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Aerosols represent one of the dominant uncertainties in radiative forcing, partly because of their very high spatiotemporal variability, a still insufficient knowledge of their
microphysical and optical properties, or of their vertical distribution. Observations from space offer a good opportunity to follow, day by day and at high spatial resolution,
dust evolution at global scale and over long time series. Infrared observations allow retrieving dust aerosol optical depth (AOD) as well as the mean dust layer altitude,
daytime and nighttime, over oceans and over continents, in particular over desert. Therefore, they appear complementary to observations in the visible. By its excellent
calibration and stability and the expected long time series of observation, the Infrared Atmospheric Sounder Interferometer (IASI), on board the suite of European Satellite
Metop A, B and C, launched respectively in October 2006, September 2012 and November 2018 is particularly suited for accurate monitoring of dust evolution. Here, IASI
observations have been processed pixel by pixel to derive a time series of more than 14 years long of 10um dust AOD and mean altitude. The method used is detailed in
Capelle et al., RSE (2018). It is based on a physical approach relying on the use of Look-up-Tables (LUTs) of simulated IASI cloud-free brightness temperatures computed for
a large selection of atmospheric situations, for extended ranges of variation of surface properties (spectral emissivity, temperature, and pressure), as well as of dust optical
characteristics.

IASI contribution to the observation of dust

* »>IASI/METOP-A, IASI/METOP-B and IASI/METOP-C data are processed daily in near-real time

(day-1) in terms of 10pm AOD and mean layer altitude.

Objective : separate fresh emitted from aged transported dust > Results can be visualized, as well as downloaded from AERIS webpage:
IASI can provides constraint on the altitude of the aerosol layer that can help distinguishing aged https://iasi.aeris-data.fr/dust-aod/
transported from fresh emitted dust DUST-AOD from IASI (Level 2)
Method :
Satellite : Domain : Date :

» Daily IASI AOD and Altitude are gridded at 0.5°

» Only cloud-free spots are processed.

» Dust events are classified according to the altitude: high-medium-low altitude g 10000 AOD _IASIMetop ALD - day) 20190725 o 10000 AOD - IASI/Metop-A+8 - (night) - 20190725
» A dust emission index (DEI) is derived from the probability of dust emission events g L 3
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Dust aod/alt classification on daily analysis
* For identifying dust emission, altitude and AOD

are binned in one unique information Fig.1: Example of IASI results for the 17th June 2011 at 0930 hr (left)
and 2130 hr (right): AOD (top), atitude (middle), AOD-alitude dlasses.
* 9 ALT/AOD classes are defined : Dark gray applies for clouds detected by IASI (Chédin et al., JGR, 2020).

=3 categories of altitudes: Low : alt<1.1km,
Medium 1.1km<alt<2.4km, High: 2.1 km <alt ;
< 4km

=3 categories of aods : High: aod > 0.8,
Medium: 0.5 < aod < 0.8, Low: 0.2<ao0d<0.5

* Dust with AOD>0.5 and altitude < 1.1km (
and LH classes) corresponds to probable fresh
dust emissions

« Finally a Dust Emission Index (DEI) is defined as
the frequency of occurrence of the classes

IASI/Metop-A data access
IAS|/Metop-B data access

Rationale:
Detecting trends in geophysical variable time
series requires taking into account:
» Weak values of geophysical trends Example of Bordj_Badji_Mokhtar
» Non-Gaussian samples
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. 32 % ~3% \ . o .
and annual values over the IASI period and 2 § : large interannual variations in the data
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Morning versus evening seasonal IASI-DEI variations Global mornlng and evenlng trends over 2007-2021

Morning versus evening DEl variations can be interpreted as a different response to the varying 1
meteorological conditions, leading to different dominant dust uplift mechanisms: 1
nocturnal low-level jet (NLLJ), which drives dust emissions peaking in the midmorning when 1
the LU momentum is mixed to the surface after sunrise N
1
1
1
1

convective cold pools, occurring when downdraughts in moist convective systems spread out at ; Bodé'fe
the surface whose strong winds generate dust fronts (haboobs), occur preferentially during the

afternoon and nighttime (but may also occur during a larger diurnal window).
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Example over the Bodele region

Evening |AS| observation 2 > During most of the year, DEI values on Bodele Fig. 4:0.5";rid»pc;i‘mresv;l~ntion IX;IAD!;nndsTdscad:l) w.e:zom:;nz: at the 95% confidence level or more with probability at least 0.9, Are shown hé:eonly
- "VAR T DR TSN T : > " ! the pixels for which the number of years required is not larger than the years available (here 14). Right: from am IASI data; left: from pm IASI data.
k ) % are higher in the morning than evening,
8 ;y AN consistent with extensive previous work » Several 0.5° grid-points present significant trends for which the number of years
Lo ) LD ";_""; ol TRl highlighting the morning peak in LU-driven required to be assigned a probability of 0.9 is not larger than 14
Morning IAS| observation dust emission » Significant trend are principally located in the main potential dust source regions (see
e Z VT VR I T S Son . . . Fig.1
N ? » In summer, nighttime DEl is larger than ig.1)
B J= 1  morning DEl. In summer, haboob systems » Trends are essentially negative in the morning, in agreement with the literature
. = PR AN AT &=, A are most prevalent in the region likely (AERONET, etc..), except for the Bodele. There are mostly positive in the evening, with
: TotomoMromomom oM ow o E M aesociated with a marked evening peak in however some negative trends within the Sahelian band.
o e e e s m s convection and rainfall in the region > The difference in the trend sign between morning and evening might be related to the

g, 3: Example of seasonal IASI-DEI over  region centered on the Bodele. (top) different uplift processes involved throughout the day.

Nighttime, (bottom) morning (Chédin et al., JGR, 2020)


https://iasi.aeris-data.fr/dust-aod/

