General Response:

We thank the reviewer for the careful evaluation of our manuscript and for the constructive comments and
suggestions, which helped is improve its scientific clarity, and presentation.

In response, we revised the manuscript extensively. Several sections have been rewritten to improve readability,
scientific clarity, and the overall flow of the paper. We expanded the descriptions of the observational datasets,
aerosol classification methodology, HYSPLIT trajectory analysis, radiative transfer model configuration, and
clarified the statistical and temporal representativeness of the results.

Most importantly, we revised the analysis of the shortwave direct radiative effects (DREs) to and account for the
influence of solar zenith angle (SZA). Monthly DRE and direct radiative forcing efficiency (DRFE) values are
now calculated using also observations within a common SZA interval of 60° £ 4°, thereby reducing the influence
of seasonal solar geometry on comparisons among monthly DRE values. An additional analysis of the dependence
of DRE on SZA is provided in the Supplement. We also revised the methodology, Results, Discussion, and
Conclusions accordingly.

The reviewer’s comments are addressed individually below. For clarity, the reviewer comments are reproduced
in black, while our responses are provided in red.

The paper “Characterization of Dust Aerosol Source Types and Associated Shortwave Direct Radiative Effects
Over Cyprus: A Seven-Year Study” by Georgia Charalampous and coauthors presents seven (2025-2022) years of
columnar aerosol properties from the Agia Marina Xyliatou station, remote site in central Cyprus, used to derive
the impact of dust transported from the Saharan and the Middle East deserts on the aerosol load and on the dust
direct radiative effects.

The dust source regions are identified by the use of the airmass backtrajectories computed from the HYSPLIT
dispersion model, while the optical properties of dust are isolated by comparing the aerosol classification based
on aerosol optical depth (AOD) at 440 nm and the Angstrom exponent (AE) (AERONET Dubovik method) and
the one based on the lidar ratio and the particle linear depolarization ratio (lidar depolarization method), using the
measurements from the Limassol station. An important feature of the Middle Eastern dust is the difficulty to
isolate pure dust particles, due to the contamination by fine pollution during transport.

After the description of the intra-annual variability of the dust optical properties, the dust radiative effects (DRE)
at the surface, at the top of the atmosphere (TOA), and in the atmosphere, are computed for the two different
source regions, taking advantage of the solar irradiance measurements performed at Agia Marina Xyliatou.

Finally, the attenuation of the global horizontal irradiance (GHI) due to dust is computed to assess the effects on
the solar energy production.

General comments

The article highlights the aerosol property measurements from the AMX site, which is strategically located to
compare the optical properties of dust from the Sahara and from the Middle Eastern deserts.

The dataset is generally well presented, as is the data selection and the classification of dust cases from the Sahara
and the Middle East regions.

The description of the instruments and measurements used in the manuscript could be improved by including
some missing information, as well as that relating to the RTM input data. Furthermore, some details are missing
regarding the data analysis, which I believe are important for understanding the results. All comments are
described in the Specific comments section.

My main concern is the calculation and comparison of the monthly averages of the DRE, which is dependent on
the solar zenith angle (SZA). The authors do not mention this dependence, and it seems that, in calculating the
monthly averages, they take into account all the estimates of the instantaneous DRE in the month regardless of
the SZA value. This could lead to a bias in the results and distort the subsequent conclusions.



I therefore ask the lead author and co-authors to pay attention to this aspect and to present a study that shows the
consistency of the results.

For this reason, I suggest major revisions in order to publish the work.

We thank the reviewer for the careful and constructive assessment. We have substantially revised the manuscript
to address the concern regarding the dependence of shortwave DRE on solar zenith angle. In particular, we
recalculated the source-resolved DRE at a fixed SZA of 60°+ 4°, additionally examined the results within common
SZA intervals, and revised the monthly statistics so that they are calculated from daily rather than instantaneous
means. We also expanded the descriptions of the radiation measurements, AERONET sampling, HYSPLIT
trajectory procedure and radiative-transfer configuration, and now report the sample sizes underlying the principal
comparisons.

