RING CURRENT AND INTERPLANETARY
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Pesrome: ITo cpedneudcosvisms Oannwist paccMompens napamemp pacnada Koabyeeoco MoKa
U PYUKYUA UHHCEKYUL, C6A3ANNAR C YCA08UAMU 6 Mexcnaanemuoil cpede. [lodueprusaemcea pasiuvue
3nauenuii napamenipa pacnadd ¢ mederle 6ypu, 3a6UCIUe20 0 (GYHKIYUL UHHCEK UL 6 NePUOO 2.1a8HO
daszet u om DR sapuayuu ¢ gase eoccmanoeaenus. Ilpedioxncen arcopumm pacyema mMazHumMHo20
HOAR KOAbYEBO20 MOKA N0 napamempam mexcnianemnoii cpedot. Ilymem modeauposanus DR eapuayun
044 €AabbIX U YMEPEHHbIX OYPb, @ Marxce D0ablUX Oypb HPOOeMOHCINPUPOBAHO XOpOlee CO2aacle
MOOCAbHBLX PACHEIN0E ¢ OQUHbIMU HAOA00eNNil 60 6pEMA OYPb.

Summary: Based on hourly averaged data, the ring current decay parameter and the injection
Junction associated with interplanetary medinm parameters are analysed. The distinction among
the decay parameter values during a magnetic storm has been carefully drawn, the dependence of t on
the injection function during the main phase and on the DR variation during the recovery phase being
emphasized. The modeling of the DR variation for weak and|or moderate storms as well as intensive
storms carried out demonstrates a good agreement between the model time profiles and observed data
of magnetic storm activity.

1. INTRODUCTION

The ring current is one of major magnetospheric sinks of the solar wind energy input into the
magnetosphere. Its development is due to the trapped radiation. Trapped particles undergo the
azimuthal drift around the Earth at the distance of 3 = 5 Earth’s radii, where the geomagnetic
field is of a closed configuration. The injection of the solar wind plasma into the magnetosphere
as well as the precipitation of energetic ionospheric particles into the ring current cause its inten-
sification and, thereby, the occurrence of gcomagnetic stroms. These abrupt magnetic disturbances,
as a consequence of the superposition of the ring current magnetic field at the Earth’s surface and
the geodipole magnetic field, are of a global character. During the main phase of a magnetic
storm, the geomagnetic field horizontal component decreases due the increasing ring current
intensity. The field depression may reach hundreds of nT at the middle and low latitudes. Tt is
followed gradually by the recovery phase of a geomagnetic storm, when the geomagnetic field
returns to its previous level because of the loss of ring current particles. The growth rate and
decay of the ring current reflect the energy balance in the solar wind -- magnetosphere coupling.
To study further these processes in terms of interplanetary medium parameters is of immense
importance. The aim of this paper is to identify peculiarities of the ring current activity response
to variable interplanetary parameters in order to model ring current magnetic field variations
during geomagnetic storms of the different intensity.
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2. RING CURRENT MAGNETIC FIELD
2.1. DR variation

Variations of the ring current magnetic field observed at the Earth’s surface are

&

described by the energy balance relation as follows:

(1) dDR/dt = F(1) = DR/z,
where DR = Dst — bp'? 4+ DCF,, Dst is a geomagnetic activity index, p is a solar

wind dynamic pressure, b is the coupling cocfficient between a solar wind pressure and
ground effects of currents on the magnetopause, DCF  is the magnctic field of currents
on thic magnetopause under maguctically quiet conditions, F(I) is the injection function
characterizing the energy input rate into the ring current, v is a paramcter of ring
current decay characteristic time [ { —4]. The expression (1) has been analysed on an
hourly values time scale. The Dst values for cach hour UT are given in [5], and inter-
planetary medium parameters necessary for the evaluation of p, DCF, and F{r} are
given in | ¢]. Values of DCF, were calculated for each month and the value of b was
assumed to be constant and equal to 020 nT {(eV em ™) /%

