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[1] Total electron content (TEC) measurements made by a
network of dense GPS receivers over the continental US are
used to investigate ionospheric longitudinal differences. We
find that the evening TEC is substantially higher on the US
east coast than on the west, and vice versa for the morning
TEC; the longitudinal difference displays a clear diurnal
variation. Through an analysis of moming-evening variability
in the east-west TEC difference, minimum variability is
found to coincide with the longitudes of zero magnetic
declination over the continental US. We suggest that these
new findings of longitudinal differences in ionospheric
TEC at midlatitudes are caused by the longitudinal difference
in magnetic declination combined with the effects of
thermospheric zonal winds which are subject to directional
reversal over the course of a day. This study indicates
that longitudinal variations in TEC measurements contain
critical information on thermospheric zonal winds. The
proposed declination-zonal wind mechanism may also
provide a new insight into longitude/UT changes at
midlatitudes on a global scale, as well as into some geospace
disturbances. Citation: Zhang, S.-R., J. C. Foster, A. J. Coster,
and P. J. Erickson (2011), East-West Coast differences in total elec-
tron content over the continental US, Geophys. Res. Lett., 38,
L19101, doi:10.1029/2011GL049116.

1. Introduction

[2] Over the last decade, GPS based total electron content
(TEC) measurements have been increasingly used for upper
atmospheric research. Dense GPS receiver networks over
different areas of the globe allow for determination of
ionospheric structures, including longitudinal variations,
with far better temporal and spatial resolutions than tradi-
tionally available through satellite and ground-based mea-
surements. Subauroral plasma plumes observed during
magnetic storms over the Northern America longitude sec-
tors [Foster et al., 2002], and traveling ionospheric dis-
turbances over Japan [Saito et al., 1998] are examples of the
application of dense GPS receiver networks.

[3] Ionospheric longitudinal variations have recently been
shown to exist, for example, the wave-4 structure at a fixed
local time at equatorial and low-latitudes (see Sagawa et al.
[2005] and Immel et al. [2006] for initial results). This
planetary-scale phenomenon is mainly associated with elec-
tric fields generated by nonmigrating atmospheric tides in the
E-region height that vary with longitude [England et al.,
2010]. At midlatitudes, some longitudinal variations, such
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as those in annual and semi-annual ionospheric changes, have
been explained as the result of the separation of geographic
and geomagnetic poles [Rishbeth, 1998]. The Weddell Sea
anomaly, characterized as an evening enhancement in elec-
tron density in summer, is another midlatitude phenomenon
that is associated primarily with meridional winds and mag-
netic declination [e.g., Luan et al., 2008; Lin et al., 2010;
Chen et al., 2011].

[4] This paper reports on a new finding of pronounced
longitudinal variations in mid-latitude TEC over the conti-
nental US manifested as an east-west coast difference, based
on observations of ground-based GPS receivers. The east-
west difference changes sign from negative to positive
depending on the local time. The physical explanation of this
new result is related to changing magnetic declination over
the US along with the behavior of thermospheric zonal winds
and, in particular, their diurnal variations. The magnetic
declination is westward on the US east coast and eastward on
the US west coast, with its zero value being along the —100 to
—90°E longitude. This magnetic declination/neutral wind
mechanism can account for observed longitudinal differences
at mid-latitudes for the US sectors, and may be applicable
more generally both to other longitudes over the globe and
other geospace disturbance phenomena.

2. Observation

[5] Global total electron content data obtained from the
network of world wide GPS receivers [Mannucci et al.,
1998; Coster et al., 2003] are calculated using the MIT
Automated Processing of GPS (MAPGPS) software
[Rideout and Coster, 2006]. The TEC estimates are pro-
duced with 5 minutes temporal resolution and distributed
over those locations where sufficient data is available.
Errors in the MAPGPS code are tracked throughout the
processing, and random and correlated errors are handled
separately. This allows optimal estimation of binned mea-
surements using weighted averages and allows error values
to be calculated from each binned measurement. In our data
processing, we have not assumed equivalent local time and
longitudinal variations; no receiver greater than 500 km
away has been included in the estimation of receiver bias.
The satellite biases that we use have been shown to be
consistent on a monthly basis [Wilson et al., 1999].

