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Abstract. The role played by aerosols on UV radiative transfer in the atmosphere is very
uncertain. This is especially true regarding mineral dust. To determine the sensitivity of the
UV levels to the presence of this atmospheric specie, we have simulated the UV irradiance
with different vertical distributions of mineral dust. We have used a discrete ordinates
radiative transfer model to obtain the UV levels both at sea level and at 3000 m. We have
computed the aerosol single-scattering albedo, the phase function, and the asymmetry factor
by Mie scattering theory. The background aerosol profiles were taken from WCRP [1986]
models, whereas the radiative properties of mineral dust have been calculated from the
aerosol size distribution obtained during Saharan dust invasions at Tenerife island (28.5°N,
16.3°W). The values for aerosol optical depth assumed as input for the model calculations are
0.2 (at 550 nm) for clean background aerosols and 0.3 (at 550 nm) for the mineral dust
component. From the results we can conclude that the dust vertical size distribution can affect
the irradiance ratio F (with Saharan dust)/F (no Saharan dust) by 2-4%. In addition, we
observe that to the same total optical depth the diffuse UV levels depend not only on the
vertical dust distribution but also on the background aerosol vertical distribution. We have
computed differences for the diffuse radiation fluxes of about 5% between a maritime and a
continental model to the same mineral dust vertical distribution.

1. Introduction

Atmospheric aerosols modify the energy balance in the
Earth-atmosphere system and also the UV radiation levels at
the surface. This component can affect climate both directly,
by radiation scattering and absorption, and indirectly,
producing changes in the cloud droplet concentration and size
distribution.

The role played by aerosols on the UV radiative transfer in
the atmosphere is very uncertain. It is necessary to decrease
this uncertainty in order to improve the modeling of the
energy transfer due to the important role played by UV
radiation in the biosphere.

Early studies about the influence of aerosols in the Earth-
atmosphere system energy budget has been mainly centered
on particles from anthropogenic sources, such us non-sea-salt
sulfate (nss SO3), aerosols from biomass buming, etc. They
have shown that the effect of these compounds is comparable
to greenhouse effect gases but opposite in sign. For example,
Kiehl and Briegleb [1993] and Taylor and Penner [1994]
suggest a global average direct radiative forcing (4F) in the
range of AF = -0.3 and -0.9 W/m”. For biomass burning
aerosols, Penner et al. [1992] estimate a direct radiative
forcing around -1 W/m’.

Nevertheless, recent studies have pointed out the
importance of the mineral dust in the determination of the
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atmospheric radiative properties, mainly in the oceanic
regions where this is the dominant aerosol component.

Modeling studies indicate that the directly radiative forcing
by mineral dust could be significant on a global scale and
dominant on regional scales. Authors such us Tegen ef al
[1996] propose a value of -1 W/m?, whereas Sokolik and Toon
[1996] have estimated a mineral dust forcing of about -0.25
W/m? over land and -0.6 W/m’ over oceans.

On the other hand, Tegen and Lacis [1996)] have shown that
the mineral dust radiative forcing depends on the vertical
distribution of this atmospheric constituent. These authors
have pointed out that the changes in the tropospheric radiation
levels are a function of the effective radius of the aerosol
distribution for different vertical distributions.

Herman et al. [1997] have studied the distribution of the
UV-absorbing aerosols by radiance differences between the
340 and the 380 nm channels from the Nimbus 7 Total Ozone
Mapping Spectrometer (TOMS). They have shown that a
significant portion at the Earth surface is covered by UV-
absorbing aerosols (biomass buming and desert dust) 11
months of the year.

In this work we study the mineral dust because this is the
aerosol species which radiative properties presents the greater
uncertainties, not only in the UV region but also in the VIS-IR
zone. Thus this paper follows two goals: (1) to determine the
sensitivity of the UV radiation levels as a function of the
vertical profiles of the mineral dust concentrations and (2) to
study the variation of the UV radiation levels to different
standard aerosol with the presence of mineral dust.

Section 1 of this work describes the methodology used to
characterize the radiative properties of desert aerosols. Section
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Figure 1. Aerosol optical depth (AOD) computed from the radiance levels of the AVHRR/NOAA-11
channel 1. The lightest image pixels correspond to the higher dust concentrations.

