
1. Introduction
Current atmospheric models have significant difficulties in simulating the vertical distribution of aerosols 
(Kipling et al., 2016; Koffi et al., 2016), especially for dust (D. Kim et al., 2014; O'Sullivan et al., 2020). The 
uncertainty of total column dust aerosol optical depth (AOD) in chemical transport models is generally within a 
factor of 2, but the deposition flux and surface concentration of dust that depend on the dust vertical distribution 
have the uncertainties of up to a factor of 10 (Huneeus et al., 2011). The dust vertical distribution regulates the 
regional dust radiative forcing and cloud process (Mishra et al., 2015; Zhang et al., 2013), ocean biogeochemistry 
and marine ecosystem productivity (Jickells et al., 2005; Ussher et al., 2013; Yu et al., 2019), soil nutrient balance 
(Das et al., 2013; Rizzolo et al., 2017; Yu, Chin, Yuan, et al., 2015), as well as air quality (Bozlaker et al., 2013; 
Prospero et al., 2014). Therefore, the observations of three-dimensional distribution of dust are necessary for 
evaluating, constraining, and improving the model simulations and thus to better understand the role of dust 
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resolution of ∼10 km, is obtained for the first time, via a passive remote sensing technique. The technique is 
applied to multiple years of Earth Polychromatic Imaging Camera (EPIC) data collected at the Lagrange-1 
point, generating a climate data record (CDR) of aerosol optical centroid height (AOCH). This CDR offers 
unprecedented spatial coverage and diurnal sampling compared to spaceborne lidars (CALIOP and CATS). 
Our results show high correspondence with CALIOP data in domain-averaged monthly variations and with 
CATS data in diurnal variations, respectively. A principal component analysis (PCA) reveals the dominant role 
of dust transport in regulating AOCH variation, whereas the impact of the boundary layer is less significant. 
MERRA-2 and satellite retrievals respectively display zero and 200–1,000 m of diurnal variation of AOCH, 
highlighting the uniqueness of EPIC AOCH CDR in constraining climate models.

Plain Language Summary The vertical distribution of atmospheric dust particles affects the 
Earth's radiative balance, air quality prediction, and remote sensing of greenhouse gases and aerosols but is 
poorly represented in model reanalysis, such as MERRA-2. In this study, the monthly mean heights of the 
Saharan dust plume are characterized based on a retrieval of Earth Polychromatic Imaging Camera (EPIC) 
measurements using 4 years of data. The unique position of the EPIC instrument at the Lagrange-1 point, 
between the Earth and the sun, enables the observation of the sunlit side of the Earth every 1–2 hr. From these 
observations, the hourly mean climatology of Saharan dust plume height can be calculated. We find that the 
EPIC-retrieved dust layer heights agree well with spaceborne lidar data. Our analysis shows that trans-Atlantic 
dust transport dominates the variability in the dust layer heights observed by EPIC. This study is among the 
first to  demonstrate the strong synergy between the passive sensing featuring large spatial coverage and active 
sensing with detailed profiling for characterizing the diurnal variation of aerosol vertical distribution and 
processes as well as the need of such synergy for the climate modeling studies.
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in the environment and the climate system (Colarco et  al.,  2003; Huneeus et  al.,  2011; D. Kim et  al.,  2014; 
Nowottnick  et al., 2010; Yu, Chin, Bian, et al., 2015).