[6] For the current study, we focus on observtions made
over the US continent where a dense network of receivers
exist (cf. Figure 1 of Tsugawa et al. [2007] for a sample
distribution of receivers). TEC spatial resolution is 3° x
3° latitude/longitude, and hourly median values are used.
We will present results for a representative day and an
equinox month in order to illustrate both typical diurnal
behavior and some statistical features of the coast-to-coast
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Figure 1. GPS TEC over the continental US at 1800 LT.
(top right) Map of TEC distribution for 1800 LT + 1hr; (bot-
tom) the TEC longitudinal variation at 40 £ 5°N latitude,
with a blue line for 1800 LT + 1hr data and red line for
0600 LT + 1hr; each data point corresponds to a median
within a £3° longitude bin (representative error bars are
given also to indicate uncertainty due to data binning).
(top left) The TEC latitudinal variation for three longitudinal
sectors: the east side of —90 ~ —40°E (blue), the west side
—140 ~ —90°E (red), and the central sector of =90 + 7.5°E

(green).

difference in TEC; the current paper does not attempt to
address a full climatology with seasonal and solar cycle
dependency. We have selected September 2005, an interval
during the descending phase of solar cycle 23, close to its
minimum, with medium to low solar activity (median 10.7
cm solar flux index = 85). Magnetic activity was low during
the month for most days, with a median daily Ap index of
11.5 and with the 3 highest daily Ap indices being 101, 75,
and 52. The representative day is selected as September 9,
2005 when the daily Ap value was 17. The above data
selection is appropriate for investigating underlying effects,
because relatively quiet to medium magnetic activity is
helpful to minimize possible large disturbance effects that
may complicate the determination of the background cli-
matology that we are examining. Furthermore, it helps
reduce errors in the estimation of receiver bias.

3. Result

[7] Substantial coast-to-coast differences in TEC exist that
are strongly dependent on the local time of day. These dif-
ferences are either positive (higher in the east than the west) or
negative. We present first results for an evening time, then
address the general diurnal pattern of the differences.

3.1. TEC(East) > TEC(West) in the Evening

[8] In general, solar produced TEC is high in the evening.
Vertical TEC distribution over the continental US (here
defined as the longitude range —140 ~ —40°E) is given in
Figure 1 as a function of latitude and longitude (in geo-
graphic coordinates) at 1800 LT for September 9, 2005. The
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Figure 2. Diurnal variations of median TEC on both west
side (solid line with circles; for =130 ~ —110°E) and east
side (dashed line with dots). The representative error bars
are selected to indicate uncertainty due to the spread of data
within an hour for 20—60°N latitude and 20° longitude
ranges.

figure provides three views of the longitudinal variation. The
map panel clearly shows substantial east-west differences,
and these appear as well in the bottom panel, showing the
longitudinal variation of TEC at latitudes 40°N. TEC at 40°N
increases consistently from west to east, and the difference
can be up to ~10 TECu or ~100%. The left panel shows lat-
itudinal variations for the east longitude sectors (>—90°E), the
west longitude sectors (<—90°E), and the central longitude
sectors (—90 £ 7.5°E), respectively. These curves indicate that
the east-west difference appears consistently from higher
midlatitudes to lower midlatitudes.

3.2. Local Time Dependency

[9] Local time dependency of the east-west difference
in TEC is a significant characteristic. To examine this,

Sept 2005
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Figure 3. (top) Day-to-day change of the diurnal variation

in east-to-west differential index R,,, over the month of

September 2005, and (bottom) the diurnal variation of its

monthly median. The east side is defined as =90 ~ —40°E

and the west side =140 ~ —90°E.
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Figure 4. (top) Magnetic declination distribution and (bot-
tom) the HWMO90 zonal wind resulting vertical ion drift
Vzﬂonal. The magnetic declination is for 300 km for the year
of 2005 as calculated by the IGRF model [International
Association of Geomagnetism and Aeronomy Working
Group V-MOD, 2010], and HWM winds are calculated
for 0500 LT, September 2005 conditions.

