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Abstract-On 8 May 1986, between 1113 and 1600 UT. an isolated magnetospheric substorm was observed, 
during which the A&index exceeded 700 nT (CDAW 9E event). Three available sets of measurements (a) 
of the solar-wind parameters (IMP-8 satellite), (b) of the magnetotail energy flux (ISEE-I spacecraft), and 
(c) of ground magnetic observatories, allowed us to make a detailed study of the overall magnetospheric 
response to changes of the interplanetary magnetic held (IMF) direction. during this event of weak solar- 
wind coupling. 

In order to study the mechanisms and time-delays of the magnetospheric response to the abrupt increase 
of the solar-wind energy input, we have evaluated the total magnetospheric energy output C& following 
two different methods: (a) Akasofu’s method, taking the ring current decay time sR constant, and (b) 
Vasyliunas’ method where the values of (j, are independent of the solar-wind energy input as determined 
from the epsilon parameter. Both methods suggest that the driven system has been considerably developed 
during this substorm, while an unloading event has been superposed at the expansion onset. 

I. INTRODUCTION 

A magnetosphe~c substorm comprises all phenomena 
by which the magnetosphere dissipates the enhanced 
solar-wind energy input (BAU~~JO~IANN, 1989). 
ROSTOKER rz al. (1987) have proposed a definition of 
a substorm in terms of three physical processes: the 
driven process, the storage process and the release 
process. All these processes may operate sim- 
ultaneously within the magnetosphere-ionosphere 
system. Storage and release processes are combined in 
an overall process which has been called the loading- 
unloading process. 

The aim of this study is to determine the energy 
dissipation processes by which the magnetosphere 
responds to the abrupt increase of the energy input 
that was detected during the CDAW 9E event. There- 
fore we have computed the energy budget of the 
magnetosphere during this substorm using Akasofu’s 
method (AKASOFU, 1981) on the one hand and Vasy- 
hunas’ method (VASYLIUNAS, 1987) on the other. 

Akasofu’s method has been tested using a constant 
value for the ring current decay time tB. The system 
always showed the same behaviour independently of 
the chosen value for zB. The growth of the driven 
system occurs without a time delay as soon as the 
southward interplanetary magnetic field (IMF) 
arrives at the Earth’s lnagnetopause. Moreover, 
Akasofu’s method predicts a tendency of the system 

to dissipate energy explosively at the onset of the 
expansion phase. 

Vasyljunas’ method computes the ring current 
decay time TB as a function of the output mag- 
netospheric energy. It gave almost the same results as 
those in Akasofu’s method as far as it concerns the 
time sequence of this substorm. Regarding the inten- 
sity of the processes by which the magnetosphere 
responds to the enhanced solar-wind input. we have 
determined some differences between the two 
methods. (a) The mean value of the ring current decay 
time according to the Vasyliunas method is 1.33 h ; it 
is the smallest value of ail the possible values predicted 
by existing theories (AKASOFU, 1981 ; ZWICKL et cd.. 
1987; GONZALEZ ef ccl., 1989) for the examined level 
of disturbance. (b) Vasyliunas’ method shows more 
unloading behaviour of the system since there is a 
clear indication of an event of explosive energy dis- 
sipation at the onset of the expansion phase. 

Finally, our data analysis shows that all three pro- 
cesses have been operating during the early phases of 
this substorm. 

2. OATA PRESENTATION 

In order to determine the mechanisms by which the 
energy that entered the magnetosphere has been 
dissipated. we have studied the magnetosphere’s 
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energy budget. For this purpose, data of solar-wind 

parameters, of the magnetotail and of ground stations 
have been used. 

(a) Aurorul electrojet indices 

The aurora1 electrojet indices data have been 
computed from the H-component values of 11 
geomagnetic stations located along the aurora1 
oval. These data have been computed specially for the 
PROMIS period by the WDC-C2 Center for Geo- 
magnetism, and have a I-min resolution. 

The variations of the AE- and AU-indices from 900 

to 1800 UT of the 128th day of 1986 (8 May 1986) 
are given in the top panel of Fig. l(a), while the 
variations of the AL- and AU-indices are shown in 
the lower panel of the same figure. A first decrease of 

the AL index is clearly observed at I126 UT [Fig. 
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Fig. I. (a) Time-plots of the 1-min values of the aurora1 
electrojet indices AL, ALI, A0 and AE for the substorm of 
8 May 1986. between 0900 and 1800 UT. (b) The I-min 
values of the calculated Dsr-index for the period examined 

here. 

