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Abstract—This paper attempls to summarize the results of investigations of IMF eflects on the ionesphere,
published mostly in Russian, and to place them in context in up-lo-date knowledge of IMFimag-
netospherg/ionosphere relationships. Effects of the IMF sector structure and of the IMF HB_ component
turnings on the ionospheric F-layer arc considered, including variations of position of the main ionospheric
trough (MIT). The paper includes results of both theoretical caleulations and obscrvitional duta obtained
mostly by the Cosmos-900, Intercosmos-19 and Cosmos-1809 satellites at subauroral, middle and low
latitudes. The MIT position dependence on longitude has been derived as a background for (urther study.
[t has been shown that the nightside winter trough position al the storm growth phase correlates best with
K, index taken with a time delay v, which is proportional to a disturbance growth rate AK (Ar. The MIT
position dependence on D, B, and B, is also shown. Two troughs kave been found to be formed usually
in the storm recovery phase at postmidnight hours : these are the MIT {main tonospheric trough) and RIT
(ring ionosphetic trough} associated with the DR-current. In generul the MIT pasition’s response Lo B
southward turnings corresponds well 1o changes of the auroral diffuse preeipitation eguatorial cdge. For
B_southward turnings the height of the equatorial night-time F-layer lowers, and at ¢quatorial latitudes
fuF2 decreases sharply, the latter effect being most pronounced al 03 LT. Large-scale internal gravity waves
arriving al equatorial latitudes from the auroral oval cause intensification of the equatorial anomaly, both
in daytime and night-time. A schematic pattern of a global ionospheric response to a magnetic disturbance

is constructed using as an example the strong storm on 3 4 Apri! 1979,

1. INTRODUCTION

The solar wind and IMF parameters control the mag-
netosphere’s geometry and the energy input into it.
The IMF 8. component plays the key role, since the
degree of reconnection between the geomagnetic field
and IMF, and consequently the energy input into the
magnetosphere, depend on B, orientation and mag-

nitude. During solar maximum periods about 90% of

major magnctic storms are caused by large southward
B. turnings which in {urn are connecled with inter-

planctary shocks (Tsurutani et of., 1990). Energy of

order 10 Jis introduced into the magnetosphere dur-
ing a storm; the day cusp location changes, as well as
the inncr edge of the plasmasheath, the plasmapause,
cte. The magnetospheric variations are reflected onto
the coupled ionospheric structures such as the pos-
itions of the cusp projection, the auroral oval as a
whole, the electron densily trough, the subauroral T,
peak, elc.

Encrgy from the solar wind having velocity ¥,
is intreduced into the magnetosphere in the form
of the electric field of magnctospheric convection

E. ~ BV, and precipitating particle fluxes which are

also controlled by the magnitude of B.. The latier is
shown most clearly by Brautigam ef af. (1991) (see
Fig. 1). The flux of particles increases with B. not only
when 8. is negative but under large positive values of
B too. The level of magnetic disturbances which is
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Fig. I. Variations of K, index and total ¢lectron flux into
both auroral avals (obtuined from DMSP sutellite data) as
a function of the IMF B, component (alter Bravtigam e/ cf.,
1991}.
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characterized by the planctary K, index grows in both
cases too. The solar wind encrgy, which is mainly put
into the high-latitude region, is then dissipated by
scveral mechanisms (electric field variations, Joule
heating, wave disturbances, ete.) through the iono-
sphere. So the dynamics of not only the high-latitude
ionosphere but of the ionospherc as a whaole are con-
trolled directly or indircctly by the B. compenent of
IMF. The other two components of IMF, namely B,
and B, control the IMF sector structurc (sunward or
anttsunward). Their variations result in changes of the
magnetosphere configuration even at guiet periods.
For the ionosphere this effect is reflected as asym-
metries of the polar convection system and a dis-
placement of the auroral oval as a whole with respect
to the magnetic pole.

Many puapers, including excellent reviews, have
been devoled to various manitestations of IMF con-
trol of ionoespheric behaviour. The present review does
not intend to consider all aspects of this problem ; its
purpose is mainly to review the studies dealing with
N.and T, variations conducted in Russia derived from
data of the Cosmos-900 and Intercosmos-19 satellites
which operaled during high sclar activity (1977
1981}, and to sct them in context in the general up-to-
dale picture of ionospheric responses to IMF vari-
ations.

2. HIGH LATITUDES

2.1. The auroral oval dvnamics

High-latitude ionospheric variations arc strongly
determined by the dynamics of the auroral oval and
the main ionospheric trough (MIT) adjacent to it.
Variations of the auroral oval boundaries were inten-
sively studied on the basis of the soft parlicle pre-
cipitation data from DMSP satellites. We consider the
equatorward boundary of the auroral diffuse pre-
cipitation (EBDP) which determines the poleward
wall of the trough. The dayside oval position vari-
ations {dayside cusp) follow most closely {with cor-
relation coefficient r = 0.85) the B. variations of the
IMF, especially variations with short periods and
small delays (z < 0.5 #) (Carbary and Meng, 1988).
The night-side oval displacement towards the equator
is related to the B. equatorward turning too bul in
this casc the correlation is not so good, especially
during the recovery phase of the storm (v = 0.4 0.6)
and the delay time is larger (up to 2-3 h) (Meng, 1983).
The maximum equatorward displacement is reached
during night-time for a maximum of the auroral
activity (AE index), (Makita er a/., 1985). Correlation
with the D, index is observed too, especially for short-
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period variations, but in gencral the £, variations are
delayed. The best correlation for night-time con-
ditions is reached for K, index values taken 3-6h
before the considered time (Scloviov ef ., 1989). In
the same way the correlation with BV, is 4 maximum
when the maximum value of BV, is taken for the
previous 6 h (Nakai and Kamide, 1983). The EBDP
variations during a storm have an exponential shape
with T ~ 45 min during the growth phasc and t ~ § h
during the recovery phase (Nakai er af., 1986). These
features will be compared below with the similar
characteristics for the main ionospheric trough
directly adjoining the EBDP.

2.2, Trough position variations with longitude

It is well known that the poleward wall of the MIT
is formed by the soft auroral diffuse precipitation and
its variations should follow. in general, the variations
of the EBDP position. But in the morning sector this
tight relalionship is often broken: noticeable pre-
cipitation may be absent there (Rodger e f.. 1986)
and a two-step structure in ¥ F2 at the polewurd wall
itsellf may be observed (Khalipov er af., 1985). The
relationship between variations in the EBDP position
and the trough minimum position seems to be still
more complex, because the trough minimum position
may in addition vary with longitude, up to [0-11" in
latitude, for the same local time and magnetic activity
level (Deminov and Karpachev, 1986). The EBDP
seems also to vary its position with longitude
(although with less amplitude), but there is only one
study concerning this intcresting problem (Meng,
1979). investigation of longitudinal variations in the
trough minimum position. which began using Inter-
cosmos-19 satellite data (Deminov and Karpachev,
1986). wuas continued using a large amount of duta
obtained from the Cosmos-900 satetlite {Afonin er ai.,
1992 ; Deminov er af., 1992b: Karpachev et of., 1994),
The amplitude of the longitudinal variations is com-
parable with the MIT position variations during a
moderate storm and so they should be taken into
account when analysing changes of the high latitude
ionosphere.