we consider two average diurnal variations for the east
(=80 ~ —60°E) and west (—130 ~—110°E) sides, respectively
(Figure 2). It can be seen that on average TEC on the east
side peaks in the afternoon and TEC on the west side peaks
before noon; the east side TEC is higher after 1300 LT than
the west side, and vice versa before 1300 LT. We also
construct an hourly index R, equivalent to a % east-west
difference, to further quantify the east-west difference,
Where Re/w = Z(TECeaSt - TECwest)/(TECeast + TECwest) and
TEC data are hourly median values. Using data for the
whole month of September 2005, Figure 3 presents the day-
to-day variability in R, as a function of solar local time
(Figure 3, top), as well as the corresponding monthly average
(Figure 3, bottom). On average, the highest east-west dif-
ference in TEC (by 30% as a gross average over the 20-60°N
and 20° longitude span) appears positively at 2000 LT and
negatively at 0500 LT; local noon and midnight are the times
of zero east-west difference.

4. Discussion

[10] The above discussion indicates that the observed
longitudinal difference in TEC and its variation with local
time are substantial and repeatable with clear patterns. We
suggest these are due to the combined effect of magnetic
declination and thermospheric zonal winds. The magnetic
declination, as shown in Figure 4 (top), is westward (neg-
ative) on the east side of the US continent and eastward
(positive) on the west side, being zero along ~—90°E lon-
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gitude. The magnetic field-aligned ion drift Vﬂonal (posi-
tive for upward drift) induced by thermospheric horizontal
zonal winds U, (positive for eastward winds), Viona =
—U, sin D cos I, with / being the magnetic inclination, is
either upward or downward depending on the sign of
declination angle D and the sign of zonal winds U,. For
winds with a westward component, Vﬂonal is upward on
the west side of the zero declination longitude, and
downward on the east side. The downward field-aligned
drift Vﬂonal moves the ions to lower altitudes where their
recombination rate, exponentially increasing toward lower
altitudes, is higher so that they are lost more quickly than
they would be at higher altitudes and thus TEC in that
region is reduced. A zonal wind induced upward drift
gives rise to higher TEC than in the downward drift
regions. As a result, westward winds produce higher TEC
on the west side of the US than on the east side. Simi-
larly, eastward winds cause the opposite effect. The
observed longitudinal difference over the US continent is
a result of this mechanism, which can readily explain the
shift of the time in the diurnal TEC maximum between
the east and west sides (Figure 2).

[11] Some early modeling work has demonstrated the
magnetic declination and wind effect in general [Challinora
and Ecclesa, 1971]. Here to provide a quantitative sense of
the effect, HWM90 model winds [Hedin et al., 1991] are
calculated for September 2005 conditions. This is a west-
ward wind system for 0500 LT. The vertical component of
the field-aligned ion drift Vzﬂona] (Figure 4, bottom), directly
responsible for upward or downward motion causing the
height change in the recombination rate of the ions, is up to
—10 m/s on the east side of the zero declination longitude
and +10 m/s on the west side. Within 0.5 hour, the 20 m/s
difference in Vzﬂonal can cause ~36 km difference in the
height of the ions, which is sufficient to produce a pro-
nounced TEC difference. Zonal winds at midlatitudes
reverse their direction once during a day. Typically (as
shown in the HWM90 model), the winds are westward in
the morning hours and eastward in the evening hours. The
reverse of this wind direction causes an opposite east-west
difference in TEC.

[12] In Figure 1 (bottom), the red line is obtained for
0600 LT in a similar manner as the blue line for 1800 LT at
40°N. The average TEC levels for the two lines are different
because of different local times, so we normalize TEC over
different latitude ¢ at each local time to the same [—0.5 0.5]
range, N(¢). This allows us to evaluate morning-evening
Variability, 6(¢) = |N(¢)m0ming - N(¢)cvcning|’ as a function
of longitude. We expect to see a longitude area of minimum
variability, and according to our discussion above, this area
should be close to the zero declination zone. Three latitude
zones are selected: 60-45°, 50-30°, 35-20°. The monthly
median 8(¢) values for September 2005 over these zones are
shown in Figure 5. The morning-evening variability, due to
the directional reversal of zonal winds, increases toward
each end of the longitude where D is large. The minimum of
variability 6(¢), however, is indeed close to —90 ~ —100°E
longitudes where D ~ 0 and the directional reversal of zonal
winds impose minimum impacts. The location of the mini-
mum tilts slightly toward east from higher- to lower- mid-
latitudes, a feature consistent with the zero declination
orientation.