The DR variation during a geomagnetic storm is defined by the relationship between
F{tyand DR t. The relation F(\f}} > ,DR\;‘%} is valid for the storm main phase, and
[#(1)] < |DR [ lor the recovery phasc. As far as F(r) and DR 't arc concerned, valics
ol F(t} arc associated with interplanctary medium parameters, and values of 7 are

related to intrinsic processes in the magnetosphere. Numerous studics have heen
carried out in order to define the relationship between the injoction Munctinn £ and

Ty

interplanctary parameters (see the briel review i { 7. 8 ). It was found, on an hourly
nal component of the solar wind

values tinze scale, F(1} to depend on both ihe azini
clectric field and the IMF magnitude standard deviation [2.9]. There have been
ing different

devoted numerious investigations to the v paramcter determunation du
epochs of a geomagretic sterm (sce the brief review in [10]). Such an enhanced interest
is caused by the fact that the total energy dissipation rate Uy inside the magnetosphere
is to a considerable extent determined by ihe energy injection rate into the ring
current related to Uy, wisich in turn depends critically on the parameter 7: Uy =
= —074 x 10*°(dDR d¢ + DR't). W. The Uy values, being caleulated with respect
to differcnt parameters of the solar wind, are obvious to use for comparison [3, 11 to
13]. The results of such a comparison make it possible to reveal the relation between
the energy input into the magnetosphere and interplanctary medium parametrs | [4].
Further progress in studying the relationship between the energy transferred into the
magnetosphere and dissipation processes within it appears to be impossible without
an accurate determination of the ring current decay parameter [15]. On the basis of
hourly averaged data, there carried out the further investigation of both the © para-
rmeter variations during different epochs of a geomagentic storm and the injection
function F(1}, which describes (he energy input rate into the ring current with respect
to variable interplanetary conditions.
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2.2. Modcling of the injection function

The injection function F(r) has been shown to be dependent on the solar wind
clectric field azimuthal component [ 1,2, 8, 9. 17] and also on the “viscous™ [riction
between the selar wind and magnetosphere as well, which depends on the solar wind
velocity [4. 8]. Then we have for F(1):

(2) F(i) = A, V(Bz — A6) + A3(V — 300) + 4, .

where Fis the solar wind velocity, Bz is the IMF north-south component, ¢ is the
IM¥F magnitude variability, A,, 4,, A3 and A4, are constant coefficicnts which have
been determined by the method of stochastic approximation with adaptation [16].
In the model adopted., the t paramecter was assumed to be different during the geo-
magnetic storm epochs. The 7 value during the main phase was considered to be con-
stant as adopted in [17, 18]. During the recovery phase its value was considered to
change {reely with the ring current intensity. The method just mentioned was used to
determine the t parameter during the recovery phase t, . under the assumpticon of
the decay parameter during the main phase 7, . to be 4:9 h.

To choose the model paranicters, there has been solved the problem of minimizing
the functional of the quadratic misfit between obscrved values of DR (denoted as
DR, and those caleulated by means of the model treated (denoted as DR 4).
The number of variables used Tor miinimizing ranged {rom 9 to 25. The solution of the
opfimization problem of i such multidimensionaltype is always a most complicated task
becaure of computational difficultics. Another peculiarity of the problem tackled is

of the Kind that the fast converging methods of the gradient type fail when applied
to thils case

2.3, Mcthod of stochastic approximation

The features mentioned above were decisive in choosing the stochastic approxi-
mation method with adaptation in order to sclect appropriate values of the model
paramclers.

The veetor of parameters U, ., was calculated for the (k + 1)th step as U, =
= U, + 2o, where o is the co-ordinate step vector, and &, is a vector of the
random teaching process, which depends on the teaching vecter @, Components of
the o veetor were re-evaluated using formulae:

i1 = foy — S[I(U) ~ HU, )] (U = Uizy) s
i=1...,n; k=1,2,..

where nodetines the a-space where the optimization has been carried out. «; is the
i-th comporent oi the  vecter for the h-th iteration, [ is a value of the qua_dratlc
nisfit lUl"“ ional, and o, A & arc constant parameters accepted.