I (a)], while at 1215 UT a second sharp decrease is 
detected. 

(b) Dst index 

The I min values of the calculated Dst-index are 
shown in Fig. l(b). The growth of the ring current 

begins at I21 5 UT. Nevertheless a compression of the 
Dst index is observed during the whole time interval 
presented in this figure (Dsr < - I5 nT). 

(c) Interplunetary medium data 

The interplanetary magnetic field and the solar- 

wind plasma measurements (bulk speed and ram pres- 

sure) have been obtained from the geocentric satellite 
IMP-& at z 35 R,. The magnetic field data have a time 

resolution of 15.5 s, while the plasma data represent 
1 min averages. The separation between IMP-8 and the 
magnetopause results in a delay between the measure- 
ments made at IMP-8 and those that would be made 

at the Earth’s magnetopause. This time delay has been 
estimated to be equal to 7 min since the average solar- 
wind bulk speed was 420 km/s for this time interval. 
Time-plots of the interplanetary medium data are pre- 
sentcd in Fig. 2. The IMP-8 satellite detected a large 
discontinuity at I I 13 UT which is obvious for all three 

components of the interplanetary magnetic field. The 
IMF B:-component remains directed southward for 

approximately 4 h, starting at I1 13 UT, while at 
1 I34 UT the field becomes instantaneously northward. 

Our data suggest that the substorm expansive phase 
intensifications occur during episodes of relatively 
steady southward interplanetary magnetic field. 

The 6 keV electron flux measurements have been 

obtained by the particle detector of ANDERSON et al. 

(I 978) on ISEE- I. The detector looks southward par- 
allel to the spin axis (i.e. normal to the ecliptic plane). 

These electrons are representative of the plasma sheet 
plasma and the plot is particularly useful in identifying 
the dropout and recovery of the plasma sheet (beyond 
about 12-15 RF) that often marks the occurrence of 
substorms. When the satellite is located in the plasma 
sheet, the proton or electron (1 < E < 6 keV) energy 
flux detected is greater than IO’ cm’ls/sr/keV. When 

the satellite enters the lobe, the measured flux is of the 
order of IO” cm’/sjsr/kcV. The plasma sheet thinning 
detected during a substorm may be explained by the 
movement of the plasma sheet boundary layer. At 
1 I30 UT. the ISEE- I spacecraft was located south of 
the neutral sheet at X = -20 RI. at ~2330 LT (the 
B,-component of the tail magnetic field which is not 
shown here was negative during this event). The 
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Fig. 2. The solar-wind ram pressure. bulk speed V and the 
B,-, II,.-, BY-, and B-IMF components for the period between 
0900 and 1800 UT of 8 May 1986 measured by the IMP-8 

satellite. 

energy flux measurements from ISEE- shown in Fig. 

3 give us a typical example of transitory decrease of 
the particle flux. The plasma sheet thinning has been 
observed from 1212 to 1251 UT, although from 
e 1100 UT we can observe some fluctuations in the 

energy flux measurements which give evidence of tur- 
bulence propagation. Because of the small value of 
the energy flux during the thinning we can suppose 

that the satellite was located in the south lobe from 
1212 to 1251 UT. The plasma sheet appears per- 
manently at 1320 UT. The plasma sheet dropout, 
detected at X = -20 R,, coincided with the large 

decrease of the AL-index at 12 15 UT. Thus, the slowly 
developing magnetic bays which appeared between 
I 120 and 1215 UT are probably the manifestation of 

the growth phase. 
We define the growth phase as the interval which is 

I ISEE-I 

9 12 15 
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Fig. 3. The 1.5 keV electron flux measured by the BEE-1 
spacecraft with 4 s resolution, for the period examined here. 

initiated by the southward turning of the IMF vector 

and more accurately when dB,/dt < 0. During the 
growth phase the magnetosphere undergoes a recon- 
figuration with southward IMF. Energy begins to be 

stored in the transverse magnetospheric currents. The 
growth of the tail field is accompanied by the growth 
of the driven system electrojet and associated field- 
aligned currents (ROSTOKER et al., 1987). Weak aur- 
oral disturbances called psueodo-breakups can occur 

during the growth phase (MCPHERRON, 1979). 
Returning back to the event studied here, we think 

that the major substorm intensification takes place 
after 1215 UT [Fig. 1 (a)]. In the following paragraph 
we examine this point in more detail using ground 

signatures. 

