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The Carrington Storm of 1859 IMF,
IEF, TPP, and Dst

George Siscoe (siscoe@bu.edu)

Center for Space Physics, Boston University 725 Com-
monwealth Ave, Boston, MA 02215, United States

From the shock transit time of the 1859 Carrington
event, we use statistical relations to infer a shock speed,
ICME speed, and maximum ICME field strength. Us-
ing average upstream solar wind and IMF conditions,
we also infer the profiles