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A study iy made of the day-to-day variabllity of midlati-
tude F region during winter daytime conditions, using total
eleciron conlent (TEC) measurements at Auckland (37-5"S;
175-0°E) and Invercargill (456°5°S; 168"4°E) and peak density
measureincnis at Auckland and Christchurch (43-5°S;
172-8°E} covering the period June 1965-Dec. 1974. It is
found that there exist significant positive correlations of
mean daytime TEC and peak density at Auckland with
auroral electrojet (AE) (and also Xp), with mean delays of
4 and 10 br. There is aiso a significant positive correlation
of mean daylime TEC at Invercargill with AE (and aiso K},
witha do'ny of 4 hr. These features which are noticed
consistently for several winters suggest a role of meridional
ncutral winds aesociated with perturbations of energy input
into the auroral zones in the day-to-day wariability of
midlatitude F region.

Extensive information exists in the literature con-
cerning the annual, semi-annoal and scasonal vari-
ability of the ionospheric F region ciectron depsity
and that ussociated with geomagnetic storms. In
addition to these, the F region electron density exhi-
bits variability on a day-tc-day basis.)™* Further,
significant perturbations in F region electron density
are also known to occur, although occassionally,
even under rclatively guiet geomagnetic conditions. 7
The recent detailed case study made by us concerning
significant depressions in midlatitude F region elec-
tron density under relatively quiet geomagnetic
conditions (but found to be associated with auroral
disturbances’ indicuted that they were due to changes
in atmospheric neutral composition brought about
by modifications in the global thermospheric circula-
tion following heating in the auroral zones.® In this
communication, we deal with the day-to-day
variability of midlatitude total electron content (TEC)
and peak density pertaining to winter daytime condi-
tions and its dependence on geomagnetic (X,) and
auroral electrojet (AE) indices. The basic data used
in this study were the hourly values of TEC measure-
ments at the stations, Auckland (37-5°S; 175'0°E)
and Invercargill (46:5°S; 168'4°E) using vhf trans-
missions from. Syncom-3 and ATS-1 satellites, and
peak density measurements of F2 region at the iono-
sonde stations, Auckland and Christchurch (43-5°S;
172-8°E). The study covers the period from June
1965 to Dec. 1974, As the objective is to undertake
a statistical study of the day-to-day wvariability of
daytime F region electron density, hourly values of
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TEC and peak density at the stations mentioned
above have been averaged over the time interval
1000—1500 hrs LT for each day. The analy-
sis is restricted to winter months (May-Aug.) as an
initial perusal of the diurnal plots ot TEC and peak
density showed that the day-to-day varinbility in the
diurnal pattern of these two paramelcrs is consider-
ably less during winter compared with other scasons,
for example, summer. It is, therefore, felt that the
daily mean valves {1000—1500 hrs LT) of TEC and
peak density provide a more reliable measure of the
day-to-day variability in the magpitude of daytime
F region electron density during winter compared
with other seasons.

The dependence of the day-to-day variability in
TEC and peak density on K, as well as AE is studied
in the following way. For each day, the mean values
of K, and AE in the time intervals 0600—1100 and
0000—0600 hrs LT have been obtained. Cross-corre-
lations of the daily mean valuzes of both X, and AE
In the above-mentioned intervals with mean daytin.c
TEC and peak density at the stations concerned have
been ecvaluated with time shifts from —4 to 44
days. The correlations at zero tmme shifts between
mean K, or AE in the time intervals 0600—1100 and
0000—0500 hrs, and mean TEC (or peak density) in
the time interval 1000—I1500 hrs, therefore, corres-
ponds to the duration of mean delay of 4 hr (short)
and 10 hr (medium) respectively, between the preced-
ing geomagmetic or aurora] activity and the later
ionospheric effect. The correlations at positive time
shifts (in days) correspond to long delays, ie. addi-
tional 24 hr or more to the basic delays mentioned
depending on the shift. It is hoped that the evaluation
of the delayed correlation of TEC and peak density
to geomagnetic as well as auroral activity will help in
an understanding of the physical processes respon-
sible for the day-to-day variability. No distinction is
made here between quiet and disturbed days, and all
the data are used. A pumerical fiffer of {5 days 15 used
with the data to provide more reliable estimates of
the correlation coefficients. Checks have been made
to seec whether any formally significant value of the
correlation coefficient is due to the presence of a few
extreme points in an otherwise uncorrelated data set
through a recourse to scatter plots.

