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Abstract

The latitudinal distributions of aH, aX, aAY, AZ were
studied for quiet and disturbed periods. For quiet periods, the average
patterns showed some variations common to Dusk and Dawn, thus
indicating probable ground anomaly. However, there were significant -
differences too between Dusk and Dawn, indicating considerable diurnal
variation effects. Particularly in aAY, these effects were large and
were symmetric about the dip equator. For disturbed day passes, the
quiet day patterns were considered as base levels and the latter were
subtracted from the former. The resulting residual latitudinal patterns
were, on the average, symmetric about the geographical equator. However,
individual passes showed considerable north-south asymmetries, probably
indicating meanderings of the central plane of the magnetospheric ring
current.
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1. Introduction

The present investigation deals with the study of the
storm-time variation at MAGSAT altitudes.

2. Technigues

From the data supplied to us on magnetic tape, the X, Y,
Z components of the geomagnetic field were available for several
passes. From these, the H component was obtained as H = (X2 + Ya)ll2
and was expressed as AH = H (Observed) minus H (model). Similarly,aX,
. 8Y, AZ were obtained. The MAGSAT altitude at which these values are
valid is not always constant and changes in the geocentric radius ?
range R = 6800 + 100 km. Hence, these values were normalized to a
constant geocentric distance Ro = 6800 km by using an inverse R?
relationship. This effect was only of the order of a few percent.




3. Accomplishments

In the NASA Technical Memorandum 82160 entitled “MAGSAT
DATA PROCESSING: A REPORT FOR INVESTIGATORS" by R. Langel, J. Berbert,
T. Jennings and R. Horner (Nov. 1981), the authors have reported values
of AB at satellite fordip equator and D-EQL (Sugiura), relative
equatorial disturbance in horizontal component for ground observatories.
It would be interesting to see how. our parameter AH compares with
these.

Figure 1 shows a plot of AHo i.e. AH at geographic
equator for Dusk (full lines) and Dawn (crosses) passes separately
for the period Nov. 11-15, 1979. The top curve is for aH, (original).
The second plot is for aH, (corrected) which is obtained by subtracting
from AHO (original) the base-levels of AHO (i.e. average AHO for quiet
periods) as described and given in the previous reports. Thus, AHO
(corrected) for quiet period (e.g. Nov. 11-12) is almost zero, for
"Dawn as well as Dusk.

The third plot in Figure 1 is for AB and the fourth
plot is for D-EQL (Sugiura). In general, all the four plots look
similar. Two values of AB (marked as big dots) seem to be erroneous.
‘Table 1 1ists some erroneous values.

Figure 2 (left half) shows a plot of 8H, (original)
versus AB for Dusk and Dawn separately (upper and lower half). If some
odd points (big dots) are ignored, excellent correlations are obtained
with zero levels matching. Figure 2 (right half) shows 8H, (corrected)
versus AB. Here too, correlations are excellent; but the zero levels
are different. Thus, AB matches almost completely with AHO (original).
This is as expected. ‘

Figure 3 (left half) shows 8H, (original) versus D-EQL
for Dusk passes. Correlation is high (+ 0.94) but some scatter is
noticed. Figure 3 (right half) shows BH, (corrected) versus D-EQL.




Correlation is roughly the same. Thus, for Dusk passes, both AHO
(original) and AHO (corrected) show good parallelism within a scatter
of + 10 nT. ‘

Figure 4 shows similar plots for the Dawn passes. Here,
correlations are lower (+ 0.76) and the scatter is large. Thus, AHO
at the satellite and D-EQL at ground show a very good correlation for
Dusk passes but not so good a correlation for Dawn passes. This is
rather suprising; because, in the previous reports we have shown that
for abou; a dozen observatories at different longitudes and latitudes
(within 2 30° of equator), the variations at ground and at satellite
were very well correlated (+ 0.90 or more) for both Dawn and Dusk
passes. May be that D-EQL as obtained by Sugiura has some uncertainties.
This needs scrutiny.