Around 200 million tons of dust are transported from North Africa to the Atlantic every year (Yu, Chin, 
Bian, et al., 2015; Yu et al., 2019). However, the climatology of the diurnal variation of trans-Atlantic dust 
vertical distribution remains unclear due to the lack of observations. While ground or space-based lidar can 
provide observations of cloud and aerosol vertical distributions, they suffer from limited spatial coverage. 
The Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) measurements (Winker et al., 2009) only 
cover 0.2% of the global surface area in its repeat cycle of 16 days (Kahn et al., 2008). The Cloud-Aerosol 
Transport System (CATS) onboard the International Space Station (ISS) featured a finer temporal resolution 
with a shorter revisit cycle (∼3 days) and provided measurements at various local times, but its operation only 
lasted for less than 3 years (February 2015 to October 2017). While passive satellite remote sensing provides 
less information about the aerosol vertical distribution than active sensors, its larger spatial coverage provides 
a valuable  tool to fill the spatial gap left by the relatively sparse lidar data. The techniques for passive remote 
sensing of aerosol vertical distribution include stereo photogrammetry (Nelson et al., 2013), polarization or 
radiance-only measurements in UV or deep blue channels (J. Lee et  al., 2020; Wu et al., 2016), oxygen or 
oxygen-dimer absorption spectroscopy (Chimot et al., 2018; Xu et al., 2017, 2019) and infrared thermal tech-
niques (Peyridieu et al., 2010; Vandenbussche et al., 2013). However, most passive satellite sensors with the 
capability of retrieving aerosol layer height (ALH) are located at sun-synchronous orbits, which can only 
provide the measurement once per day at a fixed local time, such as Tropospheric Monitoring Instrument 
(TROPOMI) (Chen et al., 2021; Nanda et al., 2019). The Geostationary Environment Monitoring Spectrometer 
(GEMS) can potentially offer hourly ALH retrievals over East Asia (J. Kim et al., 2020; M. Kim et al., 2018), 
but hourly operational ALH over other regions is not currently available. The NASA mission Tropospheric 
Emissions: Monitoring of Pollution (TEMPO) may retrieve the hourly ALH using oxygen B-band over North 
America in the coming one or 2 years (Chance et al., 2019; Xu et al., 2019; Zoogman et al., 2017). Previous 
studies mapping the climatology of trans-Atlantic dust vertical distribution from thermal infrared measure-
ments of Atmospheric Infrared Sounder (AIRS) (Peyridieu et al., 2010; Pierangelo et al., 2004) and CALIOP 
data (Liu et al., 2008; Tsamalis et al., 2013; Yu et al., 2019) cannot probe the diurnal variations. Furthermore, 
infrared techniques are subject to uncertainties in the temperature and water vapor profiles used in the retrieval 
(Vandenbussche et al., 2013).

Here, we retrieved the dust plume height over tropical North Atlantic Ocean (TNAO) from June 2015 to June 
2019 using Earth Polychromatic Imaging Camera (EPIC) measurements on the Deep Space Climate Observa-
tory (DSCOVR) with an algorithm developed by Xu et al.  (2017). A dust height climatology was developed 
and analyzed in relation to monthly variation, diurnal variation, and key processes contributing to their varia-
bility. We compare the monthly and hourly climatology of EPIC dust layer heights with those observed by the 
sun-synchronous CALIOP lidar, the high inclination CATS lidar (McGill et al., 2015; Yorks et al., 2016) and 
those represented in the MERRA-2 (Modern-Era Retrospective analysis for Research and Applications, Version 
2) data set (Gelaro et al., 2017). This illustrates not only the seasonal variations of dust height from observations 
but allows for evaluation of the performance of MERRA-2 in representing the diurnal variations of the dust verti-
cal distribution. Moreover, the natural variability of the CALIOP monthly aerosol vertical profiles is provided 
by an objective principal component analysis (PCA) method, which is used to verify that the variation of EPIC 
AOCH is mainly driven by dust transport.

2. Data Sets and Methods
2.1. Characterization of EPIC AOCH Climatology

The EPIC measurements enable us to derive the aerosol optical centroid height (AOCH) for the same location 
multiple times daily (Lu et  al.,  2021; Xu et  al., 2017, 2019). Orbiting at Lagrange-1 point, the EPIC imager 
observes the sunlit Earth disk every 1–2 hr at 10 narrow channels from the ultraviolet to near-infrared, including 
the oxygen A (764 nm) and B (688 nm) bands (Marshak et al., 2018), which can be used to retrieve the hourly 
AOCH (Lu et al., 2021; Xu et al., 2017, 2019). Four years of EPIC level 1B data (version 3) from June 2015 
to June 2019 are collected to retrieve the AOCH of trans-Atlantic dust plume. The spatial resolution of EPIC 
measurements is ∼10 km at nadir and ∼20 km at a viewing zenith angle of 60° (Marshak et al., 2018). For more 
details of the EPIC AOCH retrieval algorithm, please refer to the Supporting Information and Xu et al. (2017).
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The EPIC level 1B data is aggregated to the uniform grid boxes of 0.1°  ×  0.1° before the retrieval for the 
convenience of calculating multi-year mean of the retrieval results. Because of the coarse resolution of EPIC, 
the cloud mask may omit the contamination of some thin and small subpixel clouds. To address this issue, we 
applied a 3 pixel × 3 pixel moving template over the preliminary retrievals and removed the central pixel if any 
pixels covered by the template have been identified as clouds by the preliminary cloud mask. This aggressive 
post-retrieval processing may incorrectly remove some clear pixels close to broken clouds but can help us mini-
mize the cloud contamination. The missing of certain clear pixels does not harm our purpose of characterizing the 
multi-year AOCH climatology. The pixels with the sun glint angle less than 30° are removed (Levy et al., 2013). 
To guarantee the retrieval quality, the AOCH retrievals under any of the following conditions are removed: (a) 
solar zenith angle or viewing zenith angle greater than 70°; (b) retrieved AOD lower than 0.2. The AOD threshold 
also help us focus on the Saharan dust transport cases where the optical depths are higher (D. Kim et al., 2014; 
Yu, Chin, Bian, et al., 2015). To further remove the data outliers, only the AOCH retrievals between the 25th and 
75th percentiles of each hour or month are used to characterize the climatology of dust AOCH. The pixels with 
number of valid retrievals lower than 30 for each hour or month are screened out. The monthly sample density 
map is shown in Figure S1 in Supporting Information S1.

