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SOLAR WI1KD~-MAGNETOSPHERE COUPLING DURING INTENSE. MAGNETIC STORMS
(1978-1979)

Walter D. Conzalez!, Bruce T. Tsurutaniz, Alicia L.C. Gonzalezl,
Edward J. SmithZ, Frances'ﬁaugB, and Syuun-I. Akasofu®

ABSTRACT The solar wind-magnetosphere coupling
problem is investigated for the ten intense
magnetic storms (Dst <~100 nT) that .occurred
during the 500 days (August 16, 1978 to December
28, 1979) studied by Gonzalez and Tsurutani
{1987]. This investigation concentrates on the
ring current energization in terms of solar wind
parameters, in order to explain the |-Dst]
growth observed during these- storms.- Thus-
gseveral coupling functions are tested as energy
input and several sets of the ring current decay
time-constant T are searched to find best corre-
lations with the Dst response. From the fairly
large correlation coefficients found in this
study, there is strong evidence that large scale
magnetopause reconnection operates during such
intense storm events and that the solar wind ram
pressure plays an important role in the ring
current energization, Thus a ram pressufe Cor-
rection factor is suggested for expressions
concerning the reconnection power during time
intervals with large ram pressure variations,
The best set of values Ffound from the present
study is in accord with recent similar and
independent suggestions. Wirh respect to . the
ring current . energy injection rates during
intense storm  events, typical wvalues  of
150 £ 50 nT/hour are obtained. These  are
considerably larger than wvalues extrapolated
from previous studies restricted to wmoderate
storms. Such rates of energy injection are
observed to get transmitted from the wmagne-
topause to the inner magnetosphere with an
average time delay of about I hour, although
this delay can become shorter as the storm
events get more intenmse. It is also found that
AE does not respond as well .as Dst to the
coupling functions, except for thejivents that
have Dst values only »~100 nT (less intense
energization). This point suggests that there is
a decounpling between the ring curvent and
auroral processes during very intense storms
with respect to theitr dependence on seolar wind
energization, Finally, a discussion 1s presented
on associations of the coupling functions with
the solar wind features described by Tsurutani




ot al. [1988] for the itzea of theoa gturm
events.

1. Introduction

The works by Tsurutani et al, [1988] and by
Tang et al. [1989} deal with interplanetary and
solar causes of the 10 intense gcomagnetic
storms (Dst < =100 nT) that occurred in the
interval August 16, 1978, to December 28, 1979.
These events were documented and discussed by
Gonzalez and Tsurutani [1987) with the use of
Dst data together with interplanetary magnetic
field and plasma data collected by the ISEE 3
satellite, while it was in front of the Earth in
its halo orbit about the Lj libration point.
Gonzalez and Tsurutani [1987] have claimed that
a common interplanetary feature for these storm
events were long-duration (>3 hours), large and
negative (<=10 nT) interplanetary magnetic fleld
{(IMF) B, events, associated with interplanetary
duskward electric fields >9S5 mV/m.

It is the purpose of the present paper to
study the "solar wind-magnetospheric coupling"
problem during those storm-—events, with specific
fecus on ring current energization dependence on
solar wind parameters. Previous studies of this
type have mainly concentrated on a single
coupling function [Perreault and Akasofu, 1978]
and/or on storms of wmoderate intemsity [Burton
et al., 1975; Murayama, 1982; Feldstein et al.,
1984; Pudovkin et al,, 1985]. Thus we expect
that the present study will extend previous
results—to - intense storms, . with particular
attention to ‘the role of several candidate cou-
pling functions for ring current energization.
Furthermore, since it has been claimed that the
ring current decay time-constant, not well known
as yet, plays an important role in the ring
current energy dissipation J[e.g., Vasyliunas,
1987], the present study will also try to focus
on this importanf parameter, ’

In section 2, a summaxy of the ten Intense
storm events 1is presented, . along with a
discussion on some aspects relevant to their
geomagnetic activity behavior.

After reviewing the dynamics of ring current
energization as well as several suggested solar
wind-magnetosphere coupling functions [e.g.,
Burton et al., 1975; Perreault and Akasofu,
1978; Vasyliunas et al., 1982; Bargatze et al.,
1986; Murayama, 1986; Gonzalez, 1986}, we study
in section 3 the evolution of the ring current
during the main phase of the intense storm
events. Each of the selected coupling functions
is assumed to be directly associated with energy



input during such evolution. DParticular impor-
tance is given to the role of the solar wind ram
pressure in magnetospheric energization, expec-
ted to exist according to past solar wind-
magnetosphere studies [e.g., Murayama, 19823
Gonzalez and Gonzalez, 1984] and experimental
‘evidence [e.g., Tsurutani et al., 1985; Smith et
al., 1986; Gonzalez et al., 1989]. In this
section, a study of AE response to the same
coupling functions and for the same time inter-
vals selected for the ring current -response
investigation is presented.

Section 4 provides a discussion on several
aspects suggested by the results obtained in
section 3. Section 5 gives a summary of the
main conclusions.

For the present study we have wused 5-min
averages, both for the Dst data as well as for
the ISEE 3 measured solar wind pavameters. We
have also assumed that during the events of the
present study, the large-scale and long-duraticn
interplanetary events convected from the ISEE 3
location to the magnetopause without any appre-
cizble change, as concluded by Kelly et al.
{1986].

2. Intense Storm Events (1978-1979)

An overview of the 10 intense storm events,
with Dst <-100 nT, that occurred in the interval
August 16, 1978, to December 28, 1979, is given
on TFigure 1 (taken from Gonzalez and Tsurutani
[1987]). From 1left to right are: the interpla-
netary  phenomena detected prior to the large
southward IMF event causing the magnetic storms
(Mach number, if shocks), peak southward B, and
IMF magnitudes -and peak Dst wvalues, All
southward events ccecurred within 36 hours of a
leading interplanetary shock (nine out of ten
events) or a noncompressive density enhancement
event (one case). For more details about the
interplanetary cause. of these storm events the
reader is referred to Tsurutani et al. [1988].

Figure 2 refers to the storm event of
September 29, 1978, and illustrates the inter-
planetary plasma and magnetic field data, detec-
ted by ISEE 3, as well as the geomagnetic
activity data (AE and Dst) used in our study.
From top to bhottom aré the helium density,
proton temperature, velocity and density, the
IMF Y and Z components (in solar magunetospheric
‘coordinates) and IMF magnitude, and the magne-
tospheric parameters AE and Dst. For more
details about the ISEE 3 measurements and method
of analysis of tlie interplanetary data, the
reader is referred to Frandsen et al. [1978},



Bame et al. [1978), and Tsurutani et al. [1588].
The AE and Dst plots were obtained in a manner
similar to that described by Baker et al,
[1983].

