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The paper by Sicard et al. addresses an interesting and relatively poorly investigated
aspect of mineral dust radiative effects in the Mediterranean atmosphere.

The paper is interesting, the data and the methodology are appropriate for the objec-
tives of the study. However, some aspects need to be clarified, and the conclusions
need more discussion before publication of the study.

The main aspects to be improved are:

1. The study is based on the assuption that (something similar to) pure dust is present
at Barcelona. Although the cases are selected according to the observed Angstrom
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exponent and its spectral dependence, it is possible, and in some cases there are
evidences, that dust is mixed with different aerosol types (or, at least we may have
different types of particles at different atitudes). As suggested by the authors, case
7 is clearly attributable to mixing of dust and smoke. In general, the authors assume
that the dust is confined approximately between 1.5 and 3.5 km altitude. Thus, other
aerosol types (marine? urban?) must be present in the boundary layer, although dust
may still be dominant over the column. The use of refractive indices for dust in a urban
environment should be better discussed, since the occurrence of particle layers with
different optical properties is expected to affect the radiative budget (see e.g., Gomez
Amo et al., 2010).

2. The forcing at the surface is generally calculated using the net irradiance instead
of the downward component only. By using equation (1) (page 8541), what is derived
at the surface is different with respect to what is generally used, and the comparisons
with literature data should take into account this aspect. In the LW, the surface forcing
for the downward irradiance and the net irradiance are equal only if the surface tem-
perature is the same with and without aerosols. This occurs only if we assume that the
aerosol is not affecting the surface temperature. If this assumption is made, it should
be discussed and verified. Most importantly, if the upward component at the surface
is neglected, expression (4) for the atmospheric forcing is not valid, since some terms
are missing. Figure 9 and the related discussions should be corrected.

3. Figure 8 shows the scatterplot of CERES outgoing longwave irradiances and mod-
eled data. Both datasets cover a limited interval of values of about 12-15 W/m2, and
the evaluation of the results needs reporting estimated uncertainties.

4. The discussion on the sensitivity based on the model is interesting; however, it is of
limited use in the interpretation of the results. If possible, it would be useful to use the
derived sensitivities to assess the uncertainties associated with the model calculations.

5. The setup used in the calculations in the SW spectral range is poorly discussed.
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The refractive index from Volz (1983) is used throughout the SW and LW ranges. The
refractive index used in the SW should be at least compared with the values coming out
for the different cases from the AERONET retrievals. This camparison may also help
verifying if dust is really the dominant component in the atmospheric column (see point
1). If the refractive index is kept fixed, changes in some optical parameters, and in the
single scattering albedo in particular, are due only to changes in size distribution. What
are the SW single scattering albedo for the different cases used in the calculations
(i.e., with the AERONET size distribution and the Volz refractive index)? And how do
they compare with the AERONET retrievals of single scattering albedo? If the SW RF
calculations are maintained in the paper, more information should be added to table 3.
This additional information should include the single scattering albedo, the asymmetry
factor, possibly some data on the size distribution, and the solar zenith angle.

6. The SW RF and the ratio LW versus SW radiative forcing are of very limited utility
without an information on the solar zenith angle, since the SW RF varies between zero
and the noon value during the day. The comparison with literature data should be made
at the same solar zenith angle, or for daily averages (whose values depends on latitude
and day number, which should be stated), and considering differences arinsing from
different albedoes.

7. The conclusions should be strengthened. I would suggest discussing the behaviour
of the forcing efficiency (RF divided by AOT) in order to compare results obtained on
different days, and to investigate if and how the LW forcing efficiency depends on size
distribution and other key parameters (Angstrom exponent, single scattering albedo in
the IR window, etc.). Few studies on the dust LW radiative forcing have been carried
out so far in the Mediterranean (e.g., di Sarra et al., 2011; Perrone and Bergamo, 2011;
Spirou et al., 2013). A comparison with those studies would help in the discussion of
the results.

