Check for
A ﬁ l l ADVANCIM updates

EARTH AN
SPACE SCIENCE

M\J

JGR Space Physics

RESEARCH ARTICLE
10.1029/2020JA028625

Key Points:

« The eclipse obscuration would lead
to a TEC reduction of up to ~4.5
TECu (~22%)

« Electron and oxygen ion
temperatures are expected to
decrease up to ~400 (~22%) and
~200 K (~8%), respectively

« Magnetically conjugate reductions
of up to ~1.5 TECu (~5%) are
predicted

Supporting Information:
« Supporting Information S1

Correspondence to:
M. Martinez-Ledesma,
mimartinezl@udec.cl

Citation:

Martinez-Ledesma, M., Bravo, M.,
Urra, B., Souza, J., & Foppiano, A.
(2020). Prediction of the ionospheric
response to the 14 December 2020 total
solar eclipse using SUPIM-INPE.
Journal of Geophysical Research: Space
Physics, 125, €2020JA028625. https://
doi.org/10.1029/2020JA028625

Received 24 AUG 2020
Accepted 22 OCT 2020
Accepted article online 3 NOV 2020

©2020. American Geophysical Union.
All Rights Reserved.

Prediction of the Ionospheric Response to the 14
December 2020 Total Solar Eclipse Using
SUPIM-INPE

M. Martinez-Ledesma'? (2}, M. Bravo>* (2}, B. Urra® (2, J. Souza® (), and A. Foppiano3’4

1CePIA, Departamento de Astronomia, Universidad de Concepcion, Concepcidn, Chile, 2Departamento de Fisica,
Universidad de Santiago de Chile, Santiago, Chile, 3Departamento de Geofisica, Universidad de Concepcion, Concepcion,
Chile, “Centro Interuniversitario de Fisica de la Alta Atmosfera, Concepcion, Chile, SInstituto Nacional de Pesquisas
Espaciais, INPE, Sao José dos Campos, Brazil

Abstract we present the first prediction of the ionospheric response to the 14 December 2020 solar
eclipse using the SUPIM-INPE model. Simulations are made for all known ionosonde stations for which
solar obscuration is significant. The found response is similar to that previously reported for other eclipses,
but it also shows a modification of the equatorial fountain transport that will impact the low latitudes

after the event. In addition to the large reduction of electron concentration along the totality path (~4.5 TECu,
~22%), a significant electron and oxygen ion temperature cooling is observed (up to ~400 K) followed by
lasting temperature increases. Changes of up to ~1.5 TECu (~5%) are also expected at the conjugate
hemisphere. These predictions may serve as a reference for eventual ionospheric measurements of multiple
instruments and are leading to a better understanding of the ionospheric response to solar eclipses.

1. Introduction

On 14 December 2020, a total solar eclipse (TSE) will be observed in South America, being the second eclipse
occurring at this region in just over a year, a so-called “South American Eclipse Season” period. The eclipse
totality path will start on the continent at 16.02 UT (11.18 SAT), 69 km southwest of Temuco (38.7°S, 72.6°W),
Chile, and end at 16.40 UT (11.87 SAT), 250 km south of Bahia Blanca (38.9°S, 62.2°W), Argentina. During
the eclipse, the Moon will partially block the solar extreme ultraviolet (EUV) irradiation of the Earth's atmo-
sphere, disturbing the production and dynamics of the ionosphere. The predictability of the sudden decrease
and posterior increase of the solar radiation provides an excellent opportunity to experimentally study the
ionosphere (Beynon, 1955; Jose et al., 2020; Rishbeth, 1968).

Using several experimental approaches, it has been demonstrated that different ionospheric effects arise dur-
ing the solar obscuration (e.g., see Adekoya & Chukwuma, 2016; Afraimovich et al., 2002; Evans, 1965a; Le
et al.,, 2008a; Ratcliffe, 1956; Rishbeth, 1968). Generally, in the lower ionosphere (E and F; layers),
well-known recombination processes lead to a large depletion of electron concentration due to the lack of
photoionization, while at the higher altitudes, more complex processes interplay to explain the large varia-
bility observed. In particular, the ionospheric response to an eclipse depends on the solar and geomagnetic
activity, local time, lower atmospheric interactions, plasma diffusion and transport processes, and the
specific geometry of the eclipse, that is, different totality paths at the different ionospheric heights and times
(Verhulst & Stankov, 2020). Moreover, the response has been shown to be strongly dependent on latitude
(Le, Liu, Yue, & Wan, 2009). At the magnetic equator and low geomagnetic latitudes, the plasma electrody-
namic processes dominate the response to the eclipse, particularly the fountain effect and the Equatorial
Ionization Anomaly (EIA; Adekoya & Chukwuma, 2016; Bravo et al., 2020; Cheng et al., 1992; Jonah
et al., 2020; Jose et al., 2020; Le, Liu, Yue, & Wan, 2009; Madhav Haridas & Manju, 2012; Sridharan
et al., 2002; Tomas et al., 2007; Tsai & Liu, 1999).