Event Case Study

For brevity, a description about the behavior
of Dst and of some interplanetary parameters is
given below only for some selected events, for
which a full set of interplanetary and magne-
tospheric data is shown on Figures 2, 3, and 4.
They are the events on September 29, 1978,
November 25, 1978, and September 18, 1979, and
represent the different type of events encoun-
tered in our study with respect to interpla-
netary drivers and Dst complexity. .The des-
cription will concentrate on the Dst growth in
response to interplanetary conditions.

Table 1 gives a summary of some representative
parameters for the 10 storm events. They are the
selected time interval for the study of the Dst
growth (the criteria for this selection is
explained in section 3), the peak Dst value, and
the average values of B,, of the solar wind
speed V and of the solar wind ram pressure p. As
it will .be shown in the following sections,
these three interplanetary parameters play the
major role in the ring current energlzation
during the studied events. Note that days
February 21, 1979, and March 29, 1979, include a
secondary event (marked with a cross) that
preceded the main event (not originally included
in the 10 events) and, in both cases, the
corresponding peak Dst reached values  mnear

-100 nT. Due to data gaps during the events of
April 25, 1979, and of September 18, 1979
(marked with an  asterisk), the selected
intervals represent only partially the time
_interval of Dst growth.

September Z9, 1978. This event is illustrated
on Figure 2. The Dst growth follows the recovery
phase of a previous storm, that occurred on day
25, and reaches a peak value of -215 nT at about
1100 UT on day 29. After the interplanetary
shock was observed at about 2100 UT of day 28,
the interplanetary 'parameters V and -B; reached
fajirly large amplitudes during the growth of the
storm. B, had values <-10 nT for more than 7
consecutive hours and a fairly broad peak at
~24 nT between about 0830 UT and 1130 UT. It is
interesting to note that the Dst parameter also
showed a broad peak during this event. Although
there is a data gap in the solar wind para-
meters, between approximately 0200 UT  and




0500 UT, the large negative B, turning at about
0600 UT is correlated with the rapid growth of
the storm. Thus according to the criterion
assumed in the following section for the
selection of (main phase) storm intervals to
study the Dst growth, the selected interval for
this event was from 0700 UT to 1100 UT., Note
that Dst started to grow already from a fairly
moderate value _at about =60 nT, due to the
active interval that preceded the stdrm. Also
note that the storm started its recovery phase
at the same time as the B, values became
>~10 nT.

November 25, 1978. This event is illustrated on
Figure 3. The interplanetary shock that occurred
at about noon of November 25 seems, to have
amplified previously existing, already large,
negative B, fields [Tsurutani et al,, 1988] and
alsc seems to have started the main storm event
of this day. Thus the -Dst values that exist
previcus to the main sterm event are also
correspondingly fairly large, with a peak value
around -80 nT and a (moderate) Dst value of
about -50 nT during the onset of.the main storm
event. Therefore this is an example of a complex
(double) ,.Dst event or even of a multiple one, if
one also considers the Dst behavior on the
previous day (November 24). The B field during
the main event has values <-10 nT for about 5
consecutive hours, with a peak value of ~16 nT.
The peak Dst value during this main event was
'~150 nT. After a net lag of about } hour, the
rapid turning of B; to less megative values is
correlated with the recovery of the storm. This
time lag is in addition to that corresponding to
the solar wind transit time from the ISEE 3
satelite to the Earth's magnetopause, which
‘typically is also around 1 hour (see further
‘related comments on section 3). The selected
interval for the study of Dst growth during this
event_ is from 1300 UT to 1900 UT.

September 18, 1979, This event is illustrated
on Figure 4. It is different ' than the events
described above, in that this event does not
involve an interplanetary shock, but seems to
follow a noncompressive density enhancement
event [Gosling et al., '1977; Tsurutani et al.,
1988]). Due to a fairly large data gap in the
ISEE 3 data, we have selected -the interval
0000 UT to 0800 UT ‘for the study of the Dst
growth., Therefore such growth is studied only
partially, including the storm onset and a Dst
growth until about -100 uT. The storm follows a
quiet Dst period that- existed for several




previous days. The B, -.-field had two large
negative incursions., The first one with values
<=10 nT during about 2 hours leading to Dst
values around =60 nT. The second one with a
longer negative incursion and apparently larger
amplitudes (data gap), leading to a storm with a
peak Dst wvalue of -150 nT. Although the solar
wind speed is relatively low, as compared to the
values reached during the other events, the
solar wind density was much higher than average
(by a factor of 3 or more), associated with the
non compressive density enhancement event that
occurred during this interval. About an hour
after B, changed (rapidly) to positive values,
the storm seems to have started its recovery
phase. :

In order to have an idea of che other events,
the reader is referred to Figure ] and to Table
1, which provide information on soime important
parameters for all 10 events as well as for the
secondary events of days February 21, 1979, and
March 29, 1979.

3. Ring Current Energization

For ring current energization studies the
expression for the corresponding energy balance
[following Burton et al., 1975; Akasofu, 1981]
1s usually written as

du/dt = Uy - U/t {la)

wheré U is the total kinetic energy of the
particles, U, the energy imput and T the
exponential time constant for energy decay. U
can be related to the local time averaged
perturbation field at the surface of the Earth,
D, through the Dessler-Parker-Sckopke relation
[Sckopke, 1966] as

D = -2/3 (U/Up) Bg
where Ug i1is the enefgy of the dipole magnetic
field above the Earth's surface and Bg is the
equatorial dipole field strengthi at the Earth's

surface.
Thus using this relation in (la) one gets

dD/dt = Q - D/t (1b)

with @ = 2.5 x 10-21 Uy (in Gaussian units),
and D in nT. Thus

Uy = 4x1020 (d/dt + 1/x) D (lc)



Usually, D is related to the storm param ter
Dst through:

D=pst - b ()% +c (2)

[e.g., Burton et al,, 1975; Akasofu, 19813
Feldstein et al., 1984], where p is the (dis-
turbed day) ram pressure of the solar wind,
namely sz, with p and V being the selar wind
mass density and speed, respectively, b is a
proportionality constant, and c rTepresents the
quiet-day contribution to D. From studies by
Burton et al., [1975)}, Feldstein et al., [1984]

and others, the approximate wvalues of b and ¢
are

0.2 aT/(eV cm"3)1!—
20 nT

b

c

o

Therefore from measurements of the Dst index and
of the solar wind ram pressure, and assuming
that the energy input function Q depends
basically on solar wind parameters, one can try
to find the combination of solar wind parameters
{coupling function) that better explains the
evolution of Dst, However, since T is not well
knowvn as' yvet [e.g., Akasofu, 1981, 1986; Zwickl
.et al., 1987; Vasyliunas, 1987], some assumption
about the wvalues of this parameter needs to be
made, This will be described later in this
section.

