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Abstract: The 2nd Equatorial Plasma Bubble (EPB) workshop, funded by the Institute of Geology and Geophysics, Chinese Academy of
Sciences, and the National Natural Science Foundation of China, took place in Beijing, China during September 13–15, 2019. The EPB
workshop belongs to a conference series that began in 2016 in Nagoya, Japan at the Institute for Space-Earth Environmental Research,
Nagoya University, resulting in a special issue of Progress in Earth and Planetary Science that focused on EPBs. The main goal of the series is
to organize in-depth discussion by scientists working on ionospheric irregularities, and solve the scientific challenges in EPB and
ionospheric scintillation forecasting. The 2nd EPB workshop gathered almost 60 scientists from seven countries. A total of 20 invited and
contributing papers focusing on ionospheric irregularities and scintillations were presented. Here we briefly comment on 10 papers
included in this special issue.
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Equatorial Plasma Bubbles (EPBs), which are initially generated at
the  bottomside  equatorial  F  region  and  then  may  rise  to  a  few
thousand kilometers and extend to low even middle latitudes, can
cause rapid amplitude and phase fluctuations of radio signals tra-
versing through  them,  producing  serious  ionospheric  scintilla-
tions  and  disrupting  satellite-based  radio  links.  Considering  that
the  Global  Navigation  Satellite  System  (GNSS)  has  been  widely
used  in  various  aspects  of  modern  high  technology  society,  it  is
important to forecast the occurrences of EPB and scintillation, and
to mitigate  their  possible  effects.  Although numerous  studies  on
EPBs and associated scintillations have been performed, and their
climatological  behaviors  have  been  well  understood,  predicting
them on a daily basis remains a daunting challenge. In this regard,
the EPB workshop series were designed to bring together scient-
ists from the ionosphere community to discuss the current status
of  our  knowledges  and  sketch  what  remains  to  be  done  if  the
forecasting of  EPBs  and  scintillation  is  to  be  significantly  im-
proved .

The  present  special  issue  includes  ten  papers,  covering  a  broad
range of  topics  related  to  ionospheric  irregularities  and  scintilla-
tions, the seeding processes of EPBs, the factors driving the gener-
ation  of  post-sunset  and  midnight  EPBs,  the  characteristics  of
EPBs under  quiet  and  disturbed  geomagnetic  conditions,  the  in-

tensity of scintillations and its relationship with the zonal drifts of
EPB irregularities, and a review of middle latitude irregularities.

The large-scale wave structure (LSWS) in the bottom side F region
has  been regarded as  an important  precursor  condition,  seeding
the  EPBs.  By  using  GNSS-based  TEC,  ionosonde  ionograms,  and
all-sky imager OI 630 nm airglow data over South America, Taka-
hashi  et  al.  (2021) investigated the  characteristics  of  the  after-
noon-to-evening  LSWS  in  the  equatorial  ionosphere.  They  found
that the wave fronts they studied were aligned with the solar ter-
minator,  extending  longer  than  1600  km  at  low  latitude.  The
propagation direction was mainly toward northeast to southeast,
suggesting that  the  LSWS is  effective  in  seeding EPBs.  The  LSWS
exhibits two different vertical phase propagation modes, in-phase
and downward phase; the former may be due to oscillation of the
local polarization  electric  field,  whereas  the  latter  may  be  gener-
ated  by  local  atmospheric  gravity  waves.  During  the  period
September  to  December,  EPBs  following  an  occurrence  of  LSWS
were observed frequently suggesting that the effectiveness of the
LSWS  in  triggering  EPBs  must  be  due  to  its  seasonal  variations,
which could be a part of medium-scale traveling ionospheric dis-
turbances (MSTIDs).

Using  data  collected  during  the  June  solstices  of  2010–2014  by
the 47 MHz Equatorial Atmosphere Radar (EAR) at Kototabang, In-
donesia, Ajith et  al.  (2021) investigated the influence of  the solar
activity on the occurrence of midnight EPBs.  They found that oc-
currences of  midnight F  region irregularities  were at  a  maximum
during the  low  solar  activity  year  2010  and  decreased  with  in-
creasing solar activity. When solar activity was low, the F layer was
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elevated during the midnight hours. They further analyzed the E ×
B drift velocity,  together with the physics-based SAMI2 model,  to
estimate the Rayleigh–Taylor (R-T) instability growth rate. A high-
er  growth  rate  was  observed  during  the  midnight  hours  of  low
solar activity  years,  which  corresponds  to  the  high  EPB  occur-
rence observed by EAR. The factors responsible for conditions fa-
vorable to  the  generation  of  summer  midnight  EPBs  were  dis-
cussed in light of the elevated F layer due to the weak westward
electric field in the presence of equatorward neutral wind and the
possible seeding of R-T instability by MSTIDs.

