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Summary and Recommendation

 

This paper presents a quantitative estimation of spatial and temporal variability of dust
globally. It uses a data set that coalesces satellite (MODIS total aerosol optical depths)
and aerosol model outputs (MERRA-2 reanalysis) to provide a +15-year global dust
aerosol optical depth (DAOD) at 0.1x0.1 degree resolution. The dataset (called MIDAS)
was introduced in a separate study (Gkikas et al, 2021a) and this paper is an application
of the MIDAS dataset. This study consists in a statistical analysis of the average spatial
distribution of DAOD over each continent and discusses how the results compare with
previous studies. In addition, monthly time series and inter-annual variability plots are
presented for representative major dust sources.

Overall, this is an impressive amount of very detailed work and provides an overall picture
of dust distribution with excellent graphics. In addition, it is a good idea to create a
gridded high spatial resolution dataset.



However, I have one critical point in this analysis and in my opinion, it is disqualifying for
publication as it is. I think that this analysis provides a global picture from data sources
that are not suitable for being merged in this way. I think the paper could eventually be
published but significant modifications should be added, and concerns addressed.

 

More detailed Comments

 

As a matter of disclosure, I work in one of the satellite algorithm development teams used
in this study.

 

I recognize the effort in trying to create a more complete global picture of dust
distribution. While it is true that tremendous advances have been made in global aerosol
detection and concentration observation (global AOD), there hasn't been significant
progress in observational global aerosol type identification from satellites. The MODIS
sensors are not sensitive enough to do aerosol type identification for aerosol loadings
below the range AOD=0.15-0.2 (and this can be debatable too because it highly depends
on the surface). The corresponding algorithms are designed to mitigate but not eliminate
this problem. So, there is a clear observational under sampling of dust in medium to low
concentrations. The advances in aerosol modeling in the last decade, particularly in
transport of air masses that correctly place the location and arrival time of any air mass
anywhere of the world to the point that it can be used in air pollution forecasting.
However, aerosol transport modeling still has significant difficulties in the generation and
characterization of aerosol sources and specifically, dust.

 

 

Therefore, my concern is the nature of the MIDAS dataset. It is a mixture of observational
and model data. It offers a tremendously practical dataset.  However, it casts a doubt on
the reliability of the data. The satellite source data is still quite imperfect to be merged
this way. Specifically, there are 3 MODIS aerosol algorithms used in this study: Dark



Target- Land, Dark-Target-Ocean and Deep Blue (only over land).  All of them have
mutual inconsistencies in aerosol detection which are particularly manifest in low-to-
medium aerosol loadings. For example, in the Sahel region in Africa, both algorithms
disagree depending on the surface assumed by each of them and on the aerosol loading in
the scene.

 

The methodology relies on the assumption of using MERRA-2 DAOD/AOD ratios to provide
the proportion of dust present in the pixel observed by the satellite. This assumes that the
model is correct in not only placing dust in the selected pixel but also the proportion of
dust is correct. However, it is well documented that global dust models are still having
serious discrepancies not only in quantitative terms in aerosol loading but also in
activating dust sources. Several studies have pointed this out. (Pu and Ginoux, 2015; Wu
et al, 2018,2019,2020; Gliß et al, 2021). While these studies did not specifically address
MERRA-2, they do highlight that global dust models still are struggling to consistently
produce realistic dust simulations and it is an evolving topic. Certainly, there are
encouraging advances such as those from Kok’s group in UCLA but the modeling of
quantitative dust generation is still a subject in progress.  While MERRA-2 partially
overcomes this weakness by assimilating total AODs from MODIS, it still has limitations
regarding the generation of different aerosol types including dust. With all these mutual
discrepancies in dust generation, how could a user trust that outputs provided by
MERRA-2 is any better than the other models?

 

In the paper and in Gkikas et al, 2021a, I noted behaviors that are difficult to interpret,
and it is not clear whether it is sourced to the satellite or model data because the data
was mixed at its generation.  For example, in Gkikas et al, 2021a the database puts dust
in places where no dust has been observed (Arctic, upper right corner in figure 8a) and it
includes pixels that only have less than 20-30 observations in 15 years of daily sampling. 
It does not include dust that is not visible from space nor modeled by MERRA-2 (such as
high latitude dust such as Alaska, Iceland and Greenland that occur mostly in cloud
conditions and their sources are not included in MERRA=2) . There are inconsistencies in
the data that makes it look unphysical for example, in figure 1 the sharp discontinuity in
aerosols along the coast of the Gulf of Guinea (along 5 degrees N) where AODs are high in
the inland side but drop sharply in the immediate ocean. Aerosols do not behave like that
(most likely this is an issue due the land and ocean satellite algorithms). These
inconsistencies are present in the original data used, that is in the daily Level 2 satellite
data. For example, this image (see https://go.nasa.gov/2VaLKLv and
https://go.nasa.gov/3ihzpxW) displays markedly different AODs between ocean and land
in an air mass (containing smoke and dust in each case) advecting from land to ocean.
Perusing other days in the same webpage will show a similar pattern. Clearly aerosol
concentrations cannot change so drastically in such short distance, and this is clearly an
artifact. Also, figure 9 has a sharp straight line North-South in the center of Brazil:
aerosols do not behave like that.



 

So, what casts a doubt to this study is how one can reliably trust what MIDAS is showing?
Specifically, if it shows a specific feature or trend that do not agree with independent
sources of data or observations, is this discrepancy sourced in the observational data or in
the model? How a user would be able to understand and trace the source of discrepancy?
Would the user be able to conclude that it is an actual geophysical feature?

 

As far as the scientific questions addressed by this paper, I think they are good ideas to
address.

However, they can be (partially) addressed with similar satellite only databases. For
example, this paper presents an analysis of the major dust producing basins, places we
already know are the major dust sources and in general they are cloudless which means
satellite coverage is very good. So, the addition of model data does not contribute
meaningful additional information as far as understanding of these sources which were
already addressed in other recent satellite studies (for example, see Voss and Evan, 2021
and Gupta et al, 2020).

 

Therefore, I think this analysis is not well conceived because the dataset in my opinion is
not adequate for addressing the questions set out to answer in this study. My
recommendation is to reject the paper in this form. Below I suggest on one possible to use
the same dataset and salvage this submission (so perhaps it can be labeled as “Major
corrections and resubmit”)

 

Suggestion for improvement of the manuscript

 

This dataset contains a valuable aggregation of satellite data and I think is still of value,



particularly if merged with LIVAS. My advice to the author is to use this dataset to update
some of the reference studies on dust activity using only satellite data.  For example, the
satellite data set can be used to update some of the Ginoux et al, (2012b) study regarding
location of dust sources and activity. The database from this submission is more complete
and is updated with respect what was used in the Ginoux paper. Such updated analysis
will be very welcomed. For example, such analysis would include the observations of high
latitude dust that are already available within the MODIS data base. They sources were
not in the original Ginoux analysis nor in the Voss and Evan 2021 paper.
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