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Abstract. From magnetic field observations by CHAMP we zonal conductivity gradient at the evening terminator (e.qg.
estimate F-region dynamo current densities near the sunséteelis, 2004). However, the exact relationship between dy-
terminator during solar maximum years from 2001 to 2002.namo action and conductivity gradient is still an open issue
The dynamo currents are compared with the pre-reversal ene.g. Eccles, 1998b). One of the reasons for little progress
hancement (PRE) of vertical plasma drift as observed byis the lack of observational studies on the dynamo current
ROCSAT-1. The seasonal-longitudinal variation of PRE canproperties. Though PRE climatology has been extensively
be largely related to the F-region dynamo current densityinvestigated for decades (e.g. Fejer et al., 1989, 2008; Scher-
with the correlation coefficient reaching 0.74. The correla-liess and Fejer, 1999), few corresponding studies exist on
tion can be further improved if we consider a zonal gradientthe duskside F-region dynamo currents. Using geomagnetic
of the E-region Pedersen conductivity, which also dependdield data of MagsatMaeda et al(1982 reported the ex-

on season and longitude. It is widely accepted that the Fistence of a hemispherically-symmetric meridional current
region dynamo drives PRE near sunset. For the first timesystem at dusk, which originates from currents induced by
our observations provide confirmation for the close relation-the equatorial F-region dynamdakeda and Maedd983.

ship between the F-region dynamo current density and PRE-rom 5-year magnetic observations of the CHAMP satellite,
LUhr and Maug2006 showed that the F-region dynamo is
strongest at noon and at dusk with opposite polarities, which
was attributed to the change of zonal wind direction in the
afternoon. Park et al.(2010 presented an extensive clima-
tology of F-region dynamo currents both at noon and dusk.
They focused on the noontime characteristics and detailed
the wavenumber-4 signatures. In this paper we will make

Th heric wind L heric ol th use of CHAMP magnetic field data for outlining the general
Ermosphenc wind moving 10NOSPRENC plasma across M ictics of the duskside F-region dynamo current and its re-
geomagnetic field generates an E-field by dynamo action) oo to the PRE

which is an important driver of the quiet-time equatorial

ionosphere (e.g. Eccles, 1998a). After sunset the solar Ex-

treme Ultra-Violet (EUV) flux, which is the main source )
of equatorial ionospheric plasma, becomes negligible. The? OPservation

ionospheric E-layer almost disappears due to rapid recom- ) ) .
bination while the F-region at higher altitudes persists. Af- 1"€ F-region dynamo driven by zonal neutral wind generates

ter sunset, consequently, the wind at F-region altitudes pevertical currents at the equator, which are closed by symmet- .

comes an important driver for generating E-fields. The Iore_ric me.ridionalucurrent systems in the two hemisphgres (e.0.
reversal enhancement (PRE) of the upward plasma drift i$€€ Fig- 2 oLuhr and Maus200. Hereafter, we will call

generally attributed to this F-region dynamo acting on theth® equatorial vertical current “F-region dynamo current”
The current system generates zonal B-field deflections with

opposite signs in the two hemispheres. In this paper we only O

Correspondence tal. Park consider this transverse magnetic component to investigate ©
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(park@gfz-potsdam.de) the F-region dynamo current.
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EQUINOX GLON: 010-070°E ~ spect to this work. FirstPark et al(2010 used zonal mag-

12f ' ' ! 120 £ netic deflection withirk-40° magnetic latitude (MLAT), and

10f 1100 8 the bipolar peaks sometimes appeared beybh&® MLAT.

T 8 @ ~ 80 E In such cases the magnetic signature was attributed to other
9 160 = sources than the equatorial F-region dynamo currents, whose
4 :: yﬁi L \\;g {_% density could not be deduced. In this work we narrowed the

N — S o = latitude range ta:20° MLAT to avoid this problem. Second,

-2k : : o— .20 § Park et al(2010 averaged zonal magnetic deflections within

16 v 18 19 2 a= 24°-wide geographic longitude (GLON) cells. In this study
JUNE GLON: 180-240°E _ we use overlapping 3ewide GLON cells at 15 separation,

of ‘ ‘ ‘ 1120 é as Fejer et al.(2008 did for interpreting the vertical drift

1ol 00 B data of ROCSAT-1. Finer longitude cells might be useful
z 8 ® s to investigate smaller-scale variations, but concomitant poor
% 6f 5 statistics in each cell can be contaminated by artifacts. Third,
a4 § while Park et al(2010 used data from 2001 to 2004, here we

i’ > s concentrate on years of high solar activity (i.e. active PRE)

l $ from 2001 to 2002. Fourth, residual field whose magnitude is

16 2 larger than 30 nT is neglected while the threshold was 50 nT
in Park et al(2010. For local time (LT) distribution we use
DECEMBER  GLON: 200-350°E 0 1-h bins to average the data.