2 shows the radiative transfer model employed and the
scheme followed to model the real atmosphere. The mineral
dust vertical distribution has been implemented by three
different patterns: in the first one the mineral dust is
introduced between 0 and 3 km, in the second one between 3
and 6 km, and in the last one between 0 and 6 km. Finally, we
have compared the UV irradiance levels at surface with
different aerosol vertical size distributions with the presence
of mineral dust.

2. Model of Mineral Dust

2.1. Aerosol Optical Depth and Size Distributions

To determine the radiative properties of the atmospheric
aerosols, we have measured the aerosol optical depth to the

wavelengths of 368.0, 500.0, and 778.0 nm. For this we have
used a PMOD/WRC Sun photometer located at the Izafia
Global Atmospheric Watch Station, Tenerife, Canary Islands
(28.5°N, 16.3°W). This region is ideally suited for the study of
radiative effects of dust because it experiences frequent
African dust events, especially during the summer and early
fall [Arimoto et al., 1995; Prospero, 1996a, b]. The desert dust
can arrive at this region in the marine boundary layer (MBL)
or in the so-called Saharan air layer (SAL), which has its top
at a height of 6 km. Frequently, the dust concentration in the
SAL is several times superior to the one detected in the MBL
[Prospero, 1996a). The major sources of mineral dust are in
the African NW (Saharan desert and Sahel region) which
present a seasonal behavior in its strength. The dust outbreaks
in this region are usually observable from space platforms. In
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Figure 1 we can see an aerosol optical depth (AOD) image
computed from the radiance levels of AVHRR/NOAA-11
channel 1, where the dust outbreak is clear. This product has
been evaluated by the linearized single-scattering
approximation (LSSA) described by Expdsito et al. [1997]
and Porter [1993].

To calculate the AOD from ground radiance measurements,
we have used the Lambert-Beer-Bouguer law, which can be
written as

L) = %/DGXP(— [2r + Tabs + 74)0). M
0

where L()) is the monochromatic radiance to the wavelength
A, Lo(A) 1s the radiance measured by the insirument outside
the Earth’s atmosphere to the Sun-Earth mean distance
(exoatmospheric constant), 7z is the Rayleigh optical depth,
Tabs 18 the optical depth due to the absorption gases at A, 7, is
the aerosol optical depth, J is the air mass, and S; is a factor
that corrects the exoatmospheric constant to the actual Earth-
Sun distance. The factors 7z and & have been evaluated using
the following expressions [WMO, 1980; Igbal, 1983]:

5 =lcosBy +0.15(93.885-9) 1263 (2
TR = 0.008381—(3.916+0.074ﬂ.—0.05/l) (3)

where 6, is the solar zenith angle, and A is given in microns.
We have used the correction factor P(mbar)/1013.25 [Igbal,
1983] to correct by height. Following Russell et al. [1993] and
Dutton et al. [1994] we have considered the same air mass for
all terms in the exponent of equation (1), ie., molecules,
absorbing gases, and aerosols. This approximation is fine
when the measurements are done with solar zenith angles less
than 60° The only absorbing gas taken into account is the
ozone (Chappuis band) at 500 nm. The O, absorption optical
depth has been evaluated by the expression

Tabs =0 (A)Co0; @

where o(500 nm) = 0.034 cm™ is the absorption cross section
and Cyg, is the total ozone concentration. A Brewer instrument
located at the Izafla Global Atmospheric Watch (GAW)
Station has measured this last quantity.

Interference filters select the three channels of the
PMOD/WRC Sun photometer (368, 500, and 778 nm) with a
full width at half maximum (FWHM) of 5 nm. The collimated
tube of this instrument has a field of view (FOV) of 2.6° and is
installed in a Sun tracker, which permits an automatic and
precise alignment with the Sun. Although the equipment
works automatically, an observer inspects it daily for
verification of proper operation. To minimize the possible
variations in the response of the instrument sensors due to
thermal changes, the cavity where they are located is
thermostatized at 30°C. The detector is a silicon photovoltaic
sensor type UV-215B.

The radiance Lo(A) has been obtained by Langley plot
calibration made at Izafia station for days with high
atmospheric stability. This calibration is done by the
representation of the natural logarithm of radiation intensity
versus air mass. From this slope it is possible to obtain the
total optical depth, whereas the extrapolation to air mass zero
gives us the exoatmospheric constant. The correlation
coefficients for the linear regressions of these calibrations
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have always been greater than 99.9% with a fit standard
deviation less than 0.002 [Diaz et al, 1994]. The
exoatmospheric values obtained in this way have been
compared with those obtained by Herman’s method {Herman
et al., 1981]. This algorithm does a statistical treatment of the
radiance data in the hypothesis that the necessary atmospheric
stability breaks due to random fluctuations in the optical depth
values. The differences between the results of both methods
are less than 1% at each of the three wavelengths used.