Many different ionospheric models have been used to determine the effects of eclipses, such as the NCAR
model (Roble et al., 1986; Salah et al., 1986), CTIP (Miiller-Wodarg et al., 1998), SUPIM (Bravo et al., 2020;
MacPherson et al., 2000), TIME-IGGCAS (Le et al., 2008a, 2008b; Le, Liu, Yue, & Wan, 2009; Le, Liu, Yue,
Wan, & Ning, 2009; Le et al., 2010), SAMI3 (Huba & Drob, 2017), FLIP (Reinisch et al., 2018;
Unnikrishnan & Richards, 2014), GITM (Cnossen et al., 2019; Wu et al, 2018), TIEGCM
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(Chen et al.,, 2019; Dang et al., 2018, 2020; Lei et al., 2018; Wang et al., 2019), WACCM-X (Mclnerney
et al., 2018), and an empirical ionospheric model based on measurements of the Millstone Hill incoherent
scatter radar (ISR; Goncharenko et al., 2018). However, few studies estimate the ionospheric impacts prior
to eclipses occurrence (Dang et al., 2020; Huba & Drob, 2017; Miiller-Wodarg et al., 1998). Such predictions
provide a reference to eventual observations, helping to improve the quality of the measurements.

The 14 December 2020 eclipse is an opportunity to confirm and improve the knowledge on the response of
the low-latitude ionosphere already gained from the analysis of the 2 July 2019 eclipse (Bravo et al., 2020).
Indeed, the low-latitude response to eclipses is a process yet not fully understood (Dang et al., 2020). Here
we provide the first prediction of the ionospheric response to the solar eclipse of 14 December 2020 using
the Sheffield University Plasmasphere Ionosphere Model (Bailey & Sellek, 1990; Bailey et al., 1993) adapted
at the Instituto Nacional de Pesquisas Espaciais (SUPIM-INPE). Simulations also include midlatitude loca-
tions so as to help interpreting eventual observations for these latitudes.

2. Model

The SUPIM-INPE model accurately reproduces the low-latitudinal ionospheric effects over South America
(Bravo et al., 2017, 2019; Nogueira et al., 2013; Santos et al., 2016; Souza et al., 2010, 2013). Moreover, the
SUPIM model has been used to qualitatively reproduce observations at midlatitudes (Balan et al., 1995;
Thampi et al., 2011). This model solves the time-dependent equations of continuity, momentum, and
energy balance along closed magnetic field lines for the most relevant ion species (O, H*, He™, N,*,
NO™, N*, and 0,%). The INPE version implements the E region chemical reaction scheme applied by
Huba et al. (2000), the NRLMSISE-00 model (Picone et al., 2002) for neutral densities, the HWM93 model
(Hedin et al., 1996) for neutral winds, and the E X B vertical drift of the model of Fejer et al. (2008). The
photoionization of neutral gases is calculated using the model of EUV irradiance developed by Richards
et al. (2010) based on measurements of the Solar EUV Experiment (SEE) instrument on the TIMED satellite
(Woods et al., 2005, 2008). Nevertheless, at wavelengths smaller than 27 nm the HEUVAC model (Richards
et al., 2006) is used since TIMED/SEE measured fluxes underestimate solar irradiances at this wavelength
range (Peterson et al., 2009; Strickland et al., 2007; Woods et al., 2008). Solar flux and geomagnetic activity
indices considered in simulation are Ap = 5.9 and F¢ 7/F10.7a = 76.5 s.f.u., as predicted using the 13 month
smoothed long-range estimation method of Niehuss et al. (1996). The model is run in 5 min steps and with
a magnetic latitude resolution of 0.25°.

