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[1] Broadband overcast cloud effective transmittance was determined at Arica
(18.47°S, 70.31°W, 20 m above sea level (asl)) and Poconchile (18.45°S, 70.07°W,
560 m asl), Atacama Desert, northern Chile, from 10 min averaged pyranometer
measurements of total solar irradiance (ToSI) and ultraviolet solar irradiance (UVSI)
during the period 2002–2005. The predominant cloud type is marine stratocumulus,
characteristic of the southeastern Pacific tropical environment. The region’s very regular
climate conditions, characterized by overcast mornings and cloudless afternoons, allow
the application of an empirical method to determine the expected clear‐sky irradiance
during cloudy mornings. The cloud effective transmittance (CET) is determined as the
ratio of the measured cloudy‐sky irradiance over the expected clear‐sky irradiance.
CETTo = 0.26 (0.31) for ToSI and CETUV = 0.37 (0.43) for UVSI characterize overcast
cloudiness at Arica (Poconchile). One‐dimensional radiative transfer model calculations in
both ToSI and UVSI ranges are also used. The measured and modeled relationships
between CETTo and CETUV closely agree. New insights are given to explain the sparsely
populated data around CET = 0.8 observed also by other similar studies.
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1. Introduction

[2] Clouds play a fundamental role on the Earth’s envi-
ronment. Knowing their microphysical and optical proper-
ties is crucial to understand and quantify their radiative
effects on climate. The cloud effective transmittance (CET)
is defined as the ratio of the surface irradiance under cloudy
conditions to the expected surface irradiance that would be
registered for a cloudless sky. It is a commonly cited cloud
optical parameter as it represents the actual attenuation of
solar irradiance by the cloud cover, with important biolog-
ical and photochemical consequences. Among other appli-
cations, it is used in different algorithms to estimate more
detailed cloud optical parameters from ground‐based mea-
surements, like cloud optical depth (COD) and cloud droplet
equivalent radius (re) [e.g., Leontieva and Stamnes, 1996;
Boers et al., 2000].

[3] There are few regions in the world where climate
conditions are so regular and stable as they are in Atacama,
the driest and oldest extant desert on Earth [Hartley et al.,
2005] (http://www.unep.org/Geo/gdoutlook/), along the South
American Pacific coast. Extreme dryness is maintained for
several reasons: the Andes Mountains on South America’s
west act as a barrier to the incursion of wet air from the
Amazonian circulation, the South Pacific Anticyclone gen-
erates a regular thermal inversion layer along the coast, and
the cold Humboldt marine current of the eastern Pacific
strongly limits seawater evaporation [Cereceda et al., 2002].
Even small changes in the climate of the Atacama Desert may
be considered as insights of evidence of the Global Climate
Change, currently under way (http://www.ipcc.ch/ipccreports/
ar4‐syr.htm).
[4] The South Pacific Ocean contains one of the more

persistent stratocumulus systems in the world. Moreover
this is the area where El Niño/La Niña phenomena develop,
which have influence over the whole planet. Clouds over
the continent are also very important in this region. In some
areas, they determine the possibility of sustaining vegetation
and they provide a local source of purewater from the local fog
known as “camanchaca” [Schemenauer et al., 1988]. In turn, they
constitute an attenuation agent of solar UV radiation in this
tropical area where clear‐sky UV radiation levels are extreme
(UV Index ≥ 11) during most of the year [Rivas et al., 2000],
motivating important public health campaigns [Rivas et al.,
2008]. Cereceda et al. [2008a] have extensively studied the
climate of the region, distinguishing two zones from the coast
inland to the east, whose characteristics are linked to the pres-
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ence of stratocumulus clouds: a “coastal desert with abundant
cloudiness” from sea level up to an altitude of about 650 m, and
a “desert with abundant fog” from about 650 m up to 1200 m.
[5] In this work, a study of CET is made from pyrano-