The principal error sources in the AOD values are as
follows: air mass determination, accuracy characterization of
the transmission curve of the interference filters, the
circumsolar radiation, which is detected by the radiometer due
to its fimte FOV_ and the calculation of the exoatmospheric
constant. Taking into account these error sources and the
works of Russell et al. [1993], Dutton et al. [1994], Thomason
et al. [1983], Reagan et al. [1986], and Box and Deepak
[1979], the emor in the AOD values ranges between
Aty = £0.013 in channel 1 (368 nm) and Aty = £0.003 in
channel 3 (778 nm).

The particle size distribution has been computed from the
aerosol optical depth using the constrained inversion method
of King et al. [1978] (see Figure 2). The aerosol optical depth
is related to particle size distribution in the atmospheric
column, n(r) = [n(r2)dz, through the Fredholm integral
equation of the first kind (equation (5)):

4= [ 7 Qo urmin(rrar ®

where Qe(A,r;n) is the extinction efficiency factor, which
depends on the wavelength A, the particle radii », and the
refraction index m. Qeq(A,r,m) has been computed by the
algorithm of Wiscombe [1980], which has an accuracy of at
least six significant digits. King et al. [1978] and Amato et al.
[1988] have noted that the problem of determining the aerosol
size distribution by equation (5) is ill posed. To guarantee the
convergence of the method, it is very important to choose
properly the radii interval where equation (5) is going to be
applied. In this work we have used the Heintzenberg et al.
[1981] criteria. This procedure establishes that the particle
radii interval where the inversion method can be applied is
given by the condition that the ratio between the efficiency
factor computed to different wavelengths depends on the
particle radii. Three wavelengths are the minimum
information set necessary to obtain aerosol size distribution by
the King’s inversion method. Dutton et al. {1994] have
satisfactonly used the same three wavelengths (368, 500, and
778 nm) to study the radiative characteristic of the aerosols at
Mauna Loa, Hawaii.

The data goodness obtained by the King’s inversion
method has been tested as follows: Using the aerosol vertical
profiles published by WCRP [1986], we have computed the
total aerosol size distribution in the atmospheric column. To
simulate the presence of mineral dust we have increased the
total particle number in the coarse mode following a
lognormal distribution to several optical depth values [Longtin
et al., 1988]. To these “real” size distributions we have
computed the AOD, the single-scattering phase function
(P(®), equation (6)), the asymmetry factor (g, equation (7)),
and the single-scattering albedo (@, equation (8)) to 368, 500,
and 778 nm, using a refraction index that depends on
wavelength [WCRP, 1986]. From these three AOD values we
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Figure 2. Aerosol optical depth obtained at the Izafia Global
Atmospheric Watch (GAW) Station.

=

have recalculated the aerosol size distribution (#(3\)) using
King’s method. With n(3A) we have recomputed g(32), a&(31),
and P(3X). Note that in the implementation of King’s
procedure the refraction index must be constant with the
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wavelength, and it has been fixed to 1.570-0.006i [Patterson
etal., 1978].

Table 1 shows the values of g and @ for the case of a
MAR-I particle vertical distribution [WCRP, 1986] with
74 = 0.2 and for other two cases with the addition of mineral
dust to produce AOD values of 74, = 0.5 and 7, = 1.0. The
results show that the discrepancies for g and w increase with
the AOD. Both at 300 and 400 nm the uncertainties for g do
not exceed 7%, whereas for @ at 300 nm, the maximum errors
are about 10% and at 400 nm about 8% in all the cases
studied. These results show that the radiative properties can be
obtained, although the errors in the complex refraction index
are considerable. For the single-scattering aerosol phase
function the maximum errors are in the backscattering zone
and also increase with AOD. In the worst case the
uncertainties are around 30% (see Figure 3).

