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El escenario: la cadena Sol-Tierra
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El Servicio de
Meteorologia Espacial de
la Universidad de Alcala
esta disponible en

http://[spaceweather.uah.es

Se trata de un servicio
basado en modelos
cientificos desarrollados
por investigadores de la
Universidad de Alcal3,
publicados en revistas
cientificas de prestigio
internacional.

@ También
4 incluye un

servicio de alertas a
través de e-mail.
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Abstract. Soutiwrard interplanstary mammetic fislds am com-
sidared traces of gecefoctiveness wincs they ame: a madn agent
of magmetic reconnection of solar wind and magmetosphers.
Tha first part of this work movises the abdity o forecast -
temse geomagnetic actvity using difersnt procedunss mail-
thle in the Hiemtems. The stedy showrs that coment methods
do not wacceed in making confident predictions. This fact led
s to develop a mew forecasting procedeme, which provides
trustwrortiy results in predicting lage varistioos of O mdex
over a sampls of 10 yeam of chssnmations and i based on &
valne B, only. The propossd forecasting mathod appears as
& wardny tool for space weather perposss becansa it s not
affscted by the lack of solar wind plazma data, which wmalky
oo during severe geomrgnetic acivity. Morsover, the re-
slts chizined guide ns to provide » new Diwpreation of e
physical mechanisms mrrobved i the intersction betwssn e
solar wind and the mametesphers nsing Famday s law.
Eeywords. Imterplanstary physics  (Infarpl mag-
netic fislds) — Magmetospheric p]::.m-csl:&:\]nwmd
magnetespheme inteactions; Storms and sebetorms)

1 Intredmction

Several smdiss have shown that coronal mass mjections
{CMEs) are the most e solar (Bruscic-
nar ot al, 1998, Cang ot al | 2000; Gopalswamy etal , 2000,
200F, Wang et al, 2002; Webb et al, 2000; Thang et al,
2003). Hoaewar, forecarting peomagnatic activity froms wolar
obssrvations has becoms a difficnlt task nowadays, and e
main aferts in this £ald heve besn dedicated to the Eturplan-
wiary canses such as magnetic clonds, shocks, co-rotating in-
teraction ragioms, etr. {Cid et al . 2004; Echar et al , 2005:;
Huttenee et al, 3002; Gonralex ot al, 2007; Gosling et al .
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1291; Richardson et al, 2002, 2004; Zhang et al, 20
Cm the other kand, the tme (Jes than 2h) for formam
of eueats using L] mesmmemsents is not anough fo iden
these inbarplanetary svents beafore the onset of 2 geomagm
storm. Crue to ghis fact, foecasts nsing infarplanstary m
suremeants have besn mads without knowing in achance
kind of magnetic stctire related to thase obsarations.
Serural authors have pointed out the kigh probabidity
intenss storms bedng miggered during the sowthward in
planstary magmetic fiald (IMF) passage (i&e a5 wxzmm)
Eolkubnm et al, 1977 Teioretami, 2001; Hethunen ot
2002). Gonzalsz and Teurutami (195 7) found that demkow
interplinetary electic fislds geater than 5 mW/m ower
niods lzsting for at least 3h were relawd fo inbense sim
(i, =—100nT). Tsurntmi and Gonzaler (1995) found 1
the above mentionsd condition was approzmeedely squinal
to Br=—10aT lasting for at loast 3h. Zhamg ot al (20
alic stodied mtwplanstry camees of Mismee geomagn
stormn ot differant sages of the wolar cycle, and their s
tarval was reduced in the cass of solar minfrmes t0 2.5 h
The [y indsx, which i @ measoemsnt of geomagn
disturbence at temestrial surface, is a proxy of the snhan
ment of the storm-time ring cumant. Howevar, the 0, p
valne is not the oaly magnimde that shonld be comids
in quantifying geosfecthieness. The effecs of sigmific
vamiations in this index are at Jeast as important s wery |
vames of it. Burion st al. (1973) daveloped a reodel for
variations, taking inbo accoumt the energy balancs of the 1
coment. After a cormction of dynamic pressume efects,
cormected Oy, (0 ) tamporal varistion is chiadned as 2 o
hination of a source tems (M), called imjection fimet
||:mi|]n:s1nc|:=||pcﬂu;lm'l:i.nmll1|1.ih.u'n'.|:|.DJI mdax
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Hyperbolic decay of the Dst Index during the recovery phase