121 ‘ *1205 Figure 1 depicts the LT variation of the F-region dy-
9 ////\ 7% E& namo current density (black) during three seasons (equinox:
£ 2 (C)/ 28 £ March—April and September—October, June solstice: May—
?1 al e — g August, and December solstice: November—February). Posi-
| S Sty T 20 8 tive (negative) currents flow upward (downward) at the dip

Op T 3 equator. Vertical plasma drift velocity (red) derived from

2 . 15 1 o 208 ROCSAT-1 measurements at 600 km altitude fg7 = 170

(Fejer et al. 2008 are overlaid. Positive (negative) velocity
Fig. 1. Local time variation of the dynamo current density (black corresponds to the upward (downward) plasma drift at the
crosses) and vertical plasma drift (red circles) for the three seadip equator. For the equinox, June and December solstices
sons. For the equinox, June and December solstices only data ionly data in 10—79 (negligible magnetic declination), 180—
10-70, 180-240 and 290-350E GLON are considered, respec- 24 (positive magnetic declination) and 290-3%0(neg-
tively, where the solar terminator is best aligned with the magneticgtjye magnetic declination) GLON are considered, respec-
meridian and PRE amplitudes become large. tively, where the best alignment of the solar terminator with
the magnetic meridian is accomplished and PRE amplitudes
become large. The F-region dynamo current (black) reaches

The Chall_enging Mini-SgteI_Iite Paylpad (CHAMP) has a large value around sunset (between 17:00 and 19:00LT)
been observing geomagnetic field at altitudes of 300—-450 km

when the vertical drift (red) maximizes. It is interestin
since 2000. Zonal deviation of the observed B-field from (red) 9

L to note that the F-region dynamo current density remains
a reference model reflects meridional current systems;

hi Bt/ model /irht sizable positive values beyond the time when the ver-
this paper we use Pommebi://www.geomag.us/models tical drift turns negative. Especially, the magnetic signa-

pommes.htmi as the reference model. We first decomposetures during June solstice even exhibit a slight increase af-

Fhe Iatituc_iinal profile (_)f zonal magnetic deflection by apply— ter 19:00LT. Near June solstice, both the F-region dynamo
ing the Discrete Fourier Transform (DFT). If we add up lati- currents around sunset and PRE maximum are smaller than
tudinally anti-symmetric terms, the field-line-integrated den- during the other seasons

sity of the F-region dynamq currend, can be compyted . Figure 2 shows the longitudinal variations of the F-region
fr(_)m the peak-to-peaj< amplitude of the anti-symmetric Va”'dynamo current density (black crosses: estimated from
ation, A By (Eq. 2 ofLahr and Maus2009: CHAMP observations) for each season. PRE maximum ve-
1 locity derived from ROCSAT-1 measurements fBg7 =
Jr=—ABy, (1) 170 (Fejer et al. 2008 are given as red circles. CHAMP
Ho observations between 17:00 and 19:00 LT are used here. The
where g is the permeability of free space. For more de- average index of the solar radio fluk;(7) is given in the
tails on the retrieval of the F-region dynamo currents from heading for each season. First, the average levels of F-region
magnetic field observation, readers are referretPdck et  dynamo current and PRE are largest during equinoxes and
al. (2010. But, there are four notable differences with re- smallest during June solstice. However, the longitudinal

Ann. Geophys., 28, 2092401, 2010 www.ann-geophys.net/28/2097/2010/
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Fig. 2. Seasonal-longitudinal distribution of the F-region dynamo current density (black crosses) and PRE peak velocity (red circles). Each

panel corresponds to a different season. Positive (negative) current density denotes upward (downward) current at the dip equator.

variations are quite different from season to season. Foequations for the polarization E-field and the F-region dy-
example, during equinoxes both the PRE and the dynamamamo currents:

current density exhibit small longitudinal variations. During wF

June solstice the general trends of PRE and dynamo currerff = ﬁu x B, 2

follow each other, but the peak longitudes of PRE are slightly Zpt+2p

displaced from those of the dynamo current. Around Decem- sExF

ber solstice both PRE and dynamo current attain their maxi-~/r = EEE = ﬁu ) 3
PT&p

mum in the western longitude regions (210-3&) and the
minimum around 180E. whereu is neutral wind velocity,B the ambient magnetic
field, =5 (=f) field-line-integrated E-(F-)region Pedersen
conductivity,u the zonal wind speed, anBl the horizontal
strength of the ambient magnetic field. According to Eq. (2),
: ) the meridional polarization E-field is enhanced after sunset.
First of all, we want to discuss the LT dependence of the I:“'I'he zonal gradient of the meridional E-field, which in turn