To simulate the irradiation reduction during the eclipse, the input radiation is modified by an eclipse
obscuration mask (ObscMask), shown in Figure 1. To determine the percentage of solar radiation reduc-
tion, the geometry of the solar occultation is calculated at different times and locations using the library
of Frissell (2017). ObscMask values are calculated with a latitudinal and longitudinal resolution of 0.25°.
This mask is for a 300 km altitude, which corresponds to the approximate altitude of the maximum iono-
spheric concentration. Note that there are small mask geometric differences for altitudes between 100,
350, and 500 km (as it can be seen in Figure 6 of Verhulst & Stankov, 2020). Moreover, the larger differences
for altitudes higher than 500 km generate only a small ionospheric impact since the electron concentrations
are much smaller. Thus, it is considered that the ionospheric response to the eclipse can be accurately repre-
sented by using the obscuration mask at 300 km altitude.

During the eclipse totality, the solar chromosphere is completely blocked by the Moon, but part of the cor-
onal radiation still contributes to the ionospheric photoionization. The coronal radiation (wavelengths
below 30 nm) generates photoelectrons corresponding to only 2% of the total photoionization rate and are
mainly responsible for the ionization below 200 km (Reinisch et al., 2018). There are different approaches
to determine the amount of coronal soft-X-ray and EUV emission that remains during totality. Cnossen
et al. (2019) considered a 10% of coronal contribution, Huba and Drob (2017) and Mrak et al. (2018) a
15%, Le et al. (2008b) and Dang et al. (2018) a 22%, and Reinisch et al. (2018) and Bravo et al. (2020) used
a 30%. The 30% is the value that provided the best fit to the electron concentration variation at 150 km in
Reinisch et al. (2018), which used the TIMED/SEE (Richards et al., 2010) irradiance model. Note that the
total solar XUV/EUV irradiance varies with the number of solar active regions (Huba & Drob, 2017) and that
the EUV obscuration mask is dependent on the solar flares active during the eclipse (Mrak et al., 2018). In
our work the SUPIM-INPE model was run with 15% and 30% coronal emission contributions to determine
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Figure 1. Eclipse obscuration mask at 300 km height during the maximum obscuration time (16.03 UT) over Temuco
(black dot). South American and Antarctic ionosonde stations (red dots) with solar radiation reduction >8%
(see Table 1). Totality path at 300 km (dashed gray line) calculated as per Verhulst and Stankov (2020).

the differences of control and eclipse simulations. It was found that differences are smaller than ~2% for
TEC, E, and F, layers critical frequencies. The maximum difference for the F; layer critical frequency is
~8%, confirming that the EUV coronal reduction mainly impacts at these altitudes, as suggested by
Reinisch et al. (2018). Here, it is assumed that 30% of the coronal emissions remain during totality. Future
work is required to determine the exact coronal contribution and EUV obscuration mask by measuring
the emissions coming from the solar disk during the eclipse, following the procedure indicated by Mrak
et al. (2018).

Therefore, for a given wavelength (4), the modified solar input radiation (Ig) is expressed as
Ig = Iny + Ity 3% (1 — 0.7 X ObscMask) + I'xs 3** (1 — ObscMask), @

where Iny is the nighttime radiation calculated as per Strobel et al. (1974; Souza et al., 2010), I4;< 34 and
Iy 34 are the ionizing radiations for 1 < 30.4 nm (coronal range) and A > 30.4 nm (chromospherical
range), respectively, and ObscMask is the normalized value of the obscuration mask (i.e., 0 and 1 corre-

spond to no-eclipse and eclipse totality cases, respectively).

3. Results and Discussion

The ionosonde stations for which the solar obscuration during the eclipse is larger than 8% are shown in
Figure 1. The corresponding eclipse times and maximum percentage of solar radiation reduction at 300 km
height are listed in Table 1. These parameters were also calculated at Temuco (TE; 38.7°S, 72.6°W), Chile,
the only large population city at the totality path of the eclipse at 300 km height. Simulation results for these
stations are provided in the supporting information to help compare with forthcoming measurements.

