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Abstract

This comment concerns a brief assessment, based on some
recent works, on the possible magnitude of ion production rates in the
lower ionosphere over the south Atlantic magnetic anomaly, arising from
precipitation of energetic electrons.



In a recent paper Sears et al. (1981) modelled the data
set from the November 12, 1966 total solar eclipse compaign conducted
in Casino, Brazil, using a D-region chemical code. Cne of the main
conclusions from their analysis was that for adequate modelling of the
D-region electron density it was necessary to include in the chemical
code an ionization source function arising from the precipitation of
inner radiation belt energetic electrons into the Tower ionosphere over
the south Atlantic anomaly. They calculated ion production profile
using electron energy spectra based on the trapped flux in the energy
range from 50 kev to 1.5 MeV as measured by Pfitzer an Winkler (1968},
and obtained a peak value of 0.5 ion pairs sec™*cm~? in the region of
70km, decreasing to about .05 ion pairs at a height of 100km.

The Tower ionosphere ion composition and electron density
data during this eclipse (Narcisi et al., 1972, Ulwick, 1972, and
Metchly et al., 1969) have been modelled also earlier, by Abdu et al.,
(1979} to infer possible ionization rate arising from the precipitation
of energetic electrons into anomaly region. They carried out their
calculations by comparing the ionospheric parameters measured during the
full sun and total eclipse conditions, and deducing a residual ion
production rate profile, in the height region 92-108km, that could not
be attributed to the residual ionizing radiation coming from the eclipsed
sun, and to the scattered UV radiation. This residual ion production
rate was attributed to precipitating energetic electrons in the south
Atlantic anomaly. Precipitation of energetic neutral particles,
resulting from the charge exchange chemistry of the outer radiation
belt, is also believed to be an ionizing source over low latitude (see
for example, Mizera and Blake, 1973, Tinsley 1976, Lyons and Richmond,
1978). However, the ion production rate due to this source gets
important only during a storm main phase, and the height of the maximum
ionization occur usually between 125 and 180km. Under magnetically
moderate period the maximum ion production rate from this source, as
seen from the calculations of Lyon and Richmond (1978),1is less than
10 cm=3s~! which is significantly smaller than the ion production rate
that we have inferred from our eclipse data analysis (to be presented



below), which refers to a lower height region (90-110km). The purpose
of this comment is to point out that the ion pair production rate due
to precipitating electrons considered by Sears et al. (1981) is a
significant understimation of this parameter, based on our own results
and that calculated from the electron energy spectrum recently measured
by Gledhill and Hoffman (1981) in the anomaly region.

The height variation of the ion production rate considered
by Sears et al. (1981) is shown in Figure t {denoted as gpg) together
with the ion production rate deduced by Abdu et al. (1979) {denoted as
qPA)’ both values representing the same time frame and location. Abdu
et al. (1979) did not extend the calculation of ion production rate to
below 92km due to the possibility that insufficient knowledge of some
of the complex ion chemical reaction coefficients might lead to imprecise
estimation of such values. Above approximately 90km, where simple
molecular ion chemistry controls the ionization balance, such uncertain-
ties are not expected to be present.

In Figure 1 we may note that near 95-100km the dion
production rate calculated by Sears et al. (1981) is less, by 3-4 orders
of magnitude, than that deduced by Abdu et al. {1979) to represent the
same ambient condition. This difference is so large that it raises the
question as to which of these values should be representing closer the
conditions that prevailed during the eclipse campaign. One of the key
factors that could affect our determination of q,, is the residual ion
production rate, grp, that we have considered for the totality of the
eclipse which is also plotted in Figure 1, {see Abdu et al., 1979, for
a detailed discussion on the residual solar ijonizing radiation fluxes
such as that of the soft X-rays), together with the corresponding
residual jon production rate, qpg, calculated by Sears et al. (1981).
They seem to agree reasonably well although our values are higher by
approximately a factor of 2 near 100km (and Tess by a similar factor
below 90km). Such differences are present also in the full sun ion
production rates deduced by us (as that required to explain the
observed ion densities of Narcisi et al., 1972) and that calculated by
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Sears et al. (1987) to represent the same ambient conditions, both of
which are also shown (Q) in the Figure 1. In the same figure we have .
presented also the ion production rate due to scattered UV radiation
(qLu, qu) representing nighttime conditions, calculated by Ogawa and
Tohmatsu (1966). They are significantly higher (more than by an order
of magnitude near 100 km) than the jon production rate due to
precipitating electrons, Apgs calculated by Sears et al. (1981), but
still less than the App deduced by us by over two orders of magnitude.