_region_dynamo c_urrent s_hown in Fig. _1' Zonal neutr_al wind affects the zonal E-field through its irrotational nature, is be-
in the ionospheric F-region, as described above, drives Velfiaved to be the main driver of PREMrphy and Heelis
tical current in the equatorial ionosphere (e.g. see Fig. 101986 Eccles 19983. From Egs. (12) and (20) dEccles

of Heelis 2004. Let us assume a simple model where (19983, we can get the following equation near the F-peak
zonal current divergence is negligible. Such a current model, i e (~400 km altitude) around sunset:

though simple, is widely usedgelis 2004 Kelley, 2009

and apt to give physical intuition on the F-region dynamo. vy o =2, 4)
In the model meridional divergence of the F-region dynamo d¢

current generates field-aligned currents (FACs) which areyherev; is the meridional (outward/inward) plasma drift
closed by meridional currents at conjugate E-regions. Thespeed (due to the zonal E-field causing PRE)is the zonal
conductivity of the E-region controls polarization E-fields plasma drift speed (due to the meridional E-field given by
in the meridional (outward/inward) direction. When the E- Eg. 2), andg the azimuth angle along the zonal direction

region conductivity is much higher (lower) than the F-region (positive eastward). Combining Egs. (2) and (4) yields:
conductivity, polarization E-field becomes low (high) just

like in @ shorted (an open) circuit. Combining Egs. (10-11) , _ A9 _ 49 (

3 Discussion

3U¢

F
_F
2E+xF )
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of Heelis(2004 or Egs. (3.10-11) oKelley (2009, we get ¢ P ©)
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da
CHAMP/FGM: 2001-01-01~2002-12-31  LT: 17-19 AEY  axnf

v AR — , 7
60 ' ' ' T T B(E+ =R 04 %

(a) R=0.74 A
50 ‘ A . This equation shows that the plasma drift componept,
' A Yo corresponding to PRE is determined by (a) the pre-sunset
401 A R a1 dynamo current strength and (b) local-time gradient of the E-
% A () © region conductivity. Note again that in Eq. (7) is vertical
Ky A A0 Y 1 plasma drift speed near 400 km altitudeingree and Fejer
iﬁﬁ * 5B (1987 showed that vertical gradient of vertical plasma drift
200 A JAVAN 1 speed is~0.01 m/s/km on average. The difference of vertical
* ok * K TA A drift speed between 400 km and 600 km altitudes &m/s,
fﬁ Z{%A A A 1 which is smaller than seasonal/longitudinal variatiofejer
X et al. (2009 model. Thereforey; in Eq. (7) can be reason-
0 ‘ : ‘ ‘ : ‘ ‘ ably approximated by ROCSAT-1 observations at 600 km.
F-region dynamo current (mA/m) In Fig. 3a the PRE peak velocities are plotted versus
the F-region dynamo current density during 17:00-19:00 LT,
which we consider as representing the pre-sunset F-region
CHAMP/FGM: 2001-01-01~2002-12-31 LT:17-19 .. . .
60 , dynamo current. Note that the current densities given in

vertical plasma drift (m/s)
[
s

101

(b) R=0.80 N Fig. 1 do not vary drastically during 17:00-19:00 LT. Each
50l ] data point in Fig. 3a corresponds to a longitude-bin aver-
y=4.0054(x+1.13) - 5 age from Fig. 2. Circles, asterisks, and triangles represent
a0k ooe equinox, June solstice, and December solstice readings, re-

spectively. The correlation coefficient between the two pa-
7 rameters is reasonably high (0.74).

Next, let us consider the zonal gradient of the E-region
1 conductivity. The maximum zonal gradient is attained in case
of a perfect alignment of magnetic meridian and sunset ter-
1 minator Tsunodal1985. The zonal gradient decreases with
an increase of this angle, due to the high plasma mobility

: : along the B-field lines. As an initial guess, let us choose a
-2 0 2 4 6 8 10 12 14

