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Abstract

Regular monitoring of mineral dust is essential in order to assess its impact on air quality, human
health, and climate, with satellite observations in recent decades playing a crucial role by providing
consistent global coverage of various aerosol properties. In this study, the Dust Flag product of the
Infrared Atmospheric Sounding Interferometer (IASI), onboard the Meteorological Operational
(MetOp) satellites, is evaluated using ground-based measurements from 120 Aerosol Robotic
Network (AERONET) sites worldwide. The Dust Flag serves as both an indicator of dust presence
and a pseudo-indicator of dust loading. To evaluate this product, a well-established aerosol
classification scheme was applied, based on AERONET Aerosol Optical Depth (AOD) and Angstrom
Exponent products. Results show that the Dust Flag reliably identifies dust, achieving a 74.1%
agreement score with AERONET, although some cases are misclassified. Also, this study concludes
that the Dust Flag signal increases with particle load, reaching maximum values during extreme
coarse dust events. Cases when IASI does not agree with AERONET are further examined and may
be caused either from limitations in the AERONET classification methodology or from low
atmospheric particle concentrations. Finally, the spatial variability of the agreement score is
examined, with the highest scores found within and near the global “dust belt.”
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1. Introduction

Mineral dust aerosols are released primarily from deserts, arid and semi-arid regions around
the world. Globally, approximately 1.000 to 3.000 Mt of dust particles are emitted each year,
accounting for more than half of the total aerosol mass in the atmosphere [1]. Accurate estimations
are challenging, as emissions are dependent on a variety of factors, such as wind speed and surface
type [2]. About 40% of the Earth’s land surface is characterized by low precipitation, with major
drylands located in northern Africa and central east Asia. With an average lifespan of around 2 weeks
in the atmosphere, dust particles can be transported thousands of kilometers before they are
deposited, affecting areas far away from principal sources [3,4]. Almost all major deserts are located
in the Northern Hemisphere. The Sahara Desert, by far the largest contributor of mineral dust
particles in the world, emits more than half of the total load every year [5]. The Southern Hemisphere
accounts for only 6.7% of all emissions, with smaller deserts found in Australia, southern Africa, and
South America [6]. In Figure 1. Major mineral dust sources around the world (As per Figure 1 from
Alsharif et al., 2020)., the most important dust sources are presented and a visible “dust belt” can be
identified, extending from western Sahara to northeastern China [7].

Besides natural sources, human activities also contribute to dust emissions, accounting for up to
20-30% of the total [8,9]. Construction, transportation, and industrial activities can directly introduce
dust particles into the atmosphere, while the modification and disturbance of land for agricultural
purposes can enhance wind erosion, making it easier to dislodge soil particles from the ground [10].
Anthropogenic sources, though less important, can produce larger dust fluxes than natural ones, due
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to large numbers of fine particles generated and deposited on the ground from various activities
[11,12].
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Figure 1. Major mineral dust sources around the world (As per Figure 1 from Alsharif et al., 2020).

Dust particles affect the climate by interacting with shortwave or longwave radiation both
directly and indirectly [13,14]. Since mineral dust particles can display a variety of different sizes,
they can scatter and absorb radiation from the visible up to the infrared regions of the electromagnetic
spectrum. The type and intensity of these interactions can result in a positive or negative total
radiative flux, triggering the warming or cooling of the environment, respectively [15]. Aerosols can
indirectly affect radiative forcing by working as cloud and ice condensation nuclei [16]. Generally,
the radiative flux of mineral aerosols at the shortwave region depends on their size, chemical
compositions, as well as from the albedo of the surface below the dust layer. On the other hand, in
the infrared part of the electromagnetic spectrum, the radiative flux depends on the particle size, the
presence and type of clouds and from the temperature difference between the dust layer and the
surface below. In total, mineral dust particles have a radiative forcing of -0.4+0.4Wm=, tending to
cool the atmosphere, but at a quite smaller rate than the principal drivers of global climate change
[17-19].

Ground-based remote sensing instruments have been invaluable in monitoring mineral dust
aerosols, providing many decades worth of measurements. In this study, the data used is derived
from the Aerosol Robotic NETwork (AERONET), one of the biggest scientific networks in the world,
consisting of more than 500 active stations as of 2025. Cimel sunphotometers perform daily
automated radiation measurements, the data are then collected and processed by NASA, with the
final products concerning various aerosol properties. Some AERONET sites have been operating
almost continuously for more than 30 years, resulting in many long-term available timeseries,
working as a foundation for studies regarding climate change, air-quality and satellite validation [20—
24].

In the last decades, satellite remote sensing instruments have been revolutionary in studying
and monitoring various atmospheric parameters, including mineral dust aerosols. The purpose of
this study is the evaluation of the Dust Flag product of the Infrared Atmospheric Sounding
Interferometer (IASI), an infrared spectrometer on top of the polar-orbiting Meteorological
Operational satellites (MetOp), using ground-based data derived from AERONET on a global scale.