meter measurements at two locations in the northern Chile’s
Atacama Desert: the coastal city of Arica, within the climate
defined as “coastal desert with abundant cloudiness,” and the
inland locality of Poconchile, at an altitudewhere fog related to
the same kind of cloudiness begins to be relevant. The region’s
regular climate provides a reliable empirical way to determine
the expected clear‐sky irradiance for each measurement under
cloudy sky, as mornings remain generally with overcast sky
and cloudiness quickly dissipates toward noon, giving cloud-
less afternoons. The determined CET is independent of the
absolute calibration of the instruments. Our analysis uses
measurements and 1‐D model irradiance calculations in both
ToSI (300–3000 nm) and UVSI (280–400 nm erythemally
weighted) broadband ranges.

2. Measurements

[6] Solar irradiance on a horizontal plane was measured at
the tropical Pacific coastal city of Arica (18.47°S, 70.31°W,

20 m above sea level (asl)) and at Poconchile site (18.45°S,
70.07°W, 560 m asl), about 30 km inland from the coast,
both in the north part of the Atacama Desert, Chile. Mea-
surements were made in the period March 2002–September
2003 at Arica, and during the periods June 2003–June 2004
and August–November 2005 at Poconchile. Figure 1 shows
the whole selected measurements database as a function of
the date.
[7] ToSI (300–3000 nm) was measured with pyranometers

Solar Light 1141, S/N 5019 at Arica and S/N 5020 at
Poconchile. UV erythemal irradiance, following the action
spectrum of typical human skin [McKinlay and Diffey, 1987],
was measured with UV biometers Solar Light 501A, S/N
4425 at Arica and S/N 4423 at Poconchile. Data were
recorded as 10 min averages with Campbell CR10X data
loggers, S/NX21235 at Arica and S/NX21236 at Poconchile.
The solar zenith angle (SZA) for each measurement was
determined at the center of each 10 min interval. The
denominator of CET corresponds mostly to clear‐sky con-
ditions and is sensitive to both the cosine response and the
thermal offset due to infrared cooling of the instruments,
whereas the numerator of CET corresponds to cloudy‐sky

Figure 1. Ten minute averaged measurements of solar irradiance at (left) Arica and (right) Poconchile as
a function of the date for days with cloudless afternoons, specifically selected to determine the cloud
effective transmittance. (top) Total solar irradiance. (bottom) UV solar irradiance. Data respond to the
manufacturer calibration (MC) of the instruments.
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conditions and is less affected by these effects. Manufacturer‐
estimated precision by cosine response is within 2% for Solar
Light 1141 and 5% for Solar Light 501A for direct‐beam
incidence at angles less than 70°. We have not the comple-
mentary instruments required to accurately determine the off-
set due to infrared cooling for total shortwave thermopile
sensors [Dutton et al., 2001]. However, the dark‐signal night
offset of all instruments was analyzed. 62% (93%) of over
20,000 Solar Light 1141 nighttime raw data were equal to
zero at Arica (Poconchile), with a maximum of 2.4 (7.2)W/m2

and no negative values, respectively. The absence of negative
values may be due to the large percentage of nights under
overcast sky conditions, cloudiness that remains during the
morning. UV biometers are not affected by thermal offset
under clear skies, and nighttime raw data of Solar Light 501A
were always zero. Then, in practice no dark‐signal offset
correction was implemented. The irradiance offset due to
thermal effect is not dependent on the SZA. Then, when
applied to the relative parameter CET, both cosine response
and thermal effects act principally in the range of SZA > 80°
which for this reason is excluded from the analysis. In turn,
given that both cosine response and thermal effects cause
slightly smaller values on the denominator of CET, we assume
that for SZA < 80° our reported CET are slightly over-
estimated. Manufacturer‐provided calibrations of all instru-
ments were used. It is a known fact that, particularly in the UV
range, the manufacturer’s calibration is not precise enough for

scientific analysis based on absolute values [e.g., Leszczynski
et al., 1998]. This is clearly seen in Figure 1 where seasonal
maximum UV absolute values at Arica, at sea level, are
markedly larger than those from the close higher‐altitude sta-
tion of Poconchile. However, as will be described in section 3,
this is irrelevant for the present work since CET is a relative
parameter obtained from measurements by the same instru-
ment, and therefore it is independent of the instrument’s
absolute calibration.