In Fig. 2 the longitudinal variations in the trough
minimum position are shown for the Northern hemi-
sphere (a) and for the Southern hemisphere (b}, for
local winter and equinoxes in both hemispheres. The
data are taken from C'osmos-900 satellite locul density
measurements at altitudes 350-500 km for quiet
(K, £ 3) night-time conditions during a high solar
activity period 1977 1979, Experimental data are
shown by dots and approximation curves by solid
lines for the winter (Afonin er af., 1992) und dashed
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Fig. 2. Longitudinal variations of the night-time trough mini-
mum position AA; in the Northern and Southern hemi-
spheres tor quict {Kr, =~ 2) winter and equimox conditions
{dots). AAr = AP — AT where AF™ are the data from the
Cosmos-900 satellite and AY™ are calculated from the model
Kohnlein and Raitt {1977). The solid curve is the best fil for

winler und the dashed curve for equinox conditions.

lines for equinoxes (Karpachev ef a/., 1994). In Fig. 2
AAr = AT — AP where AT are the Cosmos-900
satellitc data and AT arc calculated from the model
{Kohnlein and Raitt, 1977) for specific MLT and K.
In particutar AT ~ 61 for 00 MLT and K, ~ 2 (the
mean value of K, for the whole amount of the data).
More than 800 cases have been analysed (365 cases
for the Northern hemisphere and 455 for the Southern
hemisphere}. The standard deviation ¢ is upproxi-
mately equal to 1.8" for all seasons and both hemi-
spheres. The scaller may be decreased, with o =~ 1.3°,
by means of more careful data processing (Karpachev
et al., 1994) and then the correlation coefficient for
the best fit line is equal {0 0.75-0.80 for the Southern
hemisphere and ~0.65 for the Northern hemisphere.
We emphasize that, in this connection, in the Southern
(Northern) hemisphere, the trough is always, under
otherwise equal conditions, near longitude 150 (3135%)
situated poleward than near longitude 3307 (2107),

As one can conclude from Fig. 2 the longitudinal
variations arc different for the two hemispheres. This
can be explained by the different configuration of the
terrestrial magnetic field in the different hemispheres
(Dcminov and Karpachev, 1986). The trough position
variations with longitude could be expressed in a sim-
ple way by the first harmonic in the Southern hemi-
sphere almost without loss of precision :
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and by two harmonics in the Northern hemisphere:

A [cos (22 —30"Y—cos {4 | 40 )] (

ARY =3

[E¥]

)

The amplitude of the longitudinal effect decrcases
when the magnctic disturbance grows: A4 — A,
(1 =0.1K,), where A, = 5"-6" (Deminov ef of., 1992h).
The winter trough on average is situated mere cqu-
atorward at all longitudes than in the equinox period.
But during disturbed conditions the situation is
apposite : the winter trough wus found on average 1°
poleward of its equinox position. This ellect is not
so strong but it entirely coincides with the scusonal
variations of the subauroral T, peak position which
was revealed from the DE-2 satellite data analysis
{(Fok et al., 1991) and probably may be explained
by N, seasonal variations in the outer plasmasphere
{Karpachev et al., 1994). However, it should be noted
that the equatorial boundary of the auroral oval in
winter is more poleward (approximately by 27 than
in summer (Kamide and Winningham, 1977). This is
connected with the seasonal variations of the dipole
inclination angle, which changes the degree of inter-
action of the Earth’s magnetic field with the B, com-
ponent of the IMF. Thus the displacement between
the EBDP and the trough minimum is expected to
decrease when passing from winter conditions to equi-
noctial ones (and then to summer ones) under low
magnetic aclivity conditions, This fact needs to be
verificd by mecans of simultaneous observations of
both boundaries.

2.3, Statistical dependence of trough position on K
index

Taking into account longitudinal variations in the
trough position one can try to determine more aceu-
rately the dependence of the trough position on the
K, index. For this purpose Cosmos-%00 satcllite data
were used for equinox and local winter conditions
in both hemispheres. All the three phases of intense
disturbances (K, = 4): growth phase, main phase
maximum, and recovery phase were analysed scpar-
ately, as well as prolonged (=24 h) quict (K, < 2)
periods. Longitudinal variations were taken into
account according to expressions (1), (2) and
A= A,1—-0.1K,). All the data are reduced to mid-
night according to the expression AA; = 0.5¢, where
local time ¢ is measured from 00 MLT (Kohnlein and
Raitt, 1977). Figure 3 shows examples of the data for
the storm growth phase (crosses} and recovery phase
(squares) (Karpachev, 1993). A second degree poly-
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Fig. 3. Variations of the (rough nunimuim position A versus
K, during the growlh phase (crosses) and recovery phase
(squares) of the jntense storms oblained from the Cosmos-
900 salellite dala. Approximation is presented by solid
curves. Tor the comparison, the regression lines [or the
maximum main phasc of the storms (A, > 4) und prelonged
quict perieds (K, < 2) are shown with dashed lines. The
best fit line for all the data together can be presented as
AN, =65 =23K,.

nemial was chosen for the best fit fine for both phuses
of the storm. The corrclation cocflicient ts r = (.79 for
the growth phase and » = 0.72 for the recovery phase.
For a stortn main phase maximum and for prolonged
quiet periods the regression lines arc also shown, the
data being omitted in order not to overload the Fig.
3. The correlation coefficient is nearly 0.75 for the both
thesc cases. Coelflicients in the regression equations for
storm main phase maximum, for quiet periods, and
for all the data in total are close to each other, and so
only the latler is given here:

A, = 65.0°= 23K, (3)

This equation does nol differ significantly from that
most  often used, Ay =652"-21K, which was
obmined from ESRO-4 satellitec data {Kohnlein and
Raitt, 1977). But the difference between the curves for
the growth and recovery phases i as much as 3.59,
more than the scatter. Figure 3 shows that, for the
growth phase of a disturbance, the trough is oflen
observed at high (‘quiet’} latitudcs even when K, index
has increased up to 4 and even to 6, 11 is also seen that
the minimum latitude of the trough is observed not at
the main phasc maximum but somewhat later—at the
beginning of the recovery phase. During the storm
recovery phase, the trough is sometimes observed at
latitudes of 51-52" for X, ~ 2-3, which is 5-6" lowcr
in latitude than for such a level of magnetic activity
for the mid-night hours. Also, therc is a very dense
cloud of data points at latitudes 53-55" for £, in the
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interval from 2 to 5 for the storm recovery phase,
whilc from the trough model it follows that Ap ~ 57
for K, = 3.5. All this shows a strong diserepancy from
the curves given in Fig. 3. This discrepancy may be
signilicantly decreased if the K, value for the preceding
3 h is taken instead of its current vialue. Thus, the
main cause of the discrepancy seems to be a time lag
in the trough responsc Lo a K, change for all phases
of a storm. This problem is discussed in detail in the
next section using 4 case study.