In the next section, a brief overview of the instrument in question, as well as the reference
instruments are presented, with the methodology implemented also described in detail. Afterwards,
in Section 3 the final results concerning the evaluation are thoroughly presented. In Section 4, the
general conclusions of this study are summarized and discussed.
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2. Materials and Methods

2.1. IASI/MetOp

The Infrared Atmospheric Sounding Interferometer (IASI) is a Fourier Transform Spectrometer
(FTS) on top of the polar-orbiting Meteorological Operational satellites (MetOp), a part of the
European Space Agency (ESA) which are operated by the European Organization for the Exploitation
of Meteorological Satellites (EUMETSAT). First deployed in 2006, IASI has since been constantly
providing data concerning trace gases total columns, cloud characteristics, temperature and humidity
vertical profiles as well as aerosol properties. IASI has a spectral range from 3.62um to 15.5um, a
region which covers the atmospheric window but also a number of absorption bands for some of the
most important atmospheric constituents, such as COz, O3, H2O, CHs+ and N:20. Infrared
measurements can also be performed during nighttime, they are not immensely dependent on
surface type and albedo and they are more sensitive to coarse particles. The instrument performs
scans at a perpendicular axis to the satellite orbit. Each scan lasts around 8 minutes and ranges from
-48.3¢ to 48.3° relative to the nadir. Since MetOp orbits at an altitude of around 840km, IASI swath is
approximately 2400km. The field of view (FOV) consists of circular pixels, each with a diameter of
12km. IASI orbital period is 101.4 minutes, with each repeat cycle lasting around 29 days. MetOp,
being a sun-synchronous satellite, passes over the equator at around 9:30 local time during the
descending part of the orbit, with the ascending overpass 12 hours later [25-29].

In this study, the Dust Flag (DF) product of IASI is evaluated, available freely since June of 2017
via the EUMETSAT Data Store (https://data.eumetsat.int/). According to the IASI Level 2: Product
Guide, DF is a pseudo-quantitative dust index, meaning that it indicates the presence and possibly

the amount of dust particles, though it is not directly related to the latter. DF typically ranges from 0
to about 10, with higher values corresponding to extreme dust cases, meaning those loaded with
particles. The presence of dust is suspected for DF values greater than approximately two. The
evaluation of DF should comprise methodologies for each individual property of the product.,
working

The algorithm producing the Dust Flag is developed by L. Clarisse [30]. It identifies five distinct
aerosol types using the brightness temperature difference technique. The retrieved categories are
volcanic ash, sulfuric acid droplets, ammonium sulfate particles, smoke particles and windblown
dust. The presence of a particular aerosol type is suspected by calculating the radiative temperature
difference (AT) at selected wavelengths. In the case of mineral dust, 3.7 and 11um were selected ,
whereas different studies may provide different wavelength combinations [31]. Dust presence is

strengthened for large values of AT [32]. The final product is calculated from the following equation.
n_dust

R= > 6 (r(ch(®) - m(®) - bias
i=0
where G is the gain matrix, which determines the sensitivity of the final product to each wavelength,
r is the satellite radiation measurement, ch(i) are the different wavelength channels selected for
retrieving dust information, bias is a calibration offset and m is the background reference spectrum.
Finally, R is the Dust Flag index, the product evaluated in the current study, designating the presence
of dust as well as large aerosol loading for higher values [33].

In Figure 2. Dust transport cases over the Atlantic (“Godzilla” events) during July 11, 2023 and
February 21, 2023 as derived by (left) VIIRS Suomi (https://wvs.earthdata.nasa.gov/) and IASI-C
(right)., two dust transport cases are presented. The Sahara Desert provides a number of dust
transport cases throughout each year. About 80% of total emissions from this region follow a
westward trajectory, reaching the Caribbean Sea and other sites after 5 to 7 days. [34]. A smaller
portion, around 15%, originating mostly from the northwestern regions of Africa, moves north over
Europe [35]. Events when desert dust is emitted from the Sahara Desert, crosses the Atlantic Ocean
and reaches the Americas, are known as “Godzilla” [36-38]. The two images on the left are derived
from the Visible Infrared Imaging Radiometer Suite (VIIRS) onboard the Suomi National Polar-
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Orbiting Partnership (Suomi NPP) weather satellite [39], whereas on the right the IASI Dust Flag is
depicted for the same region. During the 11th of July 2023 (Figure 2. Dust transport cases over the
Atlantic (“Godzilla” events) during July 11, 2023 and February 21, 2023 as derived by (left) VIIRS
Suomi (https://wvs.earthdata.nasa.gov/) and IASI-C (right)., upper row), a large air mass can be
spotted, traveling from the Sahara Desert to Central and South America, extending more than
4.000km. The beginning of a similar transport event is seen during the 21st of February 2023 (Figure
2. Dust transport cases over the Atlantic (“Godzilla” events) during July 11, 2023 and February 21,
2023 as derived by (left) VIIRS Suomi (https://wvs.earthdata.nasa.gov/) and IASI-C (right)., lower
row). What can be derived from both maps is that at the center of the plumes, the Dust Flag shown
in the right column presents maximum values, ranging from 9 to 12, whereas at the limits the values
are smaller than 6 and outside of the plumes, Dust Flag is less than 2.
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Figure 2. Dust transport cases over the Atlantic (“Godzilla” events) during July 11, 2023 and February 21, 2023
as derived by (left) VIIRS Suomi (https://wvs.earthdata.nasa.gov/) and IASI-C (right).