I the values of wf with k increasing exceeded 1. the components were artificially
maede less in their absoiuie virlos. The veetor & was ealeulated as o) = (5 + o), ]17 +
-+ (u"» where i is a random vector with co-ordinates uniformly distributed in the
It ]l(.l’\dl [—1, 1]
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Thus, a displacement vector «, &,(w,) has a determinate component at every step
of the algorithm. The quicker this component increases the slower I(U,) decreases.
At the same time, the stochastic component being present makes the method more
flexible.

There have been carried out as many as 2000 -+~ 5000 iterations under the assump-
tion of different initial approximation parameters U, and various displacement
steps «. Finally, the obtained sets of optimal parameters of the DR model were com-
pared. As a matter of fact, values obtained were close enough and the option of the
best value of parameters analysed was really time-consuming for a computer.

2.4, Determination of the ¢ parameter

The relationship F = DR, /T pn. is valid for the maximum depression of the ring
current magnetic field. The F value was calculated using Eq. (2), F leading DR,,, by
an hour. Then the 7, , parameters have been determined for 45 geomagnetic
storms, for which the difference between DR variations in the adjacent two hours
around DR, .. is no more than 5%. It turned out the 7, , value to depend dramatically
on F, just as in [3, 19].

For the more accurate determination of coefficients in Eq. (2) during the ring
current main phase, 96 geomagnetic storms were analysed. There have been selected
227 two-hour intervals for which following conditions hold: |ABz| < 2nT, A \/p <
< 10 (cV em™?)/2, j.e. a DCF variation being less than 2 nT. Using the 7 dependence
on F, values of F,, = dDR/dt + DR/t were calculated for the intervals chosen.
Finally, values of F,,, calculated have been compared with the injection function
depending on the solar wind electric field azimuthal component defined as follows:
BzV, V(Bz — 0-5¢), V(Bz — 0-67¢), V(Bz — o). The relation V(Bz — 0:675), being
defined an hour before of the DR variation, turned out to be the best among all those
mentioned above. In fact, the azimuthal component, evaluated using this relation
an hour ahead of the ring current DR variations, gives the closest correlation with F,,,.
For an illustration, Fig. 1a, b show the dependence of F,,, on BzV (Fig. la) and
V(Bz — 0-670) (Fig. 1b), correlation coefficients being » = 0-83 4 0-05 and r =
= 0-88 + 0-04, respectively.

During the injection period which corresponds to the main phase of a gecomagnetic
storm, the injection [unction F,_ .4, governed by interplanetary medium parameters,
can be expressed by means of Eq. (2) with specified coefficients as follows:

(3)  Fpog = 82 x 1073V(Bz — 0:670) — 141 x 1073(V — 300) + 94,

‘

where Fyq is in nT/h, Vis in km/s, Bz and o arein nT. Figure 2 illustrates the relation-
ship between F,, and F,,4 evaluated for 227 two-hour intervals mentioned above.
The linear regression equation is shown graphically by the solid line, the correlation
coelficient being equal to 0-88 4 0-05.

The more accurate values of Fy4, obtained from Eq. (3), were used to calculate
Tm.pn. Once mote. The 7, ., values were evaluated at the maximum ring current
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Fig. 1. Relationship between F, -+ dDR/dt -+ DR/t and the solar wind electric field azimuthal
componcnt cvaluated as Bz V (a) and V(Bz - 0-67a) (b), respectively, for 227 two - hour intervals
during the injection period (the main phase) of a geomagnetic storm.
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Fig. 2. Dependerice of chp on Fyoa- Faeg being calculated using I1g. (3) with an hour leading the

corresponding variation of the ring current field.
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Fig. 3. Variations of the parameter v dueto £ during the injection period {(the main phase) of

a magnetic storm. Values of 7 have been determined for the cpoch of maximum intensity of