We have calculated also the ion production rates using an
electron energy spectrum of the form ¢ = 6.3 x 103 E"Yem 2sec™lkev-lsr-!,
where vy = 1.18, recently measured by Gledhill and Hoffman {1981) from
AE-C satellite passes in the anomaly region. We have carried out this
calculation using the method of Rees {1963) and assuming isotropic
distribution of the downcoming electron flux (namely, uniformdistribution
in the upper hemisphere). The ion production rates that resulted from
this calculation is also plotted in Figure 1, dencted as dpg- The value
near around 92 km agrees very well with the App derived by us from
rocket ion density data. However, the ion production rate obtained from
the electron energy spectrum of Gledhill and Hoffman (1981) decreases
with increasing altitude, whereas the height profile of Upp is seen
increasing with height giving rise to large difference in the vicinity
of 100 km. Such differences in the height distribution could probably
be caused by the following factors. The electron flux and energy spectrum
of the precipitating electron could be variable with time. It could
depend upon factors like magnetic activity and atmospheric pressure
fluctuations and therefore upon the time, relative to magnetic activity
variation, during which measurements were taken. For example, we have
observed significant enhacements in the ionization of the lower
ionosphere in the form of nighttime VLF phase advances and blanketing
and a-type sporadic E Tayer enhancements, with varying intensity
associated with variations in the magnetic activity (Abdu et al. 1981;
and Batista and Abdu, 1877). The epoch of the November 1966 eclipse was
not particularly disturbed magnetically. However, the sunspot number in
November 1966 (RZ = 56) was significantly higher than during March 1976
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(RZ = 23), when the electron spectra of Gledhill and Hoffman (1981) was
measured. If we invoke a power law spectrum to explain the Upp profile,
its power, v, will be of the order of 4, whereas an exponential spectrum
will have an e-folding energy of around 5 keV.

In conclusion, we would 1ike to point out that the ion
production rate due to precipitating electrons which appears to be a
relatively significant source in the lower ionosphere over the Brazilian
region of the south Atlantic anomaly, even under "quiet" conditions, is
unlikely to be represented by its height profile calculated by Sears
et al. (1981) in the height range 92-108 km. [t seems to be at least
2-3 orders of magnitude higher, and prebably lies between the values
obtained from the electron energy spectrum measured by Gledhill and
Hoffman (1981) and those deduced from ion density measurements by Abdu
et al. (1979).
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Figure Captions

Figure 1. Height distribution of ion production rates in the lower
ionosphere.The curves marked ¢ represent the total ion production
rates due to uneclipsed sun representing the ambient conditions
during the November 1966 eclipse campaign.

Opg is the jon production rate deduced by Abdu et al.
(1979), from ion density data, as arising from energetic electron
precipitation, qpsis the rate calculated by Sears et al. (1981)
using electron energy spectrum, based on the measurement of Pfitzer
and WinkTer (1968). dpg 1s the fon production rate calculated by
us using the electron energy spectrum measured by Gledhill and
Hoffman (1981) from AE-C Satellite passes in Brazilian anomaly.
9Rs and qpp  2re respectively the residual ion production rate during
the totality of the eclipse considered by Sears et al. (1981) and
Abdu et al. (1979). q,, and qy g are ion production rates due to
scattered UV radiation representative of night conditions calculated
by Ogawa and Tohmatsu (1966),
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In a recent paper, Sears et al. [1981] modeled the data set from the
November 12, 1966, total solar eclipse campaign conducted in Casino,
Brazil, by using a D region chemical code. One of the main
conclusions from their analysis was that for adequate modeling of
the D region electron density it was necessary to include in the
chemical code an ionization source function arising from the
precipitation of inner radiation belt energetic electrons into the
lower ionosphere over the south Atlantic anomaly. They calculated
ion production profile by using electron energy spectra based on the
trapped flux in the energy range from 50 kev to 1.5 MeV as measured
by Pfitzer and Winkler [1268], and obtained a peak value of 0.5 ion
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Comment on “Modeling the Ion Chemistry of the D Region:
A Case Study Based Upon the 1966 Total Solar Eclipse™
by Sears et al.

