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Key Points:
We present a quantitative prediction of the ionosphere–thermosphere responses to the upcoming 21 June 2020 solar eclipse from
model simulations

●

A prominent total electron content (TEC) enhancement occurs in the equatorial ionization anomaly (EIA) region even when the region
is still in the shadow of the eclipse

●

The increase in TEC in the EIA region is caused by changes in the wind transequatorial transport of plasma induced by the eclipse●
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Abstract: On 21 June 2020, an annular solar eclipse will traverse the low latitudes from Africa to Southeast Asia. The highest latitude of
the maximum eclipse obscuration is approximately 30°. This low-latitude solar eclipse provides a unique and unprecedented opportunity
to explore the impact of the eclipse on the low-latitude ionosphere–thermosphere (I–T) system, especially in the equatorial ionization
anomaly region. In this study, we describe a quantitative prediction of the impact of this upcoming solar eclipse on the I–T system by
using Thermosphere–Ionosphere–Electrodynamics General Circulation Model simulations. A prominent total electron content (TEC)
enhancement of around 2 TEC units occurs in the equatorial ionization anomaly region even when this region is still in the shadow of the
eclipse. This TEC enhancement lasts for nearly 4.5 hours, long after the solar eclipse has ended. Further model control simulations
indicate that the TEC increase is mainly caused by the eclipse-induced transequatorial plasma transport associated with northward
neutral wind perturbations, which result from eclipse-induced pressure gradient changes. The results illustrate that the effect of the solar
eclipse on the I–T system is not transient and linear but should be considered a dynamically and energetically coupled system.
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1.  Introduction
A solar eclipse is a special phenomenon in which the Moon moves

between  the  Sun  and  Earth  and  casts  a  shadow  on  parts  of  the

Earth. By partially blocking the solar extreme ultraviolet (EUV) irra-

diation,  solar  eclipses  generate  dramatic  disturbances  to  the

Earth’s ionosphere–thermosphere  (I–T)  system.  This  phenomen-

on also  provides  a  unique  opportunity  to  conduct  an  “active  ex-

periment”  to explore the basic  physics  of  the I–T system and the

response of geospace to this transient event.

The response of the ionosphere to solar eclipses has been invest-

igated for  decades  by  using  observational  tools  such  as  iono-

sondes (Chen G et al., 2013; Farges et al., 2001; Le HJ et al., 2008),

the  global  positioning  system  total  electron  content  (TEC)

(Afraimovich et al., 1998; Ding F et al., 2010; Jakowski et al., 2008),

satellite measurements (Anastassiadis and Matsoukas, 1969; Singh

et al., 1989), and Incoherent Scatter Radar (ISR) (MacPherson et al.,

2000; Salah  et  al.,  1986),  as  well  as  numerical  simulations  (Boit-

man  et  al.,  1999; Le  HJ  et  al.,  2008; Roble  et  al.,  1986).  Previous

studies have illustrated that the ionospheric electron density can

be  greatly  reduced  within  the  shadow  of  the  eclipse  because  of

the  reduction  in  solar  EUV  irradiation.  Recently,  the  2017  Great

American Solar  Eclipse,  which  passed  through  the  entire  contin-

ent  of  United  States  from  west  to  east,  has  rekindled  interest  in

the solar eclipse and its effects among both researchers and mem-

bers of the public (e.g., Zhang SR et al., 2017a). A number of find-

ings,  such  as  traveling  ionospheric  disturbances  and  global  and

long-lasting I–T  responses,  have  been  reported  because  of  ad-

vances  in  observational  instruments  and  modeling  tools  (e.g.,

Dang  T  et  al.,  2018a,  b; Harding  et  al.,  2018; Lei  JH  et  al.,  2018;