3. Determination of the Cloud Effective
Transmittance

[8] To obtain the CET, each irradiance measurement
under a cloudy condition must have their expected irradi-
ance that would be registered for a cloudless sky. For this
purpose, we make use of the notable climatic regularity of
the region. As mentioned, along the coastal region of the
Atacama Desert the overcast sky is generally present during
the morning hours, then toward noon the cloudiness quickly
breaks down and vanishes, resulting in cloudless afternoons.
Figure 2 documents photographically an example of this
typical cloudiness behavior, on different moments of day
17 March 2009, together with an aerial view of the homo-
geneous cloud top, on day 24 March 2009. The first step
was to select those days with mostly cloudless afternoons
from the observations database. At Arica (Poconchile),

Figure 2. Panoramic view at Arica of the morning cloudiness typical behavior over the Atacama Desert.
(top left) 17 March 2009, 0840 LT, overcast sky. (bottom left) 17 March 2009, 1149 LT, cloudiness
begins to break out. (top right) 17 March 2009, 1240 LT, cloudiness vanishes. (bottom right) Panoramic
aerial view of the typical homogeneous layer cloudiness top, 24 March 2009, 0730 LT.
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365 (358) days from the whole database of 517 (456) days,
i.e., 70% (78%) of days were found to meet this criterion;
they are shown in Figure 1. Given that every clear‐sky
irradiance plot mirrors about solar noon, the expected clear‐
sky irradiance values during the morning were interpolated
from the afternoon values at the SZA of the morning mea-
surements. Figure 3 shows examples of the method applied,
for days 2 January 2003 at Arica and 6 July 2003 at
Poconchile.
[9] The method has several advantages. The expected

clear‐sky irradiance is directly obtained and no indirect
estimate is necessary, such as model calculations of the
absolute irradiance. No absolute calibration of the instru-
ments is required, as CET is a relative parameter obtained
from measurements made with the same instrument. Fur-
thermore, given that it is based on measurements made
within the same day, no matter what the specific values of
related parameters like ozone and aerosols were, as they are
usually considered constant during each day for this type
of application.

[10] This method was applied to each selected day, having
a predominantly cloudless afternoon. Figure 4 shows the
CET determined from each irradiance measurement during
the morning, when the sky generally presents an overcast
sky, for the ToSI and UVSI at Arica and Poconchile. As
mentioned, data for SZA > 80° were excluded since the
uncertainties both in measurements and in 1‐D model calcu-
lations substantially increase [Barker et al., 1998; Dong et al.,
1998; Barnard and Long, 2004]. Cloudiness is present from
before dawn through late morning, and CET has its lower
values <1 for large SZA. As the morning advances and SZA
decreases, cloudiness generally vanishes and points tend to
group in values close to 1. As can be noted, the effects of
clouds are stronger on the ToSI than on the UVSI including
both the attenuation and the enhancement of irradiance, in
agreement with the wide evidence that clouds more intensely
affect the ToSI than the UVSI in all‐sky conditions. This is
due to the fact that the relative contribution of the direct
component with respect to the diffuse one at the surface is
always larger in ToSI than in UVSI [e.g., Cede et al., 2002a;