The pre-reversal enhancement of the eastward electric field (PRE)
near sunset plays an important role in the generation of EPBs. Us-
ing  observations  from  the  ionosondes  at  Chumphon  (dip  lat.
3.0°N), Bac Lieu (dip lat. 1.7°N) and Cebu (dip lat. 3.0°N), the mag-
netometers  at  Phuket  (dip  lat.  0.1°S)  and  Kototabang  (dip  lat.
10.3°S),  and the Gravity Field and Steady-State Ocean Circulation
Explorer (GOCE) satellite, Abadi et al. (2021) investigated the influ-
ences of eastward neutral wind and equatorial electrojet (EEJ) on
the PRE strength. They found that the PRE is positively correlated
with  the  intensity  of  eastward  neutral  wind  and  EEJ.  It  suggests
that both eastward neutral wind and EEJ near sunset are involved
in the PRE mechanism.

Using  OI  630.0  nm  airglow  observations  at  Bom  Jesus  da  Lapa
(13.3°S,  43.5°W), Wrasse  et  al.  (2021) investigated  the  interaction
between EPBs and the MSTID over the Northeast region of Brazil.
An EPB was observed propagating eastward, in an apparent fossil
stage, until it interacted with a dark band electrified MSTID (eMST-
ID) on the night of September 16 to 17, 2020. After the interaction,
four EPBs  merged,  followed  by  an  abrupt  southward  develop-
ment and bifurcations. It was suggested that an eastward polariz-
ation electric  field,  induced by the dark band eMSTID,  forced the
EPB to drift upward, growing latitudinally along the magnetic field
lines and then bifurcating.  Partial  inhibition  of  EPB by  MSTID oc-
curs after the bubble intensifies and bifurcates.

Bifurcated EPB structures appear at times as an EPB evolves. Wu K
et al.  (2021) investigated the statistical  occurrence characteristics
of  branching  structure  of  EPBs  (BSEPBs)  using  seven-year
(2012–2018)  of  data  from  the  all-sky  airglow  imagers  at  Fuke
(19.5°N, 109.1°E)  and  Qujing  (25°N,  104°E).  They  found  a  high  in-
cidence  of  Branching  structure  (BS)  in  EPB  cases.  Most  BSEPBs
were characterized  by  two  or  three  branches.  The  BSEPBs  occur-
rence  was  positively  related  to  solar  and  geomagnetic  activity.
Multi-branching appeared only in the solar maximum. Most of the
BSEPBs began to appear between 21:00 and 22:00 LT.

Under geomagnetically disturbed conditions, the generation and
evolution  of  EPBs  get  more  complex. Huang  FQ  et  al.  (2021) in-
vestigated the variations of EPBs in the East-Asian sector during a
strong  geomagnetic  storm  in  October  2016,  using  observation
from the Beidou geostationary satellite receivers, the Swarm con-
stellation,  and  ground-based  ionosondes;  they  found  that  post-
sunset EPBs  were  enhanced  during  the  main  phase  and  sup-
pressed  throughout  the  recovery  phase.  Rare  sunrise  EPBs  were
triggered on 14 October 2016 in the main phase rather than dur-
ing the recovery phase. They further analyzed the minimum virtu-
al height of the F layer (h’F) at Sanya (18.3°N, 109.6°E). The h’F was
enhanced  in  the  main  phase  and  declined  during  the  recovery
phase,  compared  with  the  values  at  pre-  and  post-storm.  It  was

suggested that the enhanced frequency of EPBs at nighttime and
sunrise during the main phase, and the absence of nighttime EPBs
for  many  days  during  the  recovery  phase,  could  be  associated
with storm-time electric field changes.

Otsuka  et  al.  (2021) investigated temporal  variations  in  the  hori-
zontal  two-dimensional  distribution  of  total  electron  content
(TEC)  during  the  geomagnetic  storm  of  May  2017,  by  analyzing
GNSS TEC  data  collected  in  Japan.  They  found  that  TEC  deple-
tions observed at about 05:00 LT on 29 May 2017 extended up to
approximately  38°N  over  Japan  along  the  meridional  direction.
The TEC depletions appeared sequentially over Japan for approx-
imately 8 hours in sunlit conditions. At 06:00 on 29 May, when the
plasma depletions first appeared over Japan, the background TEC
was enhanced to approximately 17 TECU, and then decreased to
approximately 80% of the TEC typical of magnetically quiet condi-
tions. By using the SAMI2 model, they evaluated how plasma pro-
duction and ambipolar diffusion along the magnetic field may af-
fect the rate of plasma depletion disappearance. They concluded
that  the temporal  variation of  background plasma density  in  the
ionosphere  was  responsible  for  the  unusual  persistence  of  these
plasma depletions in daytime.