of intense promagnetic storms
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1] What one commenby considers for reproducn g the recovery phase of magneinsphere,
a seem by the Dst imlex, is exponential fimcton. However, the magnetaspher

reayvers. faser in the first hours than in the late recovery phase. The aarly sisepnes
fiolkwead by the late smoothnes m the magnetsphenc response & a feame that lesds
i the proposal of a hyparhalic decay function o reproduce the recovery phase imstead of
the exponential function. A superposed epoch anaysis of recovery phases of intemse
stomms from 1963 40 2003 was perfmmed, categorizng the siomms by ther miensity min
five subsets. The hyperholic dasay function reproduces experimental duts hetter than what
the exponential function does for any subset of siomms, wiich mdicates a nonlinear
coupling between dlstadr and Det Moreover, this kind of mathematical fimcton, whes
the degree of reduction af the Dt mdex depends on time, allows for explaming differant
littimes of the physical mechanians mwohed i the recovery phase and provides new

maghis for the modelmyg of the Dt mdex.

Chwen: At 1,0 Cid, E- Sair, asd Y. Cemane (2000), Hyperboke decay of Se Da Tuey dising the secoresy plue of
e g omagnet: gnsss § Gegls. Rer, 11, ADTII0, dod B 1DS 005 A 014453

L Introduction

As o sl of fhe solar wind-magnedrephers conph
ﬁ?}e‘kmtﬂﬁﬂmmh&ﬁma mmmm
sheet wors were thoaght for many years o be eneqgized and
trapped on closed drift pashs pnd:umg a symmedic nng
aoment axand dhe Eanth. 'T'.h-e:drngﬁ: of e gromd distar-
hance prodoced by te pymtion and drift of these jors was
gquntified by the hourly Dt index [Sugiura and Kama,
1991], caleubied by avenging horiredal magnaic devis
fioms observed @ four low lEnde sigions. This index was
e idered o measme o f e 1 ng oo rienEHy Eporing on
the tofa] energy of ring corent pasticles thoong b the Dessler-
Pascer-Sckopke (DEP) mhton [Desslar and Parkar, 1959,
Schapke, 1466]

(] Lookng at the Dt index, the main feantore of a gen-
magnaAtic stomm i o depression, comesponding o e main
it of e st , lnsetimig et o i rmatshy 3 and 12 B,
which & followad by o shower recovery doring which Dst
mecrenses back fowasd rem over hoos to fems of hoors
inecovery phase) becamse of the ring coment decay. The
minimum vahoe reached by Dst mdex mn\e—qmnd: 1o the
peak valweand it is considerad o magnitd e of the nensity
aif the storm, o & storm is coms idered indense i fithe Dt peak
valoe renches ot lenst — 100 nT [Cromaa lez eval | 1954].

] Atpresent fhe ring comrent i come dared dhe dom mmant
comtrbuior to the et inds, alhongh @t & mfloenced by

"Deparameen do Fics, Uriwersided de Alc, Ao do Hoanmy,
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ATII0

