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Momentum balance of the E-region neutral gases is characterized basically by a
balance between the pressure gradient force and the Coriolis force (including the
centrifugal force), and the geostrophic balance is set up. At high latitudes, however, the
effects of the ion drag complicate the balance of forces, particularly in the region lower
than 120 km where the Hall drag dominates the Pedersen drag (LARSEN and
WALTERSCHEID, 1995).
Rocket experiments for the high-latitude neutral wind measurements revealed the
large horizontal wind shear in the vertical direction between 110 and 120 km height in
response to the postmidnight diffuse aurora (LARSEN et al., 1995). The jetlike wind
feature between 115 and 120 km height was also observed. These features are not
predicted by any tidal models nor by the simulation of the high-latitude forcing
(BRINKMAN et al., 1995). It is inferred that an enhancement of the ion drag due
to the particle precipitation may modify the geostrophic balance (LARSEN and
WALTERSCHEID, 1995). So far, the effects of ion drag on the neutral momentum
balance in the high-latitude dayside E-region have not been investigated.
In order to examine the validity of the geostrophic balance at high-latitudes, it is
important to analyze the dayside E-region neutral winds during a geomagnetic quiet
period and compare the nightside winds. The EISCAT IS radar observations provide
the neutral wind data with the vertical resolution of 3 km throughout a day. The present
paper will discuss the dayside neutral winds on June 15/16, 1993 by using the database
of EISCAT Common Program 2 (CP2). The period of June 15/16 was geomagnetically
quiet; the Ap index was 5 on June 15 and 3 on June 16, respectively. The AE index was
less than 200 nT. The DST index ranged from -7 nT to 5 nT, and the convective
electric field was less than 8 mVm 1•
To obtain the neutral velocity in the region between 98 and 119 km altitude, the ion
velocity in the specified region was used along with the electric field deduced from the
ion velocity at 278 km height. The neutral horizontal velocity was derived from the ion
momentum balance equation neglecting the ambipolar diffusion;
(1)

where Qi = e IBI/mi, Vis the neutral velocity, Vp is the ion velocity, Bis the magnetic
field, E is the electric field, mi is the ion mass, e is the electric charge, V i n is the ion-neutral
collision frequency calculated according to SCHUNK and WALKER (1973). LILENSTEN
et al. (1992) showed that the nighttime ambipolar diffusion velocity is small below 240
km compared to the velocity parallel to the geomagnetic field.
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Height profiles of the hourly averaged northward wind at 11. 12 and 13 UT.
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Same as in Fig. 1, but for the eastward wind.

Figures 1 and 2 show the profiles of the hourly averaged meridional and zonal
winds at three universal times from 1 1 to 13 UT, respectively. The meridional wind was
generally northward, and its magnitude was about 40 ms 1• The zonal wind was
eastward below 1 10 km, but tended to be westward above 116 km height except for 1 1
UT. The magnitude of the eastward wind was about 4 0 ms I around 103 km, and the
westward wind was up to 100 ms I at 1 19 km altitude. The daytime winds do not
exhibit a strong shear compared to the nighttime winds as observed during the
postmidnight diffuse aurora (LARSEN et al., 1995). The height dependence of the
horizontal velocities are reasonably consistent with the results of statistic analyses for
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quiet summer days by BREKKE et al. (1994) and NozAWA et al. ( 1997).
In order to discuss the validity of the geostrophic balance, the relationship between
the pressure gradient force and the wind velocity must be examined. The pressure
gradient force is derived from the momentum conservation equation of the neutral
gases. The momentum equation in a steady state is given as follows;
-2QX

v- f7P!p+(JXB)/p-kRV-µ(o 2 V/o 2 z)!p=O'

