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Abstract---A coupled thermosphere-ionosphere-plasmasphere model CTIP is used to simulate storm
changes in the ionosphere. The simulations cover a period of 72 hours, starting with imposed high-latitude
energy inputs (particle precipitation and electric fields) that represent a moderately severe geomagnetic
storm (K, 5) lasting for 12 h. Equinox and solstice conditions are studied. We give particular attention to
comparing changes in peak electron density, N, F2, to those of the {O/N.) concentration ratio of the neutral
air.

During the first few hours of the storm, large perturbations are produced by strong meridional winds.
After that initial phase, we find that the changes of N F2 and of [O/N,] ratio correspond closely. the
composition changes being produced by the thermospheric “storm circulation™, as in the “‘composition
bulge” theory of Fuller-Rowell e7 al. (1994). The simulations reproduce the general form of the seasonal
variations in the changes of N, F2 at mid-latitudes as derived from worldwide ionosonde data. Some storm
effects at sub-auroral latitudes are caused by movement and infilling of the ionospheric trough. We conclude
that the composition change theory accounts for the major features of F-layer storm behaviour at mid-

latitudes. (; 1997 Elsevier Science Ltd. All rights reserved

1. INTRODUCTION

1.1. Scope of the paper

This paper is mostly concerned with the main phase
of ionospheric F-layer storms. During this phase,
which lasts for a day or so, the critical frequency f,F2
and the corresponding peak electron density N,F2
usually fall below their mean values (a so-called nega-
tive storm), but sometimes they are raised (a so-called
positive storm). Positive storms are more prevalent at
low latitudes, and in winter at mid-latitudes. N, F2
returns to normal conditions in the recovery phase
which lasts 1-2 days. Individual storms vary greatly
in their behaviour, but this idealized picture is widely
used.

In Section 1.2 we briefly review the physical pro-
cesses that may contribute to F-layer storm effects.
Section 2 describes the main features of the coupled
model CTIP used for the storm simulations. Sections
3 and 4 present the thermospheric and ionospheric
effects of the simulated storm. Section S compares the
simulated storm effects on N, F2 with the so-called
AC/DC analysis of worldwide ionosonde data by

Field and Rishbeth (1997). Section 6 deals with other
matters and questions for further study. Section 7 is
a brief conclusion.

1.2. Physical causes of F-layer storm effects
The physical processes that are believed to con-

tribute to the complexity of negative and positive
storms (e.g. Prolss, 1995; Rishbeth, 1991) include:

Negative effects:
NI. Increase in molecular (principally N,) con-
centration ;

N2. Lowering of F2 peak by poleward winds to levels
of greater loss;

N3. Lowering of F2 peak by westward electric fields
to levels of greater loss;

N4. Migration of particle precipitation and sub-
auroral trough ;

N5. Increase of vibrationally excited N,, which

increase the loss rate.

Positive effects:
Pl. Increase in atomic oxygen concentration ;






