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This paper presents a brief review of recent work concerning the global Ionospheric
wind dynamo, with a view toward helping to define some principal directions for future
research. Remaining problem areas are identified as: more accurate determination of the
distributions of ionospheric conductivities, especially in the highly variable E region;
determination of the distributions of winds in the Eregion under all seasonal conditions,
especially the tidal components; improved understanding of the mutual coupling effects
among variations in conductivities, thermospheric winds, and electric fields and currents;
and quantitative understanding of the mutual coupling processes acting between the
magnetospheric and ionospheric dynamos and the changes in the ionospheric dynamo
occurring during magnetic storms.

1. Introduction

The dynamo effect produced by thermospheric winds as they move the conducting

ionospheric medium through the geomagnetic field is responsible for regular, though

nonetheless variable, global electric fields and currents and associated geomagnetic

perturbations. The study of dynamo effects can provide information about upper
atmospheric winds as well as electric fields, currents, and conductivities, and about the
interaction among them. Reviews of dynamo effects have been presented by MATSUSHITA

(1977), EVANS (1978), BLANC (1979), RICHMOND (1979, 1989), KATO (1980), WACNIR et
al. (1980), FORGES (1981), and VOLLAND (1984). Some recent models of global dynamo

effects have been presented by TAKEDA et al. (1986), FARLEY ei al. (1986), SINGH and

COLE (i987a, b, c), RICHMOND and ROBLE (1987), TAKEDA and YAMADA (1987, 1989),

STENING (1989), MAEDA (1989), TAKEDA (1990), and MAYR et al. (1990). The present

paper reviews recent progress in dynamo studies that address some of the outstanding
issues. These issues concern the distributions of ionospheric conductivities, the relative

importance of F-region dynamo effects in comparison with those produced in the E

region, the global distributions and the variability of thermospheric winds that drive the

dynamo, mutual dynamical coupling between the neutral and ionized components of the
medium, changes in the ionospheric dynamo occurring during magnetically disturbed

periods, and the role of mutual coupling between the magnetospheric and ionospheric
dynamos.

2. Ionospheric Conductivity and the F-Region Dynamo

In the daytime E region the distribution of conductivity is fairly well understood,
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although some quantitative uncertainties remain concerning the effective collision

frequencies of charged particles (e.g., STENING, 1985, 1986; SINGH and COLE, 1989). By

constrast, in the F region the ion-neutral collision frequency is quite variable because of

variability in neutral density, and in addition, there is uncertainty in the effective collision

cross-section of Of ions with O atoms (e.g., BURNSIDE et al., 1987). The nighttime

F-region electron density is also quite variable, in response to the very winds and electric
fields that drive the currents (e.g., WALKER, 1988). Because the height-integrated

Pedersen conductivity of the F region generally exceeds that of the E region at night,

especially during solar-cycle maximum conditions (e.g., BURNSIDE et at., 1983; TAKEDA

and ARAKI, 1985), F-region dynamo effects dominate the nightside electrodynamics,

which are consequently highly variable and complicated to model. There are even

indications that the F-region dynamo can make a major contribution to the ionospheric
dynamo during the day (MAYR et al., 1990). TAKEDA et al. (1986) and TAKEDA and

YAMADA (1987) simulated dynamo electric fields and currents for low and very high

solar activity conditions, and found that the variation of conductivity, especially in the F

region, has a pronounced effect on the electrodynamic fields, even when no allowance for

changes in the winds is made.

F-region dynamo influences are particularly important at low magnetic latitudes.
HERRERO and MAYR (1986) pointed out that the similarity of the diurnal variations of

east-west F-region neutral winds and ion drifts suggests that the F-region winds are

strongly influencing the ion drifts through dynamo action. ANDERSON et al. (1987)

Fig. 1. Altitude dependence of the vertical electric field over the magnetic dip equator for 1981 November 15
,

1312 UT, at a local time of 1930, obtained by equipotential mapping of electric field measurements from a

north-south pass of the DE-2 satellite . Also plotted is the amplitude profile of model plasma velocity

calculations of ANutttsow and MENDILLO (1983), From AGGSON el al . (1987).
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pointed out that strong solar-cycle variations are created in the vertical distribution of the
vertical electric field (corresponding to the east-west plasma drift) over the magnetic

equator in the evening hours, because of the strong solar-cycle variations in the

distributions of plasma and neutral density. As in the earlier work by ANDERSON and

MENDILLO (1983), they were able to simulate height profiles of the east-west evening

plasma drift that show the same characteristics as observations from the DE-2 satellite
and from the Jicamarca radar. Figure 1(AGGsON et at., 1987) compares a measured and

simulated profile at 1930 local time. The eastward drift increases rapidly with altitude in
the lower Fregion, and decreases more slowly with height at high altitudes. FARLEY et al.