45 magnetic storms when values of DR for two adjacent hours near maximum differ by no more

than 597 (crosses). The dependerice of Ty ph. O Froa for small and moderaie storms adopted in
model calculations is expressed by the solid line.
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magnetic field intensity DR, for 45 geomagnetic storms, with F_, leading DR
(Fig. 3). The solid line expresses the dependence of Tm.ph, ON Fpoq adopted for model
calculations of geomagnetic field variations during magnetic storms. It has been
recognized earlier {8, 10] that there exists a certain difference between 7, ., values

max

for small and/or moderate storms as well as intensive storms, adopted in the analysis
to come. The storms with ]DRmaxl = 160 nT were chosen and values of 7,, 5 =
= DR/(F — dDR/d1) were calculated for adjacent two-hour intervals. There is shown
the relationship between 7, 5 and F,qq (Fig. 4) for 126 two-hour intervals analysed.

‘tm, ph. h

W e ™ .
80 780 300 o0 %0 90 80
F_.. nT/h

Fig. 4. Variations of pacameter 7 due to F, 4 during the injection period of intensive magnetic

storms. Values of  were determined for the adjacent two-hour intervals using F 4 calculated by

means of Eq. (3) an hour ahead (crosses). The dependence of 7, ., On Fp,o4 for intensive magnetic
storms adopted in model calculations is expressed by the solid line.

The F,.q values were calculated using Eq. (3), with an hour ahead shift to the ring
current magnetic field variations. The solid line in Fig. 4 expresses the dependence
Of Topn. ON Froq as assumed for the intensive storms modeling.

To divide a magnetic storm interval into the main phase (the injection period) and
recovery phase (the decay period), we took into account the magnitude of the injection
function. The portion of F, 4 depending on the solar wind velocity appears to be
present continuously. Keeping this fact in mind, we obtain the following condition
for all hourly averaged data during the storm injection period:

82 x 1073V(Bz — 0:675) — 14-1 x 1073(V — 300) +
+ 94 < — 141 x 1073V — 300),
or
V(Bz — 0-670) < — 1146,
when the clectromagnetic injection exceeds the viscous one. The remainding portion
of a geomagnetic storm is attributed to the decay period in spite of the injection
process into tlie ring current continues to proceed with the intensity:

—141 x 1073V — 300) under the condition ¥ > 300 km/s .

As far as the parameter 7., during the decay period (the recovery phase) is
concerned, its values have been determined by the stochastic optimization method
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mentioned above. For weak and’'or moderate storms, t, ., Increases when DR
decreases, being ranged as follows:

JS54h, if —150
N9 1h, if =3

=z —170nT
—-50nT.

Tr.ph. -

S o

v
o O
~ =
A%

For intensive storms, the 7, ,, values appear o be slightly dependent on DR, being
ranged as foilows:
1000, i DR = —-300nT

TN 1080, if DR = —30uT.

The detailed pattern of 7, ,, variations can be found in Tab. §. The 7,

. values for
intensive storms were calculated using 134 adjacent two-hour intervals. The scatter of
values is quite considerable. But the corresponding median values are close to the

7, on. dependent on DR as presented in Tab. 1. All results of the 1, , dependence on

the injection function and 7, . dependence o ring current magnetic field variations,

T being obtained by means of the stochastic aptimization mcthod, are presented

r.ph.

in Figs. 3, 4 and summarized in Tab. 1.

Table 1. Ring current decay parameters for magnetic storms of the different intensity: Ton.ph.s
dependent on the injection function F during lhe injeciion period (the main physe) and ©

dependent on DR during the decay period (the recovery phase)

r.ph.?

Weak and moderate magnetic storms Intensive magnietic siorms
DR, . 77 —160 nT) (DR, — 160 nT)
jFA Tm.ph.’ DR. 7'-r.ph 4 ;Fj’ Tp‘.ph DR Tr.ph.’
nT/h h nT h nT/h h nT h