2.2. AOCH From Lidars and MERRA-2

Because we are mapping the AOCH climatology, the aggregated monthly aerosol extinction profiles from 
CALIOP level 3 product rather than level 2 data are used. We collected 13 years (June 2006 to June 2019) of 
CALIOP level 3 data with a horizontal resolution of 2° × 5° and vertical resolution of 60 m (Winker et al., 2013). 
Since EPIC only observed the sunlit side of the Earth, only daytime CALIOP data are used. To compare with 
EPIC AOCH climatology, the CALIOP AOCH is calculated as an effective height weighted by the AOD at each 
vertical layer using the CALIOP monthly aerosol extinction vertical profiles as

AOCHCALIOP =
∑�

�=1 �ext,�Δ����
∑�

�=1 �ext,�Δ��
 (1)

where 𝐴𝐴 𝐴𝐴ext,𝑖𝑖 is 532 nm aerosol extinction coefficient at vertical level i with the altitude of Zi, and 𝐴𝐴 Δ𝑍𝑍𝑖𝑖 is the layer 
thickness of vertical layer i. To match the overpass time of CALIOP, only the EPIC data from 14:00 to 16:59 UTC 
are used in this comparison.

The same AOCH calculation, following Equation 1, is applied to the CATS measurements. CATS only provides 
the measurements at 1,064  nm, because it lost the 532  nm channel due to a laser-stabilization issue (Yorks 
et al., 2016). The 1,064 nm channel is more sensitive and suitable than 532 nm to detect the dust particles that 
have size larger than fine-mode smoke or anthropogenic particles (Yorks et al., 2016). Three years of CATS level 
2 Operation Profile DP product with a vertical resolution of 60 m in the wet seasons (May–October) of 2015–
2017 are used for the comparison with hourly climatology of EPIC AOCH. The CATS instrument operated on the 
ISS from February 2015 to October 2017, which enables collocated observations with EPIC (the same location at 
various local time) and promotes the studies of diurnal changes of clouds and aerosols (L. Lee et al., 2019; McGill 
et al., 2015; Noel et al., 2018; Nowottnick et al., 2022). In a previous study, EPIC and CATS agreed well in their 
characterization of the aerosol diurnal cycle for a Southeast Asian domain dominated by smoke and marine aero-
sols (Nowottnick et al., 2022). Because the sun glint angle is usually smaller than 30° at 11:00 and 12:00 local 
solar time (LT) in the wet season, the EPIC data at these times are discarded. The corresponding CATS data are 
also discarded for the comparison to EPIC.

We computed the climatology of diurnal AOCH in the wet season from the 3-hourly instantaneous MERRA-2 
data following Equation  1. MERRA-2 data is generated with a horizontal resolution of 0.5°  ×  0.625° at 72 
GEOS-5 model layers from surface to 0.01 hPa in a hybrid sigma-p coordinate (Gelaro et al., 2017). Equation 1 
here is slightly different from eq. 3 in Xu et al. (2017) in that the altitude is weighted by optical depth rather than 
extinction coefficient in this study. This change has no impact for CALIOP and CATS data because they have a 
uniform vertical resolution of 60 m, but it affects the AOCH calculation from MERRA-2. The calculation of dust 
mass extinction efficiency is described in Supporting Information S1.
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2.3. PCA of CALIOP Data

In the study area of TNAO, 13 years of CALIOP monthly data record reveal that dust particles are the dominant 
(>70%) contributor to the total AOD all year around, while smoke AOD only accounts for around 0.218%–2.50% 
of total AOD (Figure S2 in Supporting Information S1). Therefore, we hypothesize the annual cycle of AOCH 
monthly climatology in our study domain is primarily driven by dust transport. To objectively identify the orthog-
onal modes of variability in the aerosol vertical profiles and find the variation modes representing the dust trans-
port, we conducted a PCA on the 13 years of monthly aerosol extinction profiles in daytime from CALIOP level 
3 product over TNAO. PCA was used in the past studies to analyze the dominant mode in the aerosol vertical 
profiles measured by ground-based lidar (Chew et al., 2013; Reid et al., 2017), and the results reveal the altitude 
ranges where key processes occur (Reid et al., 2017). Each aerosol extinction profile involved in the PCA could 
be reconstructed by the following equation.

