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Current status and added value

» Fine spatial resolution (Ginoux et al., 2012) but restricted over land

» Global coverage (e.g., Ridley et al.,, 2016; Voss and Evan, 2020; Song et al., 2021) but at coarse spatial
resolution

» Based on active remote sensing retrievals (Amiridis et al., 2015) which are strongly dependent by
the assumption of the lidar ratio

» Aerosol retrievals at thermal infrared (TIR) wavelengths (e.g., Vandenbussche et al., 2013) in which
the conversion of DOD from TIR to the mid-VIS is subjected to several assumptions (e.g., size
properties)

» Model-derived (e.g., Glif3 et al., 2021) and reanalysis datasets (e.g., Gelaro et al., 2017) driven by
assumptions in the dust parametrization schemes and they are available at coarse spatial
resolution




Overview of the applied methodology
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Derivation of MIDAS DOD

Database: Modern-Era Retrospective analysis for Research and Applications, Version 2
(MERRA-2) [Randles et al., 2017]

SDS: Total and dust extinction at 550 nm

Spatial/ Temporal resolution: 0.5° x 0.625° (lat-lon) / houtly

MODIS - Aqua

Sensor: MODerate resolution Imaging Spectroradiometer [Levy et al., 2013]
SDS: AOD at 550 nm (Collection 6.1) = quality screened
Spatial/ Temporal resolution: 10km x 10km (nadir) / 5min (Level 2)

AODpyst;MERRA-2

MDF = Contribution of DOD to the total AOD based on MERRA-2 reanalysis

AODTOTAL;MERRA—Z

DODMIDAS = AODMODIS x* MDF DeriVﬂtion Of MIDAS DOD from MODIS AOD Level 2 retrievals 7



Evaluation of MERRA-2 dust fraction versus LIVAS

» Dust fraction derived from the LIVAS database (Amiridis et al., 2015)
» Highly accurate detection of depolarizing mineral particles =» dust separation from dusty mixtures
» Aggregation of quality-assured (Marinou et al., 2017) CALIOP L2 profiles (V3) at 1° x 1° spatial resolution

» Regionally-dependent dust lidar ratios instead of the universal value (40 sr)
» Use only of daytime CALIOP profiles (2007 - 2015)
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Evaluation against AERONET (global metrics)

AERONET data

» AERONET V3 (Giles et al., 2019) almucantar retrievals (Dubovik
et al, 2006) - All points files

> Spectral AODs and Angstrom exponent (440 - 870nm) - Level 2

» Spectral SSAs [Level 2 and Level 1.5]

AERONET-derived DOD

» Selection of records when a,,4.g70,m < 0-75 (predominance of
coarse aerosols) and SSA;- <., = SSA,4o,m >0 (dust discrimination
from sea-salt particles)

» SSA: decreasing absorptivity for increasing wavelengths in the
visible spectrum in pure or dust-rich environments (Giles et al.,
2012).

» From coarse AODs (440, 675 and 870nm) it is calculated the
Angstréom exponent in order to obtain the coarse AOD at 550nm
which is considered as the AERONET-derived DOD

» Mitigation of non-dust aerosols’ contribution to the columnar
aerosol load

» Fine dust particles are ignored

MIDAS (2003-2017)

180° 135°W  90°W 45°W 0° 45°E 90°E 135°E 180°

90°N

60°N| =

30°N |s

0°

30°S

60°S

Number of statiohs = 436
90°S

90°N

= 60°N

30°N

0°

30°s

60°S

920°s

180° 135°wW  90°W 45°W 0° 45°E 90°E 135°E 180°

MIDAS-DOD (2003-2017)

0.9
Counts = 10478
R =10.89
E 0-81 3 =0.988
S 0.7 4 b=0.006
N AbsBias = 0.004 102
I-éi) 0.6 RelBias. = 2.705 %

1.0

103

(=]
) 0.5

(a]
0 0.4

| L 1
g 0.3 4t - — _ 510

= 02

SLNNOD

0.1

0.0 . L L 100
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

AERONET DOD@550nm



Evaluation against AERONET (station level)

Selection of sites with at least 30 matchups between ground-based and spaceborne DODs

Number of observations Correlation coefficient
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Intercomparison of MIDAS, LIVAS and MERRA-2 DODs

LIVAS

MERRA-2

Geographical distributions
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Dust transport across Atlantic and Pacific

West Tropical Atlantic (WTA) East Tropical Atlantic (ETA)
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Uncertainty analysis

DODypas = AODyopis * MDF A(DOD) :I A(AOD)‘* MDF + AOD = A(MDF)‘

A(AODDT—OCGCLTL) = i(OlO * AOD + 004‘) A(AODDT—Land) == i(OlS * AOD + 005)
a+bxAO0D ACAOD 2 4 TACAODnn._ 2
A(AODDB—Land) — i( T > A(AODDTDB—Land) _ i\/[ ( DT Land)] > [ ( DB Land)]

