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ABSTRACT

Ionospheric characteristics relevant to the Fl-ledge representation arc* investigated by

using a theoretical ionospheric model and digisonde data. Results indicate that the alti-

tude of the maximum gradient of the electron density with height (base point) is consistent

with the height of half maximum density by night, and differences of about 20 kin can be

seen by day when an intermediate layer appears with the former always higher. It is also

pointed out that electron density is particularly sensitive to dynamic processes at that

height, where there is no photochemical equilibrium although the photoionization and the

chemical loss of the oxygen ions are of the same order of magnitude!. The fact that the

base point carries information about both F2- and Fl-layers suggests a possible use of

the parameter in bottomside ionospheric modelling. As the occurrence of the minimum

variability of electron density found experimentally in the Fl-ledge is concerned, large

variabilities of dynamic transport increasing from the Fl-ledge height up are considered

to be the main cause of the increasing variability with height. Changes due to photoion-

ization and chemical reactions, which increase also with height but with a less degree in

the molecular ions dominated region, are considered responsible for the slight variability

observed in the upper E region until the minimum is reached at Fl heights.



Introduction

The ionospheric characteristic parameters are known as the height and density of

each layer peak or maximum of electron density. These parameters are important to

determine the morphology of the bottomside ionosphere. In order to gain a more realistic

representation of the electron density profile, particularly when there exists an

intermediate layer, it seems necessary to introduce additional characteristic points. This

idea is supported by the IRI (International Reference Ionosphere) community with respect

to its effort in ionospheric Fl-ledge modelling. It is also interesting to study the behaviour

of those points from the physical view point.

These points include the height of the half maximum electron density h05, the

height of the maximum gradient of the electron density against height (i.e., the height of

base point) hh, and the height of the minimum variability of the bottomside electron

density.

In the IRI community, hoi was introduced to give an estimation of the F2-layer

thickness (Gulyaeva, 1983 ; Bilitza, 1990 ). It has been found that IRI profiles that use

current hOi based thickness parameter (Gulyaeva BO option in IRI) are much thicker than

the observed and theoretical deduced ones and theory in lower mid-latitudes and low

latitudes (e.g., Zhang et at., 1995c), and now the improvement of BO is under way.

Gonzalez and Radicella (1987) suggested the base-point be considered a

characteristic point on the density profile, basing on their results from ionogram

inversion. This implies a possible use of such a parameter in profile representation.

However, physical discussions on the base point and the half density point seems

necessary and important, because this may provide physical idea on the features of the

profile so guiding the representation efforts in an empirical way.

From recent ionospheric data analysis (e.g., Radicella et al., 1994; Gonzalez and

Radicella, 1995; M-L Zhang and Radicella, 1995), it is found that the electron density

exhibits a minimum variability (defined by the standard deviation over the mean value of

the density) at a height of about 175 km slightly changeable with geographic position and



time. Indeed, this somewhat steady point has good potential in ionospheric profile

construction.

In principle, these characteristic points are relevant to the ionospheric Fl-ledge

where both photochemical and dynamic processes are all important. Following the Part I

(Zhang et al., 1995b) on the occurrence and evolution of the Fl-ledge shape, this paper

discusses the physical features of the above mentioned characteristics with the help of the

theoretical model, similar to that used in Part I but with a few changes.

Model and Data

The model scheme for the present investigation is similar to that used in Part I.

Details can be found in the papers by Zhang et al. (1993) and Zhang and Huang (1995),

However, changes are made mainly to the electron and ion temperatures and the

photoelectron impact specifications. Here IRI electron and ion temperatures are used. It

has been recognised that the secondary electrons produced by the primary photoelectrons

have an increasing importance in aeronomic calculations with decreasing height (Richards

and Torr, 1988; Buonsanto et al., 1992; Titheridge 1995; Lilensten et al., 1989). In this

study, the Richards and Torr (1988) formulas are used.

