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Interplanetary causes of great magnetic storms:
Further insights
B. 1’. ‘1’surutani

Jet Propulsion Laboratory, California Institute of ‘1’cchnology, I’asadena, California 9 I 109, LJSA

A b s t r a c t .  W e discuss possible in(c.rplanetary
mechanisms for (hc creation of the great (I)sT < -250 n-l’)
nlagnc[ic storms at the Iiar[h, We consider the effects of
interi)lanctary  shock events on magnetic cloud and
sheath plasma, leading to potentially stronger
interplanetary magnetic field (l MIJ) magnitudes. w c
also examine the effects of a combination of a long-
duration southward sheath magnetic field, followed try a
magnet ic  cloud Bs event. ‘1’hc prc)filcs of the most
intense storms for which interplanetary data exist will trc
discussed in light of these mechanisms.

1 Introduction

I’hc purpose of this paper is to examine the causes of the
Iargcst n]agnctic storms at Iiarth, Wc know the energy
t r a n s f e r  rncchanism f r o m  t h e  s o l a r  win(i to t h e
magnetosphere f o r  rnagnctic s t o rms  i s  nlagnctic
reconnection bctwccn the interplanetary magne[ic  f[elds
and the Earth’s flclds, where the interplanetary dawn-
dusk electric field is given by V,W x 11s (I)ungcy, 1961;
Gonzalez et al., 1994). In the above cxprcssiorr,  V~W is
the solar wind velocity a n d  Ils is tllc s o u t h w a r d
component of the interplanetary magnetic field (I MF’).
IIowcver, there has been Iittlc effort placed (o date on
understanding the detailed causes of the very largest
nlagnctic  storms. Arc the velocities unusually high?
Arc the magnetic flclds unusually intense or do both the
~,clocity and magnetic flclds have to be large to crcatc
supcrintensc  storlns’? Are double (or triple) shock events
creating very high magnetic fields’? or arc there other
causes of these unusually intense storl]l  events’?
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2 Sheath/IChllt Magnetic Kiclds

It has been shown that a southward IMI: < – 10 nT (25
mV/nI) for 1’ >3 hours is ncccssary for the creation of an
intense (l)sl < – 100 n’1’) magnetic storll]  (Clon?alcz  and
I’surut:lni, 1987). “1’he sou[tlward  Ihf[” e v e n t s  can be
located ci[hcr i n  the shcn[h fields a h e a d  of fi~<t

interplanetary coronal” niass ejections (ICMI; S) or wi[hin
the ICMIIS thcmwlvcs. ‘1’hC  latter Case, 11s w,i[hin an
ICMI;, is  usually in t h e  f(,rll] O! a nlagnctic  c l o u d
(Ilurlaga C[ al,, 19S 1 ) (}l{~wcvcr,  it should  bc poirr[cd  out
that 5 OUI  016 fasl solar cjccta  do not con[ain magne t i c
clouds:  ‘1’suru[ani  C[ a l . , 1988). A  schcnlatic  of t h i s
(Jlfcrall gtxmwlry is given in };igurc 1.
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‘1’bcrc  alc reasons 10 cxpccl slrx)ngcr nlagnclic Ilclds in
both intrxplanctary rcgic)ns Ior last ICMfis. A  fas[ driver
ga~ will in general Icad to s[rtlngcr sl]~)ck-c(~l]lprcssccl
magnetic fields (depending on the upstream f l o w
conditions). T’bc  magnetic flcld compression across the
shock can bc up to a nlaximum of 4 (Kennel ct al.,
1985). If the upstream IM[~ has a sorr[hward  orientation,
the shock leads to intensification of this component.

In previous data analyses results, tberc is a general
relationship bctwccn the speed of the ICMI; and the
magnetic flcld intensity in the magnetic cloud. F’rom the
Burlaga et al. (1978) data set, wc note that the magnetic
field intensity of slow speed streams was only -10 n-l,
whereas tbc fastrx clouds have intensities of 20-30 n-l’.
‘l’his relationship has not been previously pointed out and
no theoretical explanation ha~ been offered,
Comprcssicm  ofthc cloud isccrtainly occurring, but it is
unccr~ain  whe the r  a l l  o f  the flcld incrcasc c a n  b e
accounted for by such an effect. Arrothcr  possibility is
that this relationship may bc related to the C’Mti rclc,asc
and acceleration n~cchanisms  at the Sun. “1’hc H1l-vsw
relationship may give important clues as to these
n]e.chanisrms. ‘1’his topic will bc exan~inccl in greater
detail in l’surutani ct al. (’l’his issue).