The IASI Dust Flag product is also accompanied by a number of other flags. A cloudiness
indicates the presence of clouds in the instrument’s field of view. IASI performs a series of three cloud
tests in order to determine the presence and amount of clouds. No-cloud state is signified with the
value 0, a few clouds with the value 1, a total fractional cloud cover less and more than 80% with the

values 2 and 3, respectively. According to the IASI Level 2 Product Guide, data with cloudiness flag
equal to either 0 or 1 are characterized by the highest confidence. A few instances where dust particles
were misidentified as clouds by this specific flag have been reported [40]. A landsea flag identifies the
type of surface, an important parameter in satellite monitoring, as different values of albedo can affect
measurement retrievals. In the case of dust monitoring it is even more important, as deserts are much
more reflective than other surfaces. The landsea flag can take six possible values, ranging from 0 to
5. An ocean pixel is denoted with the value 0. Land pixels with low and high variability at the surface
topography are denoted with the values 1 and 2, respectively. Pixels corresponding to an area
containing both sea and land can take the values 3 and 4, depending once again on low and high
surface variability. Lastly, value 5 concerns pixels over an ice surface. Finally, a sunglint flag is
available, indicating the presence (value=1) or absence (value=0) of sunglint, meaning the areas above
oceans where sunlight is highly reflected, resulting in much larger detected optical signals [33]. In
this study, all available data was used, regardless of flags.
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2.2. AERONET

The AErosol RObotic NETwork (AERONET) was initiated in 1993 by NASA and the French
National Centre for Scientific Research (CNRS). It consists of ground-based remote sensing
pyrheliometers, capable of performing autonomous spectral measurements of sun and sky radiance
[20]. Since its beginning, more than 1600 sites have been used around the world, with 580 being active
as of 2025. AERONET principal instrument is the CIMEL Electronique 318A, developed by CIMEL
in France specifically for the launch and operation of the network. It is a sun/sky spectral radiometer
with a spectral range from around 300 to 1020nm and a field of view of 1.2°. Using proper filters,
radiation is measured at 340, 380, 440, 500, 675, 870, 940 and 1020nm. The radiometer is on top of a
robotic system which tracks the sun’s position using time and coordinates. A variety of measurement
options are available, with almucantar and principal plane being the most popular ones. The former
is a series of measurements performed at the sun’s zenith angle, whereas the latter refers to
measurements performed at the sun’s azimuthal angle [21,41].

All AERONET data used in this study are Version 3 Level 2. These are quality assured, calibrated
data, which is the most reliable option available. All data was retrieved from the official AERONET
website (https://aeronet.gsfc.nasa.gov/), belonging to the category of Aerosol Optical Depth (AOD)
with Precipitable Water and Angstrom Parameter. In total, 120 stations around the world were
selected for the analysis presented in this work. The selection aims to ensure global coverage through
station location, include stations both close to and far from major dust sources, contain sites with
sufficient data since 2017, when the IASI Dust Flag became available. In Figure 3. In total, 120
AERONET sites were selected for the evaluation of the IASI/MetOp Dust Flag., the location of each
site is presented, with more information about each one available in Appendix A.

AERONET Stations selected

Figure 3. In total, 120 AERONET sites were selected for the evaluation of the IASI/MetOp Dust Flag.

Aerosol Optical Depth (AOD) is the main product provided by AERONET. It is a unitless value
indicating the radiant power of the medium in which radiation is being transmitted. High AOD
values mean that many particles are scattering or absorbing radiation, resulting in a shorter optical
path [42,43]. Though AOD is affected by the size, shape and number of particles in the atmosphere,
it cannot be directly attributed to any of these parameters. Another popular AERONET product used
in this study is the Angstrom Exponent (AE), also unitless, which describes the dependence of AOD
on different wavelengths. Generally, higher and smaller AE values are caused by fine and coarse
aerosols, respectively [44].
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2.3. Aerosol Classification Using AERONET

Though AERONET does not provide an aerosol classification product, Aerosol Optical Depth
and Angstrom Exponent are frequently implemented in such typing schemes. In this study, a well-
established methodology using AOD and AE values was implemented, based on studies by Dubovik
et al,, 2006 [45] and Raptis et al., 2020 [46]. The former conducted a climatology study based on 12
AERONET sites in specific locations and calculated various properties for dust, urban, biomass
burning and marine aerosols. Concerning dust, the sites selected were in Bahrain located in the
Persian Gulf, Saudi Arabia, Cape Verde and Lanai in Hawaii. As mentioned before, these locations
will typically provide mineral aerosols with similar properties concerning shape and size.

Raptis et al. 2020, designed an aerosol classification methodology based on threshold AOD and
AE values in conformity with the work of Dubovik et al., 2006. According to the scheme, an aerosol
type is identified only by the values of Aerosol Optical Depth and Angstrom Exponent. In this study,
AOD at 440nm and AE 440-870nm were used, with the exact aerosol type threshold values derived
from Raptis et al., 2020. Aerosols are characterized as dust for AOD>0.1 and AE<1.1, marine for
AOD<0.1 and AE<1.1, continental for AOD<0.1 and AE>1.1, mixed for AOD>0.1 and 1.1<AE<1.6,
polluted for 0.1<AOD<0.3 and AE>1.6 and biomass burning for AOD>0.3 and AE>1.6. Particle clusters
are presented in Figure 4. Retrieved aerosol categories using AOD and AE threshold values for the
120 selected AERONET stations, based on Dubovik et al., 2002 and Raptis et al., 2020. for the total 120
stations used. It is worth noticing that the specific values concerning dust aerosols produce a broad
cluster, aiming to detect even the cases with minimal dust loading. Other similar schemes classify
aerosols as dust for AOD>0.6 and AE<0.6 [47], AOD>0.4 and AE<1 [48], with AOD and AE at 440nm
and 440-870nm, respectively. Zachary et al., 2018, using a more complicated approach, assumes
mixed aerosol at the borders of the clusters shown in Figure 4. Retrieved aerosol categories using
AOD and AE threshold values for the 120 selected AERONET stations, based on Dubovik et al., 2002
and Raptis et al., 2020.

