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[1] Constellation Observing System for Meteorology, Ionosphere, and Climate
(COSMIC) electron density profiles are used to investigate the nighttime midlatitude
ionospheric trough (MIT). We find that at midnight the longitudinally deepest MIT occurs
to the west of the geomagnetic pole in both the Northern and Southern Hemispheres during
the equinox seasons and local summer. The deepest MIT could be ascribable to the
enhanced depletion caused by horizontal neutral wind. In the early evening, the eastward
neutral wind prevails in the midlatitude F region, which blows the plasma downward
where the declination is eastward in the Northern Hemisphere but westward in the
Southern Hemisphere, both lying to the west of the geomagnetic pole. The downward drift
would enhance the plasma depletion for more molecular composition at lower altitude.
In addition, we find for the first time that the location of nighttime MIT minimum
oscillated with a periodicity of 9 days and an amplitude of about 1°–1.5° geomagnetic
latitude during 2007–2008, associated with the recurrent high‐speed solar wind. Our
results shed new light on the empirical description and numerical simulation of MIT.
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1. Introduction

[2] Longitudinally extended and latitudinally limited
regions of depleted plasma density in the ionosphere are
termed ionospheric trough (or ionization trough). Troughs
show large diversity in their shape and spatial‐temporal
occurrence, so termed variously according to different
characters [Moffett and Quegan, 1983; Rodger et al., 1992;
Scali, 1992]. For example, there is a distinction between the
“light‐ion trough” and “F region trough”: the former is
characterized by depletions of light ion (H+, He+) densities,
while the latter reflects mainly the O+ ion density depletion.
Troughs are also termed by the appearing location, such as
the daytime trough, predusk trough, dawn trough, midlatitude
trough, and high‐latitude troughs. Traditionally, troughs
found within the auroral oval or in the polar cap are named
high‐latitude trough, while those observed at latitudes a few
degrees lower than the auroral oval are termed midlatitude
trough (also called main ionospheric trough, MIT for short)
[Rodger et al., 1992].
[3] MIT comprises phenomenologically three elements,

the equatorward and the poleward edges separated by the
trough minimum. Various mechanisms have been proposed
to explain the origin of the elements, which could be
roughly divided into two categories. The first subset focuses
on the depletion at trough minimum. In the stagnation

mechanism, the trough minimum results from the residence
in a dark region where the corotation with the Earth and the
polar convection counteract each other [Knudsen, 1974].
This hypothesis was documented by the results of simulation
and observation that the plasma‐flowing direction was found
to be opposite at the two flanks of premidnight trough. In
Sun‐Earth reference frame, plasma drifts eastward slowly in
the equatorward portion but westward in the poleward portion
[Spiro et al., 1978; Collis and Häggström, 1988]. Another
mechanism, involved principally during geomagnetically
active periods, is associated with the electric‐field‐induced
rapid ion drifts, known as polarization jet, subauroral ion
drift, substorm‐associated auroral surges, and subauroral
polarization streams [Spiro et al., 1979;Anderson et al., 1991;
Freeman et al., 1992; Foster and Burke, 2002; Galand et al.,
2002]. The rapid ion drifts could induce a MIT depletion by
enhancing the recombination through either nonlinear pro-
cesses that appear during increases of the relative speeds of
the ions to neutrals or the Joule‐heating‐induced increases
in molecular concentration [Banks et al., 1974; Schunk et al.,
1975; Pintér et al., 2006; Rodger, 2008; Pirog et al., 2009].
In addition, the convection and rapid drift could transport
nightside plasma with low concentration into the dayside
ionosphere, potentially forming a trough at dayside [Whalen,
1989; Rodger et al., 1992; Mallis and Essex, 1993; Pryse
et al., 1998].
[4] In the above mechanisms, the formation of trough

minimum is considered as the dynamic factor, and the
equatorward and poleward gradients could be considered as
a transition from the minimum depletion to “normal” ion-
osphere. Besides, there are mechanisms proposed indepen-
dently to explain the MIT edges, in which the processes
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in the edges are considered as dynamic factors for MIT
generation. The poleward edge of MIT in the evening sector
was observed in numerous investigations to colocate with
the energetic electron precipitation boundary, so the pre-
cipitation was proposed as one of the main source of elec-
trons in the MIT poleward edge in the evening sector
[Turunen and Liszka, 1972; St.‐Maurice and Torr, 1978;
Rino et al., 1983; Rodger et al., 1986; Jones et al., 1997;
Aladjev et al., 2001; Voiculescu et al., 2010]. The gradient at
MIT equatorward edge was suggested to be the ionospheric
footprint of the plasmapause; at the equator side of the plas-
mapause the nighttime F region is maintained by the plas-
masphere, but the maintenance was absent at the pole side of
the plasmapause [Schunk and Banks, 1975, and references
therein]. Consequently, a MIT minimum could be flanked by
the plasmasphere‐maintaining ionosphere and the precipita-
tion‐maintaining. The minimum could be sharpened by the
ionization escape along open geomagnetic field lines or/and
enhancing recombination due to molecular composition
transported by neutral winds or diffusion from aurora oval
[Nishida, 1967; Schunk and Banks, 1975]. It is notable that
although the alliance between the equatorward edge and
plasmapause was detected by diverse techniques [e.g.,
Yizengaw and Moldwin, 2005; Yizengaw et al., 2005], the
alliance breaks down sometimes, for instance, during the
storm recovery period [e.g., Rodger, 2008].
[5] In the past decades, various ground‐ and space‐based