In order to have a picture of the substorm signature 
on the ground we have examined the magnetograms 

from both aurora1 oval and low latitude stations. 
These data have been taken from WDC-A for solar 

terrestrial physics. The geographic and the geo- 
magnetic coordinates of the stations are given in Table 
1. The time-plots of the geomagnetic field H-, D- and 
Z-components from the aurora1 oval stations are pre- 

sented in Fig. 4(a), while the time-plots of the H- 
and LLcomponents from the low latitude stations are 
presented in Fig. 4(b). All the magnetograms show 
clear substorm magnetic signatures after 1215 UT in 
all geomagnetic components. The main magnetic bays 
which developed after 12 15 UT have also been moni- 
tored by all the AE stations. Apart from this dis- 
turbance there is noticeable activity on the Anchorage 
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Table 1. The geographic and geomagnetic coordinates of the amoral oval stations used in this 
work 

Station 

Barrow 
College 
Anchorage 
Sitka 
Kakioka 
Tucson 

Geographic coordinates Geomagnetic coordinates 

Latitude Longitude Latitude Longitude 
Abbreviations (deg) (dcg) (dcg) (deg) 

BRW 71.3 203.3 68.5 241.2 
COL 64.9 212.0 64.6 256.5 
ANC 61.2 210.1 60.9 258.1 
SIT 57.1 244.1 60.0 275.3 

KAK 36.2 140.2 26.0 206.0 
TUC 32.3 249.2 39.9 311.4 

and College N-magnetograms beginning at 1130 UT. index at 1215 UT simply corresponds to the time when 
This initial negative variation of the H-component the electrojets move to a location that is better detec- 

has been monitored by some AE stations. If this pre- ted by one of the AE stations. If not, then at 1215 UT 

liminary activity refers to the expansion phase of the a drastic strengthening of the electrojet occurs and 
substorm, then the peak which appeared in the AE- thus the initial activity observed between 1130 and 

--- __.__._._..._ ~- 
SIT ,----.- 

Umv time (hrs) 

(a) 

9 12 15 9 
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(b) 

Fig. 4. (a) Time-plots of the I-min values of the H-component (left), D-component (centre) and Z- 
component (right) from the observatories Barrow, College, Anchorage and Sitka located in the aurora1 
oval. (b) Time-plots of the I-min values of the H-component (left) and of the D-component (right) from 

the low-latitude observatories Kakioka and Tucson. 
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1215 UT corresponds to the growth phase of the sub- 

storm. In order to make this point clear we have 

examined the magnetograms from Tixie Bay and Cape 
Wellen stations (these magnetograms are not pre- 

sented here) which are located east of College. Tixie 
Bay did not present any remarkable activity at all. 
Cape Wellen showed weak activity in the Z-com- 
ponent at 1125 UT which did not exceed the dis- 
turbance level measured at College. Therefore we 

think that the slowly developing magnetic bays at 
some stations correspond to the effect of the driven 

electrojet’s growth. The two successive excursions at 
1140 and 1152 UT [indicated with arrows in Fig. 4(a)] 

measured from College appeared as Pi2 pulsations. 
and may be characterized as pseudo-breakups that 
occur during the growth phase of the substorm. It is 

possible that those pseudo-breakups have been trig- 
gered by the instantaneous northward turning of the 

IMF-B, component at 1134 UT. 
The main onset happens at 12 15 UT at Barrow ; the 

positive D spike is not preceded by a slowly developing 
negative bay. Also, before 1215 UT the low latitude 

D-magnetograms do not show any perturbation. 

