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Changes in the surface irradiance during the total solar eclipse 2020
in Valcheta, Argentina

P F Orte,1–3∗, E Fernández Lajús,4,5, R P Di Sisto4,5, E A Wolfram3,6, A R
Lusi1,2, M G Nicora1–3, R L D’Elia11, F Verstraeten6, S Papandrea4, F Carmona7

On December 14, 2020, southern South America experienced a total solar eclipse
close to the solar noon. The path of totality, about 90 km wide, extended over
the continental region from the Chilean west coast to the Argentine east coast,
passing through the provinces of Neuquén, Ŕıo Negro and the extreme south of
Buenos Aires. In order to study the effects on the atmosphere produced by the
total eclipse, the Servicio Meteorológico Nacional Argentino (SMN) and Instituto
de Investigaciones Cient́ıficas y Técnicas para la Defensa (CITEDEF) carried out a
surface radiometric monitoring campaign in Valcheta (40.69°S; 66.15°W), Ŕıo Ne-
gro, Argentina. In this work, we explore the global surface solar irradiance on a
horizontal plane (GHI) with the main objective of quantifying the changes in this
parameter for cloudy and clear sky atmospheric conditions, combining ground-based
measurements and modeling. A solar limb-darkening function was successfully im-
plemented in the calculation of the irradiance at the top of the atmosphere (TOA)
during the eclipse. We estimated a significant GHI attenuation of 41 % between
the first (C1) and last (C4) contacts of eclipse compared to similar atmospheric
conditions without the total eclipse, which represent a daily reduction of 12 %. In
terms of irradiation, a reduction of 3360.1 KJ/m2 was calculated.
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CITEDEF, UNIDEF (MINDEF-CONICET), Villa
Martelli, Buenos Aires, Argentina.

3 CNRS – IRD – CONICET – UBA. Instituto Franco-
Argentino para el Estudio del Clima y sus Impactos
(IRL 3351 IFAECI), Buenos Aires, Argentina.

4 Facultad de Ciencias Astronómicas y Geof́ısicas -
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I Introduction

Solar eclipses are some of the most fascinat-
ing natural spectacles that we can experi-
ence. Given the frequency of their occurrence
throughout the world, and the particularities
that each of these phenomena presents, they
constitute natural experiments with which var-
ious scientific questions can be addressed. In
particular, the local effects on the atmosphere
in places on Earth where totality, or even par-
tiality, occurs allow us to confront observations

7 Instituto de Hidroloǵıa de Llanuras (IHLLA), Uni-
versidad Nacional del Centro de la Provincia de BA,
Tandil, Argentina.

150002-1



Papers in Physics, vol. 15, art. 150002 (2023) / P F Orte et al.

and models in circumstances where there are
sudden and short-term changes in solar radia-
tion.

Several experiments have already been car-
ried out in this regard in attempts to under-
stand the response of the atmosphere to these
changes. Meteorological parameters, such as
temperature, relative humidity, or wind speed,
have been measured during solar eclipses, re-
flecting short-term variations as a consequence
of the drastic reduction in the incoming solar
radiation (e.g. [1–4]), depending on the eclipse
magnitude and the surrounding environmental
and local cloudiness conditions [5, 6]. The in-
fluence of solar eclipses on cloudiness has also
been observed by different authors, which can
impact, in turn, the solar irradiance reaching
the surface (e.g. [7]).

Likewise, experiments have been carried out
to study the changes in the total ozone col-
umn. However, some of them have suggested
that such variations have not been attributable
to eclipse effects, but rather to artifacts intro-
duced in the routine of the measurements or
data processing due to the increasing contri-
bution of diffuse radiation against the decreas-
ing direct irradiance caused by the eclipse (e.g.
[6, 8–13]).