Nayak and Yiğit, 2018; Sun YY et al., 2018; Zhang SR et al., 2017b).
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Because the path of the 2017 solar eclipse and those of other re-
cent  solar  eclipses  have  mostly  been  at  the  middle  latitudes  or
have touched the low latitudes only near dusk, little attention has
been paid  to  solar  eclipses  that  occur  in  the  low latitudes.  Some
previous  works  have reported unusual  responses  of  the F  region
electron density  in  the  low-latitude  ionosphere  during  solar  ec-
lipses.  Using  a  low-latitude  ionospheric  tomography  network,
Huang CR et al. (1999) found TEC enhancements over the low-lat-
itude ionosphere in the Northern Hemisphere during the 24 Octo-
ber  1995  solar  eclipse. Madhav  Haridas  and  Manju  (2012) repor-
ted  an  enhanced  critical  frequency  of  the  ionospheric  F2 layer
(foF2)  over  Gadanki  from ionosonde data  during the solar  eclipse
on 15 January 2010, and they associated the enhancements with
the  presence  of  an  equatorial  ionization  anomaly  (EIA)  crest  as  a
result of  weakened  electrodynamics.  However,  details  of  the  ef-
fects of the I–T system on a low-latitude solar eclipse and the un-
derlying  physical  mechanisms  are  still  unclear.  Interactions
between the solar eclipse and the low-latitude ionosphere would
be worth investigating, especially in the dynamically and electro-
dynamically coupled EIA region. On 21 June 2020, an annular sol-
ar eclipse will  traverse the low-latitude ionosphere from Africa to
Southeast  Asia,  with  the  uniqueness  of  a  pure  low-latitude  solar
eclipse  (the  maximum  latitude  of  the  greatest  obscuration  is
around 30°) as compared with other recent solar eclipses. This ec-
lipse  provides  an  ideal  opportunity  to  explore  the  dynamic  and
electrodynamic response  of  the  low-latitude  ionosphere  to  ec-
lipses, which has not been fully understood, with the benefit that
numerous  observational  instruments  are  available  in  Africa  and
Asia, including those of the Chinese Meridian Project. In this study,
we  provide  a  quantitative  prediction  of  the  I–T  responses  to  the
21  June  2020  annular  solar  eclipse  by  using  the  Thermosphere–
Ionosphere–Electrodynamics General Circulation Model (TIEGCM).
The responses of  the low-latitude I–T system to the solar  eclipse,
especially  those in  the EIA region,  are  examined,  and the driving
physical mechanisms are explored through a series of control sim-
ulations.

2.  Methodology
The National  Center  for  Atmospheric  Research TIEGCM is  a  time-

dependent, self-consistent,  three-dimensional,  global,  and  phys-

ics-based model of the coupled I–T system (Richmond et al., 1992;

Roble et al., 1988). The model also solves the ionospheric electro-

dynamics associated  with  the  neutral  wind  dynamo,  which  ob-

tains its  electric  potential  from  thermospheric  winds  and  iono-

spheric conductivity  in  apex  coordinates  based  on  the  Interna-

tional Geomagnetic Reference Field (Richmond, 1995).  Details  on

the TIEGCM can be found in Qian LY et al. (2014). The convection

pattern at high latitudes is specified by the Heelis model (Heelis et

al., 1982), which is driven by the geomagnetic activity Kp index.

The solar  radiation flux  changes  during the  eclipse  are  represen-

ted by an eclipse factor  function,  which is  calculated by the area

ratio  where  the  Sun  is  masked  by  the  moon  (Curto  et  al.,  2006).

This  eclipse  factor  function  varies  with  longitude,  latitude,  and

universal time (UT). Note that it also considers the solar EUV radi-

ation from the unmasked part of the corona. That is, even if it is a

total eclipse, solar EUV radiation is still emitted from the corona. A

detailed description of the eclipse factor calculation is given by Le

HJ et al.  (2008). In this study, two TIEGCM simulations with 2.5° ×

2.5°  longitude–latitude  resolution  were  conducted,  one  without

and the other with the solar eclipse effect. Both simulations were

run under a quiet geomagnetic activity condition of Kp = 2 and a

solar  minimum  condition  of F10.7 =  62.4,  the  latter  of  which  was

taken from  the  prediction  by  the  National  Oceanic  and  Atmo-

spheric  Administration  Space  Weather  Prediction  Center

(https://www.swpc.noaa.gov/). The differential TEC, neutral winds,

and neutral temperatures between the two simulation runs were

calculated  to  quantify  numerically  the  global  ionospheric  and

thermospheric changes during the 21 June 2020 solar eclipse.