Specific comments

Line 206: the description of the GDAS dataset in the link provides 23 instead of 55 vertical layers. Moreover, the
GDAS dataset with 0.5°x0.5° seems to be available only until 2019 in the online version of the HYSPLIT
trajectory model.

Thank you for this valuable comment. We agree that the original description of the meteorological input dataset
was outdated and could lead to confusion. We have revised Section 2.3.1 to accurately describe the meteorological
fields used in the HYSPLIT simulations. Specifically, GDAS 0.5° meteorological fields were used for the period
up to June 2019, while GFS 0.25° meteorological fields were used from June 2019 to 2022, consistent with the
datasets available through the NOAA HYSPLIT archive. The incorrect reference to 55 vertical layers has been
removed, and the corresponding NOAA archive reference has been updated accordingly. We have also clarified
the trajectory initialization procedure for cases with and without lidar observations.

Section 2.2: A paragraph should be dedicated to solar irradiance instruments and measurements, instead of
providing the information under Section 2.2.3 which is devoted to the description of the PollyXT system. Among
the missing information, the time step of the solar irradiance measurements should be specified, since it has a role
in the estimation of the cloud-free intervals and in the calculation of the dust DRE.

We agree that the description of the surface solar radiation instrumentation should be presented separately from
the PollyXT instrumentation. We have therefore reorganized Section 2.2 by introducing a dedicated subsection
(2.2.2) describing the solar irradiance measurements, including the instrumentation, calibration and quality-
control procedures, and the native measurement time step. We also clarify that these measurements used for the
cloud-screening procedure and the radiative transfer model validation.

Section 2.2.1: the time step of the AERONET measurements should be made explicit, as well as the wavelengths
of the Cimel CE348NE. On the AERONET web site I see that some channels are missing in some periods.

We would like to thank the reviewer for his comment. We have expanded Section 2.2.1 (lines 140 — 143) to
specify the measurement wavelengths and temporal sampling of the Cimel CE348NE sun—sky photometer
operated at AMX. Direct-sun observations are nominally performed at approximately 15 min intervals during
daylight, with each observation consisting of a triplet of measurements. However, effective temporal sampling is
irregular because measurements may be unavailable or subsequently excluded owing to cloud screening, sky-
radiance measurement sequences, instrument downtime or quality-control procedures.

Section 2.3.2: the authors should argument the choice of the radiative transfer model (RTM) input parameters.
Why did they select the AOD only from two wavelengths, instead of using at least four (440, 675, 870, and 1020
nm) that are available for the entire period? This would improve the description of the spectral AOD variations
and the effect on the GHI simulation.

I guess that the AOD is extrapolated below 440 nm and above 675 nm by the AE and interpolated within the 440-
675 nm interval, but I suggest explaining it in the text.

Thank you for this valuable comment. We revised Section 2.3.2 and Table 1 to clarify the treatment of spectral
aerosol optical depth in the radiative transfer simulations. The AERONET-reported Angstrdm exponent at 440—
870 nm was not used directly. Instead, the Angstrom coefficients & and f3, were derived from the measured AOD
values at 440 and 675 nm and supplied to libRadtran using the aerosol _angstrom parameterization. libRadtran



then calculated the spectral AOD at the model wavelength grid over the simulated wavelength range of 289-3000
nm.

In this parameterisation, aerosol optical depth is represented as,

T(d) = pA7°,
where wavelength is expressed in micrometres. For each observation, the coefficients were calculated as

_ In(T440/7T675) _ In(T440/T675)
In(0.44/0.675) 1In(0.675/0.44)"

and

B = T440(0.44)%,

which is equivalent to:

B = T675(0.675)a.

Because wavelength is expressed in micrometres, f§ represents the AOD implied by the fitted power law at 1 um.
These two parameters were supplied to libRadtran, which calculated the spectral AOD continuously over the
simulated shortwave wavelength range. Thus, the 440 and 675 nm measurements were not used as interpolation
nodes; rather, they were used to derive the two parameters defining the spectral Angstrém relationship.