Fig. 1 shows the salient features of the correlo-
grams (correlation coefficient corresponding to the
peak) between the mean AR in the time intervals
0600—1 100 and 0000—0500 hrs and mean daytime
TEC as well as peak density for each winter from 1966
to 1971 and also for the winter months of the entlire
period 1966—1971. A similar representation of the
sorrelation of Kp with TEC and peak density is
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Fig. 1—Correlation of mean AE jn the time intervals 0600 —
1100 and 0000—0300 hrs with mean daytime (a) TEC at
An-Fi~nd and Invercargill (b) denaity at Auckland anc
Christchurch for each winter from 1966 1o 1971 and for the
winter months of the entire period 1966—71 [The number by
tho mide of the plotted correlation coefficient indicates the
Iag in days (sce text for further detajls)] (@, level of signifi-
cance above 99%;; (@), level of significance berween 95% and

99%)
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Fig. 2—8ame as in Fig. 1 but showing the correlation of K,
for each winter from 1966 to 1974 and for the winicr months
of the entire period 1966 —74
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shown in Fig. 2 for the period 1966-74. Only those
correlation coefficients that are significant at a con-
fidence level above 959 are shown. The number by
the side of the plotted correlation coefficient repre-
sents the lag in days (i.e. additional 24 hr or more
to the basic delgys depending on the lag) between
the preceding AE or K, and the Jater ionospheric
effect. If a significant correlation is noticed at more
than one particular time shift (broad peak), the
corresponding time shifts are indicated. A glance at
the results in Figs. ] and 2 shows that the gross
features of the correlation of TEC and peak density
with AE are similar to thoie with X,. A major excep~
tion to this is the difference in the nature of the
correlation, corresponding to a delay of 10 hr of TEC
at Ipvercargill with X, and AE for some winters,
although the overall trend is the same. The notable
features of the results in Figs. 1 and 2 arc as follows,
At the lower midlatitude station, Auckland, both the
TEC and peak density exhibit a significant positive
correlation with AE as well as K, with a delay of 4
and 10 hr. This behaviour is noticed consistently for
several winters. On the other hand, the behaviour
of TEC at Invercargill and in particular, that of peak
density at Christchurch is less tidier. The rather
congistent feature is the significant positive correla-
tion of TEC at Invercargill with AE and K, with a
delay of 4 hr. In contrast, there is a less systematic
dependence of peak density at Christchurch on AE
and K, and the overall trend is a negative correla-
tion with a long delay (greater than 24 hr). ltis
interesting to note that the positive correlalion of
both TEC and peak density with AE or X, is always
noticed with a delay of either 4 (short) or 10 hr
umedium), and the negative correlation with a long
delay of 28 hr or more.

The results of the presemt study show a con-
vincing delayed correlation of midlatitude F region
electron density during winter daytime conditions,
particularly at Auckland, with AE and K, indices.
This suggests that the day-to-day variability may be
due to perturbations of eporgy input with corres-
pondmg changes in atmospheric heating n the auro-
ral zones. The observed positive correlation of day-
time TEC and pcak density at Auckland, and TEC at
Invercargill with AE (and also K,) suggests a role of
mernidional neutral winds in the day-to-day variability.
An increase in aurcral zome heating causes an
enhancement of equatorward neutral wind which
lifts the ionization relative to neutral gas to a region
of lower loss rate thereby causwng an increase in F
region electron density.* This mechanism jis morc
effective during daytime whem photoionization 1is
taking place. The effect of neutral winds may be
expected at the midlatitude region of 35-45°, perti-
158

nent to this study, with a delay of about 1-6 hr based
on the available observations®?! which show
the neutral wind speed to lig in the range 200-40(
m sec™). The temperature increase in the surora
zone, however, Jage behind® the energy input by
6 hr although the recent obgervations indicate!? the
lag to be about 3 hr. Hence, neutral winds associated
with increase in cnergy input in the auroral zone may
be expected to cffect the midlatitude F region with =
delay in the range of 4-13 hr. It may be seen that
the observed mean delay times of 4 and 10 hr are in
correspondence with the expected delay times. The
conspicuous absence of a systematic trend in the
correlation of peak density at Christchurch with AE
and K. is quile interesting and needs further detailed
considerirtion. It is to be emphasized tbat the pature
of the stutistical analysis attempted here does not
permit an assessment of the possible role of eastward
clectric ficlds which can aleo cause an enhancement
of F region clectron density through vertical electro-
dynamic drifis (delay time a 1 hr).