So far, we concentrated attention on the equatorial
values only. We now study the effects at other latitudes. Amongst the
various passes (about 1200) for the period Nov. 2, 1979 - Jan.18,1980,
there are a few during magnetically disturbed periods. Figure 5 shows
the latitudinal variation of aH for the Dusk pass No. 184 which occurred
at an equatorial longitude of about -79% i.e. 79%. The original
values are represented by the third plot (Figure 5(a),thin full line)
and show a minimum at about -15° la..tude. However, before concluding
that the minimum is really at about -150, it is necessary to check
whether there is any permanent ground magnetic anomaly effect in this
region. For this, the average latitudinal variation of six quiet-day
(Dst within + 10) Dusk passes which occurred in the longitude belt
75°-80°% was evaluated. The top curve (crosses) in Figure 5(b) shows
the average pattern. As can be seen, the minimum at about -15% 1atitude
is an inherent feature for this longitude belt, probably due to ground
anomaly. For a correct estimate of the storm-time effect for pass 184,
the top curve (average) should be substracted from the third curve,

The resulting corrected storm-time effect is shown by the second curve
(Figure 5(c), full thick line) which shows a rather flat latitude
distribution of storm-time aH for this pass.
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To study the latitude distribution of storm-time effect
for other passes, it was necessary to establish first the base levels

i.e, average quiet-day latitudinal patterns of aAH, aX, AY Snd aAl. For
this, all passes were first sorted out according to 50 longitude belts
viz, (0 to 5%), +(5° to 10%) .... £(175° to 180°) and then, in each
group, the latitudinal patterns of all the quiet-day passes (Dst within
+10) were averaged. Figure 6(a), (b), (c), (d) show the average quiet
day patterns for aH for Dusk (left half) and Dawn (Right half) for
sucessive 5° longitude belts. In general, patterns for Dusk and Dawn
are roughly similar, indicating that there are some inherent ground
anomaly effects common to both. If so, an average of the two should

be a better estimate of such anomalies. Figure 7(a), (b), (c), (d)
(1eft half) show a plot of AH (Dusk + Dawn)/2. A considerable anomaly
is noticed in several longitude belts, notably the Bangui anomaly
(Figure 7c) at about 6°N in the 10-20°E longitudes.

In a similar way, the factor aH (Dusk-Dawn)/2 would

-eliminate such a ground anomaly and one would obtain a measure of

the difference in diurnal variation effects at Dusk and Dawn. The

right half of Figure 7 shows aH. (Dusk-Dawn)/2 (full lines). Changes

of the order of a few nT are noticed, though the patterns are different
in different longitude belts. To check whether the minima have any
relationship with the dip equator rather than geographical equator,
vertical arrows indicate the position of the dip equator. In yeneral,
it seems that the minima do coincide with the dip equator. The crosses
and dashed lines represent the X component. The H and X components show
almost identical variations.

Figure 8(a), (b), (c), (d) show aY (Dusk) on the left
half and aY (Dawn) on the right half. In general, aAY (Dusk) shows much
lérger variations than aY (Dawn). In a recent paper, Maeda et al.
(1982) have showed this effect from the Magsat data and have commented
that the D variation (i.e. Y variation) appears everyday on the low-
-latitude dusk side and is antisymmetric about the dip equator. In
Figure 8, the vertical arrows show the position of the dip equator in
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the various longitude belts. It does seem that the Y component has a
strong transition from one side of the arrow to the other. However,
some AY (Dawn) plots do show some variations, indicating that some
ground anomaly effect may be present even in the Y component, for some
longitudes. If so, AY (Dusk + Dawn)/2 would be a rough estimate of the
same ,whereas AY (Dusk-Dawn)/2 would be a pure estimate of the diurnal
variation effect.

Figure 9 shows aZ (Dusk) and AZ (Dawn), only for the
longitude region -90° to 0°, in which the dip equator has large
latitudinal excursions, from 13°5 to 10°N. Here ag&in, AZ (Dusk) shows
larger fluctuations. However, AZ (Dawn) shows large trends.