We agree that using additional wavelengths could provide a more detailed description of spectral curvature when
departures from a single Angstrém power law occur. However, the adopted two-wavelength parameterization
reproduced the cloud-free ground-based GHI measurements very well, with approximately 87% of simulations
within +5% and 96% within £10% of the observations. We therefore retained the existing simulations while
clarifying the exact implementation and its validation in the revised manuscript. We also corrected Table 1 .

Which atmospheric profiles are used?

We have revised Section 2.3.2 to explicitly describe the atmospheric profiles used in the radiative transfer
simulations. Specifically, we now state that the AFGL Midlatitude Winter and AFGL Midlatitude Summer
atmospheric profiles were adopted for December—February and March—November, respectively.

I can not find any information about the SZA interval or time step for the RTM simulations for the purpose of the
validation of the model performance in reproducing the cloud-free GHI measurements. Are model simulations
carried out for each cloud-free irradiance measurement or for specific SZA values?

We clarified that radiative transfer simulations were performed for each individual AERONET observation using
the corresponding date, time, and geographical location (also added to Table 1). Consequently, the solar zenith
angle was calculated internally by libRadtran for every simulation rather than being prescribed over a fixed
interval. Finally, we clarified that the simulated irradiances used for the validation were temporally matched with
the nearest cloud-free ground-based irradiance measurements within a +15-minute time window.

Table 1: please explain the sentence “440 nm and 675 nm, treated as wavelength independent within each
interval”, which is not clear.

We agree that the previous wording was unclear. The table has been revised to clarify that the single-scattering
albedo (SSA) and asymmetry parameter (ASY) were calculated as the arithmetic mean of the AERONET values
at 440 and 675 nm and were applied as spectrally constant aerosol properties throughout each radiative transfer
simulation. The previous phrase referring to "wavelength independent within each interval" has therefore been
removed.

Section 2.4.3: the DRE at the surface is calculated for both the downwelling and the net radiation. Which of the
two is then evaluated for the successive analysis?



Thank you for pointing this out. We agree that the original wording was ambiguous. Although both downwelling
and net surface shortwave fluxes were calculated during the radiative transfer simulations, all analyses presented
in this manuscript are based on the net surface DRE, as defined by Equation (5). We have revised Section 2.4.3 to
explicitly state that the results presented throughout the manuscript refer to the net surface shortwave radiation.

The authors say (lines 283-284) that “The corresponding instantaneous DREs were then derived and subsequently
averaged to obtain monthly mean values”. How do they average the instantaneous DRE values? This is a key
point since the DRE, either at the surface and at TOA, has a clear SZA dependence (see, e.g., Balmes and Fu, The
diurnally-averaged aerosol direct radiative effect and the use of the daytime-mean and insolation-weighted-mean
solar zenith angles, J. Quantitat. Spectr. and Rad. Transfer, 257, 2020, doi:10.1016/j.jqsrt.2020.107363; Wu et al.,
Aerosol direct radiative effects at the ARM SGP and TWP sites: Clear skies, J. Geophys. Res. Atmospheres, 126,
€2020JD033663, 2021, doi:10.1029/2020JD033663; di Sarra et al., Surface shortwave radiative forcing of
different aerosol types in the Mediterranean, Geophys. Res. Lett.,, 35, 102714, 2008,
doi:10.1029/2007GL032395). Since AERONET measurements are not continuous throughout the day and, even
more so, those in dusty conditions are not, the dust DRE can be estimated only for some SZAs. Furthermore,
daytime SZA values vary throughout the year, so in summer the DRE can be calculated for low SZAs that are not
reached in other seasons. How did the authors account for this dependence when calculating monthly averages?
Averaging all instantaneous DRE values (calculated for variable SZAs) means that seasonal DREs cannot be
compared. To overcome this problem, I suggest calculating the DRE for fixed SZAs. There will be SZA values
(e.g., 60°) for which the DRE can be calculated throughout the year, and monthly and seasonal averages can then
be computed and compared.

