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Dust within the Earth-Atmosphere system
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Dust “belt”
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Shao	et	al.	(2013)	

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50836


Dust transport over downwind areas
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Atlantic Pacific Arabian	Sea Mediterranean

Patagonia Namibia Chile Australia



Dust monitoring from space
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LIVAS-CALIPSO		 Passive	spaceborne	retrievals	&	models		

IASI METEOSAT

Amiridis	et	al.	(2015)	 Ridley	et	al.	(2016)	

EUMETSATClarisse	et	al.	(2019)	

https://acp.copernicus.org/articles/15/7127/2015/
https://acp.copernicus.org/articles/15/7127/2015/
https://acp.copernicus.org/articles/16/15097/2016/
https://navigator.eumetsat.int/product/EO:EUM:DAT:MSG:DUST
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018JD029701


ModIs Dust AeroSol [MIDAS]
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➢Columnar	dust	optical	depth	at	550nm	along	with	the	associated	
uncertainty	

➢Global	coverage	at	fine	spatial	resolution	(0.1°	x	0.1°)	

➢15-year	temporal	coverage	(2003-2017)	on	a	daily	basis

➢Synergy	of	passive	spaceborne	retrievals	(MODIS-Aqua)	and	reanalysis	
products	(MERRA-2)	

Illustration	by	Walter	Crane	(1893)

https://en.wikipedia.org/wiki/Midas


MIDAS publications
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https://www.youtube.com/watch?v=DlkUJamaxZ0&t=5s


MIDAS development
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Gkikas,	A.,	Proestakis,	E.,	Amiridis,	V.,	Kazadzis,	S.,	Di	Tomaso,	E.,	Tsekeri,	A.,	Marinou,	E.,	Hatzianastassiou,	N.,	
and	Pérez	García-Pando,	C.:	ModIs	Dust	AeroSol	(MIDAS):	a	global	fine-resolution	dust	optical	depth	data	set,	
Atmos.	Meas.	Tech.,	14,	309–334,	https://doi.org/10.5194/amt-14-309-2021,	2021.	



Overview of the applied methodology
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MODIS-Aqua AOD550nm

MERRA-2 Dust Fraction (MDF) LIVAS Dust Fraction (LDF)

MIDAS DOD550nm

Derivation	of	MIDAS	DOD	
[MODIS-MERRA-2]

Evaluation	of	MDF	vs	LDF

➢ Evaluation	vs	AERONET

➢ Intercomparison	against	
MERRA-2	and	LIVAS



Derivation of the MIDAS dataset
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MERRA-2

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) / hourly

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)

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

Derivation of  MIDAS DOD from MODIS AOD Level 2 retrievals

𝑀𝐷𝐹 =
𝐴𝑂𝐷𝐷𝑈𝑆𝑇;𝑀𝐸𝑅𝑅𝐴−2

𝐴𝑂𝐷𝑇𝑂𝑇𝐴𝐿;𝑀𝐸𝑅𝑅𝐴−2

𝐷𝑂𝐷𝑀𝐼𝐷𝐴𝑆 = 𝐴𝑂𝐷𝑀𝑂𝐷𝐼𝑆 ∗ 𝑀𝐷𝐹



Evaluation versus AERONET [Global metrics]
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➢ AERONET	V3	(Giles	et	al.,	2019)	almucantar	retrievals	(Dubovik	
et	al.,	2006)	–	All	points	files


➢ Spectral	AODs	and	Ångström	exponent	(440	–	870nm)	–	Level	2

➢ Spectral	SSAs	[Level	2	and	Level	1.5]			

➢ Selection	of	records	when	α440-870nm	≤	0.75	(predominance	of	
coarse	aerosols)	and	SSA675nm	–	SSA440nm	>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	
Ångström	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

AERONET	data

AERONET-derived	DOD
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Evaluation versus AERONET [Stations]