3.  Results and Discussion
The path of the annular solar eclipse on 21 June 2020 is shown in

Figure 1. The eclipse will begin in the Democratic Republic of the

Congo in Africa at 04:47 UT, pass through Saudi Arabia,  Pakistan,

and China, and finally end over the Pacific Ocean at 08:32 UT, with

the  maximum  eclipse  obscuration  occurring  at  30.5°N,  79.7°E  at

06:40 UT.  The partial  eclipse  covers  a  much wider  range and will

be visible for a width of thousands of kilometers from the central
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Figure 1.   The path of the solar eclipse on 21 June 2020. The two stations, A (78.6°E, 17.4°N) and B (114.2°E, 22.3°N), are marked with black dots.
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path  from  03:51  UT  to  09:28  UT.  Two  stations,  A  (78.6°E,  17.4°N;
magnetic latitude:  9.0°N)  and  B  (114.2°E,  22.3°N;  magnetic  latit-
ude: 12.8°N), shown in Figure 1 (marked by the solid black circles)
are used later for detailed comparisons.

Figure  2 displays the  differences  between  the  TIEGCM  simula-
tions with and without the eclipse for the TEC, neutral  temperat-
ure, and  meridional  winds  to  indicate  the  ionospheric  and  ther-
mospheric  responses  to  the  21  June  2020  solar  eclipse.  At  06:40
UT, when it is at the greatest eclipse, the TEC (Figure 2a) will have
a  maximum  depletion  of  around  3  TEC  units  (TECU;  1  TECU  =
1016/m2) because of the large and rapid reduction of solar EUV ir-
radiation. Note that the TEC depletion is not exactly aligned with
the path of the solar eclipse and the eclipse factor (shown in the
auxiliary movie), but with an unrecovered depletion “tail” at latit-
udes less  than 15°  in  the Northern Hemisphere.  This  result  indic-
ates that the ionospheric response to a solar eclipse is not merely
a reflection of the solar EUV change, but that it involves chemical,
dynamic, and  electrodynamic  effects  in  the  low-latitude  iono-
sphere. The neutral temperature and meridional winds were plot-
ted  on  a Zp =  2  constant  pressure  surface,  which  is  close  to  the
peak height  of  the ionospheric  F  region (approximately  300 km).
The thermospheric temperature (Figure 2b) at the same UT is  re-
duced by about 30 K because of the large reduction in energy in-
put during the solar eclipse. Consequently,  the pressure gradient
changes associated with the neutral temperature depletion cause
meridional wind (positive northward) perturbations (Figure 2c) to
converge toward  the  eclipse  region,  with  southward  and  north-
ward perturbations on the two sides of the eclipse path.

As  time  progresses,  at  08:40  UT,  the  annular  solar  eclipse  has
ended and only a minor partial solar eclipse remains over the Pa-

cific Ocean. The neutral parameters (Figures 2e and 2f) are gener-

ally similar to those at 06:40 UT associated with the movements of

the solar eclipse. The temperature and wind perturbations extend

toward  higher  latitudes;  the  northward  wind  perturbation  at  the

south of the eclipse path becomes stronger, whereas the perturb-

ations  north  of  the  path  become  weaker.  In  contrast,  the  TEC  is

much different. As shown in Figure 2d, a TEC reduction of 3 TECU

can still been seen around Southeast Asia. It is interesting to note

that  a  TEC  enhancement  (or  recovered  TEC)  of  around  2  TECU  is

prominent  in  the  EIA  region,  which  is  surrounded  by  eclipse-

induced TEC depletions,  as discussed for 06:40 UT (Figure 2a).  As

also displayed in the auxiliary movie, this abnormal TEC enhance-

ment  begins  to  appear  at  07:30  UT  even  when  the  EIA  region  is

still  covered  by  the  shadow  of  the  eclipse,  and  it  lasts  for  nearly

4.5 hours, long after the eclipse has ended. Furthermore, a TEC in-

crease of around 1 TECU can be seen over a large part of the Indi-

an Ocean in the Southern Hemisphere.