Figure 3. Example of the analysis method from 10 min averaged measurements made on (left) 2 January
2003 at Arica and (right) 6 July 2003 at Poconchile. The expected clear‐sky irradiance values during the
morning (shaded line and dots) are interpolated from the afternoon values at the solar zenith angle (SZA)
of the morning measurements. Data respond to the MC of the instruments. (top) Total solar irradiance.
(bottom) UV solar irradiance. The ratio of cloudy over expected clear‐sky irradiance values is the cloud
effective transmittance (CET).
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Calbó et al., 2005]. For the same reason, CETTo is muchmore
sensitive than CETUV to variations in the SZA at constant
COD, as will be noted in section 4. Four data clusters can be
observed in Figure 4, as follows.
[11] 1. The few points with CET > 1.1 may be explained in

part by the surface solar irradiance enhancing by reflection
off of the sides of clouds [e.g., Mims and Frederick, 1994],
even though broken stratocumulus characteristic of this
region do not reach the needed vertical development to mag-
nify this effect. More probably, given the employed method to
determine the expected clear‐sky solar irradiance, they may be
caused by occasional moments when some isolated cloud
obscured the direct sun during the afternoon. This is not a
problem to apply the method given that only these isolated
points were affected, and the afternoon downwelling solar
irradiance for close points under very scattered clouds with
exposed direct sun is basically the same that under a clear sky.
[12] 2. Given that the region is characterized by an

important aerosol content, eventual diurnal aerosol varia-
tions cause the spread of values around CET = 1, basically

between CET ∼ 0.9 and CET ∼ 1.1, which does not sig-
nificantly influence the cloud analysis. This agrees with the
concept of thick‐aerosol‐related broadening of the clear‐sky
states by Charlson et al. [2007].
[13] 3. The sparsely populated area of measured transmit-

tances around CET = 0.80, which is wider and more evident
in ToSI than in UVSI as expected from the mentioned effects
of clouds. It is similar to that which Fitzpatrick and Warren
[2005] named the “Köhler gap,” under the argument that it
may be due to the threshold nature of the aerosol‐to‐cloud‐
droplet transition evidenced in low‐aerosol‐content regions.
In contrast, Charlson et al. [2007] concluded that the transi-
tion states between cloudy‐sky and clear‐sky are in general a
smooth continuous, due to the significant presence of non-
visible small‐COD wispy clouds. In our case, we find two
complementary explanations from the measurements and
from the model calculations: the regularity of the analyzed
meteorological phenomenon allows us to infer that, for
SZA < ∼50°, this less populated data zone represents the
quick cloud breaking in the transition from the overcast‐sky

Figure 4. CET determined from 10 min averaged morning measurements at (left) Arica and (right)
Poconchile in the (top) total range and in the (bottom) UV range as a function of the solar zenith angle.
An empirical threshold of CET = 0.80 (shaded line) is established so that only points with CET < 0.80 are
considered as corresponding to cloudy conditions. Data for SZA > 80° were excluded due to their larger
uncertainty.
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to the clear‐sky states each morning, lasting around 30–
50 min, i.e., only 3–5 points at 10 min averages in Figure 4
(see also the example of Figure 2). For SZA > ∼50°, the
sky is basically under one of two opposite conditions:
cloudless or homogeneous overcast cloudiness of significant
COD, and as a consequence few points fall in the range of
∼0.5 < CET < 0.8. Additionally model calculations, which
will be detailed in section 4, show that under overcast sky
the CET decreases progressively when the SZA increases at
constant COD. This is more evident for small COD (<10),
causing an area of sparsely populated data around CET = 0.8
for SZA > ∼50°.
[14] 4. The area of Figure 4 with maximum concentration

of points below CET = 0.8 represents more precisely the
homogeneous overcast sky conditions.
[15] From the previous analysis, CET = 0.80 may be