Number	of	observations Correlation	coefficient

Root-mean-square-error Bias

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

➢ Very	high	R	values	(>0.8)	
over	sources	and	downwind	
regions


➢ Maximum	RMSE	levels	in	the	
sub-Sahel


➢ Mainly	positive	biases	are	
recorded	in	the	main	dust	
sources	of	planet	(fine	dust	
particles	are	not	taken	into	
account	in	AERONET	DODs)



Intercomparison of MERRA-2, LIVAS, MIDAS DODs
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Geographical	distributions Intra-annual	variation
LIVAS

MERRA-2

MIDAS

2007-2015

1°x1°

Global	

N.	Hemisphere

S.	Hemisphere

LIVAS

MERRA-2

MIDAS

0.029	|	0.031	|	0.033

0.051	|	0.056	|	0.060

0.008	|	0.008	|	0.008



MIDAS DOD annual global patterns
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➢ Maximum	DODs	up	to	~1.2	in	the	Bodélé	Depression	
(northern	Lake	Chad)


➢ Moderate-to-high	DODs	are	recorded	in	the	W.	Sahara,	
Middle	East	and	the	Taklamakan	Desert


➢ Dust	transport	over	the	Atlantic	and	Pacific	Oceans

➢ Average	of	DOD	uncertainties	(up	to	0.5)	scales	with	DOD

➢ MIDAS	DOD	availability	is	higher	than	70%	in	areas	less	
affected	by	clouds		
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MIDAS DOD seasonal global patterns



Global and regional dust climatologies
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Gkikas,	A.,	Proestakis,	E.,	Amiridis,	V.,	Kazadzis,	S.,	Di	Tomaso,	E.,	Marinou,	E.,	Hatzianastassiou,	N.,	Kok,	J.	F.,	and	
García-Pando,	C.	P.:	Quantification	of	the	dust	optical	depth	across	spatiotemporal	scales	with	the	MIDAS	global	
dataset	(2003–2017),	Atmos.	Chem.	Phys.,	22,	3553–3578,	https://doi.org/10.5194/acp-22-3553-2022,	2022.



Focus on dust sources and downwind areas
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Middle	East Australia

Description	of	dust	aerosols’	regime	in	9	regions	of	the	planet	encompassing	
the	major	sources	and	areas	subjected	to	dust	transport

Mesopotamia

Ad-Dahna

Rub’	al	Khali
Dhofar	–	Al	Wusta

Red	Sea Lake	Eyre	Basin
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Interannual and intra-annual DOD variability

AOD	|	DOD	|	DOD-AOD	ratio
Mediterranean

Stronger	dust	loads	and	higher	dust	
contribution	to	the	total	AOD	in	spring



Temporal variation of global and hemispherical averages
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Global N.	Hemisphere S.	Hemisphere
In
te
ra
nn
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l

In
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a-
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AOD	|	DOD	|	DOD-AOD	ratio

Significant	contribution	
of	DOD	for	GLB	and	NHE

Weak	dust	loads

0.018	–	0.047

19%–	33% 24%–	41%

0.030	–	0.088 0.005	–	0.011
6%–	12%

0.032±0.003 0.056±0.004 0.008±0.001



Global and regional dust trends
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Logothetis,	S.-A.,	Salamalikis,	V.,	Gkikas,	A.,	Kazadzis,	S.,	Amiridis,	V.,	and	Kazantzidis,	A.:	15-year	
variability	of	desert	dust	optical	depth	on	global	and	regional	scales,	Atmos.	Chem.	Phys.,	21,	16499–
16529,	https://doi.org/10.5194/acp-21-16499-2021,	2021.	




Dust trends [2003-2017]
0.
1°
	x
	0
.1
°

➢ Calculation	of	monthly	
arithmetic	and	geometric	
averages	when	at	least	6	days	
are	available	at	each	grid-cell


➢ Trends	of	deseasonalized	DODs	
when	at	least	5	out	of	15	years	
are	available	(Hsu	et	al.,	2012)


➢ 95%	confidence	level	
(Weatherhead	et	al.,	1998)