M. A. Arpu, J. H. A. SOBRAL, AND . S. BATISTA

Instituta de Pesquisas Espaciais-INPE, Conselho Nacional de Desenvolvimento Cientifico ¢ Tecnoldgico-CNPg

In a recent paper, Sears et al. [1981] modeled the data set
from the November 12, 1966, total solar eclipse campaign
conducted in Casino, Brazil, by using a D region chemical
code. One of the main conclusions from their analysis was
that for adequate modeling of the P region electron density it
was necessary to include in the chemical code an ionization
source function arising from the precipitation of inner radi-
ation belt energetic electrons into the lower ionosphere over
the south Atlantic anomaly. They calculated jon production
profile by using electron energy spectra based on the trapped
flux in the encrgy range from 50 kev to 1.5 MeV as meastired
by Pfitzer and Winkler [1968], and obtained a peak value of
0.5 ion pairs s™" em™* in the region of 70 km, decreasing lo
about 0.05 ion pairs at a height of 100 km.

The lower ionosphere ion composition and electron density
data during this eclipse [Narcisi et al, 1972; Ulwick, 1972;
Metchly et al., 1969] have also been modeled earlier by Abdu
et al. [1979] to infer possible ionization rate arising from the
precipitation of energetic electrons into anomaly region. They
carried out their calculations by comparing the ionospheric

parameters measured during the full sun and total eclipse con- |

ditions and deducing a residual ion production rate profile, in
the height region 92-108 km, that could not be attributed to
the residual ionizing radiation coming from the eclipsed sun
and to the scattered ultraviolet radiation. This residual jon
production rate was attributed to precipitating energetic elec-
trons in the south Atlantic anomaly. Precipitation of energetic
neutral particles, resulting from the charge exchange chemistry
of the outer radiation belt, is also believed to be an ionizing
source over low latitude (see, for example, Mizera and Blake
(19731, Tinsley [1976], and Lyons and Richmond [1978]).
However, the jon production rate due to this source gets im-
portant only during a storm main phase, and the height of the
maximum ionization oceur usually between 125 and 180 km,
Under magnetically moderate periods the maximum ion pro-
duction rate from this source, as seen from the.calculations of
Lyon and Richmond [1978], is less than 10 cm™? s !, which is
significantly smaller than the ion production rate that we have
inferred from our eclipse data analysis {to be presented below),
which refers to a lower height region (90-110 km). The pur-
pose of this comment is to point out that the ion pair pro-
duction rate due to precipitating electrons considered by Sears
et al. [1981] is a significant underestimation of this parameter,
on the basis of our own results and those calculated from the
electron energy spectrum recently measured by Gledhill and
Haffman [1981] in the anomaly region,

The height variation of the ion production rate considered
by Sears et al. [1981] is shown in Figure 1 (denoted as gpg)

Copyright 1984 by the American Geophysical Union.
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together with the ion production rate deduced by Abdu et al.
{19797 (denoted as gy,), both values representing the same
time frame and location, Abdu et al. [1979] did not exiend the
calculation of ton production rate to below 92 km owing to
the possibility that insufficient knowledge of some of the com-
plex ion chemical reaction coeflicicnts might lead to imprecise
cstimation of such valucs, Above approximately 90 km, where
simple molecular ion chemistry controls the jonization bal-
ance, such uncertainties are not cxpected to be present.