3. DETERMINATION OF MECHANISMS AND 
TIME-SCALES 

The study of a magnetospheric substorm is con- 
cerned with the issues of how the solar-wind mass, 
momentum and energy are transferred to the mag- 
netosphere, the physical process that affects the 
transfer and the time-scales on which these processes 

operate. 
In order to determine the mechanisms by which the 

energy input has been dissipated in the magnetosphere 

we have studied the energy budget of the magneto- 
sphere during this multiple onset, isolated substorm. 
In the following. we have supposed that the rate of 

solar-wind energy input into the magnetosphere is 
expressed by the solar-wind-magnetosphere coupling 
parameter E, proposed by PERREAULT and AKASOFU 

(1978) : 

E = VB’ sin4 (Q/2)/3 (1) 

where B is the magnitude of the interplanetary mag- 
netic field, V is the solar wind bulk speed, 8 is given 
by tan- ’ (By/B=) or by the angle’s supplement for 
B= c 0, and Ii is an effective cross-sectional area of 
the magnetosphere, where I, denotes the linear dimen- 

sion of RE. 
In order to examine how the energy input has been 

dissipated in the inner magnetosphere-ionosphere 
system and the near-Earth magnetotail, two different 

methods have been used: (a) Akasofu’s method 

(1981) and (b) Vasyliunas’ method (1987). 

(a) Direct couplinq method 

According to the direct coupling method (AKASOFU, 
1981), the state of the magnetosphere is determined in 
principle from the solar-wind-magnetosphere energy 
coupling E with a time delay no longer than some 
minutes. It is known that the total energy con- 

sumption rate U, of the magnetosphere is given by 
the sum of the Joule heat production rate in the iono- 
sphere U,, the aurora1 particle energy flux U,, and the 
ring current energy injection rate U,, where : 

UA = AEx lOI erg/s 

U, = 2 x 10” AE erg/s 

U, = 4 x 10’” (dDst/dt+ Dst/T,) erg/s 

and thus 

u, = UA+u,+u/R. (2) 

The most uncertain parameter in the above for- 

mulation is the time zR, which denotes the lifetime of 

the ring current particles. ZWICKL et al. (1987) have 
shown that. when tR is a multistep function of E, the 

energy UT contains some unphysical steplike changes 
whenever a new ~~ step is encountered. When zR is a 
continuous function of E, the energy 0; shows a very 
obvious correlation with E and, therefore, it is not 
surprising that UT and E are highly correlated in 
AKASOFU’S (1981) study. On the other hand UT 

derived with a constant zR shows no evidence of such 
a correlation. Therefore, in the present analysis we 

have calculated the output energy U, according to 
Akasofu’s method, taking the time TV to be constant. 
In order to choose the most appropriate value for the 
ring current decay time zR, we have considered first 
AKASOFU’S (I 98 1) suggestions, where he proposed 

that rR must be equal to 20 h for E < 5 x lOI erg/s, 
although in a later publication Of ZWICKL et al. (1987), 
it is suggested that TV is 2 h for 10’K < E < 5x IO” 

erg/s. Secondly, we have considered the results of 
GONZALEZ et a/. (1989), where they concluded that 
the best value of rR must be 4 h for Dst > - 50 nT. In 
the case studied here, the Dst index has been calculated 
using the low latitude records of the H-component 
from all the stations whose data were available. This 
index, due to the paucity of stations from which it is 
computed, does not distinguish between contributions 
from the symmetric ring current and the asymmetric 
ring current. Each of these currents has quite different 
time constants, with the decay of the symmetric ring 
current requiring several tens of hours and the decay 
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of the asymmetric ring current requiring at most 2- 

4 h (ROSTOKER et al., 1987). It is obvious [Fig. l(b)] 

that we can determine the time constant of the asym- 

metric ring current which is x2 h, from l?l’S to 1430 

UT. Moreover, keeping in mind that this substorm 
happened during the recovery phase of the magnetic 
storm initiated at ~0400 UT on 6 May 1986, the 
symmetric ring current is found in its decay, con- 
taining mainly H + and He+, whose lifetime is several 

tens of hours. So the most probable lifetime of the 
symmetric ring current particles is ~20 h. The effect 
of the symmetric ring current appeared in Fig. 1 (b) as 
a compression of the &t-index (Dst < - 15 nT) 

which occurred during the whole time interval pre- 
sented in the above time-plot. So an appropriate value 

for the decay time zR is 10 h ; this is considered as the 
mean lifetime of the symmetric and the asymmetric 

ring current particles. 
Another problem with the above-mentioned defi- 

nition of the total magnetospheric energy output r/, 
is that the changes of the magnetic energy stored in 
the magnetotail are not directly included and hence 
the energy input (E) need not equal output (U,.). 