We thank the reviewer for this valuable comment. We agree that the instantaneous DRE depends on solar zenith
angle and that this should be considered when comparing monthly and seasonal values. Following the reviewer's
suggestion, we have added an additional analysis using a common solar zenith angle interval (60° + 4°), which is
available throughout the year. The methodology has been revised accordingly (Section 2.4.3), and the
corresponding results have been added to the manuscript (new Figure 8). We also performed several additional
diagnostic analyses (shown below), including the dependence of the instantaneous surface DRE on SZA,
normalized surface attenuation, and comparisons between the complete dataset and the fixed-SZA subset. These
analyses show that the fixed-SZA approach produces very similar seasonal behaviour to the complete dataset,
confirming that the principal conclusions are robust with respect to solar geometry, while the complete dataset
provides more comprehensive statistics because it retains all available dust observationsComparison with the
complete dataset. We compared the monthly DREs derived from the complete dataset (SZA < 65°) with those
obtained at the fixed SZA. Although the fixed-SZA approach reduces the number of available dust observations
in several months, the seasonal behaviour and the overall conclusions remain very similar, indicating that our
results are robust with respect to solar geometry.

Investigation of the SZA dependence. To better understand the reviewer's concern, we further examined the
dependence of the instantaneous DRE on SZA using several diagnostic analyses (shown below). These include:

o monthly DREs calculated for different SZA intervals,

e comparison between the complete dataset and the fixed-SZA analysis,
e scatterplots of instantaneous surface DRE versus SZA,

e normalized (relative) surface attenuation,

These analyses show that, for the SZA range considered in this study (<65°), the absolute surface DRE exhibits
only a relatively weak dependence on SZA, whereas the relative attenuation (expressed as the percentage
reduction with respect to the no-aerosol surface net irradiance) increases gradually with increasing SZA. For
completeness, we include below the additional diagnostic figures.



Monthly Mean Direct Radiative Effects by Solar Zenith Angle
. SH . ME

o (8) Surface (b) A e {c) TOA
s
0
7 s l ' 100 T
o -
<« 100 50 “®
B i
ﬁ" N FE o - — R ———— -0 .
(3 (d) Surface (e) {f) TOA
o
o -
‘g’ T s l I 100 ° I T L)
o n
o 4 -20
T SO | T T
w —
o 0 0 40
E {g) Surface (h) A h (i) TOA
5 n ° ] BVW
2 Z _so 100
E o 50 -0
3 < -100 I .
£ b 0 -a0
(j) Surface (k) Atmosphere {h TOA
g o
E _s0 100
= -20
< -0 50
# 0+ -0
] FM AM ]| ] ASOND ] FMAM ]| ] ASOND ] FMAMI]J ] ASOND
Month

Figure R1.1: Monthly mean shortwave direct radiative effects (DREs) at the surface (left column), within the
atmosphere (middle column), and at the top of the atmosphere (TOA) (right column) for Saharan (SH) and Middle
Eastern (ME) dust, calculated separately for four solar zenith angle (SZA) intervals: 0-15°, 15-30°, 30-45°, and 45—
60°. Bars represent monthly mean DRE values derived from daily averages, while error bars denote £1 standard
deviation. The figure illustrates the dependence of the DRE magnitude on solar zenith angle and demonstrates that,
although the absolute magnitude varies with SZA, the overall seasonal behaviour and the relative differences between
the two dust source regions remain consistent.

Direct Radiative Effects at SZA = 60°
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Figure R1.2: Monthly mean shortwave direct radiative effects (DRE, W m™) at SZA = 60° + 4° over AMX (2015-
2022) under clear-sky conditions for (a) surface, (b) atmosphere and (c) TOA. Saharan dust is shown in brown and
Middle Eastern dust in orange. Bars represent monthly mean values and error bars denote 1 standard deviation.
Background colours denote cooling (blue) and warming (red) effects.