At 11:40 UT, 3 hours after the annular solar eclipse has ended, sim-

ilar TEC perturbations (Figure 2g) still exist but with a smaller mag-

nitude and an expanded range, indicating a long-lasting recovery

process, as reported by Lei JH et al. (2018). As shown in Figure 2h

and 2i,  large-scale  traveling atmospheric  disturbances  (TADs)  are

triggered  by  the  solar  eclipse,  propagating  globally  from  the

northwest  to the southeast.  It  should also be noted,  as  shown in

the  auxiliary  movie,  that  the E × B vertical  plasma  drifts  can  be

greatly disturbed by the solar eclipse, with a perturbation velocity

of around 3 m/s at low latitudes, which indicates a global electro-

dynamic coupling in  the I–T  system during the solar  eclipse.  The

changes in  electron density,  ionospheric  conductance,  and neut-

ral  winds induced by the solar eclipse can result  in perturbations
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Figure 2.   Global maps of the differential (top) TEC, (middle) neutral temperature, and (bottom) meridional wind (positive northward) for three

selected UTs (06:40 UT, 08:40 UT, and 11:40 UT). The neutral temperature and meridional wind are plotted at pressure level 2 (~300 km). The solid

circle represents the location of the totality at 06:40 UT. The black and green dashed lines indicate the magnetic equator and solar terminator,

respectively.
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of the electric  field associated with the ionospheric dynamo pro-
cess.

The above simulations show that the solar eclipse can lead to TEC
depletions,  a  thermospheric  temperature  decrease,  neutral  wind
perturbations converging toward the eclipse path, and the gener-
ation of large-scale TADs, all of which agree well with other work
on solar eclipses (e.g., Dang T et al., 2018b; Huba and Drob, 2017).
However, the solar eclipse on 21 June 2020 will have a distinct ef-
fect on the low-latitude I–T system, especially on the EIA. A prom-
inent TEC increase was found at the northern crest of the EIA, al-
though it was still in the shadow of the eclipse. This EIA enhance-
ment  lasts  long  after  the  solar  eclipse  has  ended,  which  has  not
been reported in previous studies. The remaining question is how
the  solar  eclipse  induces  the  abnormal  TEC  enhancement  in  the
EIA region.

As a well-known ionospheric phenomenon, the EIA is mainly due
to  what  is  known  as  the  “equatorial  fountain  effect”  (Duncan,
1960; Moffett and Hanson, 1965). The plasma over the equatorial
region  moves  upward  because  of E × B drifts  and  then  diffuses
downward along the magnetic field lines into both hemispheres.
Our results also suggest that meanwhile, the neutral winds modu-
late the EIA structures, especially their hemispheric asymmetry at
solstices via the transequatorial transport effects between the two
hemispheres (Dang T et al., 2016; Lin CH et al., 2007; Luan XL et al.,
2015). As shown in Figure 2 and the auxiliary movie, the solar ec-
lipse  has  a  substantial  impact  on  the  electron  density  (directly
through  photochemistry),  neutral  winds,  and E × B drifts,  all  of

which  can  contribute  to  TEC  variations  in  the  EIA  region  during

the eclipse. Hence, to investigate the relative contributions of the

neutral  winds, E × B drifts,  and  photochemistry  to  the  abnormal

electron density  enhancement  in  the  EIA  region,  a  series  of  nu-

merical control experiments were conducted. We first display the

absolute TEC, differential TEC, and differential meridional winds in

Figure 3a–3c, which is similar to Figure 2, for a better comparison

with the  later  case-controlled  runs.  Note  that  the  TEC  enhance-

ment (Figure 3b) caused by the solar  eclipse corresponds well  to

the EIA crest in the Northern Hemisphere (Figure 3a).