Other minor points follow:
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I would suggest defining somewhere in the text the limits of the SW and LW spectral
ranges used in the study.

Page 8535, lines 19-21: wet scavenging may or may not occur, and the relatively small
particles may still be present in the dust size distribution.

Page 8535, lines 25-26: the sea salt altitude contributes to reduce the top of the at-
mosphere forcing, but does not prevent to have an effect (see e.g., Markowicz et al.,
2003).

Page 8536, line 25: as suggested by other reviwers, non-sphericity may still play some
role, although small.

Page 8537, lines 4-5: the sentence is not clear. In my opinion the significant changes
in the optical coefficients are not due to the "small spectral variations" in the refractive
index.

Page 8540, line 1: I would not expect a close correspondence between PM10 and
dust cases detected from the AOT spectral dependency. As the authors state, dust is
generally present above the boundary layer, and its occurrence probably is not directly
linked to transport in the boundary layer. This is often the case over the Mediterranean
(see e.g., Marconi et al., 2013).

Page 8542, lines 19-21: if I understand well, all optical properties, except the extinction
optical thickness, are the same in the different vertical layers.

Page 8543, lines 4-21: the analysis for different atmospheric profiles does not seem
particularly useful, since radiosonde data at the same place are available. I would
remove this section.

Page 8544, lines 1 and 6: surface emissivity and temperature are not among the
CERES products. They are very likely derived from MODIS on the same platform.

Page 8544, line 24-25: the sentence "This is due to the fact ... close to the surface" is
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awkward.

Page 8545, lines 5-15: how is changed the AOT? Is the particles number varied? The
temperature of the emitting particles is largely relevant for the determination of the
forcing. The radiance outgoing from the dust layer depends on its temperature, and a
much larger emission occurs when the dust is at low altitudes because its temperature
is larger. This affects both the forcing at BOA and TOA, and is in my opinion much
more important than the effect of radiation "reflection".

Page 8545, lines 28-29: the Mie theory incorporates the Rayleigh theory, and for very
small particles the same results should come out.

Page 8546, lines 1-2: at which wavelength applies this statement?

Page 8546, lines 10-11: for this case the AOT is not constant. It may help the reader
adding this information.

Page 8548, lines 24-25: the selection of the CERES pixel may have a large impact
on the SW albedo. Which is the used albedo in the SW? Do the auhors expect any
change in the aerosol vertical distribution when they move out of the city?

Page 8549, line 7-8: please, add solar zenith angles and other size ditribution informa-
tion (see point 6 in the first section of the review) in table 3.

Page 8549, line 14: the RF by Meloni et al. (2003) refers to the visible range, and
is obtained over the sea. There are many other studies dealing with the dust SW RF
over coastal areas or throughout the basin (e.g., Derimian et al., 2006; Gomez Amo et
al., 2011; Horvath et al., 2002; Papadimas et al., 2012; Perrone and Bergamo, 2011;
Roger et al., 2006; Saha et al., 2008; Spirou et al., 2013, and others) which may be
used in the comparison. In any case, the values reported in table 3 are instantaneous,
and depend strongly on the solar zenith angle; it may be useful to compare forcing
efficiencies instead of RFs.

Page 8549, lines 20-21: the comparison between SW and LW RF is not significant
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without information on at least the solar zenith angle.

Page 8550, line 14: as discussed in the introduction of this review, this equation is not
valid if the RF at the surface is calculated using only the downward component.

______________________________________________________________

References

Derimian, Y., A. Karnieli, Y. J. Kaufman, M. O. Andreae, T. W. Andreae, O. Dubovik,
W. Maenhaut, I. Koren, and B. N. Holben (2006), Dust and pollution aerosols over the
Negev desert, Israel: Properties, transport and radiative effect, J. Geophys. Res., 111,
D05205, doi:10.1029/ 2005JD006549.

di Sarra, A., C. Di Biagio, D. Meloni, F. Monteleone, G. Pace, S. Pugnaghi, and D.
Sferlazzo (2011), Shortwave and longwave radiative effects of the intense Saharan
dust event of 25-26 March, 2010, at Lampedusa (Mediterranean sea), J. Geophys.
Res., 116, D23209, doi: 10.1029/2011JD016238.