2.4, Trough dynamics during an infense storm

Over 30 intense disturbances (K, = 4) were ana-
lysed carefully for 1978 -79 when Cosmos-900 satellite
dala werc gvaitable. Threc of them, the most lypical
oncs, are shown in Fig. 4 (Deminov ¢f al., 1995),
They are plotted frem top to bottom as the local time
increases (from evening to morning) and as the rate
of disturbance intensification AK fAs increases (from
0.33 to 0.67) during the storm growth phase, Such an
arrangement in Fig. 4 allows us to demonstrate the
principal features of the trough dynamics during an
intense disturbance. They are as lollows. The greater
the disturbance growth rale AK /At is, the greater the
time delay of the trough response to the K, variations.
Maoreover, at the storm initial phase one can observe
the slight displacement of the trough in the poleward
direction connected with the sireng growth of + D,
(the bottom panel in Fig, 4). The growth of 4+ D, 1s
caused by the increase in the solar wind pressure, this
cflect being strongest under + B, (sce e.g. Burlon «¢
al., 1975). We should keep in muind that during this
time, in accordance with Fig. 1, K increases. Then B,
turns south and the trough (with delay ~ { h) sharply
moves towards the equator. The short-period vari-
ations in D, (and B} are followed exactly by the
variations of trough position A, as is also observed
for the auroral oval {Meng, 1983). So, even when K|
grows strongly, the trough begins 1o move towards
the equator only after B, has turncd southward. Thus,
the common stalement, that the most dramatic
changes in magnectospheric {and ionospheric) struc-
ture are observed after B, turns southward, js valid in
this case too. This is also the cause of the variations in
time delay of the trough responsc to K, index change.
Nevertheless, it should be reminded that generally Ay
correlates with B, less well than with K, especially for
the storm recovery phase. The minimum value of Ay
is usually reached between the |3, and K, maxina
and also depends on D,

During the recovery phase of a storm one can very
often observe two troughs. One of them follows the
K, index variations and is the main ionospheric trough
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Fig. 4. Variations of the trough minimum positions (A,) during threc magnetic storms. The main ione-

spheric trough is shown by circles, the ring ionospheric trough by squares, the narrow trough by black

symbals, and the pcak of T, without a minimuom N, by crosses. The solid lincs show Lhe variations of KP—
index, the dashed lines of £2,. The time origin is the start of the K -index growth.

by definition (MIT). The second trough is situated
equatorward of the MIT. It has very wcak response
to the K, index variations and tends towards the lati-
tude of the residual ring current (= 55% A). Thercforc,
this was named the ring ionospheric trough (RIT). It
often reveals itself in the form of a narrow trough in
the morning sector of local time where it often masks
the main jonospheric trough. In the midnight sector
one can observe the (wo troughs simultancously (if
they are sufficiently scparated in latitude), but in the
evening only the MIT is observed. In Fig. 4, the MIT
is marked by circles and the RIT by squares.

Ten, most represcntative, storms were selected to
study the relation between the delay time 7 and storm
growth ratec AK/As [or mid-night and morning hours.
The regression line for these shown in Fig. 5 is:

T = 43AK (A1 —0.4 (4)

The correlation coefficient is r = (.78. For compari-
son, the value of t ~ 5 h taken from the Ariel-3 sat-

cllitc dala obtained for 05 LT during the strong storm
25 27 May 1967 (Tulunay and Hughes, 1973) is also
shown. In the evening scclor {crosses) the dependence
in general ts similar, but sometimes a sharp increase
of delay is observed. This is probably connected with
the action of the “polarization jet” (Deminov ef al.,
1995) which could be observed during the stormn
growth phase during afiernoon and evening hours
(Galperin et af., 1973) and which is also known as the
sub-auroral ion drift (SAI1)) (see e.g. Spiro et al.,
1979).

We should notc that for the average storm growth
rate AK,/A¢ = 0.6 the delay is of order T = 2.2 h. Now
it is clear that for statistical processing of the data
shown in Fig. 3, where t = 0 h (K is current index),
A Tor the storm growth phase will be higher than
the model values due to the large delay. So the best
correlation on the average will be observed if we take
the averaged K|, value for the previous 4.4 h. We recall
that for calculation of the EBDP position K is usually



1420
5.0 4 °
3 40
= _
[
o S.OJ
3
= |
2.0 1
3]
“I
E
1.0 A
1 - T = 4.38K,/At— 0.4
0.0 T T f T T T T 1 T
0.0 0.4 0.8 1.2
AK, /At

Fig. 5. Dependence of the deluy time 7 on Lhe disturbance
growth ratc AK,/Ar for mid-night and motning troughs
oblained from the Cosmos-900 data {dots). The regression
line for these conditions is shown foo. For comparison, the
Cosmos-900 data for the evening hours {crosses) and Anel-
3 data for 05 LT taken from the paper by Tulunay and
Hughes (1973} (one open circle) are presented tao.

taken for the previous 3-6 h (Soloviov ef al., 19589).
Thus, judging from the ¢ delay, variations in the
trough minimum position and EBDP at midnight arc,
to a firsl approximation, in accordance during the
storm growth phase.