. Figure 10 shows AY (Dusk-Dawn)/2 in the left half and
8Z (Dusk-Dawn)/2 in the right half, for the longitude belt -90° to 0°,
The arrows indicate the position of the dip equator. For AY, a clear
transition from one side of the arrow to the other is seen. For AZ,
such an effect is not clear. '

Figure 11 shows the average curves for all longitudes,
The upper half is for geographical latitudes -30° to +30°. In the
first column, the H variations (full lines) are almost the same as
the X variations (crosses) and both have small magnitudes. In the
second column for AY also, the variations are small. In all columns,
the top curve is for Dusk, the second curve for Dawn, the third for
(Dusk + Dawn)/2 and the fourth for (Dusk - Dawn)/2. In the last
column, the Z variationsarealso small'exéept for some trends. Thus
the geographical latitude distributions of the variations of H, X, Y,
Z are all small.

The lower half of Figure 11 represents average
distributions for dip latitudes. Here, the most conipicuous variation
is that of aY (Dusk). In contrast, AY (Dawn) is negligibly small and
hence both AY (Dusk + Dawn)/2 and AY (Dusk - Dawn)/2 are similar to




AY (Dusk) but roughly half in magnitude. Thus, amongst all these
parameters, only AY (Dusk) has a significant dip-latitude dependence,

Maeda et al. (1982) have interpreted this dependence as
indicative of meridional current systems in the equatorial ionosphere.
However, we are not quite sure about the association of these currents
with the equatorial electrojet, as envisaged in the Untiedt (1967) and
Sugiura and Poros (1969) models. Because in that case, the electrojet
itself should be strong. In the present case, the X component shows
very little variations, showing that the main electrojet is not strong
at dusk hours. Thus, strong meridional currents cannot exist at dusk
because of the electrojet which is weak. To us, it seems that the i
presence of strong AY in the absence of strong AX indicates the usual
Sq pattern of roughly circular currents, which, near midday, are mostly
east-west but which, at dawn or dusk, are mostly north-south. In the
equatorial region, longitudinal differences could then arise from the
excursions of the Sq current system of one hemisphere into- the other
(Hutton 1967 a,b) and/or due to solstitial Sq currents through the
magnetosphere (Van Sabben, 1970). Since the present ivenstigation is |
not directly related to the quiet-time variations, we will not discuss
or explore this matter any furthur but will only use these quiet-time
patterns as base levels for subtracting from the disturbed-day patterns.
The quiet-day pattern values for aH, aX, aZ for Dusk, Dawn, (Dusk +
Dawn)/2 and (Dusk-Dawn)/2 aregive: in Tables 2,3 ... etc., as these
may prove useful for other workers, ;

As shown in Figure 1, the period Nov. 11-15, 1979 was a
storm period. On Nov. 13, pass 170 was only moderately disturbed ’
(Dst = -17). However, the sucessive passes 171, 172 etc. were highly
disturbed. In Figure 12, we show the latitude distributions of aH |
(ful] lines) and aX (crosses) for the Dusk passes 170-131 in the left half,
continued for pass 182-188 in the upper right half. The vertical arrows
indicate the position of the dip equator. All passes are corrected for
base levels as illustrated in Figures 5.




It seems from Figure 12 that the aH or aX variations are
not always symmetric about the geographical or dip equators. In the
early passes, the NorthernHemisphere has larger storm effects. By about
pass 178, the pattern is roughly symmetrical. For later passes, the
Southern Hemisphere has larger storm effects. Thus, the storm-effects
are not only not maximum either at the geographical or the dip equator
but thenatureof the north-south asymmetry changes during the course
of the storm. In this case, the earlier part of the storm was stronger
in the Northern Hemisphere. However, in the bottom of the right half
of Figure 12, we show similar plots for the Dusk passes 936 to 939,
which occurred during a disturbed period. Here, the storm-effect is
larger in the Southern Hemisphere even in these initial passes of
this storm of Jan.80. Thus, the conclusion would be that the north-
-south asymmetry could exist in any form at any stage of the storm.