Gómez-Amo, J. L., A. di Sarra, D. Meloni, M. Cacciani, and M. P. Utrillas (2010), Sensi-
tivity of shortwave radiative fluxes to the vertical distribution of aerosol single scattering
albedo in the presence of a desert dust layer, Atmos. Environ., 44, 2787-2791.

Gómez-Amo, J.L., V. Pinti, T. Di Iorio, A. di Sarra, D. Meloni, S. Becagli, V. Bellantone,
M. Cacciani, D. Fuà, M. R. Perrone (2011), The June 2007 Saharan dust event in
the central Mediterranean: Observations and radiative effects in marine, urban, and
sub-urban environments, Atmos. Environ., 45, 5385-5493.

Horvath, H., L. A. Arboledas, F. J. Olmo, O. Jovanovic, M. Gangl, W. Kaller, C. Sanchez,
H. Sauerzopf, and S. Seidl (2002), Optical characteristics of the aerosol in Spain
and Austria and its effect on radiative forcing, J. Geophys. Res., 107(D19), 4386,
doi:10.1029/2001JD001472.

Marconi, M., D.M. Sferlazzo, S. Becagli, C. Bommarito, G. Calzolai, M. Chiari, A. di

C2121



Sarra, C. Ghedini, J.L. Gómez-Amo, F. Lucarelli, D. Meloni, F. Monteleone, S. Nava,
G. Pace, S. Piacentino, F. Rugi, M. Severi, R. Traversi, and R. Udisti (2014), Saharan
dust aerosol over the central Mediterranean Sea: PM10 chemical composition and
concentration versus optical columnar measurements, Atmos. Chem. Phys., 14, 2039-
2054.

Markowicz, K., P.J. Flatau, A.M. Vogelmann, P.K. Quinn, and E. Welton (2003), Clear-
sky infrared aerosol radiative forcing at the surface and the top of the atmosphere, Q.
J. R. Meteorol. Soc., 129, 2927-2947.

Papadimas, C. D., N. Hatzianastassiou, C. Matsoukas, M. Kanakidou, N. Mihalopoulos,
and I. Vardavas (2012), The direct effect of aerosols on solar radiation over the broader
Mediterranean basin, Atmos. Chem. Phys., 12, 7165-7185.

Perrone, M.R., and A. Bergamo (2011), Direct radiative forcing during Sahara dust
intrusions at a site in the Central Mediterranean: Anthropogenic particle contribution,
Atmos. Res., 101, 783-798.

Roger, J. C., M. Mallet, P. Dubuisson, H. Cachier, E. Vermote, O. Dubovik, and S.
Despiau (2006), A synergetic approach for estimating the local direct aerosol forcing:
Application to an urban zone during the Expérience sur Site pour Contraindre les Mod-
elès de Pollution et de Transport d’Emission (ESCOMPTE) experiment, J. Geophys.
Res., 111, D13208, doi:10.1029/2005JD006361.

Saha, A., M. Mallet, J. C. Roger, P. Dubuisson, J. Piazzola, and S. Despiau (2008), One
year measurements of aerosol optical properties over an urban coastal site: Effect on
local direct radiative forcing, Atmos. Res., 90, 195-202.

Spyrou, C., G. Kallos, C. Mitsakou, P. Athanasiadis, C. Kalogeri, and M. J. Iacono
(2013), Modeling the radiative effects of desert dust on weather and regional climate,
Atmos. Chem. Phys., 13, 5489-5504.

Interactive comment on Atmos. Chem. Phys. Discuss., 14, 8533, 2014.

C2122