4 11-5 =10 11-5 4 11-3 T —10 115

6 10-2 — 10+ —30 10-2 6 10-2 --30 10-8

3 89 —30+ —50 91 8 9-0 --100 10-5

10 7-6 —50 <+ —70 8-0 10 80 —200 10-2

12 59 —70 <+ —90 63 12 75 — 300 10-0
14 50 -—~90 =~ —110 63 14 7-0
{6 4-4 — 110+ —130 6-1 16 63
18 4-1 —130 - —150 60 18 6-0
2 3-8 —150 - —160 54 2 36
2 34 25 4-8
30 32 30 43
40 28 40 3-8
50 2-4 50 3.7
60 2-1 60 36
80 1-9 S0 34
100 17 100 24
> 100 17 > 100 2:0
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3. COMPARISON OF STUDIES ON THIL RING CURRENT MAGNETIC FILED
MODELING

3.1. Injcction function

It is of intcrest to compare the injection function suggested with those adopted
earlier. The structure of the injection function reflects its duality: it is controlled by
processes of reconnection of the interplanetary and geomagnetic ficlds (which is
manifcsted by the dependence on both the IMF north-south component Bz < 0 and
the IMF magnitude variability a), and by viscous interaction between the solar wind
and magnetosphere as well (which is manifested by the portion dependent on the
solar wind velocity V). The injection into the ring current due to processes of reconnec-
tion has widely becen discussed [1,4, 7—9 and references therein]. The essentjal
difference between Eq. (3) for the injection function and those given by other authors
is just the presence of the additional injection due to the viscous interaction. In fact,
the injection does not become zero during the northward IMF Bz component
orientation, but some additional portion of the energy flux, dependent on the solar
wind velocity, persists, increasing when V increases. Such an injection was already
reported in [4]. Tt has been shown the injection function modul to increase by
1:9 nT/h due to the solar wind velocity enhancement from 300 km/s to 400 km/s.

There should be expected the decrease of the geomagnetic field level at the low-
latitude observatories during the increased solar wind velocity as a direct result of
viscous injection. Such a decrease was actually revealed during the night hours on the
magnetically quiet days at several magnetic observatories in India [20]. The geo-
magnetic field level decreases by 10 nT as Vincreases by 100 kmy/s, the correlation
coefficient being cqual to ~0-6. The decreasing of the Dst variation field by ~ 10 nT,
caused by the solar wind velocity changing A} = 100 km/s, has been revealed in
intervals when the Earth mects high velocity solar wind streams [21]. The tendency
of the horizontal component to decrease has also been observed at the Kakioka
observatory during 22 magunetically quiet days with Dst > 0 under the condition of
increasing solar wind velocity. In spite of quite large scatter of values, the increasing
of the selar wind velocity by 100 km/s appears to cause the horizontal component
decreasing by 5 = 10 nT. The magnitude of decreases varies {rem year to year, and
AH/cos § = 10nT at the equator, 3 being a geomagnetic latitude.

The ring current magnetic field decreases appear to be obvious when the Earth
mects high velocity solar wind streams. Figure 5 shows hourly averaged values of
DR cvaluated during the =5 h long intervals with high velocity solar wind streams
and the IMF Bz component exceeding 2 n'T. There were analysed 36 such intervals
chosen during the period of 1967 —1970[23]. The correlation coefficient between DR
and Vis r = —0-55. According to the regression equation the sclar wind velocity
change AV = 100 km/s causes |ADR| = 15nT.

The portion of the injection function in (3). defining the viscous interaction, is quite

Studia geoph. et geod. 33 (1989) 69



V. Yu. Pisarskij et al.

coincident with the magnetic field decreascs at low-latitude observatories mentioned
above. As a matter of fact, AF = —1-41 nT/h if AV = 100 km/s. This corresponds
to IADR] = 13 nT for quasi-stationary conditions if T = 9 h is adopted. The viscous
injection plays an important role in the ring current feeding during a final portion of
the recovery phase. The best agreement between the observed ring current field and
field values evaluated by DR modeling was obtained for A3 = —14-1 x 1073 nT/(h.
.km s™1), namely. as accepted in (3).

DR, nT

201

0 <2400 '? 500 600 700V, kmis
.: o0 Xy, T L ’
F e *® P
-0 %
Y L ]

Fig. 5. Dependence of DR = Dst — b \/p -+ DCFq on the solar wind velocity " when the Earth
meets high velocity streams with the IMF north-south component Bz > 0.