Observations of surface irradiance at differ-
ent wavelengths have been carried out with
the goal of determining eclipse-induced changes
in spectra that reflect a wavelength depen-
dence due to the solar limb darkening (LD), as
the eclipse magnitude increases (e.g. [13–15]).
Shorter wavelengths have a much stronger ef-
fect than longer wavelengths. Wen et al. (2020)
[15] also theoretically calculated the impact of
cloud optical depth during the eclipse. They
showed that the non-eclipse-to-eclipse surface
SW flux ratio depends strongly on the obscura-
tion of the solar disk and slightly on the cloud
optical depth. These results enabled them to
derive the hypothetical SW flux in the absence
of eclipse and estimate the impact of the eclipse
on the surface broadband SW radiation budget.

On December 14, 2020, a total solar eclipse
occurred which was visible throughout the Ar-
gentine territory, and whose entire totality
path, 90 km wide, crossed the provinces of

Neuquén, Ŕıo Negro, and the extreme south of
Buenos Aires. The town of Valcheta (40.69° S;
66.15° W), Ŕıo Negro, Argentina, was chosen
to carry out an atmospheric observation cam-
paign. Thus, SMN and CITEDEF set up a
monitoring station to study the effects of the
total solar eclipse on meteorology, the atmo-
spheric electric field [16], and surface solar ir-
radiance.

The main objective of this work is to esti-
mate the impact of the Total Eclipse of De-
cember 14, 2020 on GHI in cloudy and clear
sky atmospheric condition with respect to non-
eclipse situation combining GHI ground-based
measurements and modeling. In determining
the effect of the eclipse on the solar irradiance
at the surface, it is necessary to first determine
the change in solar irradiance at the top of the
atmosphere (TOA) along the whole eclipse as
a function of time.

The solar irradiance measurements were ob-
tained during the campaign with a broadband
pyranometer, while the modeled clear sky irra-
diance during the eclipse was calculated using
a parametric model [17] affected by obscura-
tion of the solar disk of the moon taking into
account the limb-darkening effect. Finally, the
GHI without eclipse for all-sky conditions was
derived following Wen et al. (2020) [15].

Quantifying changes in GHI at the surface
during the eclipse contributes to understand-
ing the remarkable impact of the obscuration
in reducing solar photovoltaic (PV) generation
[18, 19]. Although the timing of solar eclipse
events is well known, the meteorological condi-
tions and cloudiness which can affect the gen-
eration during the event are much less pre-
dictable. In this sense, GHI observations pro-
vide essential information to evaluate models or
power generation systems.

Section II.i describes the atmospheric mon-
itoring campaign and ground-based observa-
tions. Sections II.ii to II.iv describe the
methodology implemented to model the GHI
during the eclipse and derive the hypothetical
non-eclipse GHI at surface. Section III explores
the observed and modeled GHI and presents
the results. Finally, conclusions are summa-
rized in section IV.
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Figure 1: Totality path of the Dec 14th, 2020
solar eclipse. Valcheta is located just about 1
km from the center line and about 100 km from
the Greatest eclipse point (black sun)1.

II Materials and methodology

i Experiment and Ground-Based obser-
vations

The selected site from the totality path of the
eclipse was Valcheta (40.69°S; 66.15°W), Ŕıo
Negro Province (Fig. 1). The eclipse began
with the first contact (C1) of the solar and lu-
nar limbs at 11:53 local time (LT), ending at
14:43 LT, when the last contact (C4) between
the sun and the moon took place. The duration
from the start to the end of this partial phase
was 02:50:40.8. The solar limb is understood
here by the external edge of its photosphere.
The totality elapses between the second con-
tact (C2) at 13:16:23.0 LT and the third con-
tact (C3) at 13:18:32 LT, lasting 2 minutes and
9 seconds. The maximum occurred at 13:17:28
LT when the centers of the sun and the moon
reached their minimum distance. In terms of
the reduction of radiation, it is important to
highlight the closeness between the maximum
of the eclipse and the local solar noon (∼ 3 min-
utes). The magnitude of the eclipse or ratio of
the apparent angular diameters of the Moon
and Sun for Valcheta was 1.012. All our cal-
culations of these features for the eclipse are
summarized in Table 1.