techniques were employed in numerous MIT investigations,
so the general morphology and occurrence probability are
reasonably well known [Moffett and Quegan, 1983; Rodger
et al., 1992; Scali, 1992]. Globally, the MIT occurs pri-
marily in darkness; thus is observed most regularly in
winter (November, December, January, and February for
the Northern Hemisphere and May, June, July, and August
for the Southern Hemisphere) and equinox; in summer it is
restricted mainly to the midnight sector [e.g., Rodger et al.,
1992; Voiculescu et al., 2006]. Locally, higher incidences at
daytime than nighttime was also reported [Mallis and Essex,
1993]. The MIT moves equatorward with increasing geo-
magnetic activity [Spiro, 1978; Dudeney et al., 1983; Pryse
et al., 2006]. Local time also affects the MIT location. It
moves equatorward with local time in the evening sector,
reaches its lowest latitude around midnight and returns to
higher latitudes before dawn [Evans, 1977; Whalen, 1989;
Werner and Prölss, 1997; Voiculescu et al., 2006]. Numerous
publications on the MIT climatology have been reviewed for
times [Evans, 1977; Spiro, 1978;Prölss, 2007;Rodger, 2008;
Krankowski et al., 2009], so MIT’s relationships to season,
local time and geomagnetic activity are well established.
However, the longitudinal dependence has not been com-
prehensively investigated, probably because previous stud-
ies were mainly based on single‐pass satellite observations
or regional measurements. By a numerical simulation, Sojka
and Schunk [1989] found the MIT greater extent in zonal
direction when the geomagnetic pole is at its farthest from
the Sun, 1700 Universal Time (UT) in the Southern Hemi-
sphere and 0500 UT in the Northern Hemisphere. Using
TOPEX total electron content (TEC) data, Horvath and
Essex [2003a] investigated the MIT longitudinal variation
and ascribed the longitudinal difference to geomagnetic field
intensity, geomagnetic declination and solar insulation.
However, they failed to explain how the declination

caused the longitudinal variation. In addition, that study was
restricted to the southern MIT between 0° and 250°E,
because the TOPEX measured TEC just over ocean between
66°N and 66°S.
[6] The huge number of electron density profiles, retrieved

from Global Positioning System (GPS) radio occultation
(RO) observations of the Constellation Observing System
for Meteorology, Ionosphere, and Climate (COSMIC),
provided a rich field for investigating the F region MIT. The
primary purpose of the present work is to extract the peak
density and its height (NmF2 and hmF2) from COSMIC
measurements to study the longitudinal dependence of MIT
and its dynamics on a global scale. Besides, multiday peri-
odic oscillations were found in geomagnetic activity and
other properties of the Earth’s upper atmosphere and inner
magnetosphere during the descending and minimum phase
of solar cycle 23 [e.g., Crowley et al., 2008; Lei et al., 2008a,
2008b, 2008c; Liu et al., 2010; Pedatella and Larson, 2010].
Since the MIT location varies with geomagnetic activity, our
starting hypothesis is that multiday periodic oscillations may
also present in the MIT minimum. Another purpose of the
present work is to explore the potential MIT’s oscillation.
After a brief description about the data set in section 2, we
present the seasonal and longitudinal variation of MIT
during quiet time in sections 3.1 and 3.2, and the periodic
oscillations in the MIT in section 3.3.

2. Data

[7] The receiver aboard the low‐Earth‐orbiting COSMIC
satellites measures GPS signals, from which electron density
profiles are derived by the RO technique [e.g., Rocken et al.,
2000; Schreiner et al., 2007]. The six microsatellites of
COSMIC have collected about 2.5 × 106 profiles in total
until 1 June 2010, more than 1600 profiles per day on aver-
age. The post process data were downloaded from the
Website of the COSMIC Data Analysis and Archive Center.
In Figure 1, we show the distribution of measurements with
date. The number of profiles dropped in 2007, resulting
from the adjustment of COSMIC orbits from ∼500 km to
∼800 km. The red line at the top of Figure 1 indicates daily
10.7 cm solar radio flux (F10.7). During this period, the
daily value of F10.7 varies within a range of 65.1–103.2,
with an average of 73.4. The solar activity was at its mini-
mum phase. We fit each density profile with a Chapman‐a
function [Rishbeth and Garriott, 1969], from which the
NmF2 and hmF2 are determined with a least squares fitting
procedure, following the manner of Lei et al. [2004, 2005]
and Liu et al. [2007, 2008]. We discarded some profiles
with poor quality, about 5% of the total (the yellow portion
in Figure 1), according to the values of the related coeffi-
cient between the fitted profiles and original data.
[8] Yue et al. [2010] compared the simulated RO retrieval

with the “true” electron density, which exhibited the corre-
lation between the “true” and retrieved NmF2 is about 0.95.
Some studies [e.g., Lei et al., 2007] had indicated the con-
sistent climatology between the RO observation and tradi-
tional techniques. In the present work, TOPEX/Jason total
electron content (TEC) and CHAMP in situ electron density
are employed to compare with the COSMIC results. Addi-
tionally, the magnetic inclination and declination in the
present work are calculated from the 10th generation Inter-

HE ET AL.: MIDLATITUDE IONOSPHERIC TROUGH A05315A05315

2 of 11



Figure 1. COSMIC profile number as a function of date. The yellow portion is discarded in the present
work. The blue bars and red line on the top show daily mean Kp index and F10.7 index.

Figure 2. Longitudinally averaged NmF2 as a function of MLT and geomagnetic latitude under geomag-
netically quiet conditions (Kp < 3) for the four seasons. To construct the plots, COSMIC data from 2006
to 2010 are binned into four 31 day wide date grids centering on equinoxes and solstices. Dotted lines
indicate the typically developed MIT. See the text for details.
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