(1986) explained how the equatorial evening F-region dynamo is also responsible for the
relatively rapid temporal changes in the vertical plasma drift, the so-called "prereversal

enhancement" that occurs shortly after sunset.

3. Modeling the Regular Global Ionospheric Dynamo

Because the distribution of dynamo electric fields and currents is sensitive to the

distribution of winds in the daytime E-region ionosphere, a distribution that is

dominated by atmospheric tidal effects but that is not well-defined observationally on a

global scale, dynamo simulations with different postulated wind distributions are a
valuable means of testing and constraining the wind models, when the calculated electric

fields and magnetic perturbations are compared with observations. Figure 2 (RICHMOND
and ROBLE, 1987) shows a comparison of observed ionospheric drift velocities perpen-

dicular to the geomagnetic field with drifts obtained from dynamo simulations for two

different winds models (FESEN et al., 1986) obtained from the NCAR Thermospheric

General Circulation Model (TGCM) for equinox, solar-cycle minimum conditions. The

Fig. 2. Comparisons of average equinoctial northward/upward and eastward plasma drifts measured at

Millstone Hill, Arecibo, and Jicamarca (points) with drifts computed from two simulations: without tidal

forcing (dashed lines); and with tidal forcing (solid lines). From RICuMUND and ROBLE: (1987).
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wind model used to obtain the dashed curve is from a thermospheric dynamics

simulation driven only by solar radiation absorbed in the thermosphere, with a rigid
lower boundary at 97km. The model used to obtain the solid curve adds the effects of

upward-propagating semidiurnal atmospheric tides, simulated by introducing a variable

lower boundary condition into the TGCM, representing a combination of (2,2) and (2,4)

tidal modes with amplitudes and phases adjusted so as to best match the relatively few

available observations of tides in the thermosphere. There is general agreement between

the observations and the models during the daytime hours, more so for the simulation

including upward-propagating tides than for that without. This comparison, together

with a comparison of observed and calculated ground magnetic perturbations, leads to

the conclusion that the model tides have about the right phase, but perhaps an amplitude

somewhat too large, to explain the observed dynamo effects. The poorer agreement on

the night side suggests that some basic parameters of the nightside ionosphere were not

accurately modeled, possibly the electric conductivity, possibly the neglect of influence

from auroral-zone electric fields, or possibly the neglect of dynamic feedback between the

neutral winds and the plasma. Realistic modeling of the global nightside dynamo has not

yet been achieved.
In general, tidal winds are not entirely symmetric about the equator even at equinox,

in contrast to the simplified models discussed above. STENING (1989) has recently

examined the current-generating capabilities of the antisymmetric (2,3) and (2,5) tidal

modes for equinoctial conditions of ionospheric conductivity. He found the (2,3) mode,

with its longer vertical wavelength, to be much more important than the (2,5) mode, and

found that the (2,3) mode has the potential to explain certain observed features of

dynamo effects. TAKEDA (1990) has examined solsticial dynamo conditions. Considering

only diurnally varying winds driven by in situ solar heating of the thermosphere, he

found that the calculated ground magnetic effects reproduced many of the observed

features, including the rough magnitude of total equivalent current, and greater

equivalent current in the summer than winter hemisphere. The magnetic effects associated

with electric currents that flow between the northern and southern hemispheres along

geomagnetic field lines were found to help explain the fact that the focus of the summer
equivalent current system tends to occur earlier than the focus of the winter system.

Further modeling of asymmetric dynamo conditions should be able to help clarify the
nature of asymmetric winds in the thermosphere.

Although it is recognized that there are probably significant tidal components that

do not migrate around the earth in phase with the apparent solar position, little

quantitative information is available at present concerning these non-migrating compo-
nents. It may become necessary to invoke them to explain important longitudinal

variations in electric field behavior, such as has been noted by EVANS (1978), OLIVER et

al. (1988) and SARYO et al. (1989). Other wind components, not tidal in nature, may also

be important in helping to explain the considerable day-to-day variability observed in

dynamo effects. For example, ITO et al.. (1986) and TAKEDA and YAMADA (1989) have

modeled the effects of a postulated two-day oscillation in the lower thermosphere.