The electromagnetic portion of the injection function together with the constant
term (see Eq. (3)) quite likely has the structure suggested in [91, although the values
of coefficients are distinctly different. It is caused by the different way of calculating
Fep. To calculate F,,, using data of 44 two-hour intervals, 1., ., was assumed to be
constant and equal to 6 h [9]. On the contrary, to calculate F,,,, used to determine
the coefficients in (3), the dependence of T on F.q (Fig. 3) was taken into account.

m.ph.

3.2. Decay parameter

Tn this paper as in [3, 8, 10, 19], the parameter 7, which defines the particle dis-
sipation rate for the ring current, is assumed to be different during,the main phase
(the injection period) and during the recovery phase (the decay period) of a geo-
magnctic storm. The 7, ., variations due to F_ 4 are shown in Fig. 6. We can compare
the relationship analysed for both weak and,or moderate (1) and intensive (2) storms.
The valuc of 7, ,, adopted in [19] is also shown (3). For large values of the injection
function, the value of 7, ,;, drops down to 1-7 h or 2:0 h, which does not coincide
with the value of 3 h according to [ 19]. In the range of the most frequent F,q values
(—20 = —80nT/h), the 7, ;. value adopted in [19] falls just between the curves
(1) and (2) associated with storms of the differcnt intensity. For the large I, values,
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T'm. ph.+ h
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Fig. 6. Dependence of 7, , on F 4 for small and/or moderate (1) storms as well as intensive
storms (2) according Lo results obtained in the paper. For comparison results of [19] (the curve 3)
are also given.

we can see (Fig. 6) the decay parameter not to fall down to the value of 1 h or even
less as claimed in [3]. Actually, such an abrupt decay t < 1 h means an enormously
large energy injection rate into the ring current [24].

DRax . NT
-250 x
~150F /
| , , , , ,
0 -20 240 80 780 100

Frod. rT/h

Fig. 7. Dependence od DR, on I, .4 valculated with an hour leading DR
represents the lincar regression cquation.

The solid linc

max*

The assumption ol 7, ., to be dependent on the ring current magnetic field
variations was adopted in [8, 10]. This dependence of Tm.ph. ON DR is statistically
equivalent to the dependence of 1, ,,, on F,, which is strongly dependent on the
solar wind clectric field azimuthal component. In fact, there exists a distinct relation-
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ship between the DR field intensity during the minima of the storm main phase (DR,
and the solar wind clectric field azimuthal component. The dependence of DR

max

during the storm main phasc on F, 4 caleulated, F,., lcading DR, by an hour, is

mod
shown in Fig. 7. The values of Fpog were calculated by Eq. (3) using geomagnetic
storm data for which DR variations during adjacent two-hour intervals near DR

differ by no more than 5%. The linear regression equation rcads as follows:

max

(4) DRY. = (235 & 021) Fi,' — (350 £ 69),

max mod
the correlation coefficient being r = 0-:69 + 0-21. Il there were a functional linear
dependence of DR, on I,.q it would have mcant the value of 7 o be constant
during the main phase. Such an assumption was adopted in [17, 18], and t
supposed to be equal to 6 h. Howevcr, there is an essential scatter as far as the lincar
dependence of 1, on Fu, is concerned. It means that 7, ., = const as
shown above. In fact, the relationship between F 4 and DR is most likely to exist in

m.ph. was

‘:-'m, oh. h

Lo
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L e e el e e TS e e e

: S i — —

0 =20 -5 -60 -80 Fouq. NTN
=33 -52 -129 =176 -223 DR, nT

Fig. 8. The decay parameter during a magnelic storm main phase in terms of DR according to
[18] — a solid line with crosses. [9] - a dashed line with crosses, and [10]-- a dashed line.