Surface Aerosol Effect: Absolute versus Relative
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Figure R1.3: Dependence of the instantaneous surface aerosol direct radiative effect (DRE) on solar zenith angle (SZA)
for all dust observations (SZA < 65°). (a) Absolute surface DRE (W m™) as a function of SZA for Saharan (circles) and
Middle Eastern (triangles) dust events. (b) The corresponding relative surface attenuation, expressed as the percentage
reduction in net surface irradiance with respect to the aerosol-free case [(Net o — Net, aer)/Netyg aer X 100]. The
shaded region indicates the common solar zenith angle interval (60° £ 4°) used for the fixed-SZA sensitivity analysis.
While the absolute surface DRE shows only a modest dependence on SZA, the relative attenuation increases with
increasing SZA owing to the longer atmospheric optical path.
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Figure R1.4: Instantaneous surface direct radiative effect (DRE) as a function of solar zenith angle (SZA) for May dust
events. Saharan (circles) and Middle Eastern (triangles) dust observations are shown separately. Marker colours
indicate the aerosol optical depth at 440 nm (AODu40). The shaded region denotes the common solar zenith angle interval
(60° + 4°) used for the fixed-SZA sensitivity analysis. The absolute surface DRE exhibits only a weak dependence on
SZA within the examined range, with the magnitude of the radiative effect being primarily controlled by aerosol loading
(AOD), while the fixed-SZA subset provides a consistent basis for comparing radiative effects independent of seasonal
changes in solar geometry.

Based on these analyses, we retained the original climatological DRE results (which maximize the available
observations) in the manuscript, but added the new fixed-SZA analysis to explicitly demonstrate that the seasonal
conclusions are not an artifact of varying solar zenith angle.

Section 3.2: It is not clear to how many dust AERONET measurements the calculation of the backtrajectories with
the HYSPLIT model is applied. For example, if a measurement is classified as dust-dominated and the next one
(expected to be close in time, let’s say after 15 minutes) is also classified as dust, do you run the model for both?
This is not realistic, even because of the temporal resolution of the GDAS meteorological field. Since the origin
of each case is also cross-checked with MODIS images, I guess that few cases per day can be considered.

The same applies to the cases classified as dust from the LD and AD, which are 37. Are these instantaneous
measurements?



Thank you for this important comment that help us clarify the methodology used. The HYSPLIT backward
trajectory analysis was not performed for every individual AERONET observation. Instead, representative
trajectories were calculated for approximately 2—3 representative times per dust day, selected to capture the
temporal evolution of the dust episode while remaining consistent with the temporal resolution of the
meteorological input fields. The corresponding AERONET observations belonging to the same dust event were
then assigned the same source classification. MODIS true-colour imagery was used as an additional consistency
check of the transport pathway and source region. We have clarified this procedure in the revised manuscript. We
also clarify that the 37 LD—AD cases correspond to 37 coincident AERONET-lidar comparison cases, i.e.,
individual cases for which simultaneous observations from both instruments were available.

Section 3.3: When the authors talk about a “dust day”, what exactly do they mean? Is there a minimum number
of instantaneous measurements identified as dust during a day for it to be classified as a “dust day”? Similarly,
how is the AOD at 440 nm monthly climatology calculated? From Table 2 I understand if one dust day is present
in the month than it is included in the climatology. In the case of the month of March, for the one case of Middle
East dust the standard deviation represents the variability of the instantaneous measurements in a single day, while
in the case of dust from the Saharan dust the standard deviation represents the variability of the daily
measurements of the 15 days, that may have been occurred in different years. Are the authors sure that these data
can be effectively compared?

We thank the reviewer for this valuable observation. We agree that calculating monthly climatologies directly
from all instantaneous observations may overweight dust days with a large number of measurements. Therefore,
the analysis has been revised. A dust day is now defined as a day with at least one valid dust observation satisfying
the selection criteria. When multiple observations were available during the same day, the aerosol optical
properties and radiative effects were first averaged to obtain representative daily values. The monthly
climatologies were subsequently calculated from these daily means, ensuring that each dust day contributes
equally to the monthly statistics. The error bars (see figure below) now represent the standard deviation among
the daily mean values contributing to each month, rather than the variability among all instantaneous observations.
For months represented by a single dust day, no standard deviation across days can be calculated; these values are
therefore shown without an error bar and are interpreted as individual event values rather than statistically robust
monthly climatological estimates. The manuscript, Figure 5 and Table 3 and discussion have been updated
accordingly.
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Figure R1.5: Monthly climatology of (a) aerosol optical depth at 440 nm (AODus0) and (b) single-scattering albedo at
440 nm (SSAu) for Saharan and Middle Eastern dust. Solid lines show monthly statistics calculated from daily mean
values, while dashed lines represent the corresponding statistics derived from all instantaneous observations. Error
bars denote +1 standard deviation. The comparison illustrates the influence of averaging methodology on the monthly
climatologies by reducing the disproportionate weighting of dust days with multiple observations.
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Figure R1.6: The intra-annual variability of monthly average aerosol optical properties (a) AOD at 440nm, and (b) SSA
at 440nm for different dust origins (SH-brown and ME-orange). Error bars represent £1 standard deviation (x10).
Seasons are indicated by background colours: light blue for DJF, light green for MAM, light orange for JJA, and light
grey for SON.