Figure 2 shows the control and eclipse-modified simulation values of total electron content (TEC), critical fre-
quencies (f,E, foF1, and f,F>), and peak heights (h,,E and h,,F,) of the different ionospheric layers at four
selected stations: within the totality path, Temuco (TE: 38.7°S, 72.6°W), and at three locations that provide
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Figure 2. Control (dashed lines) and eclipse (continuous lines) simulation values of TEC, f,F>, f190, f,E, hy,F,, and
hp,Eat different stations. Only E layer frequencies higher than 2 MHz are determined. Eclipse times (vertical lines)
and maximum percentages of obscuration are calculated at 300 km height in each station.

the best latitudinal and longitudinal distribution of eclipse effects, that is, Bahia Blanca (BB; 38.7°S, 62.3°W),
Tucuman (TU; 26.9°S, 65.4°W), and Jicamarca (JI; 12.0°S, 76.8°W), with maximum obscurations of 95%, 49%,
and 17%, respectively. Note that f,F; is taken as the plasma frequency from the simulated N(h) distributions
at 190 km (£190). This procedure minimizes the f,F; uncertainty due to the large variability of F; layer N(h)
and its inherent identification difficulty (e.g., Li et al., 2019) and is consistent with a well-defined f,F; diurnal
variation (Reinisch & Huang, 1996).

In all four stations (Figure 2), f,E and f190 show a reduction following the decrease of solar radiation and
achieve their minimum values during the maximum obscuration time (MOT). After the MOT, f,E and
f190 gradually recover and reach the values of control simulations at the eclipse end time (EET), similarly
as found in previous studies (Adekoya et al., 2015; Cheng et al., 1992). Near the totality path (TE), during
the MOT, foE tends to zero (E layer density depletion), but f190 does not due to the way it is determined.
Alternatively, at BB, with a maximum obscuration of 95%, foE does not tend to 0 (complete E layer depletion),
although this effect may be related to the temporal resolution of the model. TU and JI, with lesser obscuration
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Figure 3. TEC time evolution for control (top) and eclipse-modified
(middle) simulations, and their difference (bottom) along the magnetic
meridian of Jicamarca. Evolution of the eclipse obscuration mask at 300 km
height (white dotted lines). Magnetic latitudes of Temuco (TE; 38.7°S,
72.6°W), Tucuman (TU; 26.9°S, 65.4°W), Jicamarca (JI; 12.0°S, 76.8°W),
and Arecibo Observatory (AO; 18.3°N, 66.8°W) are represented with
horizontal arrows.

levels, show much smaller reductions of both f,E and f190. Moreover, little
h,,E changes are observed during the eclipse.

By contrast, TEC and f,F, exhibit a delayed response, as found in previous
studies (e.g., Adekoya et al., 2015; Bravo et al., 2020). At all these stations
(TE, BB, TU, and JI) these parameters do not decrease during the initial
part of the eclipse, showing the maximum reduction after the MOT. The
recovery is slow, reaching the control simulation values after at least
~5 hr. TU, located near the ionospheric southern EIA crest (Pezzopane
et al., 2007), shows the largest f,F, and TEC values, with maxima at
~21 UT. At the first three stations, very small increases of h,,,F, are found
during the eclipse. At the magnetic equator (JI), the maximum reduction
of f,F, and TEC is attained at the EET, ~1 hr after MOT, also showing very
small recovery times to reach control values. Moreover, h,,F, largely
increases reaching a peak after the MOT, followed by a sharp drop below
control values. This behavior coincides with the noon uplift related to
the daytime upward E X B drift (Lee et al., 2008). Very similar results for
equatorial f,F, and h,,F, variations were reported by Adeniyi et al. (2007).
This intense uplift suggests that the equatorial response is largely domi-
nated by the fountain effect (Adekoya et al., 2015; Cheng et al., 1992; Le,
Liu, Yue, & Wan, 2009). It is worth noting that these eclipse responses com-
pete with vertical drift and other transport processes (Adekoya et al., 2015)
and that very different responses could be found depending on the variabil-
ity of equatorial processes (e.g., Bravo et al., 2020; Jonah et al., 2020).