➢Maximum	positive	trends	in	
the	western	part	of	Sahara


➢Maximum	negative	trends	in	
the	Bodélé	and	the	Thar	Desert


➢ Contributing	factors	on	the	
obtained	DOD	trends	
(ongoing	work)
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Dust trends in regions of interest
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MIDAS dataset exploitation
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Radiative effects
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Fountoulakis	et	al.	(2021)	 Papachristopoulou	et	al.	(2022)	

https://www.mdpi.com/2072-4292/13/12/2319
https://www.mdpi.com/2072-4292/13/12/2319
https://www.mdpi.com/2072-4292/14/7/1535
https://www.mdpi.com/2072-4292/14/7/1535


Model evaluation
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Wu	et	al.	(2021)	

Zao	et	al.	(2022)	

Mytilinaios	et	al.	(2023)

https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2020MS002456
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2020MS002456
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2020MS002456
https://acp.copernicus.org/articles/23/5487/2023/
https://acp.copernicus.org/articles/23/5487/2023/


Model evaluation
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Remy	et	al.	(2022) Leung	et	al.	(2023)

https://gmd.copernicus.org/articles/15/4881/2022/gmd-15-4881-2022.pdf
https://egusphere.copernicus.org/preprints/2023/egusphere-2023-823/egusphere-2023-823.pdf


Model evaluation
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Kiriakidis	et	al.	(2023)

https://acp.copernicus.org/articles/23/4391/2023/acp-23-4391-2023.pdf
https://acp.copernicus.org/articles/23/4391/2023/acp-23-4391-2023.pdf


MIDAS assimilation in the MONARCH model
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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.  

Reference data set: AERONET dust-filtered observations (not assimilated)

Independent validation

Control | DA | Observations

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	ERA5soil)


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


➢ Random	perturbations	on	
emission	dust	size	
distribution	at	sources	
and	friction	velocity	
threshold

MIDAS provides an improved data set for data assimilation applications

https://gmd.copernicus.org/articles/10/1107/2017/


MIDAS assimilation: First test [January 2012]
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Evaluation	against	
AERONET	SDA	retrievals

Better	evaluation	metrics	
for	the	analysis	compared	to	

the	first-guess	(i.e.,	an	
analysis-initialized	forecast)

FG AN AN-FG



Implementation of dust mineralogy in the WRF model
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Stavros	Solomos,	Christos	Spyrou,	Africa	Baretto,	Emilio	Cuevas,	Sergio	Rodríguez,	Yenny	González,	Marina	Neophytou,	Petros	Mouzourides,	
Nicolaos	Bartsotas,	Christina	Kalogeri,	Vassilis	Amiridis,	Olga	Sykioti,	 Slobodan	Nickovic,	Goran	Pejanovic,	Bojan	Cvetkovic,	Antonis	Gkikas,	
Christos	Zerefos,	Development	of	METAL-WRF	model	for	the	seamless	description	of	dust	mineralogy,	in	submission,	Atmosphere		



MIDAS upgrade and upcoming activities
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Ongoing work and future activities
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➢Temporal	expansion	until	the	end	of	2022	

➢Processing	of	MODIS-Terra	retrievals	(increase	of	sampling	frequency	within	the	course	of	day)		

➢ 		Dust	trends	in	the	Mediterranean	–	Governing	processes	–	Future	projections

➢ 		Assimilation	experiments



MIDAS data repository
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https://zenodo.org/record/4244106
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MIDAS DOD seasonal global patterns
Sahara	–	Tropical	Atlantic	Ocean	–	Mediterranean	



Global and regional trends [2003-2017]
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➢Numbers	above	bars:	|ω/σω|	>	2	(95%	confidence	level)

➢ω	➔ linear	trend	|	σω ➔ standard	deviation	of	the	trend➢ Error	bars:	trends’	uncertainty➢Hatched	bars:	statistical	significant	trends

➢No	trends	at	global	scale

➢ Reduced	trends	for	geometric	mean	DODs	(purple	and	orange	bars)

➢ Consistent	positive	trends
➢ Consistent	negative	trends
➢ Dependency	on	spatial	resolution	and	average	calculation



Dust sources identification
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Ginoux	et	al.	(2012)