ROSTOKER et al. (1987) proposed that, in dealing with 
the energy budget of a substorm disturbance, the total 
energy should be represented by the expression (2) 

added the term Cl,, which is the energy rate stored 
in the magnetotail during the storage process of the 
substorm. So, we define a new function for the total 
energy consumption rate of the magnetosphereeiono- 
sphere system U;, given by the following expression 

I, 
I/, = u,+u,, (3) 

which is the sum of the energy consumption rate in the 
ionosphere-ring current (UT) and the energy stored in 
the magnetotail currents (U,,). Since there is some 
evidence that the magnetotail currents and the outer 
ring current are intimately connected (ROSTOKER et 
al., 1982) the energy budget of a substorm which is 

related to the input of energy from the solar-wind 
should include the contribution from the process of 
energy storage in the magnetotail and its subsequent 
dissipation in the release process (ROSTOKER et al., 
1987). 

In the present work, the values of the magnetotail- 

stored energy have been theoretically calculated, 
under the assumption that the input solar-wind flux E 
is always equal to the energy consumption rate in the 
magnetosphere. This has a physical meaning after the 
introduction of the term UM,, in the output energy 
calculation. 

Consequently, we have estimated at first the energy 
consumption rate in the ionosphere, that is, the Joule 

heat production rate (U,) and the aurora1 particle 

energy flux (U,) by the expression : 

U I = U +I/ J A =3x 10” AE. (4) 

Secondly, the energy consumption rate in the iono- 
sphere and the symmetric ring current is given by the 

expression : 

(I, = 3 x lOI AE+4x 102”(dDst/dr+Dst/zR). (5) 

Taking in consideration the effect of the solar-wind 

time delay between IMP-8 and the magnetopause, 
which was found to be 7 min, the residuals of the 
values UT(t) from the values of the epsilon parameter 

c(t - 7) give us the values of the magnetotail stored 

energy u,,(t) 

u,,(t) = E(t-7)- &(I). (6) 

The time plots of the I-min values of the energy rates 
E, U,, U, and U,, are given in Fig. 5. 

At 1113 UT, the Bz-IMF component became south- 
ward. This southward field arrives at the magneto- 
pause 7 min later, at 1120 UT. Simultaneously both 

Ii, and UT begin to increase slowly, showing an 
immediate response to the solar-wind input, as we can 
note in Fig. 5(b) and (c). This comment leads us to 

the result that the driven system begins to grow at 
1120 UT. At the same time the rate of energy storage 
in the tail increases (loading process) as we can see 

I I! Akasofu’s 
method 

-3m 
““I” time lhrs) 

Fig. 5. From the top the I-min values of (a) the epsilon 
parameter, (b) the energy consumption rate in the ionosphere 
U, computed from equation (4), (c) the energy consumption 
rate in the ionosphere and the ring current UT computed 
from equation (5), and (d) the energy rate stored in the 
magnetotail currents UMT. computed from equation (6) 
according to Akasofu’s direct coupling method are shown. 
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in Fig. S(d). This means that part of the input flux 
described by the parameter epsilon [Fig. 5(a)] is 

immediately stored in the tail. At 1215 UT, where 

the onset of the expansion phase occurred, as was 
determined from the ground magnetograms, the rate 
of energy storage in the tail started to decrease, indi- 
cating that the unloading process takes place. The 
rcledscd tail energy enhances the field-aligned currents 
which drive the aurora1 elcctrojets. This scenario has 
been predicted by Akasofu’s model. since from Fig. 
S(b) wc can see a sharp increase in the time-plot ol 

L:,. From the above description we can set the ‘start 
of the substorm’ at I 1X UT. Al this moment the 

driven system current begins to grow in response to 
an increase in the input solar-wind flux. Therefore the 
time-scale rI ( RQSTCXEK c/ ai.. 1987) associated with 

the preliminary storage of energy in the transverse 
eicclric currents circulating in and confined to the 

magnctotail is equal to 55 min. 