Aerosol Classification | Global AERONET stations [6/2017 - 4/2024]
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Figure 4. Retrieved aerosol categories using AOD and AE threshold values for the 120 selected AERONET
stations, based on Dubovik et al., 2002 and Raptis et al., 2020.
2.4. Methodology

In this section, the methodology of the study is described. Since Dust Flag (DF) provides two
pieces of information concerning dust, working as an index of both the presence and of the particle
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amount, research results are presented in two parts, each one corresponding to a different DF
property.

Firstly, both IASI and AERONET must measure similar atmospheric conditions, so that DF can
safely be evaluated. In order to ensure this, the closest pixel approach was implemented. Only
satellite pixels that are less than 20km from each AERONET site (Ax), as well as less than 60min of
time difference (At) between IASI and AERONET measurements were selected for the study. If Ax
and At are decreased, the number of collocations is sufficiently limited. On the other hand, if Ax and
At are increased, other atmospheric parameters become important. The specific numbers selected
were chosen as the optimal combination providing both sufficient number of collocations and similar
atmospheric conditions. The duality of the Dust Flag, indicating both the presence and the amount
of dust aerosols in the atmosphere, is studied in two parts, with results presented in the next section.

In the first part, some general information regarding the range and values of the Dust Flag are
described, as well as the ability of IASI to identify dust and separate it from the other possible
retrieved aerosol types. Next, the agreement score between IASI and AERONET is calculated for all
available sites, as well as the percentage of total dust cases identified by IASI. The agreement score is
a value equal to the percentage of dust classifications by AERONET, when IASI detects dust. It is a
measure of the reliability of the satellite product, meaning that a high or low agreement score
indicates that most of the time that IASI detects dust, AERONET either does or does not detect dust,
respectively.

In the second part, the quantitative aspect of the Dust Flag is examined. The effects of the Aerosol
Optical Depth and Angstrom Exponent are studied, with both products being immensely important
for the aerosol characterization scheme implemented in this work. Next, the cases characterized as
dust only by AERONET are inspected. Lastly, the spatial variability of the agreement score is studied
on a global scale, in order to extract information about a dependence on latitude, longitude, as well
as on the distance from dust sources.

3. Results

3.1. Dust Flag as an Indicator of Dust Presence

A total of 120 global AERONET stations were selected for the evaluation of IASI/MetOp Dust
Flag, with most of them located near deserts and semi-arid regions, providing mineral dust aerosols
frequently. Out of all sites, 90 are found in the northern hemisphere. Since AERONET does not
provide measurements when precipitation or heavy cloudiness take place, around 35.6% of the
collocations occur during the time period between June and August, when the majority of stations
are operating on a daily basis, with only 14.2% occurring between December and February.

As mentioned before, Dust Flag (DF) is a unitless product which indicates the presence of dust
for values greater than 2. For the 105.383 collocations between IASI and AERONET, 77% of the time
DF is less or equal to 2, meaning that for most of the time IASI does not detect dust. This result is
expected, as aerosols in general are not uniformly distributed in the atmosphere, with most dust
particles being present mostly over and relatively near their sources. Figure 5. IASI Dust Flag
histogram per aerosol type, showcasing an exponential-like decay. The dust contribution percentage,
shown on top of each Dust Flag bin, is found to increase with increasing Dust Flag value. presents a
histogram of DF values, for all 120 AERONET stations selected. Colors in each bin indicate the
contribution of each aerosol type, as derived by the implemented classification scheme. On top of
each bin, the dust contribution is displayed. An exponential-like decay is noticeable, starting from
the dataset’s minimum value of 0.2 up to the maximum value of 12.7, with a mean value of 1.53. This
trend is present for all separate aerosol types, colored differently. All aerosols, except dust, have a
mean DF value less than 2. Mean DF for polluted aerosols is 0.98, for mixed is 1.04, for continental
0.84, for biomass burning 1.09 and for marine 0.95. As for dust, the DF mean value is 2.45. This is an
indicator that IASI is able to identify mineral dust particles in the atmosphere and that the threshold
value of 2 is appropriate.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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At the same Figure, on each Dust Flag bin, the aerosol classification scheme mentioned in section
2.3 is applied, indicating the fraction of collocations attributed to each type. On top of each bin the
dust contribution percentage for each one is displayed. It is evident that the higher the Dust Flag
values, the more dominant dust is, meaning that that the larger Dust Flag values are almost
exclusively the result of dust aerosols. The conditions providing such high values are discussed in
section 3.2, examining the mineral dust loading of an air mass.