2.2. Mineral Dust Radiative Properties

From the particle size distributions obtained with the
presence of mineral dust at the Izafia station we have
computed the mineral dust radiative properties. The radiative
transfer computer code used (DISORT [Stamnes et al., 1988])
characterizes the aerosols by the single-scattering aerosol
phase function (P(®)), the asymmetry factor (g), and the
single-scattering albedo (w):

P@®) =

wo(sfsl).  ©

Imszsct A, r,m)g' (A, r, m)n(r)dr
g="0— .M
.[0 nersct @A, r,m)n(r)dr

I 720,y (A, 7, myn(r)dr
I g Qext(/l r, m)n(r)dr

®

where g’ is the asymmetry factor for a single particle of
radium 7 and refraction index m, k is the wave number, o is
the scattering cross section, and S; and S, are the scattering
functions. Qset, Qexs» g, S1, and S; have been evaluated using
the Wiscombe [1980] algorithm.

The two main error sources in the parameters P(®), g, and
o calculated from the aerosol size distribution obtained
through the nonparametric King’s inversion method are the
nonsphericity of the particles (and thus the nonvalidity of the
Mie theory) and the variation in the refraction index with A.

Different authors such us Mishchenko et al. [1997), West et
al. [1997], or Kahn et al. [1997] have studied the possible

Table 1. Asymmetry Factor and Single-Scattering Albedo
Comparison Obitained From a Real and a Three
Wavelength Modeled Aerosol Size Distribution

300 nm 300 nm 400 nm 400 nm
greal, g (34) wreal, (31) greal, g (34) wreal, @ (34)

0.6843.0.687 0.890,0.927 0.695,0.651 0.890,0.938
0.772,0.808 0.816,0.790 0.746,0.770 0.860, 0.854
0.811,0.864 0.789,0.699 0.762,0.816 0.852,0.780

7=0.2
=05
=1.0
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Figure 3. Aerosol single-scattering phase function obtained by a real size distribution and a three wavelength
modeled aerosol size distribution: (a) 300 and (b) 400 nm.

invalidity of Mie theory. In those works the error in the main
mineral dust radiative properties has been studied comparing
values obtained to spherical particles with those computed for
several sets of particle shapes, both theoretically and
experimentally. For the smallest particles, i.e., particles with
effective radii less than 0.5 pm, the phase functions are
indistinguishable. For distributions with effective radii

between 0.5 and 10.0 pum, which correspond to typical values
of suspended atmospheric mineral dust aerosols, the
differences could be important. For these larger aerosols the
nonspherical particles put a smaller fraction of the total
scattering into the backscattering direction at scattering angles
greater than about 150° and a larger fraction into the scattering
angles between about 100° and 150° compared to spherical



4984

1 0E+4

YT

V]

1 0E+3

1 0E+2 300 nm

1 0E+1

Phase function

DIAZ ET AL.: MINERAL DUST EFFECTS ON UV

10E+4IIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIllE

Liail

10E+2 400 nm

1 0E+1

EERTTIT EETEEWTTT ERSR R

10E+0 |— - toEe0 |- -
L L 4

1081 - 11 -

10E'2 Illl|I|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|lll| 1°E'2 IIIIIIIlllllIll|III|III||IIII|I|'||||II|II'I
0O 20 40 60 80 100 120 140 160 180 0 20 40 60 8 100 120 140 160 180

Scattering angle (°)

Scattering angle (%)

Figure 4. Phase function to dusty condition obtained by expression (6).

particles with an equivalent surface area. Nevertheless, these
authors have established that the differences are especially
small in the single-scattering albedo for a size parameter
greater than 1. For size parameters greater than 2 these emrors
do not exceed 2%. On the other hand, the differences between
sphericity and nonsphericity to the asymmetry factor are less
than 7% for the size parameter range from 0 to 30 and less

than 3.5% for size parameters larger than 7. Anyway, the
results found by Mishchenko et al. [1997], Lacis and
Mishchenko [1995], and Mishchenko et al. [1995] suggest that
the influence of the particle shape in the aerosol radiative
forcing can be considered negligibly small. Thus they can be
accurately computed using the Mie theory if the AQD is
already known, such as it happens in this work.
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Figure 5. (Solid curve) Asymmetry factor g averaged for all dusty days versus A and (dashed curve) single-
scattering albedo @ averaged for all dusty days versus A.
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Gonzdlez-Jorge and Ogren [1996] and Amato et al. [1988]
have studied the uncertainties in the asymmetry factor and in
the single-scattering albedo due to the error propagation in the
refractive index values. These authors have also used the
nonparametric King’s inversion method to model the aerosol
size distributions. If a constant refraction index is used, the
error in g is less than 8%.