Just after the major onset, at 1215 UT, the rate 01 
energy dissipation CT., in the ionosphere and the ring 
current increases explosively. while the rate of energy 
input decreases and d&‘,,/dt < 0 (unloading 

process). At the same time the dropout of the energy 

flux persisted in the tail (Fig. 3). This means that the 
energy needed for the explosive energy dissipation at 

the expansion onset was supplied from the tail. 
In order to have a better understanding of the rela- 

tive importance of the two mechanisms (directly 
driven and loading-unloading) and therefore to have 
a more global view of the magnetospheric response to 
the enhanced solar-wind input energy, we have carried 
out a cross-correlation analysis between the par- 

amctcr c and the rate of energy dissipation in the 
ionosphcrc and the ring current C;,. The best cor- 
relation coeBicicnt was found to be 0.70 for a time lag 
of 29 min. which hccomcs 22 min taking into con- 

sidcration the time d&y between IMP-8 and the 
magnetopausc. This value shows that, although the 
directly driven process is the main process of energy 
dissipation during the CDAW 9E event. the unloading 
of the energy stored in the tail plays a very important 

role at the expansion phase onset. 

According to VASYLIUNAS (1987). the dependence 
ofthe time zK on the i: parameter may lead to problems 
of circular reasoning and the artificial inter- 
dependence of quantities when the statistical relation 
between LJ-, and c is investigated. To avoid these prob- 
lcms he proposed that rR can be taken as a function 
not of c but of UT itself as was defined from equation 
(5). Thus. values of o’, indcpendcnt of R can bc 

Table 2. The multistep function I‘ = z’( U,) accord 
ing to VASYLIUNAS’ method ( 1987) 

t’ (per h) UT (erg:s) 
~ . ..__ -- 

0.05 u, < 10’8 
0.33 [C’.,:lO’“]“” IO’* < & < 6.4 x IO’” 

4 c:,- > 6.4x IO’” 

obtained. The equation (5) may be written as : 

where U,, =4x 10”’ dDst/dt+3x 10’” AE which 
depends only on the geomagnetic indices, and 

r( Cr, ) = IjtR is the loss rate that replaces the loss time 
TV. The right-hand side of equation (7) represents a 
fixed curve, the assumed dependence of 1’ on c/‘, , while 
the left-hand side represents a straight tint with slope 
and intercept fixed by the observed quantities D.st and 
U0 : the intersection of the theoretical curve and the 
experimental line gives value of U,. The analytical 
expression for I. = I ix@ is given in Table 2. 

The I-min values of the energy consumption rate 

in the ionosphere and the ring current V, computed 

according to this method are given in Fig. 6, together 
with the time-plot of the energy consL]I~ipti~~n rate L$ 
and the I-min values of the energy rate stored in the 

magnetotail currents c’,-, computed from equation 

Unlv tune Ihrs) 

Fig. 6. From the top (a) the epsilon parameter, (b) the energy 
consumption rate m the ionosphere, Cl,, computed from equa- 
tion (4), (c) the energy consumption rate in the ionosphere 
and the ring current U,. computed from the values given in 
Fable 2. and (d) the energy rate stored in the magnetotail 
currents U,,. computed from equation (6) according to 

Vasyliunas’ method, are presented. 
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(6). The time-plot of the epsilon parameter is given in 
the top of Fig. 6 for comparison. It is important to 
note here that, in our study, where we have used two 
different methods in evaluating the magnetospheric 
energy output i.J+. the inpui energy has been com- 
puted by the same formulation of PERREPIULT and 
AK~SCIFI: (1978) that is the solar-wind-ma~neto- 
sphere coupling parameter epsilon. Thercforc, the 
differences that may be found in the following com- 
parison of the two methods will be due only to the 
differences in the evaluation of the magnetospheric 
energy output LJ; 

From the comparison of the results of the two 
methods used here, shown in Figs S and 6, we can 
note two points. The first is that at 1215 UT the 
[_‘I energy rate increases much more rapidly than in 
Akasofu’s method, emphasizing the unloading pro- 
cuss that takes place at the expansion onset, The 
second is that the values of the o’.,- energy rate are 
generally greater than those computed according to 
Akasofu’s method. Consequently the values of the 
C’u.r energy rate are smaller and always negative. This 
is caused by the mean value of the ring current decay 
time rK computed according to Vasyliunas’ method 
being equal to 1.33 h. This value is smaller than that 
predicted by any other method (AKASOFU, 1981 ; 
ZWICKL rt ul., 1987; GONZALEZ et rrl., 1989). Never- 
theless we have to note that Vasyliunas’ method shows 
clearly that WC have two independent systems. 

