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General comments

The paper presents an analysis of the shortwave direct radiative effect of aerosol over
the Mediterranean region. The aerosol optical properties are obtained as the combi-
nation of satellite observations and climatological data. Monthly average aerosol direct
radiative effects are calculated with a radiative transfer model for observed sky condi-
tions (including clouds) and for cloud-free conditions.

The estimate of the aerosol shortwave direct radiative effect for the Mediterranean
basin is an important contribution to the literature, given the large role of the radiative
processes in this region. The use of observed data over the basin adds relevance to the
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retrieved estimates. The study allows to investigate spatial and temporal distribution of
the aerosol radiative effects in the Mediterranean in cloudy and cloud-free conditions.
I would recommend publication after some aspects are clarified and improved.

In particular:

- as often found in the literature, radiative effecs are calculated from monthly average
aerosol optical properties. However, aerosol optical properties change at a much faster
rate, and an accurate calculation should take into account its high temporal resolu-
tion evolution. Calculations of the monthly average radiative effect which use monthly
average aerosol optical properties imply that the radiative effects depend linearly on
changes in the aerosol optical properties (although the progressive changes of the so-
lar zenith angle daily course and clouds should tend to produce non linearities). The
analysis in section 4 of the paper suggests that for small changes of the optical prop-
erties the radiative effect responds linearly, and it is probably possible to proceed by
using monthly average aerosol properties. However, the behaviour may be non linear
for larger changes; and changes in the wavelength dependence of AOD (i.e., of the
Angstrom exponent; see also comments below) are not taken into account. A com-
ment on this aspect, and on possible additional associated uncertainties, should be
added.

- it is not clear to me how the aerosol optical properties from GADS and MODIS are
combined. The GADS dataset provides a broad seasonal (winter and summer) and
spatial distribution of the aerosol properties, while spatially distributed monthly mean
values are derived from MODIS. How the two datasets are integrated? How is the
spectral single scattering albedo associated with the observed optical depth? Is there
any aerosol type attribution, to associate the GADS single scattering albedo with the
MODIS AOD?

- the analysis shows that the radiative effects strongly depend on the surface albedo.
This is an expected result. I would suggest thata data are first grouped according
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to classes of surface albedo (at least ocean and desert separately), and results are
discussed separately. I assume that the regional averages (tables 1, 2, S2-S5) include
areas with different albedoes. I would add to the tables also the results for the sea and
land separately.

- the derived radiative effects are discussed throughout the paper in terms of AOD, sur-
face albedo, single scattering albedo, and daytime duration. I believe that the spectral
dependence of the aerosol optical depth (or the Angstrom exponent) plays an impor-
tant role in modulating the radiative effects. As discussed for example by di Sarra et
al. (2008), the spectral behaviour of the AOD in the solar spectrum largely affects the
radiative efficiency and effects. This effect may be probably sorted out, for example
by grouping data in different Angstrom exponent classes, and may help explaining the
retrieved results and the role of desert dust.

- the authors show that there is a reasonable agreement between surface measure-
ments and modelled values of downwelling shortwave irradiance (Table S1). The mean
differences are however of the order of 10 W/m2 or more, i.e. of the same order of the
estimated radiative effects. Since the comparison is based on monthly mean values,
the model data are available at a broad resolution, and the surface stations are lo-
cated in areas with complex albedo, the results do not provide a direct verification of
the model performance. In order to obtain a better assessment of the significance of
the results, I would suggest including a comparison of the retrieved radiative effects
(mainly forcing efficiencies) with those obtaned in previous campaigns/measurements.

- the paper would benefit from a discussion of the estimated uncertainties on the re-
trieved forcings. For instance, section 2.2 gives an overview of the uncertainties as-
sociated with the MODIS AOD, which may be used in conjunction with the sensitivity
study of section 4 to derive a first estimate of the uncertainties. Is there an estimate
of the uncertainties on the used values of asymmetry parameter and single scattering
albedo?