Following the above scheme several authors,
e.g., Burton et al. [1975], Perreault and
Akasofu {19781}, Feldstein et  al. [1984],
Pudovkin et al, [1985], Murayama [1982, 1986]),
and Fay et al, ([1986] have studied the storm
response to interplanetary-magnetosphere cou-
pling functions, although restricted to moderate
storme and/or to isolated coupling functicns.
The Dst <=-100 nT threshold, used by Gonzalez
and Tsurutani {[1987] and in the present work to
characterize intemse storms, has been already
used before by other authors [e.g., Akasofu,
1981]. It also has been adopted by the Solar
-Geophysical Data Journal as a practical measure
for a similar definition. .

. Burton et al. [1975] restricted their Dst-
solar wind coupling study to the 'rectified"
electric field function VB,, assumed to give
finite energization only for megative values of
B,. This restriction was relaxed by Feldstein et
al. [1984] showing that finite energization also
exists for a range of positive values of B,. For
their coupling . study, Perreault and Akasofu
[1978] defined an empirical coupling function
related to the magnetopause reconnection power



[e.g., Ran and Lee, 1979:. Gonzalez, 19841. Such
function was called € = L02Vstinq(0/2), where B
is the IMF amplitude, L, 1is a constant
(approximately equal to 7 Earth radii) and © is
the "clock angle” between the 2z axis and the
transverse component of the IMF  wvector,
By = B, + By, in solar magnetopheric coordinates
fe.g., Gonzalez and Mozer, 1974). Pudovkin et
al., [1985]) tried several other coupling
functions, although their study was restricted
to the peak Dst values of the storms. They found
better correlations for VB, and for the dawn-
dusk component of the reconnection electric
field, VBpsinZ?(6/2), at the 1limit of equal
reconnecting field amplitudes {Gonzalez, 1986].
Murayama [1982, 1986] and Maezawa and Murayama
[1986]) tested the coupling  funccions VBg,
V2B, and VaBRpC, where p is the solar wind mass
density and a, b and ¢ are coupling exponents.
Their best correlations were found for a
function approximately given by V2B p%:%., This
function incorporates the solar wind ram pres-
sure as an important parameter in the coupling.
Fay et al, [1986] tested the VB, and pV2 func-
tions separately asing the technique of linear
prediction filters [Ivemori - et. al., 1979;
Claver, 1986], showing that these functions
together can account for about 70% of the Dst
variance,

Thus in summary, the following functions have
been previously  tested for —-ring current
energlzation:

V B, (3a)
V By sin?(0/2) {3b)
e = Ly2 V B2 s5in*(6/2) (4)
p/2 v B, (~p%-% v2 3,) (5)

All these functions, except perhaps (la), have
also been used in correlation studies with
auroral indices [e.g., Akasofu, 1981; Baker et
al., 1983; Tsurutani et al., 1985; Maezawa and
Murayama, 1986]. However, Bargatze et al. [1986]
found that a function that correlated best with
the auroral index AL has the form

pl/6 v B sin*(0/2) (6)

Apparently this latter function has not been
tested, as yet, for correlation studies with
Dst.

Gonzalez [1986] has showm that the above
expressions (3a), (3b) and (4) are limits of the



following wore geueval expressions on electric
field and energy transfer due to magnetopause
reconnection.

Ep(s,0) = (1/¢) V By (s—cos®)~! K(s,8) (7)
Pp(s,8) = (1/m) V LZ By By K(s,9) (8)

with
K(s,0)=(l-s cos0)(s-c0s9)?/(1+52~25 cosB) (9)

where Ep and Pp are (in Gaussian units) the
electric field and power related to the dawn-
dusk component of the reconmnection electric
field [Gonzalez and Mozer, 1974; Gonzalez and
Gonzalez, 1981]. L is the magnetopause.radlus at
the nose, s = IEG|/|§M| 2 1, with Bg and By,
being respectively, the geomagnetic and magneto-
sheath magnetic fields at the magnetopause. In
these expressions 1 2 s cosO, otherwise Ep=Pp=0.
Function (6) can alsoc be shown [Gonzalez, 1988]
to be ancther limit of the general expression
(8). A meaning of function (5) is discussed in
the following section.

From dimensional analysis, Vasyliunas et al.
[1982] have shown that, 1in order to represent
power, expressions of the VB,G(O) type are
dimensicnally correct when multiplied by the
factor pi/®. Similarly, expressions of the €
type are dimensionally correct when multiplied
by the factor p'1/3. Note that £rom the above
given functions, only expressicn (5) satisfies
such a requirement. If a = 1/4 and G(O) = 1 in
equation (12} of Vasyliunas et al. [1982], omne
gets the following dimensionally correct and
alternative expression for the coupling power:

pljz Vv BTI/Z (10)

Thus the coupling function (5), pl/2vB,, is
dimensionally incorrect, although it has been
successfully used in the literature [Murayama,
19861,

Note, however, that it is possible to place a
constant 1In each power expression with the
proper units in order to satisfy the dimen-
sionality argued by Vasyliunas et al. {1982].
Therefore the corrections mentioned above are
intended more to satisfy the scaling relations
discussed by Vasyliunas et al. [1982], that
resulted from assuming a power law dependence of
the coupling power on Bp, thus fixing its
dependence on the other solar wind parameters,
except G,



Tn ouv {_'!'!_‘QSC‘-.‘;!.'. worlk wa have tested: fll‘[’lCtiOl‘lS
(3) and (4) and their corresponding expressions
when corrected dimensionally; functions (5), (6)
and (10); and seversl others similar functions
listed in the appendix including function (3b)
dimensionally corrected. Some of these functions
have been suggested by Gonzalez [1986] and the
others are variations of (5) and (6) involving
different angular factors. As listed im the
appendix, functions  involving  B,sin®(8/2),
B,%sin™(0/2) and By without an angular factor
have been examined as additional combinations,
although they are not expected from standard
reconnection models. However, they could gain
perhaps more sense in alternative models of
solar wind-magnetosphere interaction, involving
or hot magnetospheric reconnection. The function
pllGVBE sin®(8/2) has been examined in addition
to pll VB sin%(8/2) because By could modulate
the coupling function differently than B for the
same angle ©. Besides, VBp is a better
definition than VB for the dinterplanetery
electric field. _

We have also tested the general expression (8)
for reconnection power as a coupling function
with the folleowing approximations:

L = Lgps the Chapman-Ferraro scale length, with
Lep < p-1/3; .
By = 2(Bybg)1/2, the Crooker' et "al. [1982]
compression parameter; )
Bg = (8an2+B2)1/2, from pressure balance at

the magnetopause.