2.5. D, effects on trough position

The main ionospheric trough is a typical feature for
night-time winter conditions, However, a quile clear
trough may be observed also in 4 summer hemisphere.
This is coupled with the ring current, at least during
magnetically active periods, more tightly than with
the equatorward edge of auroral diffuse precipitaiion
{(Deminov er al., 1992a). Indeed, in the recent studics
of Besprozvannaya and co-workers {1993, 1994), a
very clear connection of the trough minimum position
with the ring current maximum location has been
revealed. Figure 6 shows these results ; dots connected
by a solid line show the rclationship between D, and
the ring current maximum position, obtained from
satcllite data (Kuznetsov, 1979). In the previous study
of Besprozvannaya and Shchuka (1993), only maxima
of the main phase of 13 storms were analysed. The
Tollowing approximation for the minimum peosition of
the summer trough in N,F2 was obtained

LETD ™ = 2.5 10" nT (5)

This approximation is also shown in Fig. 6, as the
dashed line, which is very similar to the curve for the
the ring current but is situated somewhat lower in
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Fig. 6. Dependence of the trough position L-shell in the
summer hemisphere on 72,. The ground-based data are
marked by triangles, the dashed line is the best fit curve, For
comparison, the position of the DR-current maximun {after
Kuznctsov, 1979) is shown by the solid line with dots.

latitude. Thus, the maximum depletion in the F2-layer
ionization is observed near the L-shell at which the
ring current maximum is located. Using data from 2t
ground-based stations for the SUNDIAL, September
1989 interval, Besprozvannaya er al. (1994) showed
that expression (5) is valid not only for the storm main
phase maximum but for any current state of the storm
including the recovery phase. Thus, the mid-latitude
trough in the summer hemisphere is lightly associated
with the well-developed ring current and its position
15 practically entirely determined by the current value
of D, during the storm. But its position weakly cor-
relates with X, index; the trough seems to be not
coupled with EBIIP. Thus. it 1s rather the RIT than
the MIT that is investigated. But co-ordinated obscr-
vations of the trough and EBDP are required o sotve
this problem unambiguousty.

The trough minimuon position in winter and in the
equinoxes correlates with 1, weaker than with the K
index, in general, and during main phase of the storm
in particular. So one may go another way: to keep
the basic relationship with K index and to try to
distinpuish the additional dependence on the D, vari-
ation. Such an analysis has been madc for the main
phase ol the storms (for K**(1)) when the relationship
of the trough with the ring current is most evident.
Deviations ol the trough location from the model,
which takes inte account the K, index tuken with a
deluy 7, are shown in Fig. 7 {Karpachev, 1993). As the
AA; dependence on D, is expected to be not very
strong and the data scatier is significant, then the
correlation coefficient for the data in Fig. 7 is not very
large (r =~ 0.71). But the trend is seen quite clearly : at
low |7, values the trough is more poleward and at
large 1D values it is more equatorward than follows
from the model for a given K|, index. The deviation
may be expressed by the following equation of linear
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Fig. 7. Dependence of the trough minimum position (dots)

on D AA = AT — AP where AT are the Cosmos-9010)

data and AT are calcuiated for the K, index during the

maximum of the storn main phase. More detail about the

regression line and Cosmaos-900 data (crosses) arc given in

the text.

regression  (Karpachev, 1993):  AA, = —0.028
|2+ 1.9. This expression may be used {or the cor-
rection of the model which only takes into account
the K|, index. Of course, for large values of 1, Lhis
dependence will be non-linear. But such very slrong
storms are rare cvents —neither Cosmos-900, nor
Intercosmos-19 satellites have observed storms with
W™ = 250 nT.

When deriving the regression equation, two groups
of data (marked by crosses in Fig. 7} were not taken
into account. The first of these was obtained for not
very intense disturbances (K, = 4-5) with a weakly
developed ring current. For example, B, was positive
during atmost all of the disturbance on 1 2 August
1979. These cases are strong substorms rather than
storms, so they were excluded from analysis, although
they do not, generally, contradict the trend oblained.
The sccond group of data corresponds to moderate
storms with K, from 6 — to 74 For such large K,
values, the trough minimum is observed al latitndes
of 54 38", which is some 5-67 higher than follows
from the model. On the other hand, from Fig. 6 1t
follows that, for |Df = 50-80 nT, the trough associ-
aled with the DR-current is expected to be at latitudes
of 53-60". So, in these cases we observe rather the
RIT than the MIT, and the RIT position is not deter-
mined by the model in which LT and K, index are
input parameters.

2.6. B, and B, ¢ffects on trough position

The IMF B, and 8, components influence the mag-
nctosphere and ionospherc less strongly than B,, bul
still quitc noticeably. The B, eflect was revealed as
the “Svalgaard-Mansurov effect” from polar station
magnctogram analyses. Cowley er al. (1991) have
shown that the B, and B, uction may be described, at
lcast qualitatively, by the simple model ‘dipole plus
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uniform field". According to this model, magnetic ten-
sion caused by B, results in the asymmetry of {he
magnelospheric convection system in relation 1o the
noon-~midnight meridian. At fonospheric heights this
manifests itself as the displacement of the auroral oval
as a whole in the direction of B, in the Southern
hemisphere and in the opposite direction in the North-
crn hemisphere. The B, component influcnce is similar
but the asymmetry is observed in relation to the dawn-
dusk meridian ; the auroral oval is displaced along the
noon-midnight meridian. Note that due to the sector
and spiral structure ol the IMF, the positive direction
of B, usually corresponds to negalive B,. and vice
versa. Thus, onc may separate cach other only in
above assumption : 8, displaces the auroral oval only
in the direction of the duwn-dusk meridian and B,
displaces it only in the noon-midnight direction. On
the basis of this assumption, Cowley er af. (1991) have
re-analysed the data of Holzworth and Meng (1984)
and separatcd both these ellects, the oval displacement
being ~2.5" under a &, change from —4nTto +4nT
(accordingly B, from positive te negative values). It
seems that just from this point of view the main iono-
spheric trough position dependence on B, and B,
should be analysed. Such an amalysis was carried out
using the Intercosmos-19 data (Ben'kova ef al., 1989).
lt was found that, for B. > 0, the corrclation with B
is very weak but the B, effect is clearly manifested as
AAy = —0.25B8,— (165, with correlation cocfficient
r=10.66 (scc Fip. 8a). When B. < 0, Lhe relation
depends on the sign of B,. If B, a closc correlation
with B.is observed : A; = 0.358.—0.31. with » = 0.8|
(see I'ig. 8b). If B, > 0. it is difficult to find a depen-
dence on the IMF. Probably this could be explained
that the — B and + B, cffects are opposite in relation
to the auroral oval pusition, and so compensate one
another (Nakai, 1987).