magnetospheric energy output, we have introduced 
two improvements. The first is concerned with the loss 
time of the ring current particles zR. As was already 
discussed in Section 3, this time rR was defined origi- 
nally as a function of the parameter E. But since, dur- 
ing the substorm event studied here, i; < 3 x lO”erg/s 
and Dsr > -30 nT. the time rR predicted from the 
theory is constant (AKASOFU, 1981; ZWICKL ef ul., 

1987; GONZALEZ et al., 1989). In this work we have 
taken the ring current decay time to be equal to 10 h. 
We have examined how the curves of U,- and U,, 
change using a smaller constant value for 7K eval- 
uating Akasofu’s method (a) for sR = 20 h (AKAXIFU, 
l981), (b) for tR = 4 h (GONZALEZ ct d., 1989), and 
(c) for tK = 2 h (%WICKL ~1 al., 1987). The comparison 
of the &and LivT values shows that the shape of these 
curves is exactly the same, although the C/i- curves 
are shifted to higher values as rR gets smaller, and 
consequently the L’,, curves are shifted to smaller 
values. Therefore, our qtralitative results concerning 
the mechanisms which dissipate the input energy and 
cause the time sequence of the substorm are inde- 
pendent of the value which we choose for the constant 
ring current decay time rR. 

The cross-correlation coefficient between the epsi- 
lon parameter and the .!J, energy rate computed 
according to Vasyliunas’ method was found to be 0.64 
for the same time lag (22 min). This result verifies the 
results obtained from Akasofu’s method concerning 
the overall magnetospheric response. 

The second improvement is a fourth term that has 
been included in the computation of the total 
magnctospheric energy output. This term represents 
the rate at which energy is stored in the magnetotail 
currents during the storage process of the substorm 
( ROSTOKER VI crl., 1987). The terms c;‘, and CJ’~~, defined 
from equations (4) and (6). respectively, play the most 
important role in order to determine the mechanisms 
by which the magnetosphere dissipates the enhanced 
solar-wind input energy, at each phase of the sub- 
storm. 

From the comparison of the two methods we can 
say that Akasofu’s method, modified to use a c~~~lstant 
ring current loss time that is appropriate for this event 
and to include the rate at which energy is stored in 
the magnetotail. provides a more realistic approach 
to the magnetospheric energy budget than dots Vasy- 
liunas’ method. 

The results taken from the cross-correlation analy- 
sis between the input epsilon parameter and the energy 
rate dissipated in the ionosphere and the ring current 
lead us to the conclusion that. although the driven 
system has been considerably increased in strength 
during this substorm, a part of the input energy G has 
been dissipated according to the unloading process. 

4. DlSCL’SSlON AND CONCLUSIONS 

From all the above-detailed analysis of the 
magnetospheric substorm of 8 May 1986 and the dis- 
cussion it is concluded that: 

In order to study the mechanisms by which the 
magnetosphere dissipates the enhanced energy input, 
we have made an effort to consider the energy budget 
of the magnetosphere during the whole time interval 
of the substorm disturbances, first following the 
Akasofu model of a directly driven system. In order to 
have a more realistic approach of the magnetospheric 
response and therefore to calculate the most accurate the onset of the expansion phase 

I The nla~netosphere responds iInmediately to the 
southward IMF, while the time associated with the 
preliminary storage of energy in the transverse electric 
currents circulating in and confined to the magnetotail 
is equal to 55 min. 

2. The tail plays a significant role in supplying the 
energy needed for the explosive energy dissipation at 
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3. During the CDAW 9E event, the driven system 

has grown in strength while the onset of the expansion 

phase has been followed by an event of explosive 

energy dissipation, that is an unloading event at 12 15 
UT which has been superposed on the driven system. 

4. Akasofu’s method predicts the magnetospheric 
rcsponsc well. although Vasyhunas’ method em- 
phasizes that when two independent systems (solar- 

winddmagnetosphere) interact the unloading process 
is the most prominent mode of the magnetospheric 

response at the expansion onset. 

The extension of this study to other isolated 

magnetospheric substorms and the existence of con- 

tinuous tail magnetic field data will help us to arrive 

at a better understanding of their correlation with 

interplanetary medium parameters and to a more 
accurate determination of the processes during the 
different phases of the magnetospheric substorm. 
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