4. Mutual Coupling between Neutral and Plasma Dynamics

RICHMOND (1989) has reviewed the effects associated with feedback mechanisms

that mutually couple the distributions of conductivity, neutral winds, and electric fields
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and currents in the ionosphere. An illuminating discussion of some of these interactions

has been presented by WALKER (1988). MAYR et al. (1990) have recently considered the

mutual interaction between dynamo electric fields and global thermospheric diurnal tidal

winds. They found that the electric fields tend to act to increase the effective wind speed

that drives the dynamo, on the order of 50%. This and a number of earlier studies have

made it clear that realistic simulation of not only electric field and currents, but also

neutral winds and ionospheric plasma density, will have to take these coupling

mechanisms into account.

5. Disturbance Dynamo and Coupling with Magnetospheric Dynamo Effects

One of the discrepancies between model and observation in Fig. 2 appears to have a

reasonable explanation: the mean negative (i.e., westward) offset of the daily-averaged

eastward drift at Millstone Hill. This is readily explained by the neglect of any auroral-

zone thermospheric heating in the simulation. As pointed out by BLANC and RICHMOND

(1980), such heating would drive an equatorward wind component in the upper dynamo

region, and consequently establish a mean westward wind by action of the Coriolis force

on this equatorward wind. The net dynamo effect of the westward wind is to produce a

concomitant westward drift of plasma through generation of a poleward electric field.

The mean discrepancy in Fig. 2 points to a mean auroral heating even for the simulated

undisturbed conditions, sufficient to produce a mean westward drift of 20 m/s. For

disturbed times the effects should be considerably greater.

MAZAUDIPR et al. (1987) attempted to simulate the "disturbance dynamo" effects

associated with several magnetically disturbed periods, using a highly simplified two-

dimensional model. Figure 3 shows an example from the study, comparing the time

evolutions of the observed and simulated poleward electric fields (perpendicular to the

geomagnetic field) above St. Santin (45•‹N, 2•‹E). In both cases the effects of regular daily

variations have been removed, so that only the storm-induced perturbations are plotted.

The simulated time variation does not match that observed, although at least the

direction (positive poleward) agree, and the general magnitudes agree to within about a

factor of three. This example is typical of the agreement obtained for disturbed

conditions; other examples showed sometimes better, sometimes worse agreement than

this one. More realistic simulation of disturbed dynamo conditions is another area for

intensified future research.

Not only auroral-zone heating, but also the momentum source produced by

Fig. 3. Comparison between observed northward electric field and model predicted electric field over Saint

Santin on April 19, 1977. From MAZAUDIER et al. (1987).
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collisions of neutrals with ions the are convectiog rapidly in the magnetospherically

produced electric field, gives rise to winds with potentially significant dynamo influences.
FORBES and HAREL (1989) have recently examined some of these influences with a

simulation model that considered the dynamic interactions between the magnetosphere

and high-latitude thermosphere. Although they used a number of simplifying assumptions

to parameterize the wind response to ion convection, they were able to model the

essential features of this response. Wind speeds that were a significant fraction of the ion

velocities were found, especially in the Fregion, and these winds had a significant role in

the determination of the magnetospheric/ionospheric electric field distribution. They

found that F-region dynamo influences are substantial. In a very simplified view, the

winds act so as to reduce the net ionospheric current, and thus have the same effect as a
reduced Pedersen conductivity. Since the readjustment of magnetospheric plasma

associated with the so-called "shielding" effect proceeds at a rate inversel related to the

ionospheric Pedersen conductivity, the winds tend to increase the overall shielding effect.

SPIRO et al. (1988) examined another effect of magnetospheric-convection-generated

winds on the penetration of electric fields to low latitudes during disturbances. They

found that significant middle-and low-latitude electric fields can result from the high-

latitude winds if the ionospheric footprint of the magnetospheric shielding region (the

region of high density of energetic plasma) retreats poleward toward the end of a

disturbance, leaving behind the slowly changing high-speed winds. These works point out
the importance of considering the mutual electrodynamical coupling among the magneto-

sphere, ionosphere, and thermosphere in future studies of ionospheric dynamo effects.

6. Future Directions in ionospheric Dynamo Research

The recognition that a significant, and sometimes dominant, portion of dynamo

effects is associated with F-region winds is important for future studies that attempt to

model ionospheric electric fields and current realistically. The global distribution of

thermospheric winds remains inadequately defined, especially as concerns components

antisymmetric about the equator, non-migrating tides, and non-tidal oscillations.

Dynamo simulations that compute geomagnetic perturbations will be helpful to constrain

models of these wind components. It is clear that mutual interactions between the

dynamics of the neutral and ionized media must be considered, especially to understand
the behavior of nighttime electric fields. It is also clear that important interactions with

the magnetospheric dynamo occur, and the complicated behavior of winds, electric fields,

and currents at high latitudes, as well as at low latitudes during disturbances, will yield to

realistic modeling only with continued improvements in our understanding of the

coupling process.
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