The Global surface solar irradiance at the
horizontal plane (GHI) was measured with a
broadband pyranometer Kipp&Zonen CMP-21
(285-2800 nm) which was installed on the roof

1http://xjubier.free.fr/en/site_pages/solar_

eclipses/TSE_2020_GoogleMapFull.html

Figure 2: (left) mobile station installed during
the eclipse in Valcheta. (right) Instrumental
capability.

of the mobile monitoring station (Fig. 2). This
instrument belongs to the Saver-Net solar ra-
diation network and follows similar measure-
ment protocols to those described in Orte et
al., 2021 [20]. The high acquisition frequency of
one minute allows for observing the short-term
solar irradiance variation due to cloudiness.

In addition, an experimental visible all-sky
camera developed by Antuña-Sánchez, J. C. et
al. (2015) [21] was reproduced in CITEDEF
and installed during the campaign to analyze
the cloudiness condition. The camera was con-
figured to acquire images with the same ac-
quisition frequency as the pyranometer (one
minute).

For scientific purposes, all datasets are freely
available upon request.

ii Modeled GHI for non-eclipse clear-
sky condition

The non-eclipse clear-sky GHI for December
14th, 2020 was calculated using the model
Global C Iqbal [17, 22]. The date and geo-
graphical position that allow for determining
the position of the sun throughout the year
are included as input parameters in the Global
C model. Other inputs are meteorological pa-
rameters (temperature, humidity, and pressure
at ground level), the total ozone column, and
optical characteristics such as ground albedo,
Ångström exponent, turbidity coefficient, and
the single scattering albedo. Table 2 summa-
rizes the atmospheric and surface parameters
used as input in the Global C Model.

The meteorological ground-based parameters
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Table 1: Main circumstances of the total solar eclipse over Valcheta, Argentina.

Total Solar Eclipse Date: 2020-12-14

Location Valcheta / Ŕıo Negro
Altitude [masl] 165 m
Geodetic Coord. Lat: -40.6920 Long: -66.1500

Moon/Sun size ratio (M2) 1.02529
Maximum Obscuration 100.00 %
Duration of totality 00:02:09.1
Duration of partial eclipse 02:50:40.8

Phase LT Alt [°]
Start of partial eclipse (C1) 11:52:56.5 +64.8°
Start of totality (C2) 13:16:23.0 +72.6°
Maximum eclipse (MAX) 13:17:27.6 +72.6°
End of totality (C3) 13:18:32.1 +72.6°
End of partial eclipse (C4) 14:43:37.3 +65.2°

(air temperature (T), relative humidity (H),
and pressure (p)) were measured during the
campaign using a Campbell meteorological sta-
tion installed on the roof of the mobile station
(Fig. 2). The observations of these parameters
at C1 were considered in the GHI calculation
for the whole period.
The Total ozone column (TOC) was ob-

tained from the Ozone Monitoring Instrument
database (OMI/NASA EOS Aura) retrieved
with the DOAS technique (OMDOAO3 L2
overpass data)2 at 18:55 UTC [23]. The OMI-
DOAS TOC presents good agreement com-
pared with ground-based measurements in the
region analyzed [24].
On the other hand, the surface albedo was

obtained from the CERES SSF1deg product
(Edition 4.1)3. The hourly gridded instan-
taneous footprints were average for Decem-
ber 2020 given an albedo value of 0.22. This
value was considered as representative of the
albedo for December 14th, 2020 due to the very
low variability during this month (SD=0.0032).
The monthly averaged albedo was also com-
pared with those obtained from land surface
downward and upward global radiation obser-

2https://avdc.gsfc.nasa.gov/index.php?site=

487351191
3https://ceres.larc.nasa.gov/data/

#ssf1deg-level-3

vation (280–2800 nm) carried out by Zheng et
al. (2017) [25] for a similar type of soil as
Valcheta, obtaining similar values.

The absorption Ångström exponent (α) and
the Ångström turbidity coefficient (β) repre-
sent the proportion of large or small particles in
the aerosol component and the aerosol concen-
tration in the atmosphere, respectively. These
parameters were obtained from the monthly cli-
matological values (2005-2021) of the Aeronet
observations 4 for December at Trelew city, lo-
cated 290 km at SSE from Valcheta [26]. While
α was obtained directly from the monthly cli-
matology, β was derived for clearing from the
following expression:

AOD = βλα (1)

where λ is the wavelength (500 nm) and AOD
is the climatological aerosol optical depth.