» AOD is treated as prognostic uncertainty instead of diagnostic for the Dark Target (DT) algorithms
» AMF =>» Air mass factor (Sayer et al., 2013) for the Deep Blue (DB) algorithm
» a and b coefficients depend on the underlying surface type (vegetated or arid based on the IGBP database)

A(MDF) = +(2.282 « MDF* — 6.222 « MDF3 + 4.700 * MDF? — 0.969 « MDF + 0.199)

> Utilization of the LIVAS dust fraction as reference

Time dimension Space dimension

N
24 ... 2 SD
i=1
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2



MIDAS DOD annual global patterns

MIDAS TOTAL-DOD-MEAN-ANNUAL
(2003-2017)

MIDAS ANNUAL AVERAGE-UNCERTAINTY
(2003-2017)
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MIDAS DOD seasonal global patterns

MIDAS TOTAL-DOD-MEAN-DJF
(2003-2017)
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Focus on dust sources and downwind areas

Middle East Australia

MIDAS-DOD ANNUAL [01 Jan_2003-31_Dec_2017] MIDAS-DOD ANNUAL [01 Jan 2003-31 Dec 2017]
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Temporal variation of global and hemispherical averages
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Dust seasonal cycles over land and ocean
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» Strong year-by-year DOD variations, over land, during the high-dust months (Feb - Jul)
» Rather stable DOD seasonal cycles over oceans throughout the MIDAS temporal coverage (2003-2017)

> Land: 0.056 - 0.128
» Ocean: 0.010 -0.022
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Trends of dust burden over the period 2003 - 2017
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Domains of interest
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Global and regional DOD trends (2003 - 2017)
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Perturbation on the downward SW radiation at the ground

MIDAS DOD550 at 0.4x0.4, ANNUAL MEAN (2003-2017) Dust SW DRE(SURF) (MIDAS DOD550)
B ~3 Annual Averaged (2003-2017) W/m?
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» Dust-induced perturbations on the downwelling SW radiation at the surface under clear-sky conditions

» Impacts on solar energy production

» The broader Mediterranean basin is frequently affected by mineral particles originating primarily in the
Sahara Desert and secondarily in the Middle East

» The spatial patterns of DREs are driven by those of dust optical depth

» Distinct south-to-north gradient of the surface SW DREs
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Seasonal variability of the surface SW DREs

Dust SW DRE(SURF) (MIDAS DOD550) Winter Averaged (2003-2017)
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MIDAS assimilation in the MONARCH model

Dust AOD (550nm), Control Simulation
May 2007/

Ly

0° :
200W 10°W  0°

10°E  20°E 30°E 40°

May 2007

E 50°E 60°E

Dust AOD (550nm), DA Simulation

=

o, | *
Yo -

LS

A
T

A

J/

B

éfﬁ\ SNy 4P

=~

4
2
q
B

o
A

SN
&
=

=

L.

i =2"Y Jas-e

10°E  20°E 30°E 40

MIDAS provides an improved data set for data assimilation applications
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Better description of current
and forecast dust conditions
by assimilating MODIS DT.
The assimilation of MODIS

DB has a further positive
impact.
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Reference data set: AERONET dust-filtered observations (not assimilated)

Di Tomaso et al. (2017)

MIDAS

> MONARCH ensemble
simulations. First tested

configuration:
> 12-member ensemble
> 2 datasets of initial and

boundary conditions
(ERAinterim, MERRA-2
with ERAS5soil)

2 dust emission schemes
(Pérez et al., 2011; Ginoux
etal, 2001)

Random perturbations on
emission dust size
distribution at sources

and friction velocity
threshold



MIDAS assimilation: first test (January 2012)

SDS: 0d550du Type: ensemble-stats Metric: MEAN
Model configuration: FIRST GUESS
Period: 01-Jan-2012_31-Jan-2012
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SDS: 0d550du Type: ensemble-stats Metric: MEAN
Model configuration: ANALYSIS
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Dust sources identification

Frequency of DOD occurrence > 0.2

N | g

50.0 55.0 60.0 65.0 70.0

150 200 250 300 350 400 450

Data Min = 0.0, Max = 71.7

30



Recap and summary

U Development of the MIDAS global fine resolution dust optical depth dataset
Feasibility of the MIDAS DOD product exploitation in various applications

U Description of dust aerosols’ regime at global and regional scales

UInvestigation of dust loads’ temporal variation throughout the period 2003-2017
U Dust induced perturbations of the SW radiation reaching at the ground

L MIDAS data assimilation in the MONARCH model

Identification of dust sources

-
-
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Growing

" ideas
through
networks

"MIDAS global dust optical depth dataset:
Development and applications

Antonis Gkikas
National Observatory of Athens (NOA)
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MIDAS DOD seasonal global patterns

MIDAS TOTAL-DOD-MEAN-DJF

(2003-2017)
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Seasonal variability of the surface SW DREs
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