Dust flag with dust contribution for each bin
Global [2017-2024] | At<60min & Ax<20 km
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E mixed
40000 4 L c?ntlnenta\
0 BN biomass
E E marine
3
S
- 30000 A 35.39%
o
.
)
E
5 20000 A
=2
10000 A
76.5%
90.9% .
0 e 98.5% 99.2% 100.0%  100.0%
0 2 4 6 8 10

Value

Figure 5. IASI Dust Flag histogram per aerosol type, showcasing an exponential-like decay. The dust
contribution percentage, shown on top of each Dust Flag bin, is found to increase with increasing Dust Flag

value.

In Figure 6, the agreement score of dust aerosol identification between IASI and AERONET is
presented. When IASI detects dust (Figure 6a), meaning when it provides a Dust Flag value greater
than 2, AERONET also detects dust for 74.12% of the instances. This is a very promising result,
considering the different operations by each instrument, which indicates that the IASI Dust Flag is
able to detect satisfactorily the presence of dust aerosols. All the other aerosol types retrieved using
this classification methodology are much less frequent when Dust Flag is greater than 2, with mixed
aerosols being the second most frequent type. On the other hand, when IASI does not detect dust,
meaning when it provides a Dust Flag value lesser or equal to 2 (Figure 6b), dust is not a standout
category, though it is still the most frequent one, but only by a slight margin. Nevertheless, 55.45% of
the total dust cases detected by AERONET are not detected by the IASI Dust Flag. Besides dust,
mixed, marine and continental aerosols also present high percentages when Dust Flag is lesser or
equal to 2, something that could be caused by similar Aerosol Optical Depth (AOD) and Angstrom
Exponent (AE) values. As seen in Figure 4. Retrieved aerosol categories using AOD and AE threshold
values for the 120 selected AERONET stations, based on Dubovik et al., 2002 and Raptis et al., 2020.,
these three types are located near each other in the AOD-AE scatterplot. Overall, the fact that the IASI
Dust Flag is missing around half of the total dust cases identified by AERONET could indicate two
things; either the threshold value of 2 is not strict enough or the AOD and AE threshold values
implemented should be revisited since they result in a false aerosol characterization. This is
extensively discussed in Section 3.2.
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Aerosol Type Retrievals by AERONET
Global [6/2017 - 4/2024] | At < 60min & Ax < 20 km
(a) (b)
When IASI detects dust (DF > 2) When IASI does not detect dust (DF = 2)

Aerosol type
® biomass
® marine

dust
® mixed
® polluted
@® continental

74.12%

25.20%

Figure 6. The agreement Score between IASI and AERONET. When IASI detects dust (Figure 6a), dust particles
dominate according to AERONET at 74.12%. When IASI does not detect dust (Figure 6b), no category is standing

out, with the contribution of the three major aerosol types being similar.

3.2. Dust Flag as an Indicator of Dust Load

The Dust Flag, besides being an index of the presence of dust, is also a pseudo-quantitative index
of mineral dust loading, as mentioned in the IASI Level 2 Product Guide. This property is extensively

examined in the following subsection.

Aerosol load is related to both the Aerosol Optical Depth and Angstrom Exponent products
provided by AERONET. The Aerosol Optical Depth (AOD) is a measure of the total aerosol loading
of an air mass. The more particles that can scatter and absorb electromagnetic radiation at a certain
wavelength, the highest the AOD value. On the other hand, the Angstrom Exponent (AE) is an index
of particle size. Smaller Angstrom Exponent corresponds to larger particles. By using these two
products synergistically, information about the total mineral dust loading of an air mass can be
derived, as described in section 2.3. Since the Aerosol Optical Depth and Angstrom exponent are
crucial in the aerosol classification scheme implemented for the evaluation of the IASI Dust Flag, it is
worth examining the relation between the satellite and AERONET products.

In Figure 7a, the mean Aerosol Optical Depth and Angstrom Exponent values are calculated and
presented for collocations characterized with a certain range of Dust Flag values. As Dust Flag
increases, AOD (blue line) and AE (red line) present a monotonic increase and decrease, respectively.
This means that the higher Dust Flag values are the result of air masses which contain a large number
of particles (high AOD) and in which coarse particles are dominant (low AE). The standard deviation
(std) of the AERONET products is also noted around each line, with the mean values of 0.35 and 0.33
corresponding to AOD and AE, respectively. As Dust Flag rises, the AOD std seems to decrease,
dropping below 0.2. On the other hand, the AE std seems to increase with Dust Flag, presenting
values greater than 0.4 for the maximum values. Overall, it appears that air masses loaded with coarse
particles produce the highest Dust Flag values.

In Figure 7b, a scatterplot of Dust Flag values with relation to AOD and AE is presented. A
dashed line indicating the cluster of dust aerosols, as derived from the aerosol classification
methodology implemented (Figures 1 and 4), is also drawn. Points that are located inside this region
are characterized as dust by AERONET, with points located outside the region corresponding to one
of the other possible five aerosol types. Each point is colored according to the Dust Flag value
provided by IASI, with aerosols characterized as dust for Dust Flag values greater than 2. It is evident
that the higher Dust Flag values, showcased with the warmest colors, are located mostly at the bottom
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right part of the scatterplot, corresponding to high AOD and low AE values. A visible region can be
identified, with AOD ranging from 0.2 to 3 and AE ranging from 0 to 0.7. This indicates that the
maximum Dust Flag values are most likely to be the product of coarse particles with large sizes, hence
the low AE values, whereas a similar conclusion concerning the AOD is much more difficult to
extract, although the mean AOD is still relatively high with most points producing an AOD value
greater than 0.5. Only a few points with Dust Flag value greater than 2 are located outside the dust
region.