In order to gain a better representation of the electron density profile, the model

maximum densities have been fitted to the observed values by adjusting the upper

boundary densities. Servo-model-based vertical drifts (Zhang et al., 1995a) are also used

to have the model peak heights close to observations (Zhang and Huang, 1995), as a more

reasonable replacement of empirical wind values like those given by HWM90 (Hedin et

al., 1991).

Model calculations were carried out for 2 October 1992 over Millstone Hill

(42.6°N, 288.5°E). The daily Ap is 10, F107 is 118 and its 81-days-med.an 122, To obtain

a reasonable simulation of the Fl-layer density, the neutral temperatures were increased by

15% from their MSIS86 (Hedin, 1987) values, while EUV91 (Tobiska, 1993) fluxes

increased by 25% from the EUV91 values over all radiation bands and lines.



Results of Model Calculations

1. Diurnal variations of the half density point and the base point

Electron density profiles obtained with digisonde ionograms are compared with the

theoretical profiles, as shown in Figure 1 for two examples. Generally, there is good

agreements in both shape and density of the ledge during the daytime above the lower Fl-

layer (about 130 km), and during the nighttime for the F2-region. Given also are the

corresponding IRI profiles with the standard BO and the Gulyaeva BO, where Fl-ledge

cannot be properly represented.

The height of the half maximum electron density hoi is a useful parameter in

determining the F2-layer thickness, since it lies approximately at the base of the layer hb

where dN/dh has a maximum when the ionosphere is considered to be just a single

Chapman-a layer. In such condition, the density at the base point Nh is related to the

maximum density NmF2 by Nh = NmF2l2.03, and the ratiop = (hmF2 -hb)l(3.17//) = 1,

where H is the scale height constant with height.

However, the ionosphere above the E-layer cannot be considered as a single layer,

even if it is a single one (nighttime) it may not be a Chapman layer. In some cases, the h0 5

may drop to the E region height. Particularly, ionospheric F2-layer thickness is largely

affected by the underlying intermediate layer. When a very evident Fl-ledge occurs, the two

points differ from each other. Figure 2 shows the hb and hOi diumal variations obtained

from the observations and the model (see also Zhang et al., 1995c). During the diurnal

course, the F region should be a single layer (nighttime) and two layers (daytime). The

observation and the theory indicate that the two characteristic points tend to be the same by

night, and differences are evident (about 20 km) when an intermediate layer appears.

As for the F2-layer thickness, simulated ratio p values do not remain equal to 1 but

are 0.3-0.4 during the day and 0.8 during the night, as shown in Figure 3. The F2-layer

thickness defined by hm F2 - hb is about 40 km by day and almost doubled by night.



Mahajan et al. (1995) checked the relationship between the height of the peak and the

h0.5 and established by Gulyaeva (1983), and the importance was stressed to consider

separately the daytime profile when h0.5 is found below the Fl stratification which is often

the case. However, when the base point is concerned, since it carries information from both

F2-layer and Fl-ledge and reflects more or less the shape of the electron density for both

regions, a good potential of the parameter for its use in ionospheric modelling for both

daytime and nighttime can be expected.

2. Physical Discussions about the base point

Figure 4 shows the height profile of the density gradient calculated with the

theoretical model at different hours. The occurrence of the base point is very obvious both

during daytime and nighttime. Physically, this occurrence is related to dynamic transport

in the region. From the continuity equation for oxygen ions as given below,.

dt dh dh

where, N oxygen ion density, q production rate, P loss rate, v the transport velocity, t

time and h altitude, it is evident that at the height of base point, transport due to density

gradient is most pronounced in comparison with that at other heights. Furthermore, the

transport term due to density gradient is larger than that due to the velocity gradient below

the Fz peak, as indicated in Figure 5. And thus, the electron density is quite sensitive to

dyna.nic transport at the base point whereas the production and chemical loss terms have

the same order of magnitude even if they depart from equilibrium.

