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Introduction

Ionospheric electric fields and plasma drifts play important
roles on the distribution of ionization and dynamics of the
thermosphere as well as on the generation of plasma
instabilities which affect communication and radio
positioning systems.

Low and Mid-latitude F-region average plasma drifts have
been determined from incoherent scatter radar
measurements at Jicamarca (Peru), Arecibo (Puerto Rico),
at the MU radar (Shigaraki, Japan), and from Millstone
Hill (Westford, MA)

In the equatorial region with ionosonde and spaced
receiver observations has also been used.

Ionospheric plasma drifts have also been studied using Ion
Drift Meter (IDM) and Vector Electric Field Instrument
(VEFI) data on board the AE-E, DE-2, San Marco, and
Akebono satellites.

These measurements have determined the general
characteristics of the average quiet-time ionospheric
plasma drifts (electric fields) and, recently, also the basic
signatures of magnetospheric and ionospheric disturbance
dynamo electric fields. The generation and global
distribution of ionospheric plasma drifts during quiet and
disturbed conditions has also been investigated using
global numerical models (e.g., TIEGCM, Rice Convection
Model).
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Figure 3. (a) Longitudinal variation of the location of the magnetic dip equator, (b)
Evening reversal times of the equatorial vertical drifts at four stations determined from
ionosonde observations Fejer et al,^ 1991].
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ECCRTGRlR^ DRIFT
MEASUREMENT TECHNIQUES

•Jicamarca Incoherent Scatter Radar Measurements
-Drift measurements usually between 25Dand 700 km.
-Height resolution 20-45 km, integration time ~ 5 min.
-Height averaged vertical velocities correspond to the F

region peak and above.
- Accuracy of the height averaged velocities ~l-2 m/s.

•lonosonde Drifts Measurements

- Calculated from A(h'F)/At.
- lonosonde drifts are affected by height dependent

chemical loss effects when h'F< 300 km.
- For h'F<300 km, the upward (downward) drifts are
overestimated (underestimated) by V=pL, where p is
the loss coefficient and L is the electron density
gradient length (about 10-50 km).

- We use drifts from 15 min soimdings and between
1700-2000 LT, when h'F is above 300 km.

•AE-EIDM Drift Measurements
- Horizontal and vertical components perpendicular to

the satellite track (20° inclination) determined from
the angles of arrival of ions (1° corresponding to
about 140 m/s).

- Average satellite altitudes during low, moderate and
high solar flux periods were about 260, 340,450 km.

- Velocity measurements not reliable for low plasma
densities (smaller than about 10^cm-3).

- Large longitudinal bins (60°-100°) are necessary for
determining seasonal and solar cycle effects.
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Generation Mechanisins of
Disturbance Ionospheric Electric

Fields

Magnetospheric Dynamo Processes

Electric fields due to leakage of high latitude cur
rents into the mid and low latitude ionosphere

• Storm Time Ionospheric Dynamo

Electric fields due to storm time winds and conduc

tivity changes driven by large energy input (mostly
Joule heating) into the high latitude ionosphere
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Disturbance Dynamo Model
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Schematic of the variables in the Blanc-Richmond {\92>0) theory. The
Joule heating from the storm is assumed to extend uniformly around
a high-latitude zone. The southward meridional winds at F region
heights arising from this heating is shown as the arrow VDue to the
action of the Coriolis force, the southwardmeridional wind produces
westward zonal motion (shown as the arrow K^.). The zonal motion
of the ions in combination with the downward component of the
magnetic field (shown as 0 B) produces an equatorward Pedersen
current (shown as J^). The Pedersen current builds up positive
charges at the equator until an electric field is established in the
poleward direction opposing the flow of the Pedersen current. This
poleward electric field is shown as Ef^,. This electric field which is
perpendicular to the downward component of B gives rise to an
eastward Hall current with maximum intensity in middle latitudes.
This Hall current is marked as Jff. The Hall current is interrupted at
the terminators and gives rise to two current vortices as shown.
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DATA

• Over 200,000 (16 sec averaged) zonal drift observations

from 15° to 60° invariant latitude from 280-800 km measured

by the Ion Drift Meter on board of the DE-2 satellite.

• About 150 days of hourly averaged incoherent scatter radar

observations of F-region plasma drifts from Arecibo and

Millstone Hill.

• We use the AE index to characterize the disturbance level

of the high latitude current system, and to estimate the polar
cap potential drop and the global energy injection [e.g., Ahn

et al. 1992, 1983] i.e.,

O OcV) = 36 + 0.082 AE (nT)

U(W) = 2.9 xl09 AE (nT)



DE-2 Empirical Storm Time Model

• Model allows for separation of prompt penetration
and disturbance dynamo electric fields

• Based on 6 normalized cubic B-splines to describe
local time dependence

• Model can be expressed as:

v{t,A) = E[ ai.i(A) AA£(t) + ai,2(A) AAE{t - Ihr)
i=l
t^^

pfowpt pfiitveirection-
+ ®i,3(A) AEi{\. —9A.)] Ni^i{t)

* Y '

Model-Coefficients were obtained by least squares
fit using 10° overlapping latitudinal bins from 15°
to 60°, where each bin contained more than 40,000
data points
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Summary and Conclusions

• Incoherent scatter radar and satellite measurements have
determined the average latitude dependent plasma drift
(electric field) patterns during magnetically quiet and
disturbed conditions but their longitudinal dependence is still
not well understood.

• Longitudinal effects on the ionospheric plasma drifts are
particularly important at equatorial latitudes where the
plasma drift plays important roles on the distribution of
ionization and on the generation of plasma instabilities.

• The ionospheric electric fields and plasma drifts exhibit
large quiet-time variability particularly near solar minimum.
The understanding of this variability is of fundamental
importance for the development of realistic predictive
models.

• We have determined the latitude dependent zonal plasma
drift patterns resulting from magnetospheric dynamo and
ionospheric disturbance dynamo electric fields during
magnetically disturbed conditions.

• The perturbation drift patterns obtained from DE-2 satellite
observations and from Millstone Hill and Arecibo incoherent
scatter radar measurements are in good agreement.



magnetospheric dynamo SecMc^ft% of the
latitude are in reasonably annw middle and low
the Rice ConvecBon Model
electric field patterns ar^ ' i? disturbance dynamo
the Blanc-Richmond modS ^®"®^stent with those from

developed Ts^hours^^ftef^tp ®^®ctric fields are fullycap potential drop. However in the polar
than afew hours it is very' dif^uft to^fillf^ ^^sting longer
perturbations due to disturbanrp h, decouple the

i-» - wtasfss.™-

energy depoSn^Vffefent^lo'STt^SeffS '
electric fields associated w?fh t f
disturbances, temperature of fh#. • 5 atmosphericwhich affect theZSS Lh t
latitude perturbation electric fields.^^ ° middle and low

processes requires"tSof fteTouDl/ne b^ transport
and thermospheric neutral witSf between plasma driftsstudies and 'of numS rdels'̂ MSm t^^^ment
require the careful considerarinn« f .'i
limitations of the different measurememproLr'̂ "'®'