The maximum reduction values of TEC, f,F,, f190, and f,E predicted for
each station are indicated in Table 1. These decreases shows a linear
dependence on the maximum percentage of obscuration (MPO) at
300 km height (slopes of ~0.044 TECu/MPO for TEC, ~0.009 MHz/MPO
for f,F,, ~0.020 MHz/MPO for f190, and ~0.017 MHz/MPO for f,E, as
shown in supporting information Figure S1). The F; and E layers display
the largest reduction, reaching frequency reductions of up to ~46% at TE
in both layers. Alternatively, the F, layer presents a smaller decrease (only
11% within the totality path) and a more variable dependency on solar
radiation reduction. These effects agree with previous studies that indicate
the depletion of E and F; layers due to recombination processes and large
variability in the F, layer (e.g., Rishbeth, 1968). Furthermore, midlati-
tudes stations, such as Port Stanley (PS; 51.6°S, 57.9°W), Great Wall
(GW; 62.2°S, 59.0°W), Vernadsky (VE; 65.3°S, 64.2°W), and San Martin
(SM; 68.1°S, 67.1°W), exhibit smaller f,F, and TEC reductions than other
stations with similar MPO values, confirming the large latitudinal depen-
dence of eclipse impacts (Le, Liu, Yue, & Wan, 2009). These results also
suggest impacts at the Weddell Sea Anomaly (Li et al., 2018).

Figure 3 shows the temporal evolution of TEC for the control (top) and
eclipse-modified (middle) simulations along the magnetic meridian of
JI. The difference between these simulations (Figure 3, bottom) shows a
maximum dip of ~4.5 TECu (~22%) above the magnetic latitude of TE
after its MOT (16.03 UT). Furthermore, at magnetic latitudes near the

southern EIA crest, near TU, the eclipse impact displays the longest duration, with a reduction >1 TECu
for more than 7 hr after the event. This result confirms that the equatorial and low-latitude eclipse impacts
are regulated by the fountain effect (Cheng et al., 1992; Le, Liu, Yue, & Wan, 2009) and vice versa.

Two dips are observed in Figure 3 (bottom) at the northern magnetic hemisphere. The first TEC reduction
shows a maximum decrease of ~1.25 TECu at locations near the magnetic conjugate of the totality path
(TE), starting approximately at the MOT. This conjugate effect could be measured at the Arecibo
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Figure 4. Vertical distribution of the control and eclipse-modified differences of electron concentration (AN), and
electron (AT,) and oxygen ion (ATp+) temperatures over time in Jicamarca (left column) and Temuco (middle
column), and along the magnetic meridian of Jicamarca at 16:00 UT (right column). Magnetic latitudes of the stations
indicated in Figure 3 (TE, TU, JI, and AO) are represented with vertical arrows.

Observatory (AO; 18.3°N, 66.8°W) or Ramey (18.5°N, 67.1°W). This reduction can be related to a large
northward interhemispheric plasma flux as deduced from the large asymmetry displayed in TEC (see
top and middle panels). Similar conjugate effects have been reported for previous eclipses (e.g., Chen
et al., 2019; He et al., 2018; Le, Liu, Yue, Wan, & Ning, 2009). The second reduction event shows a
maximum decrease up to ~1.5 TECu at the northern EIA crest which starts after the EET (~18 UT). This
second minimum may be associated to the equatorial fountain effect time evolution that becomes
dominant due to the weakness of the interhemispheric flux deduced by the tendency of TEC symmetry.

Figure 4 shows the height-time distribution of control and eclipse-modified simulations differences of elec-
tron concentration (V) and electron and oxygen ion temperatures (T, and To 4 ) at the magnetic equator (JI)
and within the path of totality (TE). At JI, the concentration differences show a decrease that starts at
~200 km during the initial phase of solar reduction, reaches an ~13% maximum decrease at ~250 km during
the MOT, and increases in altitude over time, reaching an ~750 km maximum altitude at ~18 UT. The max-
imum altitude uplift time at the magnetic equator coincides with the start of the second TEC dip at the
northern EIA crest found several hours after the EET (Figure 3). Therefore, this uplift is consistent with
the previous assumption that the second northern TEC dip event is generated by an equatorial fountain
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transport modification. Equatorial T, and To .. suffer a decrease of ~300 K (~10%) at the topside ionosphere
(at altitudes >900 km with its maximum ~30 min after the MOT) and a latter increase of ~200 K (~15%) that
starts at lower altitudes (>550 km with its maximum ~1 hr after the EET).

A much larger reduction of electron concentration is displayed along the totality path. At TE, a maximum
depletion of ~65% is reached below ~250 km during the MOT, confirming the disappearance of E and F;
layers. Additionally, an increase of concentration of ~2% is found at ~350 km during the totality. This
increase is related to an uplift of the F, layer above its maximum height (and therefore not reflected in
h,,F>) associated with common nocturnal F, layer uplift processes (e.g., Schunk & Nagy, 2009).

