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Abstract

The ‘disturbed/quiet’ ratio of the peak electron density NmF?2 is expressed in terms of ‘mean’

(DC) and ‘local time’ (AC) variations for over 20 years’ data from each of 53 stations between 70°N and
80°S. The local-time and seasonal variations broadly resembie those found for South Atlantic/Antarctic
stations by Wrenn ef al. (1987, J. atmos. terr. Phys. 49, 901--913) and Rodger ez al. (1989, J. atmos. terr.
Phys. 51, 851-866). The worldwide data show consistent latitudinal patterns, with NmF2 enhanced in local
winter as compared to equinox and summer. The AC variations are consistent in phase (maximum at 15—
20 LT) except in the magnetic equatorial region, where the phase is almost reversed. A ‘long-term’ effect is
found, in which the data for different periods (sunspot cycles) show markedly different DC levels.

The results are interpreted in terms of the ‘composition change’ theory of F2-layer storms. They compare
well with the data analysis of Prolss (1980, Rev. geophys. space. Phys. 18, 183-202), with O/N, ratios
derived from the MSIS-90 model. and with results from CTIPM, a coupled thermosphere—ionosphere

model. Copyright () 1996 Elsevier Science Ltd

1. INTRODUCTION

Sixty years after the discovery that geomagnetic dis-
turbance is accompanied by large changes in the iono-
spheric F2-layer (Appleton and Ingram, 1935), neither
the morphology nor the physics of the changes is fully
known, though much has been learned about both.
Systematic studies by Appleton and Piggott (1952),
Martyn (1953) and Matsushita (1959) led to a stat-
istical picture of ‘F-layer storms’. In this idealised
picture, a storm has an ‘initial phase’ with enhanced
critical frequency foF2, which lasts for a few hours
after the start of the storm (which is sometimes taken
to coincide with the geomagnetic ‘sudden storm com-
mencement’ (SSC), though this is not necessarily
correct, nor do all magnetic storms have SSC’s). There
follows a ‘main phase’ lasting a day or so, in which
JoF2 is usually depressed below its mean value (a so-
called ‘negative storm’), but is sometimes enhanced (a
so-called ‘positive storm’); positive storms are more
prevalent at Jow latitudes, and in winter at mid-lati-
tudes. There follows a return to normal conditions in
the ‘recovery phase’. Although individual storms vary
greatly in their behaviour, and exceptions can be
found to almost every statement that is made about
F-layer storms, this idealised picture is widely used.
It is generally believed that negative main phase
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effects (at least) are caused by composition changes of
the neutral air—specifically changes in the atomic/
molecular ratio that alter the balance of the pro-
duction and loss processes of the ionised plasma (Sea-
ton, 1956). The changes are attributed to a global
circulation in the thermosphere, driven by energy
inputs at high-latitudes during the active phase of a
magnetic storm which are superimposed on the quiet-
day solar-driven circulation (Duncan, 1969). This
‘storm circulation theory’ was developed by several
authors (e.g. Mayr and Volland, 1972; Matuura, 1972;
Rishbeth, 1975) and modelled in detail by Fuller-
Rowell ef al. (1994). Other processes, such as drifts
driven by electric fields or neutral air winds, probably
contribute to the complexity of F2-layer storms; see
the review by Prolss (1995).

Rather than trying to explain storm phenomena
comprehensively, we deal with the simpler question of
how the worldwide F2-layer responds on average to
geomagnetic disturbance, as characterised by the Ap
activity index. Although storms may be accompanied
by marked changes in the height AmF2 and thickness
of the F2-layer, we restrict the discussion to the peak
electron density NmF2 (proportional to foF2°). By
studying the changes in ¥NmF2 under varying geo-
physical conditions at many stations, we hope to gain