For  the controlled runs in Figure 3d–3f,  we respectively  replaced

the terms of the neutral winds, E × B drifts, and photochemistry in

the oxygen ion continuity equation from the non-eclipse run and

kept  the  other  parameters  the  same  as  with  the  eclipse  run  to

analyze the effects of these terms on the TEC variations caused by

the  solar  eclipse.  By  comparing  the  results  with  the  default  run

(Figure  3b),  we  were  able  to  examine  the  relative  contributions

from  each  parameter.  When  the  contribution  from  the  neutral

wind  perturbations  was  excluded  (Figure  3d),  the  simulated  TEC

enhancement in  the  EIA  region  disappeared,  whereas  other  fea-

tures were similar to that in the default run (Figure 3b). The differ-

ential  TEC turned to negative values in the EIA region,  indicating

that neutral  wind  transport  plays  a  significant  role  in  the  EIA  re-

sponses to the solar eclipse and in the enhancement of TEC in the

EIA region.  This  can be explained by the northward neutral  wind

perturbations (Figure 3c).  The northward neutral  winds transport

plasma from the EIA crest in the Southern Hemisphere to the crest
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Figure 3.   (a–c) Global maps of the TEC, differential TEC, and differential meridional winds from TIEGCM simulations with and without the eclipse

(With Eclipse, Without Eclipse) at 08:40 UT. (d–f) Differential TEC from the controlled runs with non-eclipse neutral winds, E × B drifts, and

photochemistry, respectively. The black dashed lines indicate the magnetic equator. The units for TEC and meridional winds are TECU and m/s,

respectively.
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in  the  Northern  Hemisphere,  thus  resulting  in  an  increase  of  the
TEC in  the EIA region (Figure 3b).  Moreover,  the electron density
enhancement over the Indian Ocean in the Southern Hemisphere
turned to  an  enhancement  in  this  control  run.  This  result  indic-
ates  that  the  northward  neutral  wind  perturbation  can  push
plasma  to  a  higher  altitude,  where  the  recombination  rate  is
lower, and consequently cause an increase in TEC in the Southern
Hemisphere. Depletion  of  the  TEC  between  the  two  enhance-
ment  regions  (Figure  3b) is  associated  with  the  unrecovered  de-
pletion “tail” at 06:40 UT (Figure 2a) caused by both photoioniza-
tion  and  dynamic  processes.  Meanwhile,  the  wind-induced  EIA
TEC decrease in the Southern Hemisphere by the transequatorial
transport of plasma also contributes to the depletion.

To examine whether the eclipse-induced electric field changes af-
fect the  TEC  distribution,  a  control  simulation  was  then  conduc-
ted by replacing the E × B drifts  from the non-eclipse run.  Unlike
the neutral wind-controlled run, the TEC in Figure 3e is almost un-
changed as compared with Figure 3b, indicating that,  at least for
the  TIEGCM  simulations,  the E × B perturbations  will  contribute
less  to  the  TEC  changes  during  this  solar  eclipse.  Note  that St.-
Maurice et al. (2011) reported a vertical oscillation of the F region
peak at the magnetic equator associated with a counter electrojet
during the solar  eclipse.  They further  showed that  this  westward
electric  field  was  due  to  a  local  neutral  wind  dynamo  associated
with the wind perturbations, which are generated by cold temper-
atures and a  low-pressure  system in  the  region of  maximum ob-
scuration.  Their  findings  and  our  results  indicate  a  complicated
electrodynamic  process  affected  by  the  solar  eclipse  in  the
coupled  I–T  system.  Determining  when  and  how  the  eclipse-dis-
turbed electrodynamics affects the ionosphere requires further in-
vestigation. We conducted an additional simulation (Figure 3f) to
test the effect of photochemistry from the solar eclipse. The simu-
lation was similar to the default eclipse run except that the photo-
chemistry term was replaced by the non-eclipse values. When the
photochemical  effect  was  removed,  the  TEC  depletion  over
Southeast Asia that was directly caused by the EUV reduction was
greatly weakened.  In  the  EIA  region,  the  TEC  exhibited  an  in-
crease in  the Northern Hemisphere and a  decrease in  the South-
ern  Hemisphere,  which  corresponds  well  to  the  transequatorial
transport  effect  of  the  neutral  wind  changes.  We  then  checked