Thus equation (8) gives
P « p~1/3 v By By K(s,0) (8")

Note +that the d&imensionally correct version
of & can be derived from (8') when s tends to
1 [Gonzalez, 1988], iu 2 similar manner done
{Gonzalez and Gonzalez, 1984] for (4) from (8).
In the following section, we have called E the
electric field function (3) and have grouped the
functions of the electric field type, like
equation (6), under the general symbol E'.
Expression (5) has beem called P to designate
its strong dependence (?1/2) on the solar wind
ram pressure and all other functions with the
same dependence have been referred as P,
‘Finally, the general expression (8') for the
reconnection power has been called R. This
nomenclature is also shown in Table 2.



T sim pm ke o . e - - [a =
Functions for Intense Storms

Best Coupling

The above given coupling functions, generally
called F, have been assumed to represent the
power input @ in equation (la), such that
Q = AF + B, with A and B being fitting
parameters. Thus (dD/dt + D/T) values were com-
pared to @ values from measurements of Dst and
solar wind parameters in order to look, from a
linear fit analysis, for the best coupling
functions using the assumptions listed below,
However, in order to perform this analysis, best
values of the time constant T were also sought
instead of assumed, Burten et al. [1975],
Perreault and Akasofu {1978)] and Muravama [1982]
used constant values for T of the order of 8 to
12 hours for all phases of their studied storms,
Pudovkin et al. [1985] wused a constant value
of T = 4 hours for the growth phase of their
studied storms., Similar values were wused by
Feldstein et al. [1984], although they adopted a
set of two values for different regimes of Dst,
namely, T = 8 hours for Dst 2~-55nT and T = 6
hours  for -120 € Dst <=55 nT. On the other
hand, Akasofu [1981] and Vasyliunas [1987] have
suggested a much larger domain for the 71
variability, depending on the regime of. ring
current energy input, Q. This domain involves
values of T as small as 0.25 hours and as large
as 20 hours. From equation {(1b), with D/t» dD/dt
for intense storms [e.g., Zwickl et al., 1987],
the works of Akasofu {[1981] and Vasyliunas
(1987} also suggest that the values of T tend
to decrease with increasing values of |-Dst|.

Thus combining those previous studies on 1, we
have assumed three domains of Dst in order to
search for the corresponding best values of
T from the correlation study. -They are

Dst 2 =50 nT
+ =120 < Dst < =50 aT
Dst < =120 nT

We started with the following sets of equal 1
values (in hours) for the three dowmains:
(8,8,8), (6,6,6), and (4,4,4), for each of the
tested coupling functions. Since the resulting
correlation coefficients were low (usually
<0,5), we tested sets of v values that decrease
when I-Dst‘ increases, such -as (8,4,1),
(6,2,0.%), (4,0.5,0.23) and a few more. We
noticed inmediately that all coupling functions
showed much better correlation coefficients for
the sets (4,0.5,0.5) and (4,0.5,0.25). Because
we have been working with about 24 coupling



functicone and the correlation coefficisnts were
already quite large, we stayed with these latter
sets of T values. Therefore refinements around
these values have not been tried as vet. A
justification about the vality of these T values
1s given in the following section by comparing
them with similar recent and independent
results, _

The following assumptions have been used in
the linear fit analysis of equation {(1b):

The study of the Dst evolution was restricted
only teo the storm time interval that corresponds
to the growth of the ring current intensity
(mair phase), since it is during this interval
of time that the energy input and, therefore,
the coupling function can be better studied
[Burton et al., 1975; Feldstein et al,, 1984;
Pudovkin et al,, 1985]. This restriction was
also based on the interest of studying only
intense injection events, Additional but minor
injection events were observed to be sometimes
present during the recovery phase of the intense
events, thus providing a different regime of
energy injection. Those minor injection events
were always associated to the presence of l-le
fields of only a few nT. :

The initial time (storm onset) for studying
the Dst growth, during each event, was selected
at the time of the lowest wvalue of |—Dst|,
usually around prestorm values,  from which Dst
was notably decreasing (main phase) till the
occurrence of the peak Dst value of the storm,
Main phase duration intervals for the studied
events varied from a few hours up to about half
a day. When gaps existed in the solar wind data,
this selection criterion was followed only
partially, but as close as possible,

A constant delay time of one hour was adopted
between the observed time of solar wind para-
meters at the ISEE 3 location and their expected
arrival time at the magnetopause [Gonzalez and
Tsurutani, 1987]. Furthermore, the long-duration
and large~scale interplanetary features imvolved
in the present study were assumed to convect to
the magnetopause practically without change from
the ISEE 3 location [Kelly et al., 1986].

All possible time lags between the coupling
function at the magnetopause and the ring
current evolution have been incorporated in a
variable lag of the function ¥ with respect to
D, This wvariable lag was studied in steps of
5 min, However, the propagation of pressure
changes from the magnetopause to the dinner
magnetosphere, directly influencing D (equation
2), was assumed to occur with a zero time lag.
This is justified by the mich smaller time



delays chscrvad fc.g.; Fay et al., 198R] for the
propagation of pressure changes (independent of
convection), as compared to those wusually
observed for convection related parameters.

The data consisted of 5 min averages of the
solar wind (ISEE 3) .measurements and of the Dst
and AE values. Because rapid fluctuations were
present in the amplitude and components of the
IMF, they have been smoothed with a running
average at intervals of 30 min. Thig is jus-
tified by the commonly accepted fact -that the
magnetosphere probably does not respond to rapid
changes (within <30 min) of the IMF [e.g.,
Burton et al., 1975; Vasyliunas et al.,, 1982].

Therefore for each of the events, the coupling
functions listed in Table 2 were tested in order
to find best correlation " coefficients for a
linear fit of Q@ to (dD/dt + D/T) in equations
{ib) and (2). : '

Table 3 i1s a summary of the best coupling
functions for each of the studied events, in
which the correlation coefficients, time lags
(from magnetopause to the ring curremt) and best
set of T +values are also given. The selected ’
time interval for the storm growth, indicated in
Table 1, is also shown for each event, The
selected coupling functions are those that had
the best correlation coefficients within a
relative difference of at most 10% and up to a
number of 5. Thus because this restrictiom, the
number of " selected best functions differ from
event to event,

AE Response

Because the main objetive of this work is the
study of the "ring current-interplanetary" cou-
pling during intense storm events, and also
because there is not, as yet, expressions
similar to (1b) and (2) to study the AE time
evolution as a function of solar wind para-
meters, we have only compared the response of AE
values to the same coupling functions used in
the Dst study. Table & shows the best coupling
functions and time lags for each of the 10
events computed for the same time intervals used
in the Dst study.

With respect to the relative importance of AE
energy dissipation as compared to that for the
ring current during intense storm events, it is
also commonly believed that the AE contribution
is practically negligible [e.g., Akasofu, 1981;
Baker et al., 1983; Zwickl et al., 19873
Vasyliunas, 1987].