The F,q scale was recalculated using Eq. (4).

the first approximation, i.c. the more intensive the injection, the more distinet the
following decrease of the geomagnetic field due to the ring current magnetic field

wpn. ON DR [10] can then be re-evaluated into the
on F,.4. The rccalculated values have been used for the construc-

variations. The dependence of 7
dependence of 7, .
tion of Fig. 8, in which two scales for the abscissaareshown, DR and F,, being related
according to Eq. (4). The dependence of 7, ., on DR adopted in [10] (a dash-and-
dash line) can be seen, the T pn. decreases due to the intensified injection being not so
essential as in Fig. 3. The values of 7, ;, = 6h and 7, ,, = 4h (a solid line with
crosses and a dashed line with crosses, respectively) adopted in [18] and [9]. re-
spectively, arc shown for comparison as well,

72 Studia geoph. et geod. 33 (1989)



Ring Current and Interplanetary Medium Parameters
The determination of 1, makes some difficulties discussed in detail in [10].
There are some discripancies as far as the dependence of 7, on DR is concerned.
According to [9, 17, 18], the increasing of 7, ,,, due to the |DR| growth is evident.
The increasing of 7, ;. caused by decreasing DRl has also been reported [8, 10]. In
our opinion, the increasing of 7, due to the ,DR[ decreasing during an individual
storm seems to be more natural as it reflects a faster loss of shortlived particles, 1.c.
the ring current destruction which begins from its innermost shells around the Earth.
At the same time, different types of storms arc characterized by specific dependences
of 7,4, on DR. The 7, ,, values for intensive storms exceed esscntially those [or
weak and/or moderate storms as can be seen in the Tab. 1. The expressions [or the
T, on, dependence on DR, defining the maximum depression of the geomagnctic
ficld during the main phase have been found [9, 17, 18, 19]. The amount of points,
uscd to obtain the statistical lincar relationship between 7, ., and DR, ., was

T r.ph.+ h
18r
[ ] x
4 x
¢ x [ x
. x
12 ¢ x
[ Y x
¢ [ xk
* ox x
. x
ox
6L
L f— 1 L
-50 -100 =150 DR . NT
Fig. 9. Dependence of ¢ on DR, .. according 1o [17] (crosses). Dols correspond to the same

r.ph.
values of r_ . (DR) after IMF northward turnings.

limited and rather scattcred. For this reason, there is no surprise that a slight change
in the way of selecting magnetically quiet intervals during the storm recovery phase
has caused the essential change in the relation analysed. According to [17, 19] we
have for cxample:

~J
2
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T, pn. = 36 £ 0:09| DR

. [18]
. [9,19].

max

Tron. = 6:6 + 0-07|DR

r.ph. max

The relation of 7, ,, to DR, (crosses) evaluated [17, 19] for 13 geomagnetic
stroms during intervals with Bz > 0 and ¢ < |Bz| is shown in Fig. 9. To calculate
T,.on, by the DR modeling, the DR values after the end of the injection in the ring
current were used instead of DR, [9, 19]. In such a case, the values of DR and
DR 0 sometimes differ dramatically. In Fig. 9. the same values of 7, , and corres-
ponding DR values (or the very hour of the IMF northward turning are presented by
dots. The tendency of 7, , to increase as ]DR] increases becomes less distinct in this
casc. The scatter of dots becomes expressive, the regression line slope being increased
by 1-5 times.

max

4. MODELING OF DR VARIATIONS

To calculate the ring current magnetic field variations the algorithm was constructed
on the basis of the previous analysis using the recurrent relationship:

DR® = (DRY™V(2 — 1[r) + 2FGG)/(2 + 1/7),
where the injection function F, .4 was evaluated as follows:

182 x 107*V(Bz — 0:670,) — 14:1 x 1073(V — 300) + 9:4.
il V(Bz — 0:67c,) < —1146 (the injection period)
F ,

mod —
\—14-1 % 1073(V - 300).
if V(Bz — 0-676,) > —1146 (the decay period),

where the IMF magnitude standard deviation g, is:

g, if ¢=6nT
ak=<
0, if ¢ <6nT.