Section 3.4: see comment on Section 2.3.2. How many model-measurement comparisons are made that provide
the statistics in Figure 7 and Table 4?

We thank the reviewer for pointing this out. The number of collocated model-measurement comparisons was not
explicitly reported in the original manuscript. We have now added this information to Section 3.4, Figure 6, and
Table 4. The validation statistics are based on 550 comparisons for Saharan dust cases and 78 comparisons for
Middle Eastern dust cases, corresponding to 628 comparisons in total.

Figure 7: those cases for which the percent difference between modelled and measured GHI is larger than 10%
(or, better, lower than -10%) the DRE should be not be evaluated since the model is not capable of reproducing
the measured irradiances, thus it is plausible that even the dust-free simulation may be unrealistic and so the DRE.
Did the authors take this aspect into account?

We thank the reviewer for this valuable suggestion. To assess the robustness of our results, we performed a
sensitivity analysis by repeating the complete surface DRE analysis after excluding all collocated cases for which
the absolute difference between the modelled and measured GHI exceeded +10%. We then compared the overall
surface DRE, the monthly mean DRE values, the daily-mean DRE statistics, and the DRE-AQOD correlations with
those obtained from the original analysis. The overall mean surface DRE changed only marginally, from —56.70
to —55.29 W m for Saharan dust (2.49%) and from —60.68 to —60.28 W m? for Middle Eastern dust (0.66%).
The DRE-AOD correlations remained essentially unchanged, with the Pearson correlation coefficient changing
from —0.9128 to —0.9198 for Saharan dust and from —0.9420 to —0.9450 for Middle Eastern dust. Most monthly
mean DRE values were unaffected. The largest difference was observed for Saharan dust in March, where the
monthly mean changed from —106.97 to —89.44 W m 2 after excluding four observations. However, when monthly
values were calculated from daily mean DRE, thereby avoiding disproportionate weighting of days with multiple
observations, the corresponding March mean changed only from —91.13 to —88.46 W m2 (2.93%). These results
demonstrate that the sensitivity to the +10% filtering criterion is minimal and that the principal conclusions of the
study remain robust.

Section 3.5: here the authors re-assess the methodology followed to compute the average monthly DRE “The
DREs were initially calculated at the instantaneous level, using the corresponding aerosol optical properties and
solar geometry, and were subsequently averaged to derive monthly mean values”. As the DRE is SZA-dependent,
the authors should state if and how this dependence is included when computing the monthly averages. If the SZA
dependence does not affect the results, a specific analysis should be provided. An alternative way of comparing
the DRE in different months is to do it for fixed SZA values.

We thank the reviewer for this important comment. We agree that the shortwave DRE depends on SZA and that
this should be explicitly assessed. In the original analysis, the DRE was calculated for each instantaneous
observation using the corresponding aerosol optical properties and solar geometry and subsequently averaged by



month. To evaluate the potential influence of SZA on the monthly climatologies, we performed an additional
sensitivity analysis.