4, Discussion and Conclusions

Best Coupling Functions

From the results shown in Table 3, one
observes that there .are several coupling func-
tions that give, for each event, similar ‘corre-
lation coefficients, which are among the best
within a. relative difference of 10%. However,
some of those functions show up more frequently
than the others, suggesting a better (more
frequent) representation of the coupling. Thus
the four more frequent functions are given in
Table 5 together with the number of events in
which they are present, their average time lags,
their most common set of T values and their
average coupling constant <A>. 'Note _that the
selected function E'= pl/6yB sin*(©/2) is the
most frequent one among the E' type functions,
although other similar expressions are also
fairly (but less) frequent in Table 3.

Table 6 gives the correlation coefficients for
the four more frequent functions shown on Table
5 for each of the studied events. The numbers in
boldface are those that also appear on Table 3
and have been used for the information shown in
the second column of Table 5. From the numbers
shown in Table 6 one observes that all the four
functions have a similar validity for predicting
the energization of intense storms. They all
have similar correlation values, increasing or
decreasing together from event to event., The
possible reasons for their variability from
event to event are discussed below, after some
further considerations on these selected cou-
pling functions are given, ‘

The coupling constant B, 1in the linear fit
Q = AF + B, was observed to Thave a large
dispersion for individual cases. However, the
average value <B> is nepgligible, compared with
<A>F, for each of the selected functions of
Table 5. This might suggest that Q = 0 when
F = 0. However, this conclusion can not be drayn
from our study, which was restricted only to
intense storm events that mostly include large
values of F. Thus to study the regime of low
values of F, in order to find <B», it would be
necessary to include moderate storms as well.

What are the meaning of the four most common
coupling functions of Table 3? What do they have
in common? In which conditions does each of them
tend to become better than the others? How are
they associated to interplanetary features?. We
try to provide below some answers for the first
couple of questions, although we believe that it
is somewhat premature to find clear answers to



the latter two; only from the 10 events pre-
sently studied.

The coupling functions of Table 5 are those
given in section 3 by expressions (4), (5), (&)
and (8'). These expressions correspond, respec-
tively, to the function ¢ described by Perreault
and Akasofu [1978] and Akasofu [1981}, -to the
function p1f2VBz, which is similar to that given
by Murayama {1986] and Maezawa and Murayama
[1986], to the function plfBVBsin“(Olz)hgiven by
Bargatze et al. [1986] and to the. general
expression for the reconnection power Pp (s,0)
given by Gonzalez [1986]. The functions Pp(s,©},
p}/®vBsin*(0/2) and p!/2vB,  have explicit
dependences on the solar wind ram pressure p.
The function p1f2VBz can be thought as being the
dimensionally correct electric field function
p1f5VBz [Vasyliunas et al., 1982] times the
factor p1/3, which is inversely proporttonal to
the reconnection area in terms of the Chapman-
Ferraro scale length, LCFZ. This further
pressure correction factor seems to be necessary
because as pressure ingcreases, the reconnection
area diminishes,

Because plfBVBz is a special 'case of
pllBVB sin"*(0/2), whereas this latter function
and € are limits of Pp(s,0) [Gonzalez, 1988},
all these functions refer to the power trans-
mitted to the magnetopause by the reconnection
electric field at the magnetopause. Therefore
one expects that under mnormal pressure condi-
tions all four functions should give similar
correlation coefficients, whereas during large
pressure variations the ones that have stronger
pressure dependence factors would represent
better coupling. . ’

An inspection of the Tables 1 and 3 with
respect to pressure dependences seems to confirm
this expectation, with functions modulated by
the pl/? factor becoming dominant during events
with large pressure variations (e.g., August 28,
1978; March 29, 1979; April 25, 1979). A further
confirmation of this expectation has been also
presented recently [Gonzalez et al,, 1988].

This pressure dependence is .shown in a more
quantitative way in Figure 5, which gives the
exponent of the ram pressure factor p of the
best coupling functions, listed in Table 3, as a
function ¢f the relative ram pressure variabi-
lity, given at the last column of Table 1 for
each event., In this figure the crosses refer to
the events with a clear evidence of the repre-
sentative exponent of p in the selected func-
tions, whereas the dots refer to the events when
the selected functions showed practically a
pressure independent behavior. Thus these latter



cases were plotted a5 1f they had a zero-
pressure exponent too. This figure suggests that
the exponent of the ram pressure factor in the
coupling functions tends to Increase with the
ram pressure variability.

The four best coupling functions of Table 5
encompass most of the successful coupling funec-—
tions studied before with respect to ring cur-
rent energization. One is of the electric field
type [Burton et al,, 1975; Feldstein™ et al.,
1984: Pudovkin. et al,, 1985], one- of the
"pressure" type [Murayama, 1986; Maezawa and
Murayama, 198617, one is € [Perreault and
Akasofu, 1978; Akasofu, 1981} and one is the
general reconnection power function Pp(s,6)
studied by Gonzalez and Gonzalez [1984], From
Table 5 one can not say which of _the four
functions is the best, although the following
two general conclusiens can be advanced. One of
them refers to the function Pp(s,8). Because
three of the best coupling functions can be
derived from Pp{s,8), except for the extra
pressure correction factor in p1/2VBZ, one could
suggest that the function Pp(s,0) is a candidate
for a general coupling funection to represent
ring current energization. Aside from its com~
plexity, one expects that this general function
will represent the coupling even better when the
approximations used in its computation improve
with better knowledge of its composite para-
meters, especlally the magnetosheath field Bm.
In fact, judging from the propagation of errors
of the parameters involved in the coupling func-
tions, one would expect better results {corre-
lation coefficients) for simpler functions, like
VBgz, than for the more complex functions
Pp(s,0), contrary to what has been obtained. The
other gemeral conclusicn refers to the role of
the selar wind ram pressure in ring current
energization, As suggested by the bhest repre-
sentation of the coupling functions of the
p”zUBz type .during events with large pressure
variations, it 1s advanced that a ram pressure
modulation becomes Important during such cases.
Thus magnetopause reconnection models should
incorporate such a modulation, because none of
the (dimensionally correct) versions of the
reconnection power have a strong dependence on
ram pressure such as plIz.

From Table 5 one can also conclude that the
‘average time lag for power transmission between
the magnetopause and the inner magnetosphere is
about 1 hour, However, Table 3 also indicates
that this time lag tends to become shorter
{longer) for more (less) intense storms.