𝛽𝛽ext (𝑧𝑧) =

𝑛𝑛
∑

𝑖𝑖=1

𝑃𝑃𝑖𝑖𝐸𝐸𝑖𝑖(𝑧𝑧) + 𝛽𝛽ext (𝑧𝑧) (2)

where 𝐴𝐴 𝐴𝐴ext (𝑧𝑧) is the aerosol extinction coefficient as a function of altitude z in a specific sample profile; 𝐴𝐴 𝐴𝐴𝑖𝑖(𝑧𝑧) is 
the ith EOF (empirical orthogonal function, i.e., eigenvector); Pi is the PC (principal component) value of that 
sample profile in PC i; and 𝐴𝐴 𝛽𝛽ext (𝑧𝑧) is the mean of all aerosol extinction profile samples. Here Pi could be consid-
ered as the weighting coefficient of EOF i for each aerosol profile anomaly. The correlation coefficients between 
the first 5 PCs and extinction profile samples at each vertical layer are computed to demonstrate at which altitude 
the variability of aerosol extinction can be best represented by each EOF (Reid et al., 2017).

3. Monthly Climatology of Saharan Dust Plume Heights
The multi-year monthly mean of EPIC AOCH over TNAO and the counterparts from 13 years of CALIOP level 
3 monthly data are compared in Figure 1. The domain-averaged monthly AOCH is marked by purple dots in 
each panel in reference to the vertical coordinate on the right of Figure 1. The EPIC retrievals and CALIOP data 
share a similar monthly variation of AOCH with the correlation coefficient (R) of 0.95, root mean square error 
(RMSE) of 0.44 km, and mean bias error (MBE) of 0.31 km for the 12 domain-averaged monthly data points 
(see also Figure S3a in Supporting Information S1). Both EPIC and CALIOP data agree that the AOCH peaks 
in the summer months and is lowest in the wintertime, which is consistent with previous studies using CALIOP 
data (Liu et al., 2008; Yu et al., 2019) and thermal infrared measurements (Peyridieu et al., 2010; Pierangelo 
et al., 2004). MERRA-2 also captures the monthly variation of the Saharan dust AOCH (Figures S3b and S4 in 
Supporting Information S1). The EPIC and CALIOP AOCH also show that the Saharan dust transport belt shifts 
from the north in summer to the south in winter (see also Figure S2 in Supporting Information S1). This seasonal 
shift is caused by the movement of active dust sources in North Africa associated with the changes in small-scale 
near-surface wind fields and the annual shift of the Intertropical Convergence Zone (ITCZ) as well as the West 
African monsoon (Ben-Ami et al., 2012; Engelstaedter & Washington, 2007; Williams, 2008).

Figure 1. Comparison of monthly climatology of Earth Polychromatic Imaging Camera (EPIC) aerosol optical centroid height (AOCH) retrievals (top) and 
Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) counterparts (bottom). Four years of EPIC data and 13 years of CALIOP data (daytime) are used for the 
comparison. The purple dot in each panel is the domain-averaged AOCH for each month in reference to the vertical coordinate on the right. The EPIC pixels with fewer 
valid retrievals due to the higher cloud fraction and lower sun glint angles in certain areas and seasons are screened out (gray areas over ocean in upper panels).
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Figure 2 shows the first five EOF modes and the correlations between the first five PCs and the original extinc-
tion profiles at each vertical layer based on the PCA results. The vertical variance explained by each EOF is 
labeled in Figure 2b. The five major EOFs explain ∼85% of total variability in the aerosol extinction profiles, 
and the first three EOFs account for ∼76% of total variability. The altitude of each peak PC correlation value 
represents the height where the variability of aerosol extinction can be best explained by corresponding EOF 
(Reid et  al.,  2017). Figure  2c shows that EOF 1 best represents the marine boundary layer process such as 
boundary-layer mixing of sea salt below 2 km, while EOF 2 and 3 primarily account for the dust transport with 
vertical peaks at 2–4 km in the free troposphere given the elevated smoke is negligible in our domain (Figure S2 
in Supporting Information S1).