First, the monthly DRE climatologies were recalculated separately for four SZA intervals (0—15°, 15-30°, 30—
45°, and 45-60°) (Figure R1.1). These results show that, although the absolute DRE exhibits some dependence
on SZA, the seasonal evolution and the relative differences between Saharan and Middle Eastern dust remain
consistent across the different SZA ranges. In addition, following the reviewer's recommendation, we repeated the
monthly analysis using only observations acquired within a common solar zenith angle interval (60° = 4°), thereby
allowing direct comparison between months under nearly identical illumination conditions (new Figure 8 in the
revised manuscript). The fixed-SZA analysis preserves the principal conclusions of the study: dust produces
cooling at the surface and TOA and heating within the atmosphere for both source regions, with the strongest
Saharan radiative effects occurring during spring and the strongest Middle Eastern effects during autumn. To
further investigate the influence of SZA, we also examined the dependence of the instantaneous surface DRE on
SZA, the corresponding relative attenuation with respect to the no-aerosol surface net irradiance, and the simulated
surface net irradiances under aerosol and aerosol-free conditions (Figures R1.3—R1.4). These complementary
analyses show that, within the SZA range considered in this study (SZA < 65°), the absolute surface DRE exhibits
only a relatively modest dependence on SZA, whereas the relative attenuation increases gradually with increasing
SZA because of the longer atmospheric optical path. Consequently, the fixed-SZA analysis leads to essentially the
same seasonal interpretation as the complete dataset, demonstrating that the reported climatological patterns are
robust with respect to solar geometry.

Lines 648-649: the sentence “Months with limited sample size (e.g., December for Saharan dust) should be
interpreted with caution, as the corresponding monthly means are not statistically robust” here is probably referred
to the surface albedo value, which is assumed to be constant, and also wavelength-independent, throughout the
period and along the seasons. More generally, this sentence should be associated with the results that describe the
monthly averages of the various parameters examined (AOD at 440 nm, AE, SSA, DRE) precisely because the
properties of dust from the Sahara and the Middle East are compared for a number of cases that differ from a
source to another.

We agree that the limitation associated with small sample sizes is not specific to the DRE analysis but applies to
all monthly climatologies presented in the manuscript, including AOD at 440 nm, Angstrém exponent, SSA and
DRE. We have therefore moved and expanded this statement to the beginning of the monthly climatology results
section, where it now applies generally to all monthly comparisons. In addition, we explicitly note that the number
of dust cases differs between Saharan and Middle Eastern dust, particularly during months with infrequent dust
events, and that monthly statistics based on a limited number of dust days should therefore be interpreted with
caution.

Technical corrections
Line 97: SSR is not introduced, use GHI. The suggested correction has been implemented.

Lines 122-124: the verb is missing from this sentence. Use the same number of decimals for the coordinates of
the two sites. Thank you for pointing this out. The manuscript has been revised accordingly.

Line 136: add “during” before “the last 10 years”. Thank you.

Line 145: add “spectral”. The suggested correction has been implemented.

Line 180: diffuse horizontal irradiance (DHI). This has been corrected in the revised manuscript.
Line 314: I suggest “3.1 Aerosol Classification”. Thank you for the suggestion.

Lines 323-324: the sentence “It should be noted that the statistics presented as all points correspond to the total
number of individual AERONET measurements during the study period” is not clear. The manuscript has been
revised.

Lines 325-328: the sentence should be moved further on where the SON season is mentioned again (from line
331). Yes, thank you.



Lines 339-340: the sentence “Figure 2(iv) table of this classification by showing...” should be revised. This has
been corrected in the revised manuscript.

Lines 359-360: use only one decimal. Thank you, we changed this.

Figure 3: the meteorological dataset indicated in the HYSPLIT plots report “GFSG”. Is it different from GDAS?
We rewrote the 2.3.1 part.

Lines 380-383: this part better in Section

We thank the reviewer for this suggestion. We agree that this information is methodological and is more
appropriately placed in Section 2.2.2 (now 2.2.3), where the PollyXT lidar system and the retrieval methodology
are described. The corresponding text has therefore been moved to that section.

Lines 393-397: there are some repetitions. This has been corrected in the revised manuscript.
Line 431: how did the authors chose the FMF threshold of 0.4?

Thank you for this comment. We have clarified the rationale for selecting the FMF threshold of 0.4. The chosen
threshold is consistent with previous studies (Gobbi et al., 2007; Logothetis et al., 2020; Rogozovsky et al., 2024)
and is also supported by the bimodal FMF distribution observed in our dataset, where FMF = 0.4 corresponds to
the transition between coarse-mode-dominated mineral dust and mixed aerosol populations. This explanation has
been added to Section 2.4.2.
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Figure R1.7: Histogram of the fine-mode fraction at S00 nm (FMFsw) for all aerosol observations used in this study.
The bimodal distribution indicates two distinct aerosol populations, with a transition around FMF = 0.4, supporting
the use of FMF < 0.4 as the threshold for identifying coarse-mode-dominated mineral dust events.