Sun LC et al. (2021) investigated the evolution of an EPB event at
low latitudes on 6  December 2015,  using multiple  ground-based
instruments in middle and low latitudes of  China. The EPB deple-
tions were observed surging poleward from ~10° to 19° magnetic
latitudes  two  hours  before  the  local  midnight  after  a  short  stay
(~3 hours) near 10° magnetic latitude. Bifurcations were evolving
rapidly  from  the  tips  of  depletions  as  the  depletions  extended
poleward. Two brightness blobs were gradually generated as the
EPB  depletions  accelerated.  It  was  suggested  that  an  enhanced
equatorward wind most likely induced by a substorm could have
initiated  the  R-T  instability  and  destabilized  the  EPB  depletions.
Smaller-scale  bifurcations  could  have  evolved  rapidly  from  the
secondary E × B instability as  the  substorm-inducing  southwest-
ward wind blew through. During the growth phase of the EPB de-
pletions, a  westward  polarization  electric  field  may  have  com-
pressed  plasma  downward,  inducing  the  brightness  blobs  in  the
bottomside  ionosphere.  An  enhanced  poleward  wind  associated
with a passing-by brightness wave may have transported plasma
to fill  the  airglow  depletions,  which  finally  evolved  into  bright-
ness airglow structures.

Cesaroni et al. (2021) studied the zonal drift velocity of small-scale
ionospheric  irregularities  at  low latitude by applying the spaced-
reveiver  technique to measurements collected during the period
September 2013–February 2014 by two GNSS reveivers for scintil-
lation  monitoring  installed  along  the  magnetic  parallel  passing
through  Presidente  Prudente  (Brazil,  magnetic  latitude  12.8°S).
They found that the hourly average of the velocity increased up to
135 m/s right after the local sunset and then smoothly decreased
in the next hours, in agreement with independent estimations of
the  velocity  made  by  the  incoherent  scatter  radar  at  Jicamarca
(magnetic  latitude  0.1°N),  and  by  the  Boa  Vista  ionosonde  (mag-
netic latitude 12.0°N). They further investigated the relationship of
zonal drifts with the percentage occurrence of amplitude scintilla-
tion. It  was  found  that  the  scintillation  occurrence  is  exponen-
tially  dependent  on  the  zonal  velocity  of  the  irregularities  that
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cause it.

Liu Y et al. (2021) briefly reviews middle latitude E- and F-region ir-
regularities.  At  middle  latitudes,  strong  Es  appear  mainly  during
daytime  in  summer  hemispheres,  and  are  formed  primarily
through the neutral wind shear. The E region field-aligned irregu-
larity (FAI) frequently occurs after sunset in summer hemispheres.
There  is  a  close  relationship  between  Es  and  the  E  region  FAI.
Strong neutral wind shear, steep Es plasma density gradient, and
polarization electric field are significant factors affecting the form-
ation of E region FAI.  In the nighttime F region, a strong connec-
tion exists across different scale size irregularities,  such as spread
F, MSTID, and FAI. The different scale size irregularities are gener-
ally  attributed to the Perkins  instability  and subsequent  gradient
drift  instability.  Nighttime  MSTIDs  can  further  evolve  into  small-
scale  structures  through  a  nonlinear  cascade  process  when  a
steep plasma  density  gradient  exists  at  the  bottom  of  the  F  re-
gion. The  effects  of  ionospheric  electrodynamic  coupling  pro-
cesses, including ionospheric E-F region coupling and inter-hemi-
spheric  coupling,  on  the  generation  of  ionospheric  irregularities,
are prominent due to the significant dip angle and equipotential-
ity of magnetic field lines in the mid-latitude ionosphere. Polariza-
tion  electric  fields  can  map  to  different  ionospheric  regions  and
excite plasma instabilities, producing irregularities.

Great  efforts  have  been  made  to  improve  the  understanding  of
EPBs  and  scintillation.  We  hope  you  enjoy  reading  these  articles.
To be frank, much remains to be done before the day-to-day vari-
ability of EPBs can be understood sufficiently well for their occur-
rence to be forecast reliably  on a daily basis (e.g., Abdu, 2019, and
the references therein). In the equatorial and low latitude regions
of  South  America  and  East  and  South  East  Asian  sectors,  dense
observational  networks  and  large  facilities  for  observing  EPBs,
scintillations, and background ionosphere have been deployed in
recent  years  or  are  now  being  installed  (e.g., Maruyama  et  al.,
2007; Valladares  and  Chau,  2012; Patra  et  al.,  2015; Tsuda  et  al.,
2016; Povero  et  al.,  2017; Li  GZ  et  al.,  2021). Based  on  this  en-
hanced observing capability, it is expected that further progress in
the forecasting of EPBs and scintillation will be made soon.

We very much welcome you to attend the 3rd EPB workshop, to be
announced in the near future. 
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