established as an empirical threshold to distinguish the
clear‐sky from the cloudy‐sky data at both sites and for both
wavelength ranges, such as only points with CET < 0.80 are
considered cloudy events. Figure 5 shows the histograms of
the measured CET values for cloudy cases (CET < 0.8) from
Figure 4. As expected, distributions are asymmetric, since
they cover the sparse data area close to CET = 0.8 and the
larger data concentration of homogeneous overcast sky cases
for smaller values of CET. Points around the maximum of
the histograms are in fact those that actually characterize the
homogeneous overcast sky conditions, corresponding to
CETTo = 0.26 (0.31) for ToSI and CETUV = 0.37 (0.43) for
UVSI at Arica (Poconchile). They are also emphasized in
Figure 5. This implies that overcast cloudiness attenuates
about 70% of the ToSI and about 60% of the UVSI with
respect to the clear‐sky values in the region. If all‐cloudi-
ness conditions are to be considered, mean values are
CETTo = 0.36 (0.39) and CETUV = 0.45 (0.50) at Arica
(Poconchile), implying that morning cloudiness attenuates in
general about 60%–65% of the ToSI and about 50%–55%
of the UVSI on average with respect to the clear‐sky values.
It is interesting to note that the observed absolute minimum

are CETTo ∼ 0.1 and CETUV ∼ 0.2 at both sites. They put a
limit to the maximum COD registered in the region.

4. Model Calculations

[16] Model calculations were made to establish a theo-
retical reference of CETTo, CETUV and their relation. As
mentioned by Loeb and Coakley [1998] overcast marine
stratus, the kind of cloudiness here considered and depicted
in Figure 2, constitute the closest condition to the ideal
homogeneous plane‐parallel water cloud layer, suitable for
application of plane‐parallel 1‐D radiative transfer models.
A single cloud layer is considered in the model. In turn,
measurements include the effect of any other real clouds
above the observed cloud layer, and/or fog. Nevertheless,
Ayers et al. [2001, 2002] showed that the fraction of ice
clouds above the stratocumulus deck is typically very small
in this region, less than 15%, so that the modeled single
cloud layer represents appropriately the measurement con-
ditions for most of cases.
[17] Radiative transfer calculations of instantaneous ToSI

and UVSI irradiances for the SZA range 0°–90° were made
with the plane‐parallel 1‐D Fu‐Liou online code (Diurnal
Simulation page, http://snowdog.larc.nasa.gov/cgi‐bin/rose/
flp200503/sun/flsun.cgi) [Fu and Liou, 1992, 1993; Rose and
Charlock, 2002], four‐stream algorithm, with a standard
tropical vertical atmospheric structure. UV Index calculations
with the Fu‐Liou model (corresponding to UV erythemal
irradiance) showed appropriate CET values for each COD,
but its behavior as a function of the SZA is reasonable only
within the range 0° ≤ SZA < 30°. Then, UVSI was calculated
with the Fu‐Liou model for the UVA range (320–400 nm)
given that it corresponds to an atmospheric absorption win-
dow and, under the assumption that cloud optical properties
are spectrally flat in the UV, the ratio of UVA irradiances
will be very similar to the ratio of UV erythemal irradiances.
Additionally, Fu‐Liou UVA calculations were compared
against the UV erythemal irradiance obtained with a Discrete

Figure 5. Normalized histograms of the measured CETs for the cloudy cases of Figure 4 (CET < 0.80)
in the total range (shaded bars) and in the UV range (solid contour bars) at (left) Arica and (right)
Poconchile. Dashed lines, taken from a smoothed curve, denote the maximum concentration of points.
They characterize the typical CET for homogeneous overcast‐sky conditions in both the total (shaded)
and UV (solid) ranges.
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Ordinates (DISORT) algorithm with pseudo‐spherical cor-
rection for the direct irradiance [see, e.g., Cede et al., 2002b;
Luccini et al., 2006]. CET absolute differences of the
Fu‐Liou UVA with respect to the DISORT UV erythemal
irradiance were small, of 0.01, 0, and –0.04 for COD = 5, 20,
and 50 for 0° ≤ SZA < 80°, respectively. In order to avoid
discrepancies that may appear by the use of different radiative
transfer codes, we used only calculations with the Fu‐Liou
model.
[18] From the analysis by Cereceda et al. [2008b] and the

