainty (per inversion)

Lunar AOD: Dec
Network Collaboration



SSA(HYB), 440 nm
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Uncertainty Proxy
Sensitivity to 1 sigma Input Uncertainty
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Summary and Outlook

> V3 full release: 5 Jan. 2018

Significant improvements in AOD and Inversion
products

NRT QA data facilitates new satellite retrieval
validations and aerosol assimilation model
forecasts

Hybrid retrievals, uncertainty and Lunar AOD

Diversified collaboration with modeling, Satellite
and RS research community

Significant collaboration with MPLNET,
PANDORA, modelers



Songchon Elementary School
site managers
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AERONET Aerosol Robotic Network-

Over Twenty- Four Years of Observations and Resea
) i .
st “‘&w , - " ey -F ON ‘1’ prograr; is a federation of
S : 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.

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.

> >7000 citations

~500 sites

— o Qver 90 countries and
http://aeronet.gs
.gov
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Alexander, Christine, Stefani

Cimel in
"Cloud"
Mode_

ol i | The cloud mode uses
s _ AERONET "“idle time"
40 ~§: _ inappropriate for aerosol
L | study to monitor cloud
R 1006 optical properties by
s O T taking measurements of
e zenith radiance

Cloud Optical Thickness
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VMRC (HYB), pm

All sites, Level 2, AOD(440)>0.4
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AERONET Aerosol Robotic Network-

Over Twenty-five Years of Observations and Researc

~ — — Gt Lt
'ﬁ"m _ o iy RONET program is a federation of

% : s ;_;m' : - ground-based remote sensing aerosol networks
m&;ﬁ?ﬂ* : - 4N established by NASA and LOA-PHOTONS

N ] . = % (CNRS) and has been expanded by

- . collaborators from international agencies,
institutes, universities, individual scientists and
partners.

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.

\, * >7000 citations
"+ ~500 sites
e Over 90 countries and
W, territories
' » http://aeronet.gsfc.nasa.gov
Y




The DRAGON Campaligns

DISCOVER- AQL
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ORACLES

ACP/AMT Special Issue: Meso-scale aerosol processes,

comparison and validation studies from DRAGON networks



SZA =75° VG108 New Hybrid Sky

Radiance Scans —
Only possible
with the new

Model-T Cimel

Instrument

This allows for

significantly larger
scattering angle

SZA = 30° SZA = 15° measurements at
' smaller SZA

Black: 0<=angle <6.5
Red: 6.5 <= angle <31
Blue: 31 <= angle <81
Green: angle >=81

These ranges are similar to the scattering angle
bin ranges used for V2 Level 2.0 inversion
criteria:

Minimum binned scattering angle
requirements for each A;

>3.2 to 6.0: at least 2 in range
26.0 to 30.0: at least 5 in range
230.0 to 80: at least 4 in range
>80.0: at |least 3 in range



Climatolpgy
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The Beginning-GIMMS
Tucker/Justice/Holben (1980
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Early days of sun photometry
at GSF(IZ (83-86)
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