We aggregated the first three PCs by month and compared them with the domain-averaged monthly EPIC 
AOCH (Figure  3). The sum of PC 2 and PC 3, which are the weights of the variations of dust transport in 
the mid-troposphere, has a high positive correlation with monthly EPIC AOCH with R = 0.918, while the PC 
1 representing the weight of marine boundary layer variation is negatively correlated with EPIC AOCH with 
R = −0.817. It indicates that the EPIC AOCH is mostly controlled by the elevated dust transport in the free 
troposphere.

4. Hourly Climatology of Saharan Dust Plume Heights
Similar to L. Lee et al. (2019), we study the aerosol vertical distribution for two distinct seasons, that is, wet season 
(May–October) and dry season (November–April) over TNAO. The wet season features higher temperatures and 
precipitation than the dry season (Cropper & Hanna, 2014), which are associated with stronger convection and 
wet deposition. The 2-hr running average of EPIC AOCH retrievals for each hour are calculated to characterize 
the hourly climatology of dust layer height (Figure 4). The domain-averaged hourly climatology of AOCH from 
EPIC, CATS, and MERRA-2 are compared in Figure 4 for the wet season when the AOCH is more variable.

EPIC is the only passive satellite sensor that can currently provide the diurnal cycle of Saharan dust plume 
height. In dry season, the Saharan dust plumes rise slowly from early morning to the highest altitude at 13:00 LT 

Figure 2. Principal component analysis (PCA) results for daytime aerosol extinction profiles over tropical North Atlantic Ocean using 13 years of Cloud-Aerosol Lidar 
with Orthogonal Polarization level 3 product (June 2006 to June 2019). (a) Original aerosol profile samples, (b) the first five empirical orthogonal function (EOF) 
modes, and (c) the correlation coefficients between the first five principal components and the original aerosol extinction coefficients in the sample data at each vertical 
layer. The vertical variance explained by each EOF is labeled in (b).
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by around 200 m, then descend through the afternoon hours. In contrast, dust layer height in wet season shows a 
larger diurnal variation in the EPIC AOCH data (Figure 4a). The dust layer height ascends rapidly by ∼1 km from 
07:00 to 10:00 LT, remains at a high altitude at 13:00 LT, and subsequently descends quickly in the afternoon. 
The CATS data is very sparse over the space and time compared to EPIC, and we only have 3 years of CATS 
data, which brings some uncertainties in the diurnal variation of CATS AOCH. However, we can still see the 
similar diurnal cycle of the AOCH from CATS and EPIC, both of which agree that the dust AOCH values are 
higher around noon and lower in the early morning and late afternoon, though there is a little drop from 9:00 to 
10:00 LT for CATS AOCH (Figure 4b). L. Lee et al. (2019) also showed a rise of the aerosol layer in North Africa 
from early morning (6:00 LT) to noontime (12:00 LT) for the wet season using CATS data (see their Figure. 
12), though they did not quantitatively calculate the AOCH and had a different domain and coarser temporal 
resolution than this study. We conjecture that this diurnal cycle of Saharan dust plume height results from the 
diurnal variation of solar heating that causes the thermal buoyancy to lift the dust layer and the diurnal evolution 
of the boundary layer. We also analyzed CALIOP data and found that AOCH from CALIOP in the study region 
is statistically significantly higher in the daytime than in the nighttime (results not shown), which supports our 
conjecture here. Further evaluation of this conjecture is complicated by the limited sampling of CALIOP data 
and the fixed overpassing time and can be the focus of future studies possible with intensive field campaigns and 
ground-based observation.

In comparison, the dust AOCH from MERRA-2 shows little diurnal variation, although they share the similar 
spatial pattern as EPIC (Figure S5 in Supporting Information S1). The lack of diurnal variation of AOCH in 
MERRA-2 may be associated with the lack of observational constraints for implementing diurnal boundary-layer 
mixing or thermal buoyancy in the model. We also evaluated the diurnal variation of the dust layer height 
from the 6-hourly NAAPS-RA (Navy Aerosol Analysis and Prediction System AOD reanalysis) data (Lynch 
et al., 2016). Similar to MERRA-2, the spatial distribution of Saharan dust height from NAAPS-RA is consistent 
with that of EPIC, but it is almost constant during the whole day including nighttime (Figure S6 in Supporting 
Information S1). Overall, from a climatological point of view, the results suggest that EPIC retrievals have poten-
tial to constrain model simulations of the diurnal variation of the dust vertical distribution. While more stud-
ies are needed, current models need improvement to accurately represent the diurnal variation of dust vertical 
distribution.