In conclusion, the present work indicates that
cviluation of the delayed effects of auroral and geo-
mugnelic activity on midlatitude F region clectron
density leids to a slightly better understanding of
the physicnl processes involved in the day-to-day
variubility of F region.

Thixs work was done at Radio Research Centre,
University of Auckland, New Zecaland, during the
tenure of n poust-doctoral fellowship. I am indebted
to 1Or J E Titheridge for valuable comments on the
manuscript and for providing the basic data used in
this stucdy. Thanks are due 1o the Auckland University
Counvil for the award of a post-doctoral fellowship.
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TEC and peak density at the stations mentioned
above have been averaged over the time interval
1000—1500 hrs LT for each day. The analy-
sis is restricted to winter months (May-Aug.) as an
"nitial perusal of the diurnal plots ot TEC and peak
density showed that the day-to-day variability in the
diurnal pattern of these two parametcrs is consider-
ably less during winter compared with other seasons,
for example, summer. Itis, therefore, felt that the
Jaily mean values (1000—1500 hrs LT) of TEC and
seak density provide a more reliable measure of the
iay-to-day variability in the magnitude of daytime
F region electron density during winter compared
with other secasons.

The dependence of the day-to-day variability in
TEC and peak density on K, as well as AR is studied
in the following way. For each day, the mean values
of K, and AE in the time intervals 0600—1100 and
0000—0600 hrs LT have been obtained. Cross-corre-
lations of the daily mean values of both X, and AFE.
in the above-mentioned intervals with mean daytin.c
TEC and peak density at the stations concerned have
been evaluated with time shifts from —4 to 1-4
days. The correlations at zero time shifts between
mean K, or AE in the time intervals 0600—1100 and
J000—0500 hrs, and mean TEC (or peak density) in
the time interval 1000—1500 hrs, therefore, corres-
ponds to the duration of mean delay of 4 hr (short)
and 10 hr (medium) respectively, between the preced-
ing peomagnetic or auroral activity and the later
ionospheric effect. The correlations at positive time
“hifts (in days) correspond to long delays, ie. addi-
‘ional 24 hr or more to the basic delays mentioned
iepending on the shift. It is hoped that the evaluation
of the delayed correlation of TEC and peak density
.0 germagnetic as well as auroral activity will help in
an understanding of the physical processes respon-
sible for the day-to-day variability. Neo distinction is
made here between quiet and disturbed days, and all
‘he data are used. A pumerical filter of 15 days is used
with the data to provide more reliable estimates of
‘he correlation coefficients. Checks have been made
to see whether any formally significant value of the
zorrelation coefficient is due to the presence of a few
extreme points in an otherwise uncorrelated data set
*hrough a recourse to scatter plots.

Fig. 1 shows the salient features of the correlo-
grams (correlation coefficient corresponding to the
seak) between the mean AE in the time intervals
}600—1100 and 0000—0500 hrs and mean daytime
TEC as well as peak density for each winter from 1966
0 1971 and also for the winter months of the enlire
seriod 1966—1971. A similar representation of the
sorrelation of K, with TEC and peak density is
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Fig. 1—Correlation of mean AE jn the time intervals 0600 —
1100 and 00000500 hrx with mean daytime (a) TEC at
Av~Ti~nd and Invercargill (b) denaity at Auckland and
Chrisichurch for each winter from 1966 10 1971 and for the
winter months of the entire period 1966—71 [The number by
the side of the plotted correlation cocfficient indicates the
lag in days (see text for further dotails)] (@, level of signifl-
cance above 99%; @, level of significance berween 95%, and

