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Fig.1 NmF: and hn F2 as a function of universal time during day of year (DOY) 177—180 in 1990
observed with the Millstone Hill Incoherent Scatter Radar
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Fig.2 A comparison of the vertical projection of equivalent winds derived from the critical parameters
shown in Fig.1 with three approaches discussed in this paper and with the Millstone Hill Incoherent
Scatter Radar observation. The dotted points show the equivalent winds observed with the Millstone Hill
Incoherent Scatter Radar. The solid, dashed and dash-dotted lines represent the results derived with
methods 1, 2 and 3, respectively
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Fig.3 A comparison of winds at Beveridge (37°S, 144°E), Australia, derived from critical
parameters observed from a DGS-256 and those observed with a Fabry-Perot Interferometer
during March 1—6, 1995. Plus symbols show the winds derived with the third approach,
and dotted points with error bars for the FPI winds and corresponding errors
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A COMPARISON OF APPROACHES TO DERIVING
EQUIVALENT WINDS FROM IONOSPHERIC
F-LAYER CRITICAL PARAMETERS

LIU Libo LEI Jiuvhou LUAN Xiaoli WAN Weixing NING Baiqi
(Wuhan Institute of Physics and Mathematics, The Chinese Academy of Sciences, Wuhan 430071}

Abstract

Dynamic information (neutral winds and electric fields) near the peak of the
ionospheric F-layer can be obtained from ionospheric critical parameters (foF; and
hmF;) with different approaches. The physical basis of these approaches is the fact
that neutral winds and electric fields strongly control the evolution of the ionosphere
near and above the F-layer peak, especially the peak height of the F-layer.
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These approaches can be classified into three calegories: traditional and revised
servo approaches, data assimilation and approaches with the aid of ionospheric mod-
els, and the new approach introduced by Libo Liu. The first kind of approaches is
based on the servo theory which was originally proposed by Rishbeth et al. (1978).
A key point of this kind of approaches is that the equivalent wind is assumed to be propor-
tional to the displacement of the peak height of the ionospheric F-layer from its equilibrium
height without wind. Although it has achieved great success (Titheridge, 1995), the servo
theory approach needs the no-wind equilibrium height, which is difficult to be accurately
determined due to the large time constants for the ionosphere reaching an equilibrium state,
especially in the day time. The second one includes those with the aid of an ionospheric
theoretical model. Some need only an ionospheric model to provide the relationship between
the neutral winds and the height displacements. In essence, they should belong to the serve
theory approaches. The others make use of the idea of data assimilation, i.e., making the pa-
rameters from the model consistent with the observations as well as possible. The adjusted
atmospheric parameters during the calculations are assumed to be the values at the actual
situations. The approach proposed by Libo Liu avoids deducing equivalent winds from the
displacement of the observed peak height from the no-wind equilibrium height, thus it is
very simple and does not need to determine the no-wind equilibrium height which may limit
the accuracy of the deduced winds as the servo theory approaches did.

Equivalent winds derived from F-layer critical parameters by using these approaches
are compared with the measurements with Millstone Hill Incoherent Scatter Radar during
day 177—180 of the year 1990. Another example shows the consistence of an observation of
the FPI wind at Beveridge (37°S, 144°E), Australia, with the equivalent winds derived from
the Digisonde 256 observation at the same site. Both case comparisons can qualitatively
evaluate the validity of the third approach.

Key words Servo theory, Data assimilation, Equivalent wind, Ionosphere