In the middle of the right half cf Figure 12, we show a
similar plot for the disturbed day Dawn pass 184. In contrast to the
Dusk pass 184, the Dawn pass shows very erratic latitudinal
distribution, with no semblance of any maximum storm effect near either
the geographic or the dip equator. Instead, one notices maximum storm
effects at about & 15° geographical 1atitudes. For other Dawn passes
on disturbed days, some other,different, patterns were noticed. Thus,
" the storm-time latitude distribution of aH or aX for Dawn passes seems
to be erratic. We suspect that a considerable part of these erratic
patterns as well as the north-south asymmetries may be related to
latitudinal meandering of the central plane of the magnetospheric ring
current and/or complications due to field-aligned currents, different
in different local time zones.

Figure 13 shows similar plots for the Y ccmponent. Here,
symmetry about the geographic or the dip equator seems to be more an
exception than a rule. In general, the Y variation is erratic with no
systematic variation from one pass to the next, again probably indicating
an erratic meanderingof the central plane of the magnetospheric ring
current during the course of the storm.




Figure 14 shows the latitudinal patterns of aX and aAY
averaged for all the storm-time passes 170-188. The upper half has
geographical latitude as abscissa. aX shows a maximum storm effect
(1argest negative values) near the geographical equator (at about 5°S)
with roughly a cos 6 dependence on either side. However, AY does not
show any such effect clearly. Instead, one observes a minimum storm
~ effect (smallest negative values) at about -10° i.e 10° South
latitude. Thus, on the average, the central plane of the storm-time
ring current is almost coincident with the geographical equatorial
plane, with a probable shift slightly southwards.

The lower half of Figure 14 shows similar average
latitudinal patterns of aX and AY with dip latitude as abscissa. As
can be seen, no clear latitude dependence is noticed, for either aX
or AY. Thus, the storm-time ring current does not seem to be
influenced by the dip equator.

4. Summary of the significant results

The average latitude dependence of the storm-time H or X
" variation is roughly symmetric about the geographic equator but not
about the din equator. Also, for individual passes, the pattern is
generally not symmetric, the storm-effects being significantly larger
in one hemisphere as compared to the other. For theY component,no clear
latitude dependence is noticed.

5. Future E]ans

The present investigation is now concluded.
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Caption for Figures

Fig. 1 - Plot of aH, (1.e. aH at equatorial crossing,original as well
as corrected for base level), aB (total field at dip equator)
and D-EQ. (Equatorial disturbance index for ground), for
Nov. 11-15, 1979 for Dawn (full lines) and Dusk (crosses and
dashes).

Fig. 2 - Upper half.AHo Dusk (original and corrected) versus AB Dusk
(original). Lower half, AHO Dawn (original and corrected)
versus AB Dawn (original).

Fig. 3 - AHO Dusk (original and corrected) versus D-EQL Dusk (by
Sugiura, for ground stations). Regression lines for direct
and reverse correlations are marked.
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Fig. 4 - AHo Dawn (original and corrected) versus D-EQL Dawn (by
Sugiura, for ground stations). Regression lines for direct
and reverse correlations are marked.
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Fig. 5 - Latitudinal variation of aH for
(a) The specific disturbed-day Dusk pass No. 184 at
longitude -79°.
(b) Quiet day base level obtained as average for six quiet-
-day passes in the longitude belt 75°.80°W.
(c) The difference (a) minus (b).

Fig. 6 - Average latitudinal patterns of aH (Dusk) (left half) and
AH (Dawn) (right half) forsuccessive5°longitude belts
for the longitude ranges (a) longitude -180° to -90°,

(b) Yongitude -90° to 0°, (c) longitude 0° to +90° and
(d) longitude +90° to +18u°, + = East, - = West.
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Fig. 7 - Average latitudinal variations for aH (Dusk + Dawn)/2 [left
half) and aH(Dusk-Dawn)/2 (right half, full lines) for
sucessive 5° longitude intervals for the longitude ranges
(a) longitude -180° to -90°, (b) longitude -90° to 0°, |
(c) longitude °to +90° and (d) longitude +90° to +180°, ?
In the right half, crosses and dashes represent the X
component and vertical arrows indicate the position of the
dip equator,

Fig. 8 - Average latitudinal variations for aY (Dusk) (left half)
and AY (Dawn)(right half) for successive 50 longitude belts for
the longitudes ranges (a) Tongitude -180° to -90°,
(b) longitude -90° to 0°, (c) longitude 0% to +90° and
(d) longitude +90° to +180°. Vertical arrows indicate
the position of the dip equator.