The cxpression [or determining of the injection function is the same for all storms
regardless of their intensity. The separate values ol the decay parameter © were adopted
for the main and recovery phases, 7, . being considered in terms of F during the
injection period and 7, , being considered in terms of DR during the decay period.
The values of t for weak and/or moderate storms (DR, < —150 + —160nT)
arnd intensive storms (DR, > —150 =+ —160nT) were used as given in Tab. 1.
The DR,.4 values for 95 sclected intervals were evaluated using the algorithm
mentioned above. The intervals were selected during the period of 1967 — 1980 under
the condition of Dst field decreases to be by 60 nT or more. The DR,,.4 values cal-

culated were compared with observed ring current magnetic field variations DR_,,.
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1t is worthwhile to note that the mean hourly value standard deviation of DR,4
relative to DR, is 14 nT for the whole amount of data analysed (5352 hours). The
DR, (observed ring current activity data) and DR, 4 (model ring current magnetic

August 27-30, 1978

DR, nT

=210 nT
r=094

-50r

=100 !

-150F

-200+

-250¢+

Fig. 10a. Modcling of the DR variation for the August 27— 30, 1978 magnetic storm.

field variations) time profiles are plotted in Fig. 10 for comparison. Three intensive
(Fig. 10, a—c) and three moderate storms (Fig. 10, d—{) were chosen for the illustra-

tion. Correlation coefficients r between DR.,, and DR, as well as mean square

deviations ¢ referred to an hourly value in the interval analysed are given in Fig. 10

for all storms illustrated. A good agreement between the model time profiles and
obscrved field variations is clearly scen.

Studia geoph. et geod. 23 (1989) 75



I Yu. Pisarskij et al.

March 10-13, 1979

Fig. 10b, c. As for Fig. 10a but for the March 10—13, 1979 (b) and April 3-3, 1979 (c) magnetic
stroms.

5. DISCUSSION AND CONCLUSION

The successful modeling of the ring current magnetic field variations infers the
necessity to analyse properly the energy injection rate into the ring current, associated
with interplanetary medium parameters. The injection is assumed to carry out in
two principal ways. Processes associated with the viscous interaction of the solar
wind and the magnetosphere are controlled by the solar wind velocity. On the other
hand, processes of reconnection of the interplanetary and geomagnetic fields are
controlled by the IMF north-south component Bz < 0 and thc IMF magniiude
variability. Such versatility of governing parameters makes difficulties as to an
adequate 1dent1ﬁcatlon of the injection function. Moreover, the ring current decay
paramcter is used to be different during a geomagnetic storm, its values being specific
for the main and recovery phases. Finally, decay parameter values during the injection
period (the main phase) are controlled by the injection function and its values during
the decay period (the recovery phase) are governed by the ring current magnetic ficld
variations. From the vicw-point of physical processes taking place in the ring current
belt, the character of the T parameter variations during different storm phases reflects
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the fundamental difference in the plasma loss processes. These processes are much
faster during the storm main phase than during the recovery phase, the decay para-
meter being smaller during the injection period. It means that just trapped particles
are detained in the geomagnetic field for a shorter time than particles which have not
escaped during few hours. Furthermore, the decay parameter 7 is different for weak

April 18-19, 197L

18 . 19
DR, nT
¢=100 nT
r=0.88
=25+
-S0F
DRexo
_75_ ————— DRmOd
-1001

Fig. 10f. As for Fig. 102 but for the April 18— 19, 1974 magnetic storm.

and/or moderate storms as well as intensive storms. This fact is partly caused by the
ring current location in the magnetosphere. However, the main reasons for this
difference are both the fluctuations of the chemical composition as to ring current
ions and their varying energetic characteristics. The slower ring current decay process
during the recovery phase of intensive storms testifies such association.
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Taking into account the decay parameter distinction for different phases of a geo-
magnetic storm and the dependence of the injection function on interplanetary
parameters, the algorithm was constructed for the modeling of ring current magnetic
field variations. The observed ring current activity and model time profiles reveal
a good agreement for both weak and/or moderate storms and intensive storms.
Therelorc, we may consider the results obtained as further cvidence for the adequate
identification and accurate understanding of the solar wind — magnetosphere
coupling mechanism.

Received 21. 10. 1987 Reviewer: L. TFiskovd
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