C13731

Specific comments

- p. 30016, l. 11-12: the CO2 amount is fixed at 345 ppm. The average CO2 in the
Mediterranean in the period 2000-2007 is about 380 ppm (Artuso et al., 2009). CO2
has a negligible influence on the SW radiative budget, but why was used such a low
value?

- p. 30019, line 22: I would add also the low ocean albedo, to which are associated the
largest negative values of DRE(TOA).

- p. 30020, lines 1-6: the seasonality of DRE(TOA) does not come out clearly from
figure S2. It is not possible on the basis of the plotted colours to distinguish differ-
ent negative values of DRE over the sea. I would suggest using the same colour
scale in the different seasons (also for figures S3 and S4), in order to allow a compar-
ison among the different seasons. In addition, the available climatology for the central
Mediterranean suggests a spring-summer maximum, and not an autumn maximum
(see e.g. Moulin et al., 1998; Israelevich et al., 2002; Meloni et al., 2007; Di Iorio et al.,
2009). also, the study by Papadimas et al. (2008) does not clearly show a double peak
in AOD in the central Mediterranean. The double peak in spring and autumn is typical
of the Greek region, dominated by Etesian winds in summer. The DRE is maximum
in summer in the central Mediterranean; I believe that this is due also to the summer
peak in AOD.

- p. 30022, l. 20-22: the schematization that DRE(TOA) depends on aerosol scattering
and DRE(netsurf) on extinction is too simplistic. DRE(TOA) also depends on aerosol
absorption.

- p. 30023, l. 6-9: in general, contribution of high absorbing particles from forest fires in
summer is not negligible in the Mediterranean (see e.g., Pace et al., 2005; Péré et al.,
2011) and may produce low single scattering albedo. It should be clarified here if the
climatological values of single scattering albedo from GADS may capture interannual
variations of this parameter, and which may be the effect on the retrieved radiative
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effects.

- p. 30024, l. 12-13: the statement "On the contrary, the aerosol effects at TOA depend
much less on AOD" does not seem correct. The radiative efficiency at TOA is smaller
than at the surface mainly because the DRE at TOA is smaller than at the surface. The
relative change in DRE, as shown by the behaviour of the ARBE, is generally larger at
TOA.

- p. 30026, l. 16: there is a factor of 6 between the maximum and minimum monthly
radiative effect both at the surface and at TOA. Thus, the seasonality is similar for both
effects (although the effect at TOA is smaller).

- p. 30033, l. 23: EARLINET stations are located on the coastal regions of the Northern
Mediterranean. Few datasets provide information on the aerosol vertical distribution
also inside the basin (e.g., Gobbi et al., 2000; Di Iorio et al., 2009).

- p. 30026-30027, section 3.5: the discussion of the interannual variations should take
into account interannual variations in aerosol properties, mainly Angstrom exponent
and single scattering albedo. It is not clear if interannual changes of the single scatter-
ing albedo are included (see previous comments).

- p. 30032, l. 7-8: according to tables S2-S4, the largest DRE at TOA and netsurf are
found in summer in the central Mediterranean.

- p. 30033, l. 1-3: the effects on the temperature profile, and consequently on the
vertical stability, cloud processes, etc., critically depend on the aerosol vertical distribu-
tion. In many cases the dust absorbing particles travel above the boundary layer, and
the associated heating takes place in specific altitude ranges. Thus, the temperature
lapse rate may increase in some vertical intervals, affecting in a more complex way
atmospheric stability and cloud processes.

- p. 30033, l. 14: not necessarily "benefits". I would suggest "effects".

- p. 30033, l. 28: as far as I know, CALIPSO provides backscatter vertical profiles, not
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only AOD.

- Figure 3: please, clarify if the plotted values are monthly or annual averages. Part
of the large spread may be due to varying illumination conditions (latitude + time), in
addition to changing aerosol properties and surface albedo.

Technical corrections

- the papers by Hatzianastassiou et al. (2007) is often cited as (2007a). See e.g. p.
30013, line 20; p. 30015 l. 21, etc.

- p. 30024, l. 2-3: DRE, not E(AOD), is plotted versus AOD to derive the forcing
efficiency.

- p. 30031, l. 6: have been used.
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