As mentioned before, IASI is unable to detect about 54% of the dust cases identified by
AERONET, which correspond to blue points located inside the dust region of Figure 7b. Collocations
typed as dust by AERONET can be identified as dust [Dust Flag >2] or non-dust [Dust Flag <2] by
IASI. Those identified by IASI as dust have a mean Aerosol Optical Depth value of 0.43+0.36 and a
mean Angstrom Exponent value of 0.64+0.48. Those identified as non-dust by IASI have a mean
Aerosol Optical Depth value of 0.25+0.27 and a mean Angstrom Exponent value of 1.11+0.46. The
above findings indicate that the IASI Dust identification algorithm is able to correctly type dust for
significant mineral dust loadings and for particles of larger sizes.

Relation between Dust Flag, Aerosol Optical Depth and Angstrom Exponent
Global [6/2017 - 4/2024] | At<60min & Ax<20 km
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Figure 7. Mean Aerosol Optical Depth and Angstrom Exponent for each Dust Flag bin (7a) indicate that the
highest Dust Flag values correspond to higher dust particle loading. Scatterplot depicting Dust Flag values (7b)
compared with AOD and AE. The dashed line indicates the dust cluster derived by AERONET based on
Dubovik et al., 2006 ; Raptis et al., 2020. The highest Dust Flag values are found in the bottom left corner of the
plot, way inside the dust cluster.

As examined in Section 3.1, the Dust Flag is a reliable index of the presence of dust particles,
with an agreement score of 74% with the AERONET dust identifications when Dust Flag > 2.
Although this is a very promising finding, the IASI dust algorithm appears to not classify as dust
around 55% of the total dust cases provided by AERONET, an issue which demands further study.

In Figure 8, two density scatterplots between the Aerosol Optical Depth at 440nm and Angstrom
Exponent at 440-870nm are presented, corresponding to when IASI does not detect dust (8a) and
when IASI does detect dust (8b). In both plots the dashed lines represent the dust cluster, as defined
in Figure 4. It is evident that when IASI does not detect dust (Figure 8a), most cases are associated
with relatively low Aerosol Optical Depth (AOD) values at 550 nm, typically below 0.1. In contrast,
the Angstrom Exponent (AE) at 440-870 nm spans a broader range, from 0.4 to 1.6. The dense point
region falls outside the dust cluster boundaries, although it remains closely adjacent. When IASI
indicates the presence of dust (Figure 8b), most cases are characterized by AOD values ranging from
0.1 to 0.5 and AE values between 0.1 and 0.4. In this case, the dense point region lies within the dust
cluster boundaries.

Cases when only AERONET identifies dust can be interpreted in two ways, being the result of
either issues of the IASI dust identification algorithm or the aerosol classification methodology
implemented in this study (Figure 4). From Figure 84, a sufficient number of points is located inside
the dust cluster, close to the cluster boundaries. At such regions, different aerosol types are
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characterized by similar AOD and AE values, making separation difficult. Aerosols can as a result be
misclassified as dust by AERONET, while in reality they are marine or mixed type.

Separately examining cases where IASI does or does not detect dust
Global [6/2017 -4/2024] | At<60min & Ax<20km

(a) (b) 140
IAS| does not detect dust (DF = 2) IASI detects dust (DF > 2)
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Figure 8. Scatterplots of AOD 440nm versus AE 440-870nm for non-dust (a) and dust (b) events, according to
IASI. The dashed lines denote the dust classification regions of the aerosol typing scheme. Color scale indicates

point density, with maximum values corresponding to the most probable AOD-AE combinations.

3.3. Spatial Variability

In the last subsection, the spatial variability of the agreement score is examined. The calculation
of the agreement score was performed separately for each AERONET station participating in the
evaluation, with results for each one included in Table Al of Appendix A. From the 120 total
AERONET sites selected for the study, 20 provided an Agreement Score larger than 95%, showcasing
a near perfect agreement between both instruments, whereas the agreement score for 39 stations was
smaller than 10%. As presented in Figure 9, the maximum values of the Agreement Score correspond
to sites inside or near the Sahara and the Arabian deserts. These stations are the recipients of dust
plumes that are both rich in aerosols and young in lifetime, thus as a result the air masses carry many
large particles, characterized by large Aerosol Optical Depth and small Angstrom Exponent values.
A visible dust belt, mentioned also in Figure 1, is evident over the Atlantic Ocean between the west
coast of Africa and South America. Maximum Agreement Score values, greater than 75%, form an
imaginary line connecting the Caribbean Sea to western Africa and eastern Asia. The geographical
extent of the “dust belt” presented in Figure 9 agrees with numerous previous works, especially
concerning satellite aerosol index and AOD [49-52].