2.7. Trough dvnamics in different loeal time sectors
The conclusions above relate (o the night-time
trough. But during disturbed periods a well-shaped
trough in N, "2 can be observed during day-time too.
In Fig. 9 observations in the sub-auroral ionosphere
during a strong storm 3-4 April 1979 obtained from
the Inlercosmos-19 satellite in three different sectors
of the local time: 1215 LT (), 23-02 LT (b) and 19—
22 LT {c) (Deminov e uf., 1985) are presented. The
trotigh positions are marked by circles, The positions
of the subauroral and auroral peaks of electron tem-
perature 7, are shown too (triangles). The 7. enhance-
ment is associated with the &, minimum in the trough
and with the equatorward boundary of the cusp. The
filled symbols relate to the Southern hemisphere and
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Fig. 8. Dependence of the trough minimum position on the
IMF A, ¢a) and B, (b) components. AA, = AP — Al

mad

where AP arc the Intercosmos-19 data and AT™ arc cal-
culated from the model of Kohnlein and Raitt (1977},

the open symbols to the Northern hemisphere. As one
could expect the day cusp (i.e. auroral peak of T.)
position variations correlate with the IMF B, com-
poncnt variations with a very small delay (Meng,
1983}. This applics to the daylime trough too which
is more equatorward than the cusp by several degrees.
In the midnight sector (b), as wus shown above, the
lrough position variations arc determined mainly by
the K, index. But the most sharp equatorward shifl of
the trough was observed with a time delay ~1 h later
than B. turning south. The subauroral peak of 7. in
this sector responds to the short-period variations of
B, and a good correlation can be oblained when a
time delay =40 min. is introduced. Finally, in the
evening sector (¢), the trough responsc as well as the
T, pcak (o B, turning is more delayed (by =2 h) and
is determined by the K|, index variations which take
into account the corresponding time delay and local
lime changes. More equatorward than the MIT, the
T. peak lor the recovery phase of the substorm (nearly
07:30 UT) corresponds to the residual ring current
and is not reflected in the N, variations in the form ol
a density trough, as was shown in I'ig. 4 (a and b).
Hence the response of the cquatorial border of the
auroral oval as whole and the trough minimum pos-
ition to the intense geomagnetic disturbance is rather
similar. The sharpest displacement of both structures
towards the equator takes place almost immediately

A.T. Karpachev et af.

after B, turns south during daytime. and with a delay
7 =~ 1 h during the night. As a result the duyside struc-
tures of the high-latitude ionosphere ate controlled to
a greater extent by the IMF B. component, and night-
time structures by the K, index. In the evening scctor,
a delay =2 h can be observed.

3. EQUATORIAL LATITUDES

The problem of the ionospheric responsc to IMIF
changes is the problem of the transfer of solar wind
energy into the magnetosphere and then into the iono-
sphere. The high-latitude ionosphere is related to the
magnctosphere by means of magnetospheric convee-
tion, electric currcants und particle precipitation.
Therefore the high-latitude ionospheric response to
IMT changes is almost instantaneous. The largest time
scale for these processes is the trunsport time for the
hot particles from the magnctotail or [rom the dayside
boundary layer into the auroral oval, which is no more
than 1-2 h. So such a response may be called “direct’,
although the solar wind energy input into the 1ono-
sphere occurs in a rather complex way. The solar wind
cnergy may be transferred into the middle and low-
latitude ionosphere, either dircctly from the mag-
nctosphere in the form of electric ficlds and currents
or indirectly threugh high latitudes in the form of
wave disturbances and winds. Obviously, in the
sccond case the ionosphere response will be delayed.
This scparation is rather relative, and the time con-
stants for the different mechanisms of enerpy transfer
vary continuously from about 10 min to several hours.
Some aspects of the low-latitude ionospheric response
to IMF changes are studied in the paper of Deminova
in this issuc. In this review, low latitudes will be dis-
cussed rather briefly.

3.1. Response of equatorial ionasphere to variations of
B, component

The [f,F2 variations al equatorial latitudes are
related to variations of the cquatorial anomaly as a
whole under changes of the electric field zonal com-
ponent. The cquaterial anomaly 1s very sensitive to
variations of clectric fields of any origin: mag-
netospheric  convection,  disturbance  ionospheric
dyname and various kinds of wave disturbances. The
equatorial ionospheric response to the IME influence
has been studied through the connection between
equatorial and high-lutilude ionespheres in various
experiments in which electric ficlds huve been mea-
sured at those latitudes (see e.g. Gonzales et al.. [979),
The three-dimensional current system DP-2 connects
the polar and equatorial latitudes (see refercnces in the
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Fig. 9. Variations of the trough minimum and T, peak position in three dilferent sectors of focal time

during the storm on 3 4 April 1979, Triangles ure the electran temperature peaks, circles are the main

ionospheric trough minimum position, open symbols correspond to the Northern hemisphere and the filled
symbols to the Southern hemisphere. Varistions of the IMF 8, component are shown by (he solid lines.

review by Matsushitu, [977). Field-aligned currents in
this system are shorl-circuited partly through the day-
side low latitude ionosphere and they form u current
syslem in the £-layer which is opposite to the quict
lonospheric dynamo  current system S, A link
between magnelospheric and ionospheric clectric
fields and currents seems to be the castward auroral
electrojel. The current system DP-2 forms about 1 h
after a4 8. southward (urning, ie. uspally sim-
ultancously with auroral activity growth, and it van-
ishes under a B. northward turning. As DP-2 is “anti-
S, at low latitudes, it tends to depress the equatorial
anomaly. Note that during storms the cquaterial ano-
maly is most often suppressed (sce e.p. Rajaram, 1977
Abdu ef ol., 1991). But this suppression is obtained
only as a result of averaging over many storms. while
in specific cases a wide variety ol the equatorial ano-
maly behaviour is observed, depending on the super-
position of various disturbing agents. Averuged vilues

of the drift (i.e. of the electric ficld) at the equator
were found to corrclate poorly with A, averaged
values, Much stronger coupling was revealed at 8
steep turnings, both southward and northward. Under
a B.steep southwurd turning the magnetospherie elec-
tric field changes 1o a disturbed pattern in 10 15 min.
and the polarization lield ul the inner edge of the
plasmasheath does not have time to shield the iono-
sphere from it, So the magnetospheric clectric licld
directed from duwn to dusk may penetrate into the
plasmasphere in about 1 2h afler a 2 southward
turning (scc e.g. Lyatsky, 1978 Kelley er af., 1979
On the night side ol the Earth this field is weslward
during the greater part of the night, causing the
additionul downward plasma drilt. The F-layer height
drops under action of this drill. and £, F2 decreases at
lirst over the magnetic equator and then, during (he
sccond hour after the lurning, at the equatorial ano-
maly crests, this effect is more pronounced after mid-
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night and it is maximum at 03 LT (Deminov and
Deminova, 1988a, 1992; Deminova, 1995). On the
dayside of the Earth this lield is castward during the
greater part of day, causing the additional upward
plasma drift which intensifics the equatorial anomaly.
Howcever, in the daylime, the effects caused by direct
penetration of the magnetospheric electric ficld inte
the low-latitude ionosphere manifest themselves less
strongly than at night. This seems to be accounted for
by intense ionospheric variations caused by ther-
mospheric processes and interfering with the B. effect,
When B. (urns northward, then the additional mag-
netospheric clectric field, penetrating into the plas-
masphere, has the opposite dircction and drives an
additional upward drifl of plasma at night (Kelley et
al., 1979). Note that B, northward turning cffects on
the equatorial ionosphere are more difficult to sep-
arate in pure [orm, because they usually occur after
periods of high magnetic activity when the ionosphere
is affected by various disturbing agents such as electric
fields of magnctospheric origin and of the ionospheric
disturbance dynamo. internal pravity waves, dis-
turbed thermospheric winds, eilc. Therefore drift and
clectric field dula during these periods often have
ambiguous interpretations (e.g. Matsushita, 1977:
Fejer, 1986, 1991).