201

vettical plasma drift (m/s)
@
s

101

0052 6 x F-region dynamo current (mA/m) cosine function for describing the zonal conductivity gradi-
ent:
Fig. 3. Relation between PRE and) F-region dynamo current, 825 2
and(b) F-region dynamo current multiplied by assumed conductiv- — 4~ ~ cos'd, (8)

ity gradients. Data points are the same as in Fig. 2. Circles, aster-
isks, and triangles represent equinox, June solstice, and Decembwrhered is the angle between the solar terminator and geo-
solstice readings, respectively. magnetic meridian. Note thatdepends on season (solar ter-
minator angle) and longitude (geomagnetic declination). In
Fig. 3b F-region dynamo currents multiplied by the assumed
whereA is a proportionality constant. The zonal gradient of conductivity gradient (Eqg. 8) are considered. The red line is
Zp is smaller than that oE§ around sunsetfarley etal.  the result of linear regression. The correlation between the
1989. Also, u depends only weakly o (e.g. see Fig. 3 of o quantities is higher in panel (b) than in panel (a) though
Liu et al, 2006 and Fig. 2 ofLiu et al, 2009. Under these  the improvement is not large. We get compatible correla-

conditions Eq. (5) can be manipulated as: tion results if we use other power values (1 or 3) for éos
E They change the steepness of the cosine curves. Figure 3
F 9 1 AsEu 8 g g i L ,
vy A~ AXEu— =— —(Z5+%h) implies that PRE amplitude is largely determined by the pre-
L PYY E, sF ELyFR2j pT=p . . :
¢\ Zp+2p (Zp+Xp)” 9¢ sunset F-region dynamo current density, and that E-region
F E conductivity gradient at the dusk terminator can further en-
AXpu  0Xp

(6)  hance PRE. Note, however, that Eq. (7) has been derived by

a number of assumptions. More thorough theoretical work
According to Eq. (6) oL iihr and Maug200§ SFu can be with realistic inputs is warranted to elucidate the exact rela-
estimated ag2®/ B, where & signifiesJg on the dayside tionship between PRE and the F-region dynamo.

(before sunset). AEEM depends weakly on LT, this estima-
tion can be directly applied to Eq. (6):

(ZE+3F)2 dg

Ann. Geophys., 28, 2092401, 2010 www.ann-geophys.net/28/2097/2010/
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4 Summary Fejer, B. G., de Paula, E. R., Batista, |. S., Bonelli, E., and Wood-
man, R. F.: Equatorial F Region Vertical Plasma Drifts During

From magnetic field observations by CHAMP we estimated Solar Maxima, J. Geophys. Res., 94(A9), 12049-12054, 1989.

the pre-sunset F-region dynamo current densities and conf=ejer, B. G., Jensen, J. W., and Su, S.-Y.. Quiet time equa-

pared them with PRE velocities given figjer et al(2008. torial F region vertical plasma drift model derived from

Main results can be summarized as follows: ROCSAT-1 observations, J. Geophys. Res., 113, A05304,
doi:10.1029/2007JA012801, 2008.

1. The seasonal variation of PRE is consistent with that ofHeelis, R. A.: Electrodynamics in the low and middle latitude iono-
the pre-sunset F-region dynamo current strength. Both sphere: atutorial, J. Atmos. Solar Terr. Phys., 66, 825-838, 2004.
are largest during equinoxes and smallest during Jundelley, M. C.. The Earth’s lonosphere: Plasma Physics and Elec-
solstice. trodynamics, 2nd edition, Elsevier, London, 2009.

Liu, H., Luhr, H., Watanabe, S., d¢hler, W., Henize, V.,

2. The seasonal/longitudinal variations of PRE can also and Visser, P. Zonal winds in the equatorial upper ther-
be largely explained by the pre-sunset F-region dynamo Mosphere: Decomposing the solar flux, geomagnetic activity,
currents R = 0.74). and seasonal dependencies, J. Geophys. Res., 111, A07307,

doi:10.1029/2005JA011415, 2006.

3. The correlation can be further improved if we consider aLiu, H., Watanabe, S., and Kondo, T.: Fast thermospheric wind
zonal gradient of the E-region Pedersen conductivity, as 1€t at the Earth's dip equator, Geophys. Res. Lett., 36, L08103,
resulting from the irrotational nature of the E-field near Luﬂ?'ﬁojr?;%igggg'_-OD3;:;7(’)§SO‘§35“O“ of the F region dynamo
the dusk terminatori{ccles 19983, currents and the spatial structure of the EEJ by CHAMP, Geo-
It is widely accepted that the F-region dynamo drives phys. Res. Lett., 33, L24102, doi:10.1029/2006GL028374, 2006.
the pre-reversal enhancement of vertical plasma driftMaeda, H., lyemori, T., Araki, T., and Kamei, T.: New evidence of a
(PRE) near sunset. For the first time, our observations meridional current system in the equatorial ionosphere, Geophys.
provide confirmation for the close relationship between Res. Lett., 9(4), 337-340, 1982.
the F-region dynamo current density and PRE. Murphy, J. A. and Heelis, R. A.: Implications of the Relationship
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