Finally, a typical value of single scattering
albedo (SSA) was introduced [21].

iii Model GHI during the eclipse for
clear-sky condition.

The clear-sky GHI during the eclipse was cal-
culated starting from the non-eclipse model de-

4https://aeronet.gsfc.nasa.gov/
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Table 2: Global C Model inputs parameters.

Value Source

T 24 ºC G-B Observation
H 24% G-B Observation
p 997 hPa G-B Observation
Albedo 0.22 CERES SSF1deg product
TOC 332.86 OMI
α 0.66 AERONET
β 0.07 AERONET
SSA 0.92 Wong and Chow, 2001.

scribed in the previous section. Then, the at-
tenuation caused by the eclipse is calculated
from the sun obscuration between C1 and C4
considering the solar limb-darkening effect fol-
lowing the methodology described in sections
II.iii, II.iii, and II.iv.

Calculating eclipses: the evolution of the geo-
metrical configuration

Prediction of eclipses and the calculation of
their conditions, geometrical configuration, and
duration has obsessed astronomers since ear-
liest times. The calculation and prediction
of eclipses involve the precise motions of the
Moon, Sun, and Earth, and the location of an
observer on the surface of the Earth. This is
highly complex and it is necessary to simplify
the problem.

This was achieved by the German as-
tronomer Friedrich Wilhelm Bessel, who devel-
oped a simplified theory to calculate and pre-
dict the local circumstances of solar eclipses by
the 1820’s. He defined a set of parameters, cur-
rently called “Besselian elements”, defined in a
coordinate system with its origin at the geocen-
ter and oriented to the shadow axis, i.e. z axis,
with the x-y plane defining the “fundamental
plane”. Those elements are in fact geometrical
quantities that define the size and orientation
of the shadow cone with respect to the surface
of the Earth and the fundamental plane for any
instant during the eclipse. Therefore, for a spe-
cific place on the Earth’s surface, the observer’s
position is transformed to the Besselian coordi-
nate system and the local space and time cir-

cumstances are derived.
For this paper, we calculate the geometri-

cal configuration of the eclipse and the evolu-
tion over time of specific parameters from the
Bessel’s method as described in e.g. Seidel-
mann (1992) [27].

Besselian elements can be calculated using
low order polynomial expansions as a function
of time. A reference time t0 in the Terrestrial
Dynamical Time (TDT) reference system and
the coefficients of these polynomials can be ob-
tained from, e.g. NASA eclipse website5, based
on the Eclipse Predictions by Fred Espenak,
NASA’s GSFC.

In this way, the Besselian Elements for any
instant in a 6 h period, centered on t0 can
be computed. With the calculation of the
Besselian elements, and the method described
in Seidelmann, (1992) [27], taking into account
the correction for flattening of the Earth, we
calculate the distance D(t) between the Moon
and Sun apparent centers during the whole
eclipse as a function of time t. From there,
the non-obscured area, or obscuration degree,
of the Sun is calculated for the purposes of de-
termining the solar irradiance at the top of the
atmosphere for each moment of the eclipse, i.e
the light curve.

Limb darkening

The photosphere of the Sun is the layer from
which radiation comes, that is, where the op-
tical depth of the different wavelengths (λ) of

5https://eclipse.gsfc.nasa.gov/SEbeselm/

SEbeselm2001/SE2020Dec14Tbeselm.html
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Figure 3: Image of a partial phase of the eclipse
taken at 14:04 LT from Valcheta through a 200
mm f/5 Newtonian telescope, using a Canon
70D DSLR camera and a black-polymer. Note
the darkening towards the limb of the sun.

the continuum is such that photons can escape
through the surface. The optical depth de-
pends on the optical path through the layers
of the Sun’s atmosphere that photons cross on
the way to the surface. Therefore, the criti-
cal optical depth is achieved at different depths
depending on the observing direction. If we
look directly at the center of the Sun, photons
originate from inner, and therefore hotter, lay-
ers than those we see when looking toward ar-
eas near the edge. Then, the sun’s disk looks
brighter and bluer at its center and darker and
redder at its edge. This effect, called “limb
darkening” (LD), can be appreciated in Fig. 3.