3.2, B, componenr effec

As mentioned dbove, the IME B, component makes
a magnetospheric convection system asymmetric in
relation to the noon midnight meridian, and the aur-
oral aval, as a whole, displaces opposite o the B,
direclion in the Northern hemisphere and along its
direction in the Southern hemisphere. The B, effect
may be reveuled at all latitudes. including equatorial
latitudes. Under quiet conditions this elfect manifests
itsell"as the displacement of the S, system foci {Mat-
sushita, 1977), The most complete theoretical analysis
for disturbed conditions secems to have been made by
Zakhurov et af. (1989). Their calculutions have shown
thal the magnetospheric etectric lield penetrating into
the equatorial ionosphere under strong disturbances,
when £ is steady negative and /, 3 10°° A/m. is com-
parable in magnitude with the ionospheric dynamo
field. The zonal component of the magnetospheric
electric field, which cssentially forms the equatorial
clectrojet and causes the vertical drift in the F-region.
most effectively penetrates into the equatorial iono-
sphere in the night and morning sectors ol local time.
The cffect depends strongly on the B, direction (sec
Fig. 10): the electric fteld zonal component £, at the
equator is dirceted opposite to the dynamo eleetrie
field for most local times under &, > (. Under B. <0,

AT, Karpachev et al.

m¥/m

1

E 108

HO

106

“ntB >0
I
A= B, <0

1’

2
A/m

1’

10°

Fig. 10. Diurnal variations of the zonal component of the

equatorial electric field (a} and the equatorial electrojet of

magnetospheric origin: with shiclding () and  without

shiclding (). Solid lines correspond to B, < 0, and dotted
lines to B, = 0. (alter Zukharov es of . 1989).

the £; direction coincides in phase with the dynamo
field in the day and evening local time intervals and is
antiphase in the other LT intervals. Fig. 10b shows
variations in the density ol the current in the cqua-
lorial clectrojet muaximum which correspond o £
variations shown in Fig. 10a for the case when the
magnetospheric eleetric field is shielded by the field-
aligned currents in the plasmasheath and the anroral
zone of increased conductivity. When the shielding is
broken, a very strong counter-electrojet niay develop
which may exceed the ionospheric dynamo electrojet
intensity ('ig. [0c). Such a siluation may arise ad the
storm growth phase after u £, southward turning.
Experimental evidence ol magnetospheric electric field
penetration into the equatorial ionosphere under £,
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turnings has been obtained from Cosmos-184 satellite
data (Gulperin et af., 1978). It was shown that turnings
from negative to positive B, cause an N, increase in
the night-time (20-23 MLT) cquatorial ionosphere,
which is connected with additional upward plasma
drift. Under B, turnings from positive to negative the
pattern is opposite.

3.3, Effects of large-scale internal gravity waves and
ionaspheric disturbance dynamo

Large-scale internal gravity waves (IGW) arc gen-
crated by auroral electrojet activity. Several of such
bursts may occur in both hemispheres during a strong
magnctospheric storm connected with a B southward
turning. As the westward and eastward clectrojets are
relatively independent, during the storm cach of them
may generate scveral IGWs ol various amplitudes and
with different time delays in relation to the storm
commencement. More than 65% of strong [GWs
reach the equator from both auroral ovals (Gon-
charova et al.. 1986). Each FGW has its own velocily
(in the interval from 500 to 1000 m/s as a rule), and
their propagation {rom auroral to equatorial latitudes
1akes different times. Therelore a very complex pat-
tern of disturbance is observed in the equatorial iono-
sphere during a strong magnetic storm. An cxample
of the IGW cffcet on the equatorial anamaly is shown
in Fig. 11 for the 3-4 April 1979 storm as given by
Intercosmos-19 satellite data (Deminov und Karpa-
chev, 1985). The top panel in Fig. 11 shows daytime
{~ 11 LT) eflects and the lower panel rclates to Lhe
night-time (~23 LT). Varialions in A, F2, f,F2 and
(plasma frequency at the satcllite height A4, = 740 km)
are shown. The two curves at the bottom in Fig. 11
show variations in position of the night-time equa-
torial anomaly crests compared with their quicl pos-
ition (=27 dip latitude). Positions of the day-lime
equatorial anomaly crests are not shown in Fig. |l
because their structurc was complex and their pos-
itions could not be determined unambiguously. 1t is
scen Lhat in the dayside jionosphere the F-layer lilts,
N, F2 decreases and N, in the outer ionosphere
increases 34 h afler the eastward auroral clectrojet
(AU-index) cnhancement. Similar effects are observed
in the night-time ionosphere. The IGW eflects appear
2-3 h after the enhanced AL-index (at ~ 17 UT) and
last ~4 h. This is clearly seen from the Intercosmos-
19 satellite data although the lime resolution is poor.
Shorter lived effects of the mugnetospheric electric
lield (z = 1 2 h)aredifficult to distinguish in the Inter-
cosmos-19 satellite data while they arc clearly delected
from |5-min data of ground-based stations as shown
in Fig. 12. Thus, IGW cause equatorial anomaly inten-
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sification both during the day and night hours. This
is connected with the complex influence of 1GW on
the F-layer: change of thermosphere molecular com-
position, wind velocity and elecirodynamical plasma
_drift induced by IGW winds (Deminov and Demi-
nova, 19838h).

Effects of the tonospheric dynamo have been uana-
lysed in detail by Bfanc and Richmond {1980). Effects
of the ionospheric disturbance dynamo at equatorial
latitudes werc observed by Fejer ef al. (1983), We will
not discuss their results in detail here and note only
that the disturbed dynamo is driven by a vortex which
is opposite to the quiet S, system (Blane and
Richmond, 1980). This begins to manifest itself at
equatorial lulitudes 6-8 h afler auroral activity inten-
sification associated with a B, southward turning.