99%)
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Fig, 2—Same as in Fig. 1 but showing thc cerrelation of K,
for each winter from 1966 1o 1974 and for the winicr months
of the entire period 1966 —74
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shown in Fig. 2 for the period 1966-74. Only those
correlation coefficients that are significant at a con-
fidence level above 959 are shown. The number by
the side of the plotted correlation coefficient repre-
sents the lag in days (i.e. additional 24 hr or more
to the basic delgys depending on the lag) between
the preceding AE or K, and the Jater ionospheric
effect. If a significant correlation is noticed at more
than one particular time shift (broad peak), the
corresponding time shifts are indicated. A glance at
the results in Figs. ] and 2 shows that the gross
features of the correlation of TEC and peak density
with AE are similar to thoie with X,. A major excep~
tion to this is the difference in the nature of the
correlation, corresponding to a delay of 10 hr of TEC
at Ipvercargill with X, and AE for some winters,
although the overall trend is the same. The notable
features of the results in Figs. 1 and 2 arc as follows,
At the lower midlatitude station, Auckland, both the
TEC and peak density exhibit a significant positive
correlation with AE as well as K, with a delay of 4
and 10 hr. This behaviour is noticed consistently for
several winters. On the other hand, the behaviour
of TEC at Invercargill and i particular, that of peak
density at Christchurch 18 less tidier. The rather
consistent feature is the sigrnificant positive correla-
tion of TEC at Invercargill with AE and K, with a
delay of 4 hr. In contrast, there is a less systematic
dependence of peak density at Christchurch on AR
and K,, and the overall trend is 2 negative correla-
tion with a long delay (greater tham 24 hr). ltis
interesting to note that the positive correlalion of
both TEC and peak density with AE or K, is always
noticed with a delay of either 4 (short) or 10 hr
(nedium), and the negative correlation with a long
delay of 28 hr or more.

The results of the present study show a con-
vincing delayed correlation of midlatitude F region
electron density during winter daytime conditions,
particularly at Auckland, with AE and K, indices.
This suggests that the day-to-day variability muy be
due to perturbations of epergy input with cormres-
ponding changes in atmospheric heating 1n the auro-
ral zones. The observed positive correlation of day-
time TEC and pecak density at Auckland, and TEC at
Invercargill with AE (and aiso K;) suggests a role of
meridional neutral winds in the day-to-day variability.
An increase in aurcral zome heating causes An
enhancement of equatorward neutral wind which
lifts the jonization relative to neutral gas to a region
of lower loss rate thereby causing an increase in F
region electron density.* This mechanism is more
effective during daytime when photoionization is
taking place. The effect of neutral winds may be
expected at the midlatitude region of 3545°, perti-
158

nent to this study, with a delay of about 1-6 hr based
on the available observations®!! which show
the neutral wind speed to lig in the range 200-40C
m sec~!. The temperature increase in the aurora
zone, however, lags behind'® the energy input by
6 hr although the recent observations indicate!? the
lag to be about 3 hr. Hence, neutral winds associated
with increase in cnergy input in the auroral zone may
be expected to cilect the midlatitude F region with ¢
delay in the range of 4-13 hr. It may be seen that
the observed mean delay times of 4 and 10 hr are in
correspondence with the expected delay times. The
conspicuous absence of a systematic trend in the
correlation of peak density at Christchurch with AE
and K. is quile inleresting and needs further detailed
consideration. It is to be emphasized that the nature
of the slutistical analysis attempted here does not
permit nn assessment of the possible role of eastward
clcotric ficlds which can also canse an enhancement
of F region electron density through vertical electro-
dynamio drifts (delay time s 1 hr),

In conclusion, the present work indicates that
cviluation of the delayed effects of auroral and geo-
magnclic activity on midlatitude F region electron
density leads to a slightly better understanding of
ithe physicnl processes involved in the day-to-day
varjubility of F region.

Thix work wax done at Radio Research Centre,
University of Auckland, New Zealand, during the
tenure of o post-doctoral fellowship. I am indebted
to 19r J E Titheridge for valuable comments on the
manuscript and for providing the basic data used ir
this stucly, Thanks are due to the Auckland University
Caouncil lor the award of a post-doctoral fellowship.
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