Onc rncchanism to create even higher ficlcl strcnglhs
would bc for a second interplanetary shc)ck to (furtbcr)
compress the high fields existing in the ICMli/sbcatli
regions (of Figure 1). An argument was presented in
l’surutani and Gonz.alcz. (1997) that the presence of
shocks/strong compressions may not bc possible within
rnagnctic clouds bccausc of the low beta conditions
present there. Typical beta values in clouds arc -0.1
with consequential Al fv.4n/rnagnctosonic  speeds of 300.
700 km S-l. l’hcsc high, speeds necessary for s}Ioc.k
formation, should ordinarily prccludc the formation of
such structures within magnetic clouds.

It is unclear what will happen to this comprcssional
wave when it rcachcs the other side of the cloud. It rrlay
be sufficiently dispersed or it may possibly reform as a
shock. Another rncchnnisrn  to have shocks occurring
~vithin sbcatbs is to have the shocks propagate from the
downstream magnctosbcath  up into the front side shcatb
regions. ICI dctcrminc  what tbc possibility of each of
these rncchanisrus might b c ,  sin]ulation eff’or[s  a r c
recornmcndcd.

3 I)oublc Storms

An{~thcr way to get Iargc l>sl events is tt~ have t~vo stortl~
nlairl pbascs with lhc second closely followirlg the firsl.
Karr~idc ct al. (1997)  in an analysis of” rn(wc  than 12{)(J
nlagnc[ic st(mms has sb(~wn  that such cvcn[s  art  qui l t
con~n]on” a n d  a r c  caused by two IM[; southward  t’rcid
events of’ approxin}atcly  equal slrcngth ‘1’bis  is shown in
f~rgurc 2. Kantidc  ct a l .  argue ttla[ t h i s  could also bc

(a)

(b)

Fig. 2. Nor[imlt/cd  lillw series of (a) rhc At, index showing the
dcveloprncnt  of  s ingle ( top panel)  and d o u b l e  ( s e c o n d  panel)
gconrrgrretic  stor![l<, nnd (h) the corresponding Ihlf;  Bz  conlponen[s
showingrhc  sourhward  turning of rhc freld  which induces rhe response
in rhc A1. index  shown in (a).

viewed as two n]oderatc magnetic storms with the 1)~1
base of the second well below that of the first.

Grande  ct al, (1996) and Da.glis et al. (1997) have
studied the March 23, 199 I double magnetic storm using
CRRIIS  ion composition data Grande et al. point out
that the first event is dominated by F:c+(’, whereas [he
second by I:C+16. A likely explanation is the first event
was caused by sbcatb southward IMf:s (shocked, slofv
solar wind plasn]a and fields) nnd the second was from
the rc[nnan[s of the ICh~ll itself (magnc[ic  cloud), -[ ’tIL’
peak I).l for the first event lvas - – 100 nl” and - –300
n-l’ for IIIC second  event. We note  }Iov.,cvcr  that t h e s e
values \vcrc not solar kvind ram pressure-corrcc(cd.  “1’ht

fwld a[ the st(wlll initial phase was - +60 n-l’, indicatin~
th:ll Ihc ct~r[cc’lit)n  will bc sut~stan[ial.

~’c rccsan]inc tbc inlcrplanctary  c a u s e s  of” great
rnagnclic stor[lls ([),, s - 2 5 0  n’1’) which have
u(~rtcsp[)nding
Ct :11.,  1992).

intcrplanc(ary dala (rcp(~rtccl i n  “1’surutani
‘1’llc [Js[  pr-()!ilcs arc sh(~wn i n  I:igurc 3.
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Fig. 3. The five largest rlla.gnclic  stort[ls  during  [hc ~riod fronl 19$()
through 1986.

l’hrce of the four largest events have. coll)plcx main
phases. l’hc April 12-13, 1981 and July 13-14, 1982
events arc double main phase storms. ‘1’he I:ebruary  7-9,
1986 storln had a main phase that took 1 1/2 days to
develop,  then an abrupt further dccrcase. “l’he forn~er
could bc due to a complex ICMf; sheath region.

4 Conclusions

It is found that double main phaw events arc quite
commc)n for great rnagttctic  storms (l)sl <-250 nl”). ‘1’he
two (or rnorc)  ring current injections lead to the
exceptionally large l)sl values as suggested by Karnidc
et al. (1997). A rccxarnination  of the IMF 13s features
leading these ftvc storln events would bc illuminating.
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