We have calculated the aerosol phase function, the
asymmetry factor, and the single-scattering albedo from the
aerosol size distribution obtained under Saharan dust
invasions at the Izafia GAW Station using equations (6)-(8).
In Figure 4 we show P(®) values for the wavelengths of 300
and 400 nm during Julian days 180 and 182 (June 29 and July
1, 1998), whereas Figure 5 shows the averaged values of g(1)
and w(4) in the solar spectrum using the values obtained in
those days in which the dust was detected over the station.

For all the days where the mineral dust was detected the
studied radiative properties were fairly constant. So we can
see that the phase function does not change from day to day,
and the average asymmetry factor and the average single-
scattering albedo both show standard deviations less than 4%
and 2%, respectively, for the wavelength total set shown in
Figure 5.
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3. Atmospheric and Radiative Transfer Model

To carry out the proposed goals, we have used the radiative
transfer computer code DISORT [Stamnes et al., 1988], which
is a discrete ordinates radiative transfer model. This algorithm
includes multiple scattering in a vertically inhomogeneous
nonisothermal plane-parallel media, and it has been shown to
be computationally efficient and reliable to resolve the
radiative transfer equation (RTE). The Earth’s atmosphere is
constituted by a set of radiatively active gases and particles
with variable concentrations in height. To model this real
situation, the atmosphere has been divided in 20 layers
following the Forster scheme [Forster, 1995]. The radiative
properties of aerosols and absorbing gases are considered
constant within each layer but are allowed to change from one
layer to the next. The variables defined in each layer are: the
single-scattering albedo, the aerosol phase function (given by
its expansion in a Legendre polynomial series), and the total
optical depth (TOD). To calculate TOD, the Rayleigh optical
depth has been evaluated by the WAZO [1980] expression,
pressure corrected.

To study the variation of the radiation levels as a function
of the mineral dust vertical distribution, we have used the
following scheme. It has been established a clean background

40 T l T l T | T 0.06
0.1
Wavelength 300 nm
35
‘ 1022 Model 1
\ loas  ----- Model 2
30 - -1 0.85 — - Model 3
25 H Stratosphere 7159 .
3 305 £
3 =&
)
2 20 600 5
2 @
= 41220 @
< o
15 1 25.70
N
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e
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5F i
! L
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e —— ]
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Figure 6. Scheme of the atmospheric layers considered in the model. Note that on the x axis is plotted AOD
per layer. Model 1 corresponds to the situation in which the dust is concentrated below the thermal inversion
layer (TIL). For model 2 the dust is located between TIL and the Saharan air layer (SAL), and in model 3 the
dust is distributed between the top of the SAL and the sea level.
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Figure 7a. Total irradianc ratio at 3000 m for case 1.
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Figure 7b. Total irradiance ratio at sea level for case 1.

such as the pressure vertical distribution and ozone
concentrations correspond to the summer midlatitudes
atmospheric model [Anderson, 1987). The Rayleigh scattering
contribution has been evaluated by the WMO [1980]
expression, pressure corrected. In this simulation for a clean

situation the aerosol vertical distribution has been modeled
following the WCRP [1986] MAR-I model for the
troposphere, the background stratosphere aerosols for the
stratosphere, and the upper atmospheric aerosols for the upper
atmospheric layers.
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Figure 7d. Total irradiance ratio at sea level for case 2.

The presence of mineral dust in this atmospheric scheme
has been modeled considering the next three patterns. The
case 1 corresponds to the situation in which the desert dust is
present below 1500 m (above sea level (asl)). This altitude is
selected because is possible for the transport of dust in the
atmosphere [Husar et al., 1997). In case 2 the desert aerosol

plume is concentrated between 1500 and 6000 m (asl). In case
3 we consider that the mineral aerosols are distributed
between sea level and 6000 m (asl). Tegen and Fung [1994]
have shown that the greater mineral dust particle percentage is
located in this layer. The layer is called the Saharan aerosol
layer (SAL) in the African and North Atlantic subtropical
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Figure 7f. Total irradiance ratio at sea level for case 3.

region. Figure 6 shows the aerosol optical depth values for the value i zones affected frequently by mineral dust invasions

20 layers in which the atmosphere has been divided for the [Diaz et al., 1994; Tegen and Lacis, 1996].