ather cument systams sodh 45 the MAgneinpanse, magmein-
il and medoced Easih ommemis. However, ihe ddm of o
YT Anc Ting amvent emains only for the lee e very
phse As mengatic jors from the plesma sheet one comvecied
deep mto the dipolar ragions onder the adion of enfaneed
comvertion decinc field, o indense o ymmednic Hing cmrent
jpartia]l ning cmrent) develops. The mjedion model, first
peoposed by Dafforanr and Molheate [1971], prediced duas
the ring cument was asymmeanic only o5 long o5 imjection
comitimges, that ix, in themain phxse of the siorm. However, it
is mow mnderstond that the partial ring coment for eoceeds the
VI STic Ting aormend Shronghot the entire main phese and
i the vary early meovery phase of modemde and mmtense
promagnetc sioms. Severa] papers have commidersd dhis
temne foom o thenredical point of view [eg, Takahooki or al |
1550; Ehibaraand Egr, 1998, 2000; fordasova o al. 1998,
FLiewolen eval, 1999, 2001; Kozyra eval, 200, Koowa and
Mm,immhuﬂ,m]mﬁmn
otsevational one [eg., Oreoupan aed Howilee, D000
Jorgm nem ot @l D000 ; Mivckell o af | 2001; Pollook exal.,
H001; Saraar mal,mﬂ:l.mﬂl].m”_\.mmtrtngcm
®ot i% 1 aoTmequence of the enargetic mjeatad iore which
move on opan drift pafe once throogh the mmer magnedo-
sphee before they pos themgh dovside mogn sion oo
[ deomoon o al, 1999, 300 1; Kozyea eral | D002, Daplis and
Kazyra, J00E; Fok aral. 3003, Burck, 500 5; Kalrparveral |
H00E]. As dhe early mcovery phase of the stomm begms, the
oomvertion decirnic field weakams. This deorense: toms open
drift pashs imin clomed omes forming the symmetic ing oo
et Atthe end of the sy meovery phass, -80-9100%% of the
AN g aoreend enesgy 15 frapped i closed drfi poths
[Paplic and Koz, H]; a mayjor symmeinic mng cmrent

TalT




Space Weather Services

-*- Proporciona alertas de
perturbaciones
electromagnéticas en la
superficie terrestre
relacionadas con la
actividad solar.
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¢ Como funciona el UAH-SWS?

www.spaceweather.es
ACE data spaceweather.uah.es
center ; :

Conexion FTP
cada minuto

Servidor
UAH-SWS

EURCPEAN SFACE WEATHER FORTAL
a The European gateway.to Space Weather resources

www.spaceweather.eu

qpi._m DATA Jﬂ

\ ;4_ %) Conexion FTP

ﬂme{.h minuto ) o
World data Registro historico
center for para verificacion

geomagnetism y validacion
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La primera alerta del monitor
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GIC [A]

-dX/dt [nT/s]

Los efectos en tierra

GIC at Mantsala in September 26, 2011
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“Acababa de anochecery
comenzamos a ver columnas
verticales de luz en el cielo. El
color verde estaba por todas
partes, pero también habia
muchas zonas de color rojo”

(Travis Novitsky, Minnesota,
USA)




La perturbacién en tierra
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MENERe =
viento solar




La perturbacion en Espaia

san Fablo—Taledo bosed an T-—minute guasi—definitive data September 26, 2011
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La imagen del UAH-SWS ha mejorado
desde entonces

LAST DATA FROM MAG/ACE: 26 Sep 2011 at 17:03 (UT)
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... y también el servicio de e-mail!
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De: Space Weather Spain [administrator @spaceweather.es] Enviado el: viernes 09,/03/2012 16:15
Para: Space Weather Services Redpients

C

Asunto: SW5-UAH Geomagnetic Storm Recovery Forecasting
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An intense geomagnetic storm is in progress, the Space Weather Services at the University of Alcala (UAH-SWS)
provides the theoretical results for the recoverv phase for the current event. For more info, check at
www.spaceweather es. Please note that if the intensity of the storm increases, the output will be updated.




22 de enero de 2012: falsa alerta

January 2012
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Alerta del 8 de marzo de 2012

Dst index, storm recovery phase and storm warning state at: 00:47UT
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Dst index (nT)
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Alarm: 08 Mar 2012 12:13 UT Mar Alarm: 12 Mar 2012 10:26 UT
Recovery phase start: 09 Mar 2012 08:00 UT Date

Magnetosphere Recovery Time (1) = 16.0+ 0.3 h.
Time to recover 90% = 143275 h.
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Conclusiones

e Los efectos de la actividad solar son muy diversos y
afectan a diferentes sectores, por lo que resulta
fundamental conocer el escenario real de la
interaccion entre la actividad solar y el entorno
terrestre antes de exponer situaciones alarmistas, a
menudo erroneas.

 La Universidad de Alcala dispone actualmente del
unico servicio en Espana para alertar de posibles
alteraciones en el campo magnético de la superficie
terrestre.

 Tras el proceso de verificacion realizado durante el
presente ciclo solar, el servicio ha mostrado su
capacidad para competir a nivel mundial.
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