Figure 3. (a) The first three aggregated monthly principal components (PCs), (b) domain-averaged monthly Earth Polychromatic Imaging Camera (EPIC) aerosol 
optical centroid height (AOCH) and aggregated monthly PC 2 plus PC 3 and scatter plots of monthly EPIC AOCH versus (c) PC 1 and (d) PC 2 plus PC 3. The R value, 
mean and standard deviation of x and y axis, the fitted linear equation, and the total number of data points are labeled in (c) and (d).
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5. Summary
We retrieved the AOCH over the TNAO using 4 years of EPIC measurements and characterized the monthly and 
hourly climatology of the trans-Atlantic dust layer height. The monthly climatology of EPIC AOCH agrees well 
with CALIOP with an R value of 0.95 and RMSE of 0.44 km. The Saharan dust layer is highest in summer and 
lowest in wintertime, which is consistent with our current knowledge of the seasonal cycle of the Saharan dust 
vertical distribution (Liu et al., 2008; Peyridieu et al., 2010; Pierangelo et al., 2004). However, the CALIOP level 
3 data has a coarse spatial resolution of 2° × 5° and EPIC retrievals feature a much finer resolution of ∼10 km. 
The PCA of aerosol extinction profiles indicates that the PC values that best represent the variability of Saharan 
dust transport, has a high positive R value of 0.918 with the EPIC monthly AOCH climatology. The weight of 
EOF 1 primarily accounting for the marine boundary layer process is negatively correlated with EPIC monthly 
AOCH. This indicates that the ascending of the ALH over TNAO in the summer and the annual variations are 
mainly due to the Saharan dust transport rather than the marine boundary layer process.

The characterization of the diurnal AOCH climatology over the TNAO is enabled by the unique Lagrange-1 
point orbit of EPIC. In our domain, we found that Saharan dust plumes reach their peak height at local noon and 
their lowest height in the early morning and late afternoon. The diurnal cycle is more variable in the wet season 

Figure 4. (a) The hourly climatology of Earth Polychromatic Imaging Camera (EPIC) aerosol optical centroid height (AOCH) by local time (LT) for dry season (first 
row, November–April) and wet season (second row, May–October). The domain-averaged hourly mean from dry and wet seasons are compared in the middle of second 
row. (b) The comparison of domain-averaged hourly climatology of EPIC AOCH in the wet season with the counterparts from CATS and MERRA-2. The EPIC and 
CATS data at 11:00 and 12:00 LT in the wet season are not shown due to the contamination of sun glint.
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than in the dry season. From early morning to local noon, the EPIC AOCH ascends by ∼200 m in the dry season 
and ∼1 km in the wet season. The CATS data shows a similar diurnal variation in dust layer height as EPIC. In 
contrast, the diurnal AOCH from MERRA-2 (and NAAPS-RA) is almost constant throughout the day. While 
future studies are warranted to understand the reason for the model deficiency in simulating the AOCH diurnal 
climatology, the EPIC datasets of the diurnal variation of dust layer height may aid in constraining modeled 
dust vertical distributions, improving our understanding of dust environmental and climate effects. To statisti-
cally resolve the diurnal variation of aerosol vertical profile on regional and seasonal scales, future space-based 
missions should leverage the synergistic combination of active and passive sensors to provide vertically resolved 
estimate of aerosol loading with more spatial and temporal coverage.

Data Availability Statement
EPIC level 1B data are obtained from NASA Aura Validation Data Center (https://avdc.gsfc.nasa.gov/pub/
DSCOVR/Level1b_v03/). EPIC level 2 AOCH data can be found at https://opendap.larc.nasa.gov/opendap/
DSCOVR/EPIC/L2_AOCH_01/contents.html. CALIOP level 3 data are from https://asdc.larc.nasa.gov/data/
CALIPSO/LID_L3_Tropospheric_APro_CloudFree-Standard-V4-20/. Earthdata registration is required for 
the access to the CALIOP level 3 data. CATS data are from https://cats.gsfc.nasa.gov/data/browse/. MERRA-2 
data are from https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/data_access/. NAAPS-RA data can be found at 
https://usgodae.org/cgi-bin/datalist.pl?dset=nrl_naaps_reanalysis&summary=Go.
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