From Table 3 one alsn observes that all cou-
pling functions gave smaller correlation coef-
ficients (around 0.6 to 0.8) for the events that
involved large data gaps (April 25, 1979; August
29, 1979; September 18, 1979) or the lowest peak
Dst values, close to ~-100 nT (February 21, 1979;
March 29, 1979)., Due to the data gaps, the
selected time intervals for the former events
also involved BDst values only >~130 nT, On the
other hand, the AE values showed the best corre-
lations exactly during these same cases, as
shown in Table 4. Thus one possible explanation
for the lower correlation events in Table 3
could be that, during less intense events, the
magnetospheric energy input, represented by the
function ¢ in equation (Ib), needs a correction
term proportional to AE [Akasofu, 1981; Zwickl
et al,, 1987; Vasyliunas, 1987], Such correction
term was neglected in our study, as commented in
sectlon 3, wmainly because a functional form for
AE, at the level of that for Dst, does not exist
as yet,

An additional explanation for the lower cor-
relation events could be that the ring current
energization gets more and more controlled
(driven) only by solar wind parameters the more
intense the event becomes, Thus during less
intense ’‘events, coupling functions involving
only solar wind parameters would not be suf-
ficient to explain the ring current energization
and a combination of "driven" as well as of
magnetospheric "unloading"  processes [e.g.,
Rostoker et al., 1987] should be considered.

With respect to the AE reponse one can also
note in Table 4 that the time lags for the best
coupling functions are considerably smaller
{with an average value of about 25 min) than
those found for the ring current response, This
is in agreement with several works on the res-
ponse of auroral parameters to solar wind com-
ditions [e.g., Baker, 1986].

The fact that AE correlates with the coupling
functions much better during less intense storms
than during more intemse ones is in agreement
with a similar result found by Baker et al.
[1983]. This could imply a decoupling between
the ring current and auroral processes during
intense storms with respect to solar wind ener-
gization, as also suggested by the Akasofu
[1981]) work abeout a clear Dst-AE decoupling for
intense storms., However, it is also possible
that the AE index is not a good indicator for
the Joule losses in the high-latitude icnosphere
during .intense storms, because maximum distur-
bances are observed at stations located at lati-
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Kokobun, personal comunication, 1988).

Best Set of T Values

From Table 3 the best set of T values found in
our correlation study was

T = 4 hours, for Dst = =50 nT
= 0.5 hours, for -50 > Dst 2z ~120 nT
= 0.25 hours, for Dst < =120 nT

Note that we have assumed a division of Dst and
therefore also of T only in three domains, for
simplicity. However, since the obtained cor-
relation coefficients were already sufficiently
large, this division has been considered appro-
piate enough for our present work.

This set of best wvalues of 1t is consistent
with those suggested recently by Vasyliunas
{1987]. The three |-Dst| domains (<50, 50-100,
>100 nT), described in his Figure 1, suggest
average values for Tt similar to those given
above. However, from the best values of 1, the
one (4 hours) obtained for the lowest Dst domain
(2-50 nT) is the 1least significative one,
because most of the Dst values present during
the selected intervals of our study were in
the other two domains. Thus from an inspection
of the Tt wvariability influence in the cor-
relation coefficients, wvalues from 2 to 6 hours
are practically also valid in this lower domain
of Dst. However, in the other two domains, even
exchanging 0.25 by 0.5 hours netably lowered the
correlation coefficients,

The values of 1 suggested by Burton et al.
11975], Feldstein et al, [1984] and Pudovkin et
al, [19851, between 4 to & hours, are in our
oppinion still wvalid for t the main phase of
moderate storms, in which Dst values z =50 nT
are more frequent because energy injection rates
are expected to be smaller than during intense
storms. For 1intense storms, such large values
of Tt seem  inappropriate, as shown by the
observed large decrease in ‘the correlation
coefficient values, and were found to lead to
fairly low and insufficient energy injection
rates, as discussed below, Furthermore, Burton
et al. [1975] obtained their wvalues of 1 by
asssuming ¢ = 0 in equation (1b), exactly for
time intervals without energy injection. Thus
their estimates seem more appropiate for the
recovery phase of the storms.

It is important to point out that a variable
behavior of T was obtained under the assumption
that the function @ of equation (1b} depends



solely on sclar wind parameters, without any
direct influence from magnetospheric parameters.
Because the obtained correlation coefficients
between @ and the other terms in equation (lb)
were large enough, we conclude that this assump-
tion is appropiate, at least for the most
intense storms. However, more results using
independent methods, which do not mnecessarily
restrict the dependence of Q to solar wind
parameters, besides those obtained by Vasyliunas
{1987}, are still needed for establishing a
variable T.

Ring Current Energizaticn During Intense Storms

From the results showm in Table 5 one can get
an idea of the average rate of energy.injection
to the ring current during intense storms. Using
average Q values from <A>F and typical values of
F for solar wind parameters during intense
storms (Table 1}, namely Ny = 10'cm_3,
V = 500 km s~1, By = -10 nT and.B = 20 nT, the
four best functions of Table 5. give injection
energy rates of about 150 % 50 nT(hour)~l. For
larger values of the solar wind parameters, this
injection rate can get values up to about 600
nT(hour)~ ! or more, although such conditions
usually last for short time intervals <1 hour
{at least during the studied events),

These injection rate values are considerably
larger than those found by Burton et al. [1975]
and Feldstein et al. [1984] for moderate storms.
Their results suggest injection rate values of
less than 30 nT(hour)” ! for the same typical
intense-storm solar wind wvalues given above.
This difference is explained mainly by the large
difference in the values of used by them as
compared to those found din. our correlation
studies. Although in principle such smaller
injection rates and large T values can still
explain the growth of Dst values during intense
storns, as discussed by Burton et al. [1975],
they can not explain the Dst saturation at the
peak Dst values of dintense storms, which was
observed to occur even when large values of
negative B, and V are still present, For
instance, during the event of September 29, 1978
(Figure 2), the Dst’ growth got saturated at
about -200 nT even when B, fields of =20 nT and
values of ¥ of 800 km s~ were still presenat., An
estimate for an hourly change of Dst from
expression (1b), with the injection  rate
and T wvalues suggested by Burton et al. [19875]
and Feldstein et al. [1984], indicates that Dst
should continue growing by about 60 nT or more
in the following hour. .On the other hand, the



larger injection rate and much smaller 1 values
suggested from our results, indicate a satu-
ration regime, as observed.

However, for the earlier phase of Dst growth,
especially for Dst >-100 nT, the results of
Burton et al. [1975)] and Feldstein et al. [1984]
explain better than ours the observed Dst
growth. Our results suggest a faster growth
than observed (overestimation cof the injection
rates). This 1s explained by the fact’ that, in
our correlation -studies, the domimant Dst regime
was that at <-120 nT. Thus an extension of our
studies to moderate storms should be necessary
in order to learn more about a possible transi-
tion between moderate to intense storms with
respect to injection rate values,

Because the coupling function €.has been
widely discussed in the literature and is one of
the best functions found in our study, it is
interesting to study how well. this funection
satisfies known relationships involving the ring
current. From Table 5, Q=1.3x10-17 ¢ nT (hour) ~L.
Thus using this in equation (1b) one gets:

e = 3x1020¢d/dt + L/O)D ergs/s (1c")

This expression is similar to expression (lc¢),
obtained from (la) and the Dessler-Parker-
Sckopke relation. Thus & seems to represent
well the energy input, U, to the ring current,
at least during intense storms. Since Uy has.
been also called U, [Akasofu, 1981; Vasyliunas,
1987; Zwickl, 1987], then € ~ Uy from (lc¢) and
{le'), as also found by Akasofu [1981] and
Akasofu et al., [1985]. Furthermore, since T has
been found to depend on Up [Vasyliunas, 19871,
then equivalently, T can alse depend on
£ {Akasofu, 1981], at least during intense
storms.