3. Minimum Variability of Electron Density Profiles

The ionospheric electron density variability, given by V(%) = (Standard Deviation)

/ (Mean Value) at a certain height, exhibits a minimum at the height of the Fl-ledge (170-

190 km) with slight changes with latitude (Radicella et al. 1994; Zhang and Radicella,

1995). These heights are essentially corresponding to the transition region from dominant

photochemical process and molecular ions to dynamic process and atomic oxygen ions.



Morphology of the composition transition were studied previously with the help of the

theoretical model (Zhang et al., 1995b). It is interesting to get an understanding wny there

should exist a relatively steady region of ionizations at those heights.

Ionospheric electron density increases monotonously with height towards the F2

peak from below when no valley is assumed between a lower layer and F2. When Fl is

present an ionization ledge is seen in the profile that very often can be recognized only by

an inflection point. On the other hand, it is well known that the absolute variations of the

electron density (represented by the standard deviations) increase generally with height,

essentially due to the increasing variations of the background atmospheric densities and

temperature due to changes of zenith angle, and the effects of solar- and geomagnetic-

activities. The absolute variations on hour-to-hour and day-to-day basis change slower as

a function of altitude at the lower heights (<175 km) than at the higher altitudes, as seen

in the experimental data. For the higher region, influences of the large variations of

dynamic transports (see Figure 6 showing the transport flux against height during the day)

have a crucial contribution to the electron density changes. For the low altitude where

there are more molecular ions and chemical processes are dominant (Figure 7), the

variation of electron density with height is thus mainly due to the production changes of

the molecular ions with time and solar- and geomagnetic- activities. Meanwhile, the

reaction rates variation with height resulting from the rapid increase of temperature with

altitudes around 100-150 may also be responsible for the electron density absolute

variations slowly increasing with height.

Therefore, in addition to the changes in production and chemical loss resulting from

the changes of background neutral composition and temperature, large variability in

dynamic transport with height above 175 km may be highly responsible for a minimum

variability of the electron density near the Fl-ledge height of about 175 km.

Conclusions

With the use of experimental vertical sounding data, a theoretical model is used to

study the characteristic points relevant to the Fl-ledge. These points are the half maximum



electron density height, the height of maximum gradient of density, as well as the minimum

variability of the electron density in the intermediate region Fl.

The height of the maximum gradient of electron density against height (base point

hb ) is found to be consistent with the height of half the maximum electron density h0.5

when there is no Fl-ledge (nighttime). When the ledge appears, the difference is obvious,

with the former always higher than the latter. Since it carries information about F2- and

Fl- layers, the base point could have an important use in ionospheric modelling.

Physically, the change of electron density at that point is particularly sensitive to the

dynamic transport; in the region where no photochemical equilibrium is present.

A minimum variability of the electron density showing experimentally in the Fl

regicn is considered to be caused by the large variability of dynamic transport with an

increasing effect from the Fl ledge up, in addition to the variability due to photoionization

and chemical reactions which increases also with height but to a less degree in the

molecular ions dominated region. A minimum is thus formed around the transition height.
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Figure Captions

Figure 1. Comparisons of the electron density profiles obtained with the theoretical model,

the IRI options, and the digisonde observation for 2 October 1992, over Millstone Hill,

at01LT(a), and 14LT(b).

Figure 2 Diurnal variations of the base point height (Hb) and the half maximum density

height (H0.5) obtained from the profiles of the theoretical model and the observation

for the same conditions as in Figure 1.

Figure 3 Diurnal variation of the ratiop =(hmF2 -hb)t(3MH) obtained with the

theoretical model for the same conditions as in Figure 1

Figure 4 Height profiles of the dN/dh values obtained with the theoretical model at

different time for the same conditions as in Figure I. Note the corresponding heights of

base point and the half maximum density heights

Figure 5 Terms in the continuity equation of oxygen ions (see text) as functions of height

at 14 LT for the same conditions as in Figure 1.

Figure 6 Transport flux variations with Height for each hour during the day.

Figure 7 Height distributions of ion species and electron densities in unit of MHz at 14 LT
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