Moreover, at TE, during the totality, a T, cooling is displayed at different altitude ranges: between 150 and
250 km and at altitudes >300 km, with a maximum decrease of ~400 K (~22%) at 400 km during the MOT.
Similarly as in JI, these temperature reductions are followed by a small rise which begins after the MOT,
and ends ~6 hr after the EET. At TE, this rise presents a maximum increase of ~300 K (~22%) at ~350 km.
Furthermore, To 4 values within the totality path show a similar pattern at altitudes >400 km, with maxi-
mum decrease and increase values of ~200 (~8%) and ~50 K (~3%), respectively. Similar T, decreases and later
increases during eclipses were previously modeled (e.g., Roble et al., 1986) and measured using ISR
(Evans, 1965b; MacPherson et al., 2000; Sterling et al., 1972). Furthermore, a similar decrease and later
increase of ion temperatures were measured by Goncharenko et al. (2018).

Previous in situ measurements at high altitudes have shown that model electron temperature differ from
observations albeit following the height distribution overall shape (Hairston et al., 2018). Moreover, topside
eclipse measurements of ion composition, velocity, and temperature (Yau et al., 2018) and TEC using the
radio occultation technique (Perry et al., 2019) are also not well reproduced by various ionospheric models.
Future work will be required to evaluate the model performance by comparing our results to satellite
observations.

Figure 4 also displays the high-latitude distribution of the differences in electron concentration and tempera-
tures along the magnetic meridian of JT around the time of totality at TE (16 UT). As expected, the maximum
concentration reduction is found near the magnetic latitude of TE below 250 km, together with a small
increase of concentration at ~400 km. Additionally, a concentration increase of ~2% is found at 300 km height
in the vicinity of the conjugate of TE (near AO). Because of the small amplitude of this enhancement, the
feature is not shown in Figure 3. Much larger concentration increases were found at conjugate locations
by Le, Liu, Yue, Wan, and Ning (2009). Nevertheless, the TEC interhemisphere ratio during the control
day calculated by Le, Liu, Yue, Wan, and Ning (2009) is much larger than in our simulations. This suggests
that in our case the conjugate eclipse impact is much smaller. On the other hand, our results show a much
large concentration decrease at conjugate locations after the eclipse maximum obscuration, as shown in
the TEC (Figure 3). Small-amplitude TEC increases prior to much larger depletions were previously found
at conjugates (He et al., 2018; Huba & Drob, 2017; Sergeenko, 2018). Results also show a T, cooling along
the magnetic meridian up to the Northern Hemisphere, in agreement with Huba and Drob (2017). Similar
interhemispheric distribution effects are also present in the cooling of To ... These conjugate temperature
decreases are originated by the photoelectron heating reduction induced by the solar obscuration. Above
300 km, the large thermal conductivity of photoelectrons along magnetic field lines allows their transfer
between hemispheres, reducing the temperatures along these lines (Huba & Drob, 2017; Le, Liu, Yue,
Wan, & Ning, 2009; Sergeenko, 2018).

4. Summary

The response to the upcoming 14 December 2020 eclipse has been modeled for several ionosonde stations in
South America using SUPIM-INPE. A TEC decrease of up to ~4.5 TECu (~22%) is expected along the totality
path, together with a maximum electron concentration depletion of ~65% below 250 km. Electron and
oxygen ion temperatures are expected to decrease during totality to up to ~400 (~22%) and ~200 K (~8%),
respectively. A later increase of electron temperature below ~300 K (~22%) is also simulated. Away from
the totality path, the decrease of TEC shows a linear dependence on the obscuration percentage (with a
slope of ~0.044 TECu/MPO). At the magnetic equator, only a small decrease in electron concentration
<13% is expected during the eclipse. Nevertheless, this concentration reduction near the magnetic equator
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disturbs the fountain transport, generating a low-latitudinal response several hours after the eclipse event,
with a reduction up to ~1.5 TECu (~5%) at the EIA crests. Moreover, electron and oxygen ion temperatures
are expected to decrease ~300 (~10%) and ~200 K (~10%), respectively, with later increases of ~200 K
(~15%). Additionally, temperatures reductions are found along the magnetic field lines up to conjugate loca-
tions, as reported in previous studies. Northern Hemisphere conjugate variations of up to ~1.25 TECu are also
predicted.
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