Relationship of Best Coupling Functions to
Interplanetary Features

As discussed above, all best coupling func-
tions of Table 5 represent the reconnection
power under one simplification or another
[Gonzalez, 1988], aside from the stronger vam
pressure modulation claimed during intervals
with large pressure variations. Furthermore,
from the solar wind parameters involved in these
furnictions, it was observed that the wmain
ingredient for the occurrence of intense storms
(Dst < =100 nT) is the presence of large ampli-
tude (s-10 nT) and long duration (23 hours)
negative B, fields, together with values of



V 2 500 km/s ov, equivalently, of interplanctar
dawn-dusk electric fields of = 5 mV/m {Gonzalez
and Tsurutani, 1987]. :

Therefore any interplanetary feature invol-
ving such By and V amplitude and duration
values, regardeless .of its type, is expected to
produce an intense geomagnetic storm, with the
required energy transmitted by large-~scale
reconnection.

Tsurutani et al., [1988] have identified the
interplanetary features that caused *the ten
intense storms of our study. They are roughly
the driver gas (four cases) or the sheath field
(five cases) regions of interplanetary shocks,
and high intensity draped fields (one case)
without an interplanetary shock, Among those
interplanetary features it appears ,that two
involving sheath fields (March 29, 1979, and
April 25, 1979) and one involving a driver gas
(August 28, 1978) have the largest pressure
variations among the ten studied events (Table
1). Thus as Table 3 shows, during such cases,
functions with a stronger dependence on the
pressure, such as plIZVBz, seem to Trepresent
better the coupling.

Otherwise, it seems that there is not a
particulgr function that better represents the
coupling for each of the interplanetary features
identified by Tsurutani et al. [1988]. However,
a generalization of a conclusion of this sort is
certainly premature before more events are
studied.

-—5, Summary of Conclusions

From the present study the following con-
clusicns can be drawn about ring current ener-
gization during intense storms:

Because the correlation coefficlients obtained
in the linear fit analysis are fairly large and
all best coupling functions are related to
magnetopause recounection, one concludes that
reconnection power can explain ring current
energization and that there 1is no need to look
for additional and significant emergization
mechanisms, at least during intense storms.

Among the tested coupling functions, the best
and most common ones found in our study are g,
pI/GVBsinq(BIZ), p1/2VBz and the general
function for large scale reconnection Pp(s,0).
Because the former functions are limits of
Pp(s,0), except for a ram pressure correction,
this function 15 a candidate for a peneral
representation of ring current energization,
when the approximations presently used for its



computation are relaxed with hetter future
knowledge of its compesite pavrameters.

Events that involve large ram pressure varia-
tions seem tc be better represented by .functicns
with a stronger dependence on ram pressure, such
as p1/2VBZ. This function suggest that a
correction, perhaps by the factor p1/3 « LCF'Z,
is necessary for reconnection-power models
during intervals with large pressure variations.

The average time lag for transmission of the
reconnection power from the magnetopause to the
inner magnetosphere, during intense storms, is
about 1 licur. There 1s an indication that this
time 1lag decreases (increases) during more
{less) intense events.

The AE response to the coupling functions
shows large correlation coefficients during less
intense storms and much smaller correlation
coefficients during intense storms. This,
together with the Dst response obtained in our
study, suggest a decoupling between the ring
current and auroral energization during intense
storms from a direct sclar wind influence.

The best set of 1 valiues obtained in the
correlation study was 4 hours for Dst 2-50 nT,
0.5 hours for -50 nT > Dst 2-120 nT, and 0.25
hours fo; Dst <-120 nT, in general agreement
with recent and independent studies on this
‘parameter,

A typical wvalue for the ring current energy
injection rate, during intense storms, was found
to be 150 * 50 nT(houry !, This injection rate
is considerably larger than values extrapolated
from previous studies, restricted to moderate
storms [Burton et al., 1975; Feldstein et al.,
19847,

It is possible that interplanetary (shock
related) sheath fields bring the 1largest ram
pressure variations, for which a ram pressure
modulation of the recomnnection process seems to
be important in order to represent better the
coupling.

6. Final Remarks

Because the coupling functions wused in this
work depend solely on solar wind parameters, for
the events with wnotably smaller correlation
coefficients (Table 3) it is possible that
internal magnetospheric  parameters need to
be also incorporated, This hypothesis, which
belongs to the "driven-unloading"  type of
approach to magnetospheric energization research
[e.g., Rostoker et al., 1987], should be tested
when a quantitarive knowledge of such internal
magnetospheric parameters is obtained.
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Fig. 1. Overview of the ten intense magnetic storms and associated interplanetary
phenomena, Taken from Gonzalez and Tsurutani [1987]. From left to tright are the
interplanctary phenomena detected prior to the large southward IMF events causing
the intense storms (Mach number, if shocks), peak southward Bz’ peak IMF magnitudes, and
peak Dst. Nine storm events had leading interplanetary shocks, and one had a leading
noncompressive density enhancement event.

Fig. 2. Interplanetary field and plasma data for September 28-29, 1978, including the
intense storm event of September 29, 1978, with a peak Dit value of =215 nT at about
1100 UT. The letter $ in the B panel indicates the passage of an interplametary shock.
In this figure, as in Figures 3 and 4, Dst is not pressure corrected.

Fig., 3. Interplanetary field and plasma data for November 24-25, 1978, including
the intense storm event on  November 25, 1978, with- a peak Dst wvalue of =150 nT

at about 1900 UT, The letter S in the B panel indicates the passage of an interplanetary
shock.

Fig. 4. Interplanetary field and plasma data for September 17-18, 1979, including the
intense storm event of  September 18, 1979, with a peak Dst value of -130 nT
at about 1700 UT. The storm main phase was studied only partially during the
interval 0000 UT to 0800 UT due to the data gap.

Fig. 5. Exponent of the ram pressure factor p
in the 'best coupling functions, given in Table
3, as a function of the cerresponding relative
ram pressure variability, given in the last
column of Table 1, for each of the studied
events. See text for- explanation of the cross
and dot marks.
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Table 2. List of Tested
Coupling Functions

Function

E VB,
'V Bp sin?(0/2)

e v 82 gin'(6/2)
p1/% v B sin*(6/2)

1/2
P P V B
pi/2 y BT1/2

R p~33 vy By By K(s,0)

Given I1n the Text.