3.4 Concluding remarks

Several effects in the low-latitude and equatorial
ionosphere have been deseribed which, in one way or
another, are connected with the IMFE. The 88C cffect
on f.F2 may be mentioned to makc the picture
complete. This effect is associated with the dayside
magnetosphere compression by the solar wind shock
(Goncharova et al., 1984), All the above cffects have
their own time delays in relation to the IMF chunge,
The equatorial ionosphere scems to respond more
quickly te a shock arriving al the dayside mag-
netosphere (v -- 10-15 min) in the initial phase of a
sterm, Approximutely HO-20 minafter a B southward
turning, the electric field in the magnelotail changes,
which penetrates inte the plasmasphere and causes
in the low-latitude ionosphere the effects described
above, About 1 hour after & B. southward turning the
DP-2 current system is formed, which is equivalent 1o
an “anti-5,7 system at low latitudes. Auroral clec-
trojet activity occurs on average | h aller 8. south-
ward turnings, causing large-scale internal gravity
waves which propagale from auroral to equatorial
latitudes in 2-5 h and which may make strong eflects
in the equatorial b region (Deminov and Deminova,
1988h). The disturbed ionospheric dynamo begins to
acl 68 h afler a B southward turning m those cases
when a strong magnetospheric disturbance develops
atler the turning, Thus, an almost continuous spec-
trum of time delays [or dillerent elleets exists, which
mity be supcrposed on each other and build up a
complex interference pattern ol drifis and electric
ticlds over the equator, For example, all the published
cases ol plausmy drift upward turnings at night under
steep and streng B, northward turnings (c.g. Palel,
1978 ; Fejer, 1986) occurred under more or less intense
disturbances, and the elfeet of the large-scaie IGWs,
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which were generated by auroral elecirojet bursts sev-
eral hours befare the B, northward turning, intertered
with the B. northward turning effect itself. This is one
of the diffcrences between the equutorial ionosphere
and the polar ionosphere, where the spectrum of
effects is not so broad. So. when analysing dis-
turbances in the cquatorial ionosphere, one should
keep in mind the following featurcs of the equatorial
anomaly. The quiet S, current system drives an
upward plasma drift over the magnelic equalor at
daytime, which lilts the F-luyer and thus decreases

J.F2 over the equator and increases it a1 the anomaly

crests. Consequently, the ionospheric disturbance
dynamo, which manifests itsell as ‘anti-S§," in the day-
time (Blanc and Richmond. 1980). should create a
NP2 steady increase over the cqualor as compared
with quiet periads and this was seen in the cbserved
dala (e.g. Bremer, 198K). The DP-2 current system,.
which also manifests itself as "anti-Sq in the daytime,
during disturbances (Matsushita. 1977) is consistent
with model calenkations (Zakharov er af., 1989, from
which it follows thal the equatorial electrojet during
a slorm is weakened ; it can even change its sign. It is
utambiguous also that southward and northward B
lurnings ought lo give opposite effects in the equa-
torial anomaly. and this is supported by the Inter-
cosmos-19 data (Deminov and Deminova, 1992),

4. MIDDLLE LATITUDES

The IMF sector structure effects in the mid-fatitude
ionosphere were analysed by slatistical methods
{namely by the superposed-epoch methods) (e.g.
Bremer, 1988 Tulunay, 1993). The most complete
investigation has been made by Bremer (1988) whao
has taken into account seasonal, diurnal and sofur
cycle variations and the dependence on mugnetic
activity. He has shown that the /,F2 average valucs
under sector boundatry crossings differ by no more
than 0.2 MHz at any local lime. Much stronger
changes in £,1°2 are observed when the 1MV B, com-
ponent turns southward or northward, especially for
southward turmings. This result accords 1o the well-
known #,F2 behaviour during storms: siorm-lime

JoF2 average deviations Irom quict values are negative

at middle latitudes, the deviation sign reverscs near
latitude ~ 20 and ut the equator these deviations are
positive on average, The magnitude of the effect at
mid-tatitudes at noon increases from ~ 3% ul solar
minimum to ~8% at solar maximum ; it may reach
1 MHz in the equinoxes. This is the result of the globul
thermaospheric circulation system, which in turn is the
result of Joule heating in auroral regions. The effect
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depends on season through the seasonal B. value
dependence and on solar activity through the solar
wind velocity (Bremer, 1988). This elfect is most pro-
nounced at dawn and weaker at dusk (Tulunay. 1993).
B. southward turnings lower the mid-lalitude night-
time F2-layer by ~ 10 km and B, northward turnings
cause it to lift by approximately the same value during
the first hoar after the B turning {(Lyatskaya and
Lyatsky. 1975). Theoretical calculations show that B,
variations should influence neticeably the meridional
component of the electric lield, penetrating into the
mid-latitude ionosphere from the magnetosphere lor
strong magnctospheric disturbances (Zakharov et al.,
19%9). Bremer (1988) derived the average behaviour
of £,F2 at time intervals of several days. After a B.
southward turning, strong variations in the mid-lati-
tude ionospheric parameters {f,F2 and A, F2) occur on
time scales of the order of one hour. The supcrposed-
epoch method is not suitable for analysis of all these
effects scparately. and un analysis of specific cuses is
required. As an illustration, let us analysc the iono-
spheric behaviour during the strong storm on 3-4
April 1979.

We (race the cffects of the storm with the help of
Fig. 12 where the variations in fI2 arc shown for
three Japunese stations situated on the same meridian :
Wakkanai (A = 357, Tokyo (25") and Okinawa (157)
{Deminov und Karpachev, 1985). The negative phase
of the storm was initiated by the B. southward turning
4l =15 UT. This was accompanicd by the inten-
sification of the magnetospheric convection which is
seerl from the change of Iy which indicates the rate
of encrgy input in the ring current. Then the negative
disturbunce in £, F2 seems to be enhanced by the [GW
action at 19 20 UT. The deep negative Af F2 is main-
taincd by the recomstruction of the global ther-
mospheric circulation system accompanied by the
decrease of O/N, and consequently of £,1°2. The sharp
increase of negative B. near 23 UT was accompanied
by another increase of the magnetospheric convection
clectric field which reflected strongly on the f,F2 vari-
alions because il oceurred in the morning sector of
local time for Japan. The Intercosmos-19 data analysis
for this LT sector shows that f,F2 variations over the
Tapanese stations were caused by a sharp displacement
of the equatorial anomaly northern erest from
A~ 24710 ~ 197 One can see also that for the entire
observational period the small-scale variations al
Wakkanai (35 correfate with corresponding vari-
ations of the horizontal component of the terrestrial
magnetic field at nearby Kakkioka (347). Ttis a mani-
festation of the jonespheric dynama electric field cre-
aled by neutral wind variations. We can separate the
£.F2 variations caused by the Travelling lonospheric
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Fig. 12. Vasiations of e (ihe growth rate of DR-current),
Alf (horizontal component of the geomagnetic ficld al Kak-
kioka) and /F2 at Wakkanai (A = 357, Takyo {257 and
Okinawa (15") during the storm on 3-4 April 1979, Trav-
cllimg lonospheric Disturbances are marked by a, band ¢

Disturbances labelled by a, b and ¢ in Fig. 12 caused
by IGWs gencraled by the uuraral clectrojet {which
could be seen from the AE-index variations) and the
MHD wuve which appeared in the form ol a shaip-
ening of the 1GW front, This s connected with the
moment of first intensification of the magnetospheric
convection clectric field (= 16 UT)

So the A. control of the ionosphere has a plobal
character and is shown through the indices of geo-
magnetic activity. This makes it possible to construct
a schematic picture of the global response of the upper
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ionosphere to the strong geomagnelic disturbance
caused by the sharp turning of the B, to the south.