As a consequence, during a solar eclipse, the
variation of the irradiance depends not only on
the area covered by the moon but also on the
differentiated fluxes that arrive from the center
and limb regions, due to LD and its relation
to wavelength. For example, in the very early
(or late) moments of the eclipse, only part of
the weaker limb is covered and the spectrum of
the sun seems to be unchanged. But when the
eclipse is just before or just after the maximum,
the bluer center of the disc is no longer visible,
and only a small part of the redder limb region
is exposed. At this time the spectrum of the
solar irradiation becomes redder. In this way,
the monochromatic emission of radiation of the
Sun Iλ(r) affected by LD depends on the radial

distance (r) from the center. The solar irradi-
ance (ITot

λ ) for a certain wavelength emitted by
the whole disk can be integrated as follows:

ITot
λ =

∫ R⊙

0

∫ 2π

0

ICλ Iλ(r)rdθdr (2)

where R⊙ is the radius of the Sun, ICλ is the
intensity at the center and Iλ(r) is the LD coef-
ficient. During the eclipse, the integration lim-
its must be restricted properly considering the
eclipse geometry, which is driven by the sepa-
ration between the centers of the Sun and the
Moon, D(t), as explained in the previous sec-
tion. These considerations and an analytical
expression for Iλ(r) are given in [14]. We follow
in this paper to calculate the TOA solar irra-
diance. Different wavelengths within the spec-
tral range of the pyranometer were considered
here and integrated to obtain the correspond-
ing TOA solar irradiance. Then, the normal-
ized total solar irradiance Inorm,tot is defined
as the ratio between the irradiance of the not-
covered part of the sun and the irradiance of
the whole uncovered solar disk, and as such the
wavelength range of the pyranometer was re-
trieved.

To perform the aforementioned calculations
of the Bessel method and finally the solar irra-
diation along the solar eclipse considering LD
effects, a numerical code was developed us-
ing the GNU/AWK language. It is applicable
for any geographic location and was extended
to calculate all solar eclipses up to the year
2200, using the polynomial coefficients of the
Besselian elements tabulated by Meeus (1989)
[28]. A preliminary version of developed appli-
cation can be run from 6.
Fig. 4 shows the light curve corresponding

to normalized solar irradiance Inorm with and
without considering the LD, corresponding to
λ = 280 nm as an example of the LD effect.

iv Derived GHI for non-eclipse and all-
sky condition

Quantifying the decrease in the GHI by the
solar eclipse with respect to the non-eclipse

6http://etacar.fcaglp.unlp.edu.ar/sec/
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Figure 4: Eclipse Light curve with no LD (red),
with LD (green).

condition is not trivial due to the difficulties
in recovering the atmospheric characterization
that would have been, without the eclipse.
The methodology implemented here consists of
combining the ground-based GHI measurement
with the clear-sky GHI modeled for both eclipse
and non-eclipse conditions. Thus, we derive
the GHI that would have reached the surface
without the eclipse, in similar atmospheric con-
ditions (Fnon−eclipse(t)), following the method
developed by Wen et al. (2020) [15], namely:

Fnon−eclipse(t) ≃
Fnon−eclipse,model(t)

Feclipse,model(t)
Feclipse(t)

(3)

wherein, Feclipse(t): Ground-based GHI mea-
surement (section II.i); Fnon−eclipse,model(t):
modeled GHI for clear-sky and non-eclipse con-
ditions (section II.iii); and, Feclipse,model(t):
modeled GHI for clear-sky eclipse conditions
(section II.ii).
As described, the methodology to obtain

Fnon−eclipse,model(t) developed in section II.iii
consists in weighting Feclipse,model(t) by the
normalized total solar irradiance integrated for
the broadband wavelength range of the pyra-
nometer, (Inorm,tot). Therefore, under the as-
sumptions described by Wen et al. (2020)
[15], Fnon−eclipse(t) can be approximated di-
rectly weighting the measurement Feclipse(t) by
1/Inorm,tot. The modeled GHI for clear sky and
for both eclipse and non-eclipse conditions was

useful for evaluating the impact of clouds with
respect to the clear sky condition by compari-
son with this measurement.