(2)

where Q is the angular velocity of the Earth roration, P is the pressure, J is the current
density, p is the density, µ is the viscosity coefficient including molecular and eddy
viscosity. The molecular viscosity coefficient is given by BANKS and KocKARTS ( 1973).
The eddy viscosity coefficient is related to the eddy diffusion coefficient and the Prandtl
number. The eddy diffusion coefficient is taken from the formulae by SHIMAZAKI
( 197 1), and the Prandtl number is chosen to be 2. The so-called 'wave drag' is expressed
as Rayleigh friction, -kRV. The coefficient kR is assumed to be 10 6 s 1, which is one
order of magnitude smaller than the viscosity coefficient. FORBES et al. ( 199 1) derived
a Rayleigh friction parameterization of the gravity wave stress in the order of magnitude
from 10 6 to 10 5 s 1 in the height range between 100 and 200 km. It is noted that the
characteristic length of the vertical variations of the horizontal velocities is approxi
mated by the scale height H. Hence, the second derivative of V, appeared in the fifth
term on the left hand side of eq. (2), can be expressed as follows;
(3)

The neutral velocities derived from the eq. ( 1) were substituted into the eq. (2) to
calculate the pressure gradient force. The neutral temperature was assumed to be equal
to the temperature of ion gases. The ion temperature was obtained from the EISCAT
CP2 data base. The electric conductivities, the neutral gas density and composition were
northward
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Height profiles of the meridional pressure gradient force at 11, 12 and 13 UT. The positive is
northward.
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Pressure Gradient Force (m/s2 )

Same as in Fig. 3, but for the zonal pressure gradient force. The positive is eastward.
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Vector representation of wind(-) and pressure
gradient force ( .. ;,.) at 106 and 119 km height.
Magnitude of wind and strength of force are
normalized.
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computed from the MSIS 90 model. The meridional and zonal pressure gradient forces
are shown in Figs. 3 and 4, respectively. Figure 5 represents the relationship between the
pressure gradient force and wind velocity above and below 1 10 km height at 12 UT.
The pressure gradient force was in the northwest direction below 1 10 km height.
The geostrophic winds under the northwest pressure gradient force are northeastward,
consistent with the measured winds. Above 1 10 km, the pressure gradient force tended
to be southwest-west and the geostrophic winds flow towards northwest-north. The
measured winds was northwest-west. The observed deviation of the neutral wind vector
from that of the geostrophic wind suggests that the ion drag and/ or the viscous friction
retards the winds, which now has a component across the isobars.
Figure 6 compares the magnitudes of the Coriolis parameter (/), the normalized
electric conductivities, D P (=ap B 2/p) and D h (=ah B 2/p), and the kinematic viscosity
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Pedersen drag (JOXDr) and Hall drag (lOXDh) at 12 UT.

coefficient (v/H 2), where a P and ah are the Pedersen and Hall conductivities, respec
tively. The quantities D P and Dh are the coefficients of the Pedersen drag and Hall drag,
respectively. The kinematic viscosity coefficient is one order of magnitude smaller than
the Coriolis parameter throughout the region. If the characteristic length of the vertical
wind shear is one third of the scale height, the viscous force becomes the same order of
magnitude as the Coriolis force. The magnitude of the coefficient of Hall drag D h is
about 30% of the Coriolis parameter f above 1 15 km, which implies that the coefficient
of Hall drag effectively reduces the Coriolis parameter even at daytime as shown by
LARSEN and WALTERSCHEID ( 1995) for the case with postmidnight diffuse aurora. It
is found that the coefficient of daytime Pedersen drag becomes the same order of
magnitude above 1 15 km height. The Pedersen drag largely affects the momentum
balance and deviates the neutral winds from the geostrophic winds.
It is summarized here that the neutral horizontal velocity is represented by the
geostrophic winds below 1 10 km, but above this level the ion drag affects the geostrophic
balance even in the geomagnetically quiet times due to the daytime increase in electric
conductivities, and the neutral horizontal winds begin to flow partly across the isobars.
The pressure gradient forces shown in Figs. 3 and 4 correspond to the horizontal
temperature gradients of the order of 0.0 1 Kkm 1• It is desirable to investigate whether
the horizontal temperature gradient is consistent with the above estimation.
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