Fig. 9 - Average latitudinal variations for aAZ .(Dusk) (left half)
and aZ (Dawn) (right half) for 5° longitude belts in the
longitude range -90° to 0°,in which the position of the
dip equator (vertical arrows) changes rapidly.

Fig. 10 - Average latitudinal variations for aY (Dusk-Dawn)/2 (left »
half) and aAZ (Dusk-Dawn)/2 (right half) for 50 longitude .
belts in the longitude range -90° to 0°. Vertical arrows
indicate the position of the dip equator.

Fig. 11 - Average latitudinal variations for aH and aX (first column,
full lines and crosses), aAY (second column) and aZ (third
column) for Dusk, Dawn, (Dusk + Dawn)/2, (Dusk-Dawn)/2. The
upper half has abscissa as geographical latitude while the
lower half has abscissa as dip latitude.
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Fig. 12 - Latitudinal variation of aH (full lines) and aX (crosses

Fig. 13 -

Figo 14 -

and dashes) corrected for base levels, for the Dusk passes
170-188 during the storm of Nov. 11-15, 1979, as also for
the Dawn pass 184 and for che Dusk passes 936-939 in Jan,
1980. The pass number, longitude and Dst are indicated for
each pass. Vertical arrows indicate the position of the
dip equator. "

Same as Fig. 12, but for aY. .

Average latitudinal distribution of aX and AY for the
storm-time Dusk passes 170-188 on Nov. 13-14, 1979.
Upper half - For geographical latitudes.

Lower half - For dip latitudes.
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Fig. 8(c) - Average latitudinal variations for aY (Dusk
and aAY (Dawn) (right half) for successive §
belts for the longitudes ranges, longitude 0
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Table 8: aX (Dusk +Dawn)/2, units nT.
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Table 11: aY (Dawn), units nT.

indegters RATITLTPS edOn =30 RPAREEL 1P o)) APISILS
LITT3Y a3r o7 S0 o1 o1 ot% =13 08 =08 o0) 8 o2} o0 ofe

Lo LI [ B ] ja o4¥ {7 oqf sis 4P =7 efs .t
“its W0 RN *? eje oqh .yt
LSS L 1) e o0 =20 .y
At 18 *1e) *20 v ely 71
LS LI L I L) .10 10 =10 ot
*19¢ "0 [T XY ojt i ela .13