Eq. 3 is valid for estimating the GHI for
non-eclipse conditions except near the totality.
Since the totality covers only 2 minutes and 9
seconds, the derived GHI around 3 minutes of
the totality was removed and linearly interpo-
lated. The contribution of this procedure can
be considered negligible in terms of the average
GHI for the whole eclipse.

III Results

Fig. 5 depicts the GHI for all-sky non-eclipse
situations, considering atmospheric conditions
similar to those presented on December 14th for
Valcheta, derived from Eq. 3 (red line). The
blue line depicts the modeled GHI for clear-
sky conditions, including the attenuation due to
the eclipse, retrieved applying the methodology
developed in Section II.iii which includes the
effect of the limb darkening.

The good performance of the implemented
model during the eclipse can be observed by
comparing it with the observed GHI (black
line) during the almost clear-sky period be-
tween ∼13:55 and ∼14:30, where both lines are
superimposed. The sky condition was checked
from the images of the visible all-sky camera in-
stalled. Although there were not total clear-sky
conditions, we noted that the direct normal ir-
radiance component and the region around the
solar disk was clear in most of this period (
Fig. 6 left), with a few cloud fragments passing
through FOV in some moments ( Fig. 6 right),
which explains the very low variation with re-
spect to the measurements.

As was expected, the observation and eclipse-
modeled GHI reflect the large reduction be-
tween C1 and C4 as a consequence of the solar
disk obscuration. The GHI non-eclipse clear-
sky derived from the Iqbal model (blue dots)
are also included.

Before 10:00 LT the sky was covered by
clouds and the direct solar beam was shaded,
which explain the large reduction in the obser-
vation.

150002-7
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Figure 5: Ground-based GHI measurement
(black line), modeled GHI for clear-sky and
non-eclipse conditions (dotted line), modeled
GHI for clear-sky during the eclipse (blue line)
and derive GHI during the eclipse for all-sky
conditions (red line). (top) whole day. (bot-
tom) partial and total eclipse period C1-C4.

The high variability shown by the observa-
tions is attributed to the presence of clouds.
From 10:00 LT to C1 (∼11:52 LT), the presence
of broken clouds explains the short-term en-
hancement events (GHI observed (black) above
the clear-sky model (blue)). The clouds not
shading the solar disk do not attenuate the di-
rect normal irradiance component, while the
diffuse component increases by the reflection on
the edge of clouds, which enhance the global ir-
radiance above a clear-sky condition [29]. From
the sky camera images, we observed that this
cloudiness condition was maintained during the
period C1 - 13:40 LT, just after the totality,
while the TOA solar radiation decreased toward
the totality.
At the beginning of the partial eclipse, specif-

ically at minutes 12:00 LT and 12:02 LT, the
observation (black line) is above the non-eclipse
clear-sky model (blue dots) which reflects that
the cloud enhancement dominates against the

Figure 6: Images obtained with the visible all-
sky camera. (left) almost clear-sky conditions
at 14:21 LT. It presents clouds on the periph-
ery of the image and some thin and disperse
clouds. (right) cloudiness conditions at 14:07
LT one minute after of a very thin and little
cloud fragment passing over the solar disk.

weak attenuation due to the partial eclipse ob-
scuration.