three cases. '
The aerosol optical depth considered for the clean situation

is 0.2 at 550 nm, a limit value that has been found in remote

ocean areas [Husar et al., 1997]. The mineral dust optical In Figures 7a-7f we can see the ratios of the total spectral

depth in the three cases is 0.3 (at 550 nm), which is an average irradiance with the presence of mineral dust (F.totall, F.total2,

4. Discussion
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Figure 8. Diffuse irradiance ratio at sea level for summer midlatitudes atmosphere with (a) maritime aerosol
vertical size distribution and (b) a continental aerosol vertical size distribution. The dust is present between

6000 m and sea level.

and Ftotal3) to those calculated during clean situations,
F.total. They have been computed for the three scenarios
above described both at the altitude of 3000 m (top panel) and
at sea level (bottom). These ratios have been calculated in the
wavelength range from 290 to 400 nm and for the solar zenith
angle range from 0° to 85°

From Figure 7a we can see that the spectral irradiance at
3000 m has no significant differences with regard to clean
situations when the dust is arriving below 1500 m (asl). There
is an exception for the region of the shortest wavelengths and

very high solar zenith angle. In Figure 7b the ratio at sea level
shows a decrease of the total UV wrradiance when the dust is
present in the atmosphere lower levels. This reduction is
slightly dependent on wavelength up to 310 nm and is more
important at the shortest wavelengths. For a given wavelength
there 1s a reduction in this ratio with the solar zenith angle
(SZA). Thus we can see how this ratio is 0.98 for a SZA
between 0° and 20°, whereas at 50°, it has a value of 0.94. This
reduction is due to the increase in the path length.

In Figures 7c and 7d for case 2, where the dust is located
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between 1500 m and 6000 m (asl), we can observe a quite
different pattern from the above description. It is clear from
Figure 7c to the altitude of 3000 m the quasi-constant value of
the ratio up to 50° of SZA, with a ratio value of 0.98. At sea
level (Figure 7d), a very similar behavior is observed to that
found at 3000 m, although the isolines appear displaced to a
smaller SZA. So the ratio value of 0.98 is located at 40° SZA.

Finally, Figures 7e and 7f show the third case, with the dust
distributed between 6000 m and sea level. They show a very
similar pattern as in case 2 at both altitudes. For the ratio at
3000 m the isoline of 0.98 is now located at 60° SZA. At sea
level both figures for cases 2 and 3 look very similar.

To study the sensitivity of the UV levels to different
background aerosol size distributions with the presence of
mineral dust, we have simulated these radiation levels at the
ground for a summer midlatitudes atmosphere with several
standard aerosol vertical size distributions. In Figure 8 we can
see the ratios of the diffuse radiation with dust to the
calculated values without dust. The background tropospheric
aerosol size distributions are the maritime model (Figure 8a)
and the continental model (Figure 8b). The stratosphere and
the upper levels of the atmosphere contain the same
distribution as in the three cases previously studied. The shape
of this curve 1s very similar to that obtained formerly. The
similitude between both figures is evident, although the
maritime model presents a greater diffuse radiation to the
same wavelengths and SZA.

5. Conclusion

From Figures 7a to 7e we can see that for the same mineral
dust optical depth, the total spectral irradiance depends on the
dust vertical distribution. This can be shown not only at 3000
m but also at sea level. So, when dust is transported below
1500 m (case 1) the spectral irradiance at 3000 m does not
change significantly, whereas at sea level the reduction in the
spectral total energy levels is between 2 and 4%, even for low
solar zenith angles (SZA) On the other hand, if the desert dust
is transported between 6000 m and 1500 m (case 2), we have
computed a similar modification in both levels. In this case,
for the same SZA, the reduction is more important at sea level
(2% at 40° SZA) than at 3000 m (2% at 55° SZA). If we
compare the results at sea level for cases 1 and 2, we can
observe that for the same SZA the differences do not exceed
2%. Finally, when the dust is distributed between 6000 m and
sea level (case 3), it could be considered like an intermediate
case between the first and the second one. On the other hand,
we have observed that the diffuse UV levels depend not only
on the vertical dust distribution but also on the background
aerosol distribution. Thus we can see in Figures 8a and 8b
how to the same mineral dust aerosol optical depth and
vertical distribution the diffuse UV levels are different for a
maritime aerosol model and for a continental aerosol
distribution. For the same SZA and wavelength the
differences can be of about 5%. From all this, we can
conclude that to fully study the radiative forcing in the UV
solar wavelengths, it is necessary to know the vertical dust
concentration and not only the total concentration.
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