3o0f5



L19101

025 ot
W0 : : : :
CBO-BO N N
025} 35-20'N.5 ..o YD
0 :

-140 -120 -100 -80 -60 -40
Geog. Longitude (degree)

Figure 5. Morning-evening variability 6(¢) of TEC
derived for the month of September 2005 at three latitude
zones, indicating minima of variability, near =90 ~ —100°E
tilting toward east where declination is close to zero. Guided
by Figure 3, the morning and evening hours are selected as
0500 + 1.5 LT and 2000 + 1.5 LT.

[13] Our discussion has focused on zonal wind effects.
Meridional winds contribute to the vertical ion drift, how-
ever, their effect is not important for our primary emphasis
of longitudinal differences, since we have seen no evidence
of a clear longitudinal change in them at midlatitudes during
non-storm conditions. We have used geographic latitudes.
In fact, the (corrected) magnetic latitude is highest near the
zero declination over the continental US and it differs by
merely 3-7° between —60 °E and —130°E. Therefore the
magnetic latitude variation does not contribute significantly
to the observed longitudinal difference. Further, latitudinal
variations shown in Figure 1 (left) indicate that the east-west
coast difference is latitude independent. In this study, we
focus on conditions of fall equinox at low solar activity to
illustrate the primary mechanism. More extensive climatol-
ogy of the east-west coast TEC difference over the US
continent is needed. It may be directly associated with the
zonal wind climatology, and this investigation is beyond the
scope of the paper. But we notice that the large TEC differ-
ence does exist throughout the years 2007-2009. This sea-
sonal persistency and local time dependency is different from
the Weddell-Sea-anomaly-like behavior which is a summer
nighttime phenomena. In the northern hemisphere, magnetic
declination changes its sign 4 times such that there are two
zones of negative declination and two zones of positive
declination. A global pattern of longitudinal variations at
midlatitudes may therefore be expected, since similar longi-
tudinal variations at a given local time may exist in European
and Asian sectors. However, the magnitude of these predicted
variations can be different due to different magnetic field
configurations (see Figure 5) and the fact that the distance to
the magnetic pole varies with longitude [Rishbeth, 1998]. The
directional reversal in declination causes a large difference in
TEC through the zonal wind induced ion drift, and therefore it
might be feasible to derive zonal wind information based on
electron density differences across the zero declination lon-
gitude. In fact, decades ago similar ideas to deduce equivalent
meridional winds from the height of the F2-peak were
introduced and widely used [Rishbeth et al., 1978]. Finally, a
combined declination-zonal wind effect can certainly take
place during space weather disturbances and may be
responsible for some longitudinal features of disturbances; in
particular, when the midlatitude ionosphere acts as the source
for some geospace disturbances (such as by Foster et al.
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[2002]), these disturbances can contain some regional/
longitudinal/UT signatures.

5. Conclusion

[14] Ground-based TEC observations using a network of
dense GPS receivers over the continental US indicate a
pronounced longitudinal variation. In particular, the evening
TEC is substantially higher on the US east coast than on the
west, and vice versa for the morning TEC, showing a clear
diurnal variation in the east-to-west TEC difference.
Through an analysis of morning-evening variability in the
east-west TEC difference, minimum variability is found to
coincide with the longitudes of zero magnetic declination
over the continental US. It is suggested that these longitu-
dinal differences are caused by the difference in magnetic
declination which gives rise to upward and downward ion
drifts across the zero declination for a given thermospheric
zonal wind direction. Thermospheric zonal winds are sub-
ject to directional reverse over the course of a day, therefore
producing a diurnal variation in the longitudinal difference.
This declination-zonal wind mechanism may also provide a
new insight into longitude/UT changes at midlatitudes on a
global scale, as well as into some geospace disturbances.
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