TR TR I IV IRTL BT

o2 1A e1? 1% ele efr eyt
T 18 ega w20 el1 efa egt
-9 1t eyl 1l -1y et =t
ote LTINS LD L S T T 24 .
-1 e1N, o1V e} 1) ey egh
"t} 13 etd =18 =iy efs 2
-t *1) =18 oY =it e e
e -0 0 1) =12 eln eyt
I3} -t -g -y -y Yy -t ] ¢
-ty o8 L) o8 .y -y L1} 3 3 ¢
oA -t " 1 [} v 'y Q ? ¢ .
-r -y - [ ] ? 4 11 ? [ -y 'y
19 -y -y -8 P -y .? (3] -y 1 [
L .t * 2 L] 1 L] 2 3 ]
? o ? 3 . . . [ 'Y 'Y .
-) [T LI T T TR ) ] 1y 4t . 12
. 1 12 10 18 ge . . [ ¢ . i
s A 1Y 12 2 1 . ¢« 10 ie 10
1 [} ? 2 ) ’ ¥ [ 4 . 3
-4 - -2 [d ? . . A ) [} ? 1Y
L3 3 [] ] L] a . . [ 3 ) -
(25 KT B} [ ) [ T T} * e ® ’ ? ’ ’
(351 [] ? . s ¢ 1 10 [ 13 ’ . s . [
=23 s =% =) [ 3 3 3 2 » ¢ et t ¢ 1 e 1
»i9 1 ) 3 3 3 3 e ? . 0 ’ . ’: ]
1% 3 ? 3 ? 2 ] . s . [ . r ¢ . s
=18 L4 L4 [ s, 8 [ . (3 14 . L] ’ 14 ’ []
(4] 6 - & [ 14 L} . [] k) 3 ? ] ? [ ] s
[ [ (] L L . ? s 4 3 3 ! [ s ’ 30
L] 2 =t *} =} = -3 =2 ol -t L] [ 1 1 4 ? [4
10 ° 4 =2 = -? - 1 . . ) 4 4 ] S s
1% - 2 ? 1 ] a .1 L} 1 ? [N r $ (] 1 4 [
24 H L] ? 3} ? =) -s *3 % e 1 ) 8 3 b4
[A) [ ] ) 2 ° -t ) =& o3 en o} 2 [ ] S
) [ [y b} 1 1 LT [ 3] -d LY .y - e ol ] .
: " 1 1} ? [} - - 1 . 1 ] ] ] s
.8 s 0 -1 [} ] 3 ) 3 [} ] ? 1 3
(11 3 -? ., L% ] -2 -y [ ]
% =} % =7 [N y (1]
k1) °3 =3 - s °
(1] "% =% = L3] =l
" A % 3 -y °
(] g 1 % .y ETY -
14 s -’ -p oy [
so e 10 -19 -y []
" -y ] £y .y [}
" ) et g .y )
" °%  e% ey P )
1% =19 et ep .a .
o8 “i1 et} =in .y e r
1 4 on o7 (13 .t
. "e o8 - .y ]
129 1) .g1l ev? . b )
1. eja et ep oy b ]
130 It =1 *9 L1Y L3 ]
(11 “? R ew ‘oy .8
108 -y oh oy Y o? -
104 *s o1f efn oy s
189 *12 eic et? 1y -2
19 *1] .10 e1e - -? 4
1Y) °y 24  ea .y -r ‘
188 *1) 12 ein -y )
1o *ia el i vta eif o1b *1a
[14) *)e o321 2o o1y 16 o1 *1} —
LI °11 37 oth ets sjs o8 =1
otan Caan el of ®) o4 o4 o4 ea =4 o4 o4 oeq et =g o5 =) *) a3 e} e} ¥ i




it

LYY
LS LT LA T
bd 1) " o1ty
oira W *Hes
L4 L1 " *let
Sipe " 1M
*14s " *1he
LITT I I B Ll
1 " "ieg
w o N
"W e
L (] 124
" .12¢
W s
W *ile
10 cus
w "o
" Ris)
" bl
n -
ALl -8y
0w «ra
"0 oTe
" LIl
" “on
L]] 311
v LYY
" a8
w .ah
" (2.)
w 30
" =73
00 144
" 313
10 =14
w0 -y
" L4
" 8,
s Y0 10
12 0 14
[T { ] 20
24 "0 n
ge 20 »
LI ] 3
3 v (13
an 1?0 .
1} " k1)
3 v 3]
3e T 0
't} " (1]
et 10 ro
(L] "0 14
. ” L1
[ 13 " (3]
”e " "0
L I o3
9 v0 1ve
100 1 s
R "0 "ns
(T ™" [TA)
e 117 12n
fpa w0 1 2a)
19¢ 139
13 " (24
13 0 149
ten  Wn 1os
[ T13 ™" 14
15 ¥n 19
fss 180
" o 168
tas e t7e
tra o9 134
(LI 14¢

wpby rrrdeaNdan)sr,

-

EET- X Y- yoper v SR R T X R e PR Y W I A YR

-47 -

Table 12: AY (Dusk + Dawn)/2, units
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Table 13: aY ‘(Dusk-Dawn)/z, units nT.
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Table 14: aZ (Dusk), units nT,
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