Table 3. Best Coupling Functions, for Each of the Intense Storm Events, Together With
Their Correlation Coefficients, Time Lags, and Best Set of 1 Values

Event Best Coupling Correlation Lag, Best Set of
Functions Coefficients min T Values
Aug. 28, 1978 P! pl/2yp,1/2 0.98 55 (4,0.5,0,25)
0000-1000 UT P pl/2vB, sin(0/2) 0.97 60 (4,0.5,0,25)
P 0.97 45 (4,0.5,0,25)
E' p!/8vBy sin®(0/2) 0.95 75 (4,0.5,0,25)
R 0.93 75 (4,0.5,0,25)
Sept. 29. 1979 E!' pl/6yB sin"(0/2) 0.92 35 (4,0.5,0,25)
P 0.85 40 (4,0.5,0,25)
R 0.84 40 (4,0.5,0,25)
Nov. 25, 1978 E'  p}/bysq 0.91 60 (4,0.5,0.5)
1300-1900 UT p' pl/2ypg 0.90 60 (4,0.5,0.5)
R 0088 65 (43005,005)
P 0.86 60 (4,0.5,0.5)
E'  pl/SyB sin*(6/2) 0.85 60 (4,0.5,0.5)
Feb. 21, 1979 E 0.77 130 (4,0.5)
1700-2200 UT ' p~l/3yB2 sinh(e/2)  0.77 155 (4,0.5)
€ 0.76 145 (4,0.5)
P 0.75 120 (450.5)
0500--0900 UT e 0.67 35 (4,0.5)
E' pl/6yB sin*(8/2) 0.63 35 (4,0.5)
March 10, 1979 E 0.95 135 {4,0.5,0,5)
1800-2400 UT E' p1/6yBy sin™(8/2) 0.94 140 (4,0.5,0,5)
£ 0.93 140 (4,0.5,0,5)
R 0.93 140 (4,0.5,0,5)
E'  pY/6yB sin*(8/2) 0.92 140 (4,0.5,0,5)
March 29, 1978 P'  pl/2yB,2 gin%(0/2) 0:83 50 (4,0.5)
0500-0900 UT P 0.79 50 (4,0.5)
E' pl/6yB, sin'*(6/2) 0.78 65 (4,0.5)
1200-2200 UT P 0.57 90 (4,0.5,0.25)
P'  pl/2yB, sin(e/2) 0.57 90 (4,0.5,0.25)
April 3, 1979 € 0.91 30 (4,0.5,0,25)
1600-2400 UT R 0.88 0 (4,0.5,0,25)
E' pl/6VvB sin'(8/2) 0.87 0 (4,0.5,0,25)
April 25, 1979 p'  pl/2yp 1/2 \ 0.77 185 (4,0.5,0,25)
1200-1800 UT e p~1/3vB? gin2(0/2) 0.77 115 (4,0.5,0,25)
P Oo?2 185 (4)0 5,0,25)
Aug. 29, 1579  E' pt/6yBr sin(0/2) 0.57 90 (4,0.25,0.25)
09001900 UT pt p'/2yBpl/2 sin(9/2)  0.55 140 (4,0.25,0,25)
Sept. 18, 1979 E'  pl/bysgp 0.59 30 (4,0.25,0.25)
0000-0800 UT Pt pY/2yBg 0.57 35 (4,0.25,0,25)



Table 4. Summary of the Best Coupling Functions fbr the AE Response
During the Same Time Intervals Selected for Study of
Intense Storm Events

Event Best Coupling Correlation Lag,
Function for AE Coefficient Min
Aug., 28, 1978 <0.40
0000-1000 UT
Sept. 29, 1978 <0.40
0700-1100 UT
F-
Nov. 25, 1978 <0.30°
1300-1900 UT
Feb. 21, 1979 E'  pl/2vp sin®(0/2) 0.80 10
0500-0900 UT
1700-2200 UT E 0.85 20
P '0.82 15
R 0.77 20
March 10, 1979 <0.30
1800-2400 UT
March 29, 1979 e' p~1/3yB2 sin2(8/2) 0.91 45
0500-0200 UT
1200-2200 UT <0.40
April 3, 1979 <0.30
1600-2400 UT
April 25, 1979 E' pl/6yB sin%(0/2) 0.61 20
1200-1800 UT € 0.61 20
Aug. 29, 1979 <0.40
0900-1900 UT
Sept. 18, 1979  p' pl/2yg,1/2 0.88 45
0000-0800 UT E 0.88 50

Their correlation coefficients and time lags are also given.



Table 5. Summary of the Best and Most Common Coubling Functions Found for . the
Intense Storm Events

Best and Most Common Number of Events Lag, Most Common Set Coupling
Coupling Function (F) Present Min of 1 Values, Constant <A>,
(nT/Hour) x
Hours {units of F)'1
R p~ 1/ 3VBgByK (5, 0) 6 67 (£45) (4,0.5,0.25) (3.2%1.5)
F in Gaussian
units
£ VLo2B2sin™(0/2) 6 56 (£43) (4,0.5,0.25) (1.3%0.6) x 1071
F in Gaussian
units
P pl/2vs, 6 70 (#60) (£,0.5,0.25)  (0.6%0.4) x 10°

F in MKS units

E' p)/SvB sin"(8/2) 5 48 (51) (4;0.5,0.25) (1.00,2) x 108
' F in MKS units

The: number of events in which they are present, average time lag, most common s
of 1 values and average coupling constant <A> are also given. Averages are giw«
with their standard deviations,



Table 6. Correlation Coefficients for the Four Coupling
Functions Shown in Table 5 for Each of the Twelve
Studied Events

=
™
g
=

Event

Aug. 28, 1978 0.93 0.72 0.97 0.52
Sept. 29, 1978 0.84 0.91 0.85 0.92
Nov, 25, 1978 0.88 0.84 0.86 0.85
Feb, 21, 1979 0.56 0.76 0.75 0.72
(Ist. event) :
Feb, 21, 1979 0.67 0.42 0.63
(2nd, event) :

March 10, 1979 0.93 0.93 0.88 0.92
March 29, 1979 0.77 6.77 0.79 0.74
{l1st event)

‘March 29, 1979 0.47 0.45 0.57 0.48
(2nd event)

April 3, 1979 0.88 0.91 0.81 0.87
‘April 25, 1979 0.55 0.59 0.72 0.57
Aug. 29, 1979 0,44 0.38 ces 0.45

Sept. 18, 1979 0.37 0.44 0.53 0.38

The numbers in boldface are those that also appear on Table 3
and have been used for the information shown 1in column 2 of
Table 5.
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