advice from the meteorologists of the Chilean National
Weather Service station at the airport of Arica, a homoge-
neous infinite plane‐parallel cloud layer of 400 m thickness
with cloud base at 900 m asl and cloud top at 1300 m asl
was considered representative of the local overcast strato-
cumulus‐type cloudiness. Satellite‐derived surface albedo
for ToSI over this coastal desert land shows values pre-
dominantly around 0.20 [Minnis and Harrison, 1984;
Tsvetsinskaya et al., 2006]. The ocean broadband ToSI
albedo is typically between 0.07 and 0.09 [Fitzpatrick et al.,
2004; Li and Garand, 1994]. In turn, satellite‐derived UVSI
surface albedo is slightly smaller than the corresponding
broadband ToSI albedo in this region for both the coastal
desert (0.08–0.12) and ocean (0.03–0.06) [Herman and
Celarier, 1997]. Given that the surface albedo in a radius
of several kilometers influences the irradiance at a given
place (over 40 km in the UV range [Degünther et al., 1998;
Degünther and Meerkötter, 1998]), a broadband surface
albedo of 0.10 was considered appropriate in both the ToSI
and UVSI, which may be considered as a geographical
average over this coastal region. Nevertheless, given that
CET consists in the ratio of downwelling solar irradiances,
differences in the calculated solar irradiances due to a slightly
different actual average surface albedo cause negligible
changes on CET. A 270 DU total vertical ozone column was
used, it being a typical value over this tropical region where
ozone values have a small seasonal fluctuation [e.g., Rivas
et al., 2000]. AERONET data from the instrument installed

at Arica show that the presence of aerosols is important in the
region, and that the particles have a relatively small size
[Otero et al., 2006]. A 0.3 average aerosol optical depth
(at 440 nm) with an Angstrom exponent of 1.2 was used for
the calculations in both ToSI and UVSI. From retrievals
of the Moderate Resolution Imaging Spectroradiometer
(MODIS) satellite instrument [Wood et al., 2006], a rela-
tively small value of re = 8 mm was used which seems to be
directly related to the sulfur emissions from the nearby big
copper smelters transported by the region’s predominant
winds from the S‐SE [Huneeus et al., 2006; Wood et al.,
2006].
[19] Broadband downwelling irradiance calculations at

the surface for overcast sky were made for COD equal to 5, 10,
15, 20, 25, 30, 40, 50, 60, 70, 80, 90, and 100, and for 0°–90°
SZA range. COD was set to 0 for the clear‐sky case. Then,
CET was determined for each COD value, as the ratio of the
cloudy case over the clear‐sky case as a function of SZA.
The same modeled CET were used for Arica and Poconchile,
as the different altitude of both locations produces negligible
differences in the ratio of calculated irradiances.
[20] Model calculations reaffirm the fact that the SZA

dependence at constant COD is much more pronounced in
CETTo than in CETUV. For this reason, CETTo is plotted as a
function of CETUV in Figure 6 as obtained from simultaneous
ToSI and UVSI 10 min averaged measurements and also as
calculated from the Fu‐Liou model. To establish the average
modeled curve, it is assumed as a first approximation that
CODTo and CODUV have the same value at each point. Bars in
the average modeled curve represent the variability with the
SZA, where calculations show that the maximum CET values
correspond to SZA = 0° and the minimum ones to SZA = 80°.
This is because CET decreases progressively when SZA
increases at constant COD, due to a larger proportion of the
incoming direct solar irradiance scattered back upward by
reflection from the homogeneous cloud top. The sparsely
populated area of measured data in Figure 4, mentioned in
section 3, is observed in Figure 6 below the average modeled

Figure 6. Relation between the cloud effective transmittance in the total range (CETTo) and the cloud
effective transmittance in the UV range (CETUV) at (left) Arica and (right) Poconchile. Solid circles
are from simultaneously measured 10 min averages. The shaded line is the average modeled relation from
calculations with the Fu‐Liou code. Bars at each modeled point denote the SZA variation; the maximum
CETTo values are obtained for SZA = 0°, and the minimum ones are obtained for SZA = 80°.