whether  the  neutral  component  changes  in  the  thermosphere

could  contribute  to  the  increase  in  TEC by  using the  non-eclipse

O/N2 ratio in the eclipse simulations (not shown). The TEC results

were almost unchanged as compared with the default run, imply-

ing that the neutral compositions contributed less to the eclipse-

induced ionospheric variations. Overall, the above results confirm

the significant role of the eclipse-induced neutral wind changes in

the global ionospheric responses to the eclipse.

In Figure 4, we also display the temporal variations of TEC for sta-

tions  A  and  B  (marked  in Figure  1),  both  of  which  have  GNSS

(Global  Navigation  Satellite  System)  receivers  and  can  provide

possible  observational  comparisons  for  this  solar  eclipse.  The

black, red, and blue curves represent the run without the eclipse,

the run with the eclipse,  and the neutral  wind-controlled run, re-

spectively. Note that the magnitudes of the maximum eclipse ob-

scuration  for  stations  A  and  B  are  0.60  and  0.89,  respectively.  As

shown  in Figure  4a, the  TEC  begins  to  decrease  at  04:42  UT  be-

cause of the reduction in solar EUV irradiation during the solar ec-

lipse. The  TEC  then  begins  to  increase  at  around  07:00  UT,  al-

though  the  station  is  stilled  covered  by  the  shadow  of  the  solar

eclipse,  with  an  eclipse  obscuration  magnitude  of  0.51.  The  TEC

increase maximizes at 10:00 UT and lasts for nearly 4 hours, and fi-

nally  recovers  to  the non-eclipse  values  at  around 12:00  UT.  This

TEC  increase  is  consistent  with  the  TEC  enhancement  in  the  EIA

region  in Figure  2d and  is  associated  with  the  transequatorial

neutral  wind  transport,  as  discussed  above.  The  wind-controlled

run (blue line) further validates the sizable contribution of neutral

winds  to  the  electron  density  or  TEC  changes,  as  shown  by  the

drop in TEC during the entire eclipse period. For station B in Fig-

ure 4b, the TEC exhibits a prominent depletion of around 30% of

the non-eclipse values,  with the minimum occurring at  08:00 UT.

Although  the  magnetic  latitude  of  station  B  is  low  (12.8°N)  and

within  the  EIA  region,  the  local  time  is  already  around  16:00  LT

(local time) when the solar eclipse touches this station. The mag-

nitude of  the  EIA  crest  is  relatively  low,  and  the  neutral  wind  ef-

fect is not as efficient or as great as that at earlier UTs, yet we can

still  note  a  contribution  from  the  neutral  wind  transport  when

comparing the red and blue curves.

The effects  of  the  solar  eclipse  on  the  I–T  system  have  been  dis-
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Figure 4.   Universal time variations of TEC at stations A (78.6°E, 17.4°N; magnetic latitude: 9.0°N) and B (114.2°E, 22.3°N; magnetic latitude:

12.8°N). The black, red, and blue curves represent the TIEGCM runs without and with the eclipse and the eclipse run with the non-eclipse neutral

winds. The horizontal bars indicate the duration of the solar eclipse over the stations.
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cussed for decades, especially for the recent 2017 Great American

Solar  Eclipse  (e.g., Huba  and  Drob,  2017; Wang  WB  et  al.,  2019).
However,  most  of  the  recent  solar  eclipses  have  occurred  at  the

middle latitudes or have touched low latitudes only near the end

of the eclipse, making it difficult to examine the responses of the
low-latitude  I–T  system  in  the  EIA  region  to  the  eclipses.  Some

previous works have reported unusual enhancements of F region

electron density  in  the  low-latitude  ionosphere  during  solar  ec-
lipses, and most have attributed the physical cause to either elec-

trodynamics  or  the  neutral  composition  (e.g., Huang  CR  et  al.,

1999; Madhav  Haridas  and  Manju,  2012).  The  upcoming  21  June
2020 solar eclipse directly traverses the EIA region and has ample

low-latitude coverage, with a maximum eclipse obscuration latit-

ude  of  only  30°.  This  eclipse  will  provide  an  ideal  opportunity  to
address the behavior of the EIA during a low-latitude solar eclipse.