Sites with minimal agreement scores are also worth investigating. Although 23 stations provided
more than 100 collocations between the instruments, they showcase an agreement score of 0, meaning
that when and if IASI detected dust, AERONET never detected dust. This is probably caused by the
fact that these stations are located far away from deserts and drylands, making dust one of the least
frequent aerosol types detected by AERONET. If such particles do arrive above the AERONET
stations, it means that they have travelled a great distance from their sources, resulting in the
deposition of most coarse particles and the general decrease of dust loading. This fact makes the
simultaneous dust aerosol identification by both IASI and AERONET difficult, resulting in few cases
when both instruments detected such aerosols.

All the above indicate that overall Dust Flag is a reliable index of both the presence and the
loading of dust particles in regions inside or near deserts and semi-arid areas where such particles
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are frequent in the atmosphere. Far from such regions, the reliability of the product is questionable,
as dust is sparser in the atmosphere. It is also worth noticing that the total Agreement Score of 74.12%
described in section 3.1 is highly dependent on the dataset selected. If most sites are located near
major dust sources, the Agreement Score is going to be much larger compared to the including most
sites located in regions away from deserts and arid areas.

Agreement Score for each AERONET station selected

© Stations

100

Agreement Score

Figure 9. Spatial variability of the Agreement Score between IASI and AERONET around the globe. Circles with
reddish hues indicating the stations with the highest agreement score, above 60%, form a distinct dust belt
ranging from Central America to eastern Asia. These stations are located inside or close to major dust sources,
such as the Sahara and the Arabian deserts. Stations at Central America are the recipients of dust particles

transported over the At-lantic, originating from northern Africa.

4. Conclusions

This study evaluated the performance of the Dust Flag product of the Infrared Atmospheric
Sounding Interferometer (IASI) on board the Meteorological Operational satellites (MetOp). Dust
Flag provides two key properties, a dust presence index and a dust load pseudo-index, both of which
were assessed against global ground-based Aerosol Robotic Network (AERONET) observations
using an aerosol typing methodology [45,46]. Dust was defined as cases with Aerosol Optical Depth
(AOD) at 550 nm greater than 0.1 and Angstrém Exponent (AE) at 440-870 nm lesser than 1.1, with
collocations restricted to within 20 km and 60 minutes of the selected ground stations.

The analysis of the Dust Flag showed that IASI is reliable in identifying dust events. When Dust
Flag indicated dust (value > 2), AERONET confirmed its presence in about 74% of cases, a statistical
metric which was labeled as agreement score throughout the study. The second property of Dust Flag
is examined in section 3.2, where its relation with the two principal AERONET products, Aerosol
Optical Depth and Angstrom Exponent, is examined. It is found that major dust transport cases are
characterized by abnormally high and low AOD and AE values, respectively. For those instances,
Dust Flag seems to present the maximum values of the whole dataset used, meaning that it responds
appropriately to dust particle abundance in the atmosphere. Nevertheless, limitations were also
identified and inspected. IASI failed to detect about half of the total dust cases reported by
AERONET. This under-detection appears to stem from two main factors, weak dust signals
associated with low atmospheric particle load, which do not exceed the detection threshold, and
aerosol mixtures misclassified as dust by AERONET, whose optical properties concerning AOD and
AE can resemble other aerosol types. Finally, the spatial variability of the agreement score, presented
in section 3.3, revealed a clear geographical pattern. Stations located within or near major dust source
regions, such as the Sahara Desert, exhibited the highest agreement, while stations at great distances

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.2021.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 September 2025 doi:10.20944/preprints202509.2021.v1

13 of 19

from such regions showed much lower values. This spatial distribution highlights the instrument’s
greater sensitivity to dust in regions of strong dust particle presence and transport. The extensively
studied “dust belt” can be recognized as the area where the agreement score presents its maximum
values, stretching from Central America to eastern Asia.

In general, IASI appears to detect dust and pseudo-quantify dust sufficiently. It is worth noticing
that this study did not intend to re-estimate the threshold Dust Flag value of 2, derived by the
EUMETSAT Level 2 Product Guide, but to evaluate it. By selecting a similar value, either larger or

smaller, the agreement score is expected to change, yet slightly. The same can be said about the
threshold Aerosol Optical Depth and Angstrom Exponent values selected for the aerosol
characterization scheme. Different values are going to present slightly different outcomes. A separate
future study could re-evaluate this product, selecting a Dust Flag value that presents an even higher
agreement score but also identifying a larger percentage of the cases derived by AERONET.
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Appendix A

Table Al. The 120 AERONET stations selected for the evaluation.

Station name Latitude (deg.) Longitude (deg.) Agreement Score
Banizoumbou 13.58 2.6 100.0
Camaguey 21.28 -77.82 100.0
Capo_Verde 16.58 -23.03 100.0
Georgia_Tech 33.78 -84.49 100.0
IER_Cinzana 13.45 -5.88 100.0
Jabiru -12.69 132.78 100.0
Koforidua_ ANUC 6.03 -0.39 100.0
Kupang -10.1 123.63 100.0
LAMTO-STATION 6.09 -4.98 100.0
Ragged_Point 13.3 -59.52 100.0
SEGC_Lope_Gabon -0.34 11.68 100.0
Zinder_Airport 13.75 8.94 100.0
llorin 8.47 4.7 99.84
Medenine-IRA 33.5 10.62 99.67
CATUC_Bamenda 6.06 10.15 99.04
Dakar_Belair 14.75 -17.53 98.88
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Karachi 24.92 67.03 98.8
Dushanbe 38.56 69.05 98.17
Cairo_EMA_2 30.01 31.34 97.03
Mezaira 23.14 53.76 95.99
IMAA_Potenza 40.64 15.73 93.58
Cabo_da_Roca 38.74 -9.64 93.22
KAUST_Campus 22.27 39.03 92.61
Paris 48.82 2.11 92.59
Univ_of Houston 29.61 -95.2 92.31
Masdar_Institute 24.39 54.76 91.3
Saada 31.58 -8.06 88.27