Line 440: here the number of Saharan and Middle East dust cases (199 and 33) appear for the first time. I suggest
to indicate these numbers also in Section 3.1. Thank you for the suggestion, we added these numbers in Section
32

Line 458: review the sentence “and this is associated with enhanced AOD values associated with increased...”.
Thank you for pointing this out.

Line 462: maybe is “year-to-year” instead of “month-to-month”? We thank the reviewer for this observation. We
agree that "year-to-year" (or interannual) variability is more appropriate in the context of a monthly climatology.
The text has been revised accordingly.

Line 504: it seems to me that the central radius is more around 2 um, and not 1-2 um. The suggested correction
has been implemented.

Lines 514-516: the sentence “For a more compact and quantitative comparison of particle size between the two
origins, because it summarizes the combined influence of the peak position and the coarse/fine partitioning” needs
to be revised. Thank you for this one.

Line 548: “DRE” instead of “ARE”. Thank you for pointing this out. The manuscript has been revised accordingly.



Lines 621-622: this should be better detectable in the DRE efficiency. Thank you.

Line 659-660: the sentence “The DRFE within the atmosphere (Fig. 10b) remains positive throughout the year as
DRE is also positive” can be simplified. This has been corrected in the revised manuscript.

Line 676: include a sentence for the choice of the SSA classes. Thank you we added that.

Table 5: I suggest to include the AE values in the table. Thank you, we added that

Line 706: include the standard deviation also for the ME dust cases. Thank you for pointing this out.
Line 708: The reference to Figure 11 is incorrect, I guess is Figure 14. Yes we corrected this one.

Lines 710 and 711: the correct surface DRE values are -167 and -127 Wm-2, respectively, and not -168 and -126
Wm-2. Thank you for pointing this out. The manuscript has been revised accordingly.

Line 736: the analysis of the airmass backtrajectories may add information, for example short-range transport may
be associated with larger AOD values?

We revisited the HYSPLIT backward trajectories for the selected dust events to investigate whether transport
distance could explain the observed AOD differences. The analysed cases do not show a clear relationship between
transport length and AOD. In particular, the two Saharan events with the highest mean AOD values (0.95 and
0.89) are associated with long-range transport across North Africa, whereas the June 2019 Middle Eastern event,
characterised by comparatively shorter and more regional transport, exhibits the lowest mean AOD (0.62).
Therefore, our case studies do not provide evidence that shorter transport is systematically associated with larger
AOD values, and we have not added such an interpretation to the manuscript.
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Figure R1.8: NOAA HYSPLIT 72-hour backward trajectories for the four representative dust case studies analysed in
this work. The trajectories were re-examined in response to the reviewer's comment to assess whether transport
distance could explain differences in aerosol optical depth (AOD). The selected case studies do not reveal a systematic
relationship between transport length and AOD, indicating that higher aerosol loading cannot be attributed solely to
shorter or longer transport pathways.

Line 742: I suggest the title “Attenuation of Global Horizontal Irradiance for Solar Energy Production”. Thank
you for the suggestion.

Line 759: maybe “monthly” instead of “seasonal”. This has been corrected in the revised manuscript.

Section 4: when comparing the results of the present study with previous works, it should be specified if the
reported data are instantaneous, daily, or monthly averages.

Thank you for this valuable suggestion. We have revised Section 4 to explicitly state the temporal
representativeness of the results reported in both the present study and the cited literature. Specifically, we now
clarify whether the reported quantities correspond to instantaneous values, daily or event-based averages, monthly
means, or annual averages, as appropriate.

Line 834: change SSR with GHI. This has been corrected in the revised manuscript
Some typos are present.

Thank you again. The technical corrections and clarifications suggested by the reviewer have been addressed in
the revised manuscript.
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