According  to  the  simulation  results,  the  low-latitude  ionosphere

does  respond  differently  to  a  solar  eclipse,  given  that  the  TEC  in
the  EIA  region  is  enhanced,  even  when  the  eclipse  occurs  in  the

EIA region and the solar EUV radiation flux is reduced. We further

illustrate that  eclipse-induced neutral  wind perturbations lead to
this EIA enhancement through the effect of transequatorial trans-

port.

As indicated in Figures 2–4 as well as in the auxiliary movie, a sol-
ar  eclipse  can  affect  the  I–T  system  through  multiple  means.  On

one hand, a solar eclipse can directly reduce the ionospheric elec-

tron density by masking the solar EUV irradiation and decreasing
the thermospheric temperature through a reduced energy input.

This  temperature  depletion  can  then  lead  to  convergent  neutral

wind disturbances. On the other hand, through the transequatori-
al transport  process,  the  eclipse-induced  neutral  wind  disturb-

ances  further  change  the  distribution  of  the  ionospheric  TEC  in

the EIA region. These findings illustrate that the impact of a solar
eclipse  on  the  Earth’s  I–T  system  as  well  as  on  geospace  is  not

transient, linear, and isolated but rather should be treated as a dy-

namically, electrodynamically,  and  energetically  coupled  nonlin-
ear  system.  This  finding  also  challenges  the  direct  observations

because  the  data  coverage  is  limited  and  the  pure  effect  of  the

solar  eclipse  on  the  I–T  system  is  difficult  to  obtain,  considering
that it is mixed with the impacts from geomagnetic activity, solar

irradiation,  and tides  and waves  from the  lower  atmosphere.  We

hope future observations will further our understanding of the im-
pact of  a  solar  eclipse  as  well  as  the  basic  physics  of  the  I–T  sys-

tem.  Our  simulation  data  have  been  made  available  online  for

data-model comparisons.

4.  Summary
We  have  used  a  coupled  thermosphere–ionosphere–electro-

dynamics model to predict the global response of the Earth’s up-
per  atmosphere to the upcoming 21 June 2020 solar  eclipse.  We

observed  a  TEC  depletion  of  about  3  TECU,  a  maximum  neutral

temperature  reduction  of  30  K,  neutral  wind  perturbations  of
30  m/s,  and  the  generation  of  large-scale  TADs  associated  with

the eclipse,  results  which  are  consistent  with  previous  investiga-

tions. However, we simulated a large TEC enhancement in the EIA
region, which was surrounded by eclipse-induced TEC depletions

even  though  that  region  was  still  covered  by  the  shadow  of  the

eclipse.  Neutral  wind  perturbations,  which  are  associated  with  a
change in  the  eclipse-induced  temperature  and  pressure  gradi-
ent, play a dominant role in producing the TEC enhancement. The
transequatorial transport of neutral wind perturbations decreases
the  EIA  crest  in  the  Southern  Hemisphere  and  enhances  the  EIA
crest in the Northern Hemisphere, leading to an enhancement of
the TEC in the northern crest.  These results  provide new insights
into the complicated impacts of low-latitude solar eclipses on the
dynamic, energetic,  and  electrodynamic  coupling  in  the  I–T  sys-
tem. The simulated I–T changes are expected to be validated and
further explored  in  the  upcoming  solar  eclipse  through  observa-
tions such as TEC measurements, ionosondes, and satellite meas-
urements.
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