Izana 28.13 -16.46 87.38
Weizmann_Institute 31.9 34.91 86.73
Granada 37.3 -3.65 86.25
Evora 38.74 -7.89 85.94
SP_Bayboro 27.72 -82.7 85.71
Modena 44.79 10.86 85.19

Eilat 29.59 34.96 84.67
Lamezia_Terme 38.81 16.07 83.67
Toulouse_ MF 43.58 1.53 83.65
Thessaloniki 40.56 23.12 83.54
Aubiere_ LAMP 45.68 3.25 83.33
Finokalia-FKL 35.34 25.6 82.96
SEDE_BOKER 30.81 34.84 82.2
Barcelona 41.34 2.24 82.08
Murcia 38.17 -1.17 81.8
Issyk-Kul 42.65 76.77 81.4
Ascension_Island -7.91 -14.33 81.25
Toulon 43.19 6.08 81.19
Zaragoza 41.62 -0.7 80.69
Palencia 42.1 -4.43 80.0
Migal 33.19 35.57 79.5
IMS-METU-ERDEMLI 36.48 34.15 77.21
Chiba_University 35.67 140.16 75.61
Aspendale_Mel_AU -38.09 144.9 75.0
Tamanrasset_INM 22.86 5.68 74.55
University_of_Nizwa 22.88 57.51 74.54
Lecce_University 40.39 18.29 74.33
Valladolid 41.6 -4.84 73.81
DEWA_ResearchCentre 2491 55.37 73.39
ICIPE-Mbita -0.31 34.33 73.33
Antikythera_ NOA 35.78 23.2 72.6
ATHENS_NTUA 38.04 23.65 7241
IASBS 36.79 48.58 72.41
Hokkaido_University 43.02 141.3 72.0
Rome_La_Sapienza 41.95 12.64 71.75
Madrid 40.44 -3.82 70.23
Gandhi_College 26.01 84.14 69.67
Seoul_SNU 37.47 126.97 64.79
Osaka 34.72 135.69 63.89
Birdsville -25.8 139.22 56.47
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Fowlers_Gap -31.24 141.59 55.56
Dalanzadgad 43.53 104.61 51.42
Dhaka_University 23.67 90.22 50.32
NEON_CLB]J 33.27 -97.69 48.0
Nicosia 35.13 33.57 43.94
AAU_Jackros_ET 8.94 38.93 33.33
Learmonth -22.15 114.04 33.33
YUMA_SL 32.73 -114.58 30.98
Karunya_University 10.88 76.7 25.0
UEM_Maputo -25.93 32.79 25.0
Dongsha_Island 20.81 116.81 12.3
Sevilleta 34.35 -107.02 12.26
Upington -28.47 21.01 12.0
Gobabeb -23.64 15.09 10.06
Tucson 32.18 -110.84 9.76
Skukuza -24.93 31.74 9.09
NEON_ONAQ 40.15 -112.28 7.34
Mexico_City 19.48 -99.19 6.67
MISR-JPL 34.11 -118.3 6.25
Windpoort -19.3 15.55 5.06
HESS -23.15 16.52 4.72
NEON_MOAB 38.33 -109.39 3.12
Univ_of Nevada-Reno 39.61 -119.74 1.32
Bujumbura -3.49 29.35 0.0
CCNY 40.88 -73.96 0.0
CEILAP-Comodoro -45.68 -67.62 0.0
CEILAP-Neuquen -39.04 -68.25 0.0
CUIABA-MIRANDA -15.75 -56.13 0.0
GasLab_SJ_CostaRica 9.92 -83.9 0.0
Howard_Univ-IRB 38.91 -77.23 0.0
Los_Alamos 35.74 -106.25 0.0
Luang_Namtha 21.0 101.29 0.0
Lubango -15.04 13.35 0.0
Lulin 23.46 120.8 0.0
Maido_OPAR -20.99 55.41 0.0
Manila_Observatory 14.64 121.03 0.0
Maun_Tower -19.93 23.41 0.0
Metsi -26.58 27.29 0.0
Misamfu -10.27 31.3 0.0
Mongu_Inn -15.23 22.98 0.0
NEON_LENO 31.82 -88.32 0.0
NEON_MLBS 37.46 -80.36 0.0
NGHIA_DO 21.04 105.92 0.0
Niassa -12.22 37.46 0.0
Petrolina_SONDA -8.94 -40.24 0.0
Pretoria_CSIR-EC -25.87 28.29 0.0
Quito_USFQ -0.17 -78.44 0.0
REUNION_ST_DENIS -20.78 55.61 0.0
Sakeji_School -11.28 24.31 0.0
Singapore 1.18 103.69 0.0
Sra_Kaeo 13.67 102.62 0.0
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St_Helena -15.86 -5.62 0.0
Univ_of Auckland -36.85 174.78 0.0
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