In Figure I we may note that near 95-100 km the ion
production rate calculated by Sears et al. (19817 is less, by 34
orders of magnitude, than that deduced by Abdu et al. {1979]
to represent the same ambient condition. This difference is so
large that it raises the question as to which of these values
should be representing closer the conditions that prevailed
during the eclipse campaign. One of the key factors that could
aflect our determination of g, is the residual ion production
rate gz, that we have considered for the totality of the eclipse
that is also plotied in Figure 1 (see Abdu et al. [1979] for a
detailed discussion on the residual sojar ionizing radiation
fluxes such as that of the sofi X rays), together with the corre-
sponding residual ion production rate qgs calcutated by Sears
et al. [19817. They seem to agree reasonably well although our
values are higher by approximately a factor of 2 near 100 km
(and less by a similar factor below 90 km). Such differences are
present also in the full sun ion production rates deduced by us
{as that required to explain the observed ion densities of Nar-
cisi et al. [1972]) and those calculated by Sears et al. [1981] to
represent the same ambient conditions, both of which are also
shown (Q) in Figure 1. In the same figure we have present-
ed also the ion production rate due to scattered ultraviolet
radiation (g, g;,) representing nighttime conditions, caleu-
lated by GOgawa and Tohmatsu [1966], They are significantly
higher (more than by an order of magnitude near 100 km)
than the ion production rate dye to precipitating electrons g,
calculated by Sears et al. [1981], but still less than the dpa
deduced by us by over two orders of magnitude.

We have calculated also the ion production rates by using
an electron cnergy spectrum of the form dp=163 x 10° E~v
em ? 57" keV ™! sr !, where y = 1.18, recently measured by
Gledhill and Hoffman [19817 from AE-C satellite passes in the
anomaly region. We have carried out this calculation by using
the method of Rees [1963] and by assuming isotropic distri-
bution of the downcoming electron flux (namely, uniform dis-
tribution in the upper hemisphere). The ion production rates
that resuited from this calculation are also plotted in Figure 1,
denoted as gpg. The value near around 92 km agrees very well
with the g, derived by us from rocket ion density data. How-
ever, the ion production rate obtained from ihe electron
energy spectrum of Gledhill and Hoffman {1981] decreases
with increasing altitude, whercas the height profile of gp, is
seen increasing with height, giving rise to large differences in
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Fig. 1. Height distribution of ion production rates in the lower ionosphere. The curves marked ( represent the total

ion production rates due to uneclipsed sun representing the ambient conditions during the November 1966 eclipse
campaign. The ion production rate deduced by Abdu et al. [1979] from ion density data, as arising from energelic electron
precipitation is represented by gp,. The rate calculated by Sears et al, {19817 using electron cnergy spectrum, based on the
measurement of Ffitzer and Winkler {1968, is represented by gpe. The ion production rate calculated by using the electron

energy spectrum measured by Gledhill and Hoffman [1981] from AE-C satellite passes in Brazilian anomaly is represented
by gpq. The residual ion production rate during the totality of the eclipse considered by Sears et al. [1981] and Abdu et al.
[1979] are represented by ggg and gq,, respectively, Ion production rates due to scattered ultraviolet radiation repre-
sentative of night conditions calculated by Ogawa and Tohmatsu [1966] are represented by g,_and aug-

the vicinity of 100 km. Such differences in the height distri-
bution could probably be caused by the following factors. The
electron flux and energy spectrum of the precipitating electron
could be variable with time. It could depend upon factors like
magnetic activity and atmospheric pressure fluctuations and
therefore upon the time, relative to magnetic activity vari-
ation, during which measurements were taken. For example,
we have observed significant enhancements in the ionization
of the lower ionosphere in the form of nighttime VLF phase
advances and blanketing and a-type sporadic E layer enhance-
ments, with varying intensity associated with variations in the
magnetic activity [Abdu et al,, 1981; Batista and Abdu, 1977].
The epoch of the November 1966 eclipse was not particularly
disturbed magnetically. However, the sunspot number in No-
vember 1966 (R, = 56) was significantly higher than it was
during March 1976 (R, = 23), when the electron spectra of
Gledhill and Hoffman [1981] was measurcd. If we invoke a
power law spectrum to explain the g,, profile, its power y will
be of the order of 4, whereas an exponential spectrum witl
have an e-folding energy of around 5 keV.

In conclusion, we would like to point out that the ion pro-
duction rate due to precipitating electrons that appears to be a
relatively significiant source in the lower ionosphere over the
Brazilian region of the south Atlantic anomaly, even under
“quiet” conditions, is unlikely to be represented by its height
profile calculated by Sears et al. [1981] in the height range
92-108 km. It seems o be at least 2-3 orders of magnitude
higher and probably lies between the values obtained from the
¢lectron energy spectrum measured by Gledhill and Hoffman
[1981] and thosc deduced from ion density measurements by
Abdu et al. [1979].
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