While the obscuration of the TOA irradi-
ance became more important, the attenuation
due to eclipse dominates over the enhancement
events. It is observed during two cloud en-
hancement events at around 12:27 LT and 13:00
LT where the observed GHI (black line) in-
creases above the eclipse clear-sky model (blue)
while staying below the non-eclipse clear-sky
model (blue dots). The derived GHI (red line)
above the clear-sky non-eclipse model (blue
dots) indicates that in absence of the eclipse
and with similar cloudiness conditions these
two events would have enhanced the solar irra-
diance above that of clear-sky conditions (blue
dots) by ∼10% and ∼11%, respectively.

On the other hand, when the derived GHI
(red line) is below the eclipse model (blue line),
this indicates prevalence of clouds with respect
to the eclipse in terms of attenuation. It means
that in non-eclipse conditions, the attenuation
by clouds would be larger than the attenuation
due to obscuration. This is observed mainly
between C1 and ∼12:45 LT.

After C4 the impact of broken clouds is ob-
served to lead to abrupt enhancement and at-
tenuation events, similar to the situation just
before the partial eclipse.

150002-8
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i Changes in the irradiance budgets

Comparing the derived and the observed GHI,
it is possible to estimate the impact of the
eclipse in the surface irradiance in Valcheta, Ar-
gentina, relative to similar atmospheric condi-
tions but without the eclipse attenuation. We
found that the average of the derived GHI (red
line) between C1 and C4 was 794.9W/m2 while
the observation (black line) presents an average
value of 469.3 W/m2. Hence, the reduction in
the average surface GHI for Valcheta due to
the eclipse was 325.6 W/m2, which represents
a 41% reduction respect to non-eclipse condi-
tions between C1 and C4, and a daily reduction
of ∼12%.

Similarly, if we compare the eclipse clear-sky
modeled GHI (blue line) with the observation
(black line) we can estimate the reduction due
to cloudiness in presence of the eclipse. We es-
timate that the average GHI reduction due to
clouds between C1 and C4 was 118.0 W/m2.
We can note that the TOA GHI reduction due
to eclipse (41%) dominates over the reduction
due to cloudiness (20%). In terms of irradia-
tion, the impact of the eclipse represents a re-
duction of 3360.1 KJ/m2 while the attenuation
due to cloudiness is 1198.2 KJ/m2.

IV Conclusions

A ground-based measurement campaign to ob-
serve the changes in the global surface solar ir-
radiance during the total solar eclipse on De-
cember 14, 2020, was carried out at Valcheta
(40.69°S; 66.15°W), Ŕıo Negro, Argentina.

To determine the reduction in the average
surface solar irradiance budget, the normalized
total solar irradiance Inorm,tot, defined as the
ratio between the total irradiance of the uncov-
ered part of the solar disk and the total irradi-
ance of the whole solar disk for the wavelength
range of the pyranometer, was retrieved con-
sidering the limb-darkning effect. It was calcu-
lated at each minute by a numerical code writ-
ten in GNU/AWK language. This developed
tool can be applied to estimate the normal-
ized total solar irradiance for any geographic
location impacted by the total or partial solar

eclipse effect and was extended to calculate all
solar eclipses (total, partial or hybrid) up to
the year 2200. A preliminary version of this
application can be run from 7.

Combining these calculations with the
ground-based GHI observation, we estimated
a significant GHI attenuation of 41% between
C1 and C4 with respect to similar atmospheric
conditions without the total Eclipse and a daily
reduction of 12%. It represents a total reduc-
tion of 3360.1 kJ/m2 in terms of irradiation.

The reduction in the solar irradiance due to
the eclipse has an important impact on solar
PV energy generation that has to be consid-
ered in the operation of a plant to minimize
the consequence of such disruptions for service
delivery. The quantification and the observa-
tion of changes in the solar irradiance due to
the eclipse on 14 December 2020 contributes
experience to previous studies to be considered
in future scenarios. On the other hand, the nu-
merical code developed is a relevant contribu-
tion in a context of PV solar generation growth
enabling the prediction of future eclipses and
thus forecasting the impact of these phenomena
on the irradiance for clear-sky conditions, al-
lowing system operators to analyze in advance
the impact on their networks and manage these
challenging situations from the point of view of
the operation.

Acknowledgements - The authors would like
to thank the Municipality of Valcheta and Fray
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