5. PATTERN OF GLOBAL IONOSPHERIC RESFONSE TO
GEREOMAGNETIC DISTURBANCE

We have described above the main fealures of the
changes to the high, low and middle latitude iono-
sphere. Now we try to combine all of them into a
general picture of the global ionospheric response to
the strong geomagnctic disturbance caused by B. turn-
ing to the south, using the 3—4 April 1979 storm. In
Fig. 13, the pattern of disturbance (Af,F2) devel-
opment is shown for the local night sector (21-01 LT),
constructed with respect Lo the longitudinal effect in
fF2 (Deminov and Karpachev, 1988 Karpachev,
1988). The cquatorial anomaly variations are shown
in terms of dip latitude, and the main trough vari-
ations in terms of invariant latitude. The high-latitude
part of the map with the trough and its low-latitude
part with the equatorial anomaly are joined together
along the 40° INV LAT which approximately cor-
responds to 1. 60" DIP LAT.

The magnetospheric storm began at 10.02 UT after
a 35C. At the initial phasc of the ionospheric slorm a
well developed positive disturbance (up to +3 MHz
in the Northern hemisphere) is observed in the region
of the trough equatorward wall. With the beginning
of the main phase of the storm, after the B. turning,
the trough begins to move towards the equator. This
movement depends on local time; at the latitude of
the trough's poleward wall one can observe the strong
devialion in f,F2 from the undisturbed level and, at
the latitudes of the cquatorward wall of the trough,
the negative variations in f,F2 are refated to the trough
minimum movement and the negative phase devel-
opment at the middle latitudes. The equatorial ano-
maly response consists of lwo parts: inhibition ot the
cquatorial anomaly 1-2 h after the B, turning related
to downward drift, und development of the equatorial
anomaly under IGW effects reaching the equator 2—
5 h after the burst of the westward electrojet which is
also associated with the B, turning. The weakening of
the cquatorial anomaly manifests itsell most clearly
at ~03 LT ; thisis not observed by the Intercosmos-19
satellite data shown in Fig. 13. During the equatorial
anomaly intensification f,F2 decreases over the mag-
netic equator and increases at the equatorial anomaly
crests, and the cquatorial anomaly crests move away
from the cquator.

One can see that the variations in f,F2 retated to
the trongh and equatorial anomaly movements cover
all the ionosphere, including middle latitudes, There-
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fore the changes of the /,F2 values through the main
phase of the storm is determined muainly by variations
al high and low latitudes and by the development of
strong negalive variations at middle latitudes.

6. CONCLLUSIONS

We have tried to construct a global picturc of the
ionosphere response (o the intensive magnetic dis-
turbance connected with IMF variations, The main
features are as follows:

Variations of £,F2 during the main phase of a strong
storm, ussocialed with the B. turning southwards, arc
determined mainly by the variations in the high-lati-
tude and equatorial ionosphere, accompanied by the
decrease at middle latitndes ;

Variations of the equatorial boundary of the aur-
oral oval and of the trough minimum position are
correlaled : the largest displacement towards the
cquator takes place immediately after the B. turning
to the south in daytime hours, and with a delay of 1-
1.5h at night. In the evening the delay could reach
2 h. All this is expressed by the better correlation with
B in the day-time and with K, index at night ;

The response of the mid-latitude trough to the K,
index variations is described by a time lag £ during all
phases of the storm. The deluy time 1 for the growth
phase of the storm depends on the disturbance growth
rate: T = 4.3AK /Al—04h, On average 7= 2.2 h, so
the best corrclation will be obtained for K, averaged
for preceding ~4.4h;

Short-period variations in the night-time winter
trough position (up to +47 in latitude) are determined
by the additional elfects of Dy, B and B.(allin n'T). In
addition, under B. > 0, a good correlation is observed
with the value of B, AAr = —-0.25B8,—0.65 and. for
B, < 0, correlation with B. is observed: AA;=
0.358.—0.31. Dependence on 1, is presented in a
linear approximation too: AAr = - 0.0281D | 1.9

In the summer hemisphere the nightside trough pos-
ition correlates with D, betler thun with K, index.
This connection may be represented in the following
form: 1377 |D, /™ = 2.5 % 10" nT;

For the recovery phase of the storm. often
(especially in the morning hours) an additional trough
is observed which is situated equatorward of the MI'T,
which is called the ring ionospheric trough (R1T). The
RIT pasition practically does not depend on the K,
index and tends to the latitude of the residual ring
current. When both troughs are situated close in lati-
tude the RIT could mask the MIT, which cuuses com-
plexity in the analysis of subauroral ionospheric
behaviour;
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Fig. 13. Schematic pattern of the £F2 global responsc to the strong magnctic storm on 3 4 April 1979

from the Iatercosmos-19 satellite data. Top panel: variations of B, and AL index. Bottom panel : variations

in £,1°2 (solid lines) and positions of the trough minimum and equatorial anomaly crests (dashed lines).

The high-latitude part of the map is presented versus INV LAT, und the low-latitude part vessus DIP
LAT.

At equatorial latitudes a B. southward turning
causcs additional downward plasma drift on the night-
side of the Earth, which leads to the equatorial ano-
maly weakening, und the upward drift on the day side
which intensifies the equatorial anomaly. Large-scale

IGWs reaching the equator 2 5 h after aureral elec-
trojet activity cause the equatorial anomaly inlen-
sification. The superposition of all these effects gives
rise to very complex variations ;

The middle latitude ionospheric variations during
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geomagnetic disturbances have probably the most
complex character because they arc determined pruc-
tically by all the factors taking place during the storm :
the high latitude and low latitude ionosphere vari-
ations, ellects of electric fields of both magnetospheric
and ionospheric origin, wave disturbances, negative
changes connected with the global circulation system, elc.

In conclusion we mention that the accuracy of the
disturbed ionosphere analysis depends on an accurate
knowledge of the quiel ionospheric state. It is possible

A.T. Karpachev et al.

Lo show that if we do not take into account the longj-
tudinal eflect at cquatorial latitudes we obtain not
only incorrect values of the /,F2 variation but also the
wrong sign. This work is based on the studies of the
kackground state of the ionosphere by Deminov and
Karpachev (1988) and Karpachev (1988, 1992),
Finally, a model of the MIT taking into account the
trough position dependence on longitude, latitudc,
height, local time, K, indcx and season is now close
Lo completion,
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