LUCCINI ET AL.: CLOUD EFFECTIVE TRANSMITTANCE AT ATACAMA D20205D20205

7 of 9



curve between CETUV ∼ 0.5 and CETUV = 0.8. Measured and
modeled values show a very good agreement at both sites.
As expected from the mentioned cloud effects on ToSI and
UVSI for irradiance attenuation cases, the average CETTo is
always smaller than the average CETUV at both sites.

5. Conclusions

[21] The cloud effective transmittance for overcast coastal
stratocumulus were determined at Arica and Poconchile,
representative sites of the Atacama Desert in the north of
Chile, the driest region in the world, using 10 min averaged
solar irradiance broadband pyranometer measurements in
both the total and UV ranges. The regional climate regularity,
with typical cloudy mornings and cloudless afternoons,
allowed for the application of an empirical method to deter-
mine the expected clear‐sky irradiance during the morning
using the afternoon’s measurements of each day.
[22] Characteristic cloud effective transmittance for over-

cast‐sky conditions is about 0.30 in ToSI and 0.40 in UVSI,
while for all‐cloudiness conditions it is around 0.35–0.40 in
ToSI and 0.45–0.50 for UVSI. This implies that overcast
cloudiness attenuates about 70% of the ToSI and about 60%
of the UVSI with respect to the clear‐sky values in the
region, and that morning cloudiness attenuates in general
about 60%–65% of the ToSI and about 50%–55% of the
UVSI on average with respect to the clear‐sky values.
Thus the attenuation of solar radiation by this regularly
present cloudiness may be considered significant, particu-
larly in the UVSI range in a region where extreme UV
Index values (11+) are common during most of the year.
Fog is also often present at intermediate altitudes like that
of Poconchile, associated to occasional lower‐base events
of the same kind of cloudiness, and its effect is included in
the present results. Databases are not extensive enough to
analyze the CET’s seasonal behavior.
[23] The important aerosol content of this region, and its

eventual daily variation, causes the spread of values around
CET = 1, between CET ∼ 0.9 and CET ∼ 1.1, evidencing the
concept of thick‐aerosol‐related broadening of the clear‐sky
states.
[24] New insights have been provided about the sparsity of

CET data as a function of the SZA around CET = 0.8, referred
to by other authors but still without a concrete explanation.
At least for the regular climate conditions characterizing the
Atacama Desert, we have found two main reasons that could
explain it: the quick breaking of the overcast cloudiness in the
transition toward a clear sky, added to the progressive
decrease of CET at constant COD for increasing SZA due to
the relative increase in the fraction of the incoming direct
solar irradiance being scattered back upward by reflection in
the homogeneous cloudiness top, more evident for small
values of COD (<10).
[25] The reliability of the CET values here obtained from

measurements through a method that is independent of
the absolute calibration of the instruments, and the agree-
ment between measurements and 1‐D model calculations,
encourage their joint use to estimate from irradiance ground
measurements more detailed cloud parameters like the cloud
optical depth. Many international efforts are currently being
devoted to study the cloud properties in the South Pacific
Ocean, and every contribution from the adjacent continental

zone is an important complement. The high content of nat-
ural aerosols, the anthropogenic sulfur emissions from the
copper smelters in the region, and the occasional natural
volcanic emissions transported by the zonal winds add par-
ticularities to the local environment.
[26] Thus, the results here obtained must be taken as a

preliminary approach to promote new and more detailed
investigations on cloud properties over the coastal Pacific
region of South America. The recent inclusion of new
equipment may allow more sophisticated studies in the
future. Long‐term measurements of atmospheric parameters
at such climatically stable regions are very important to
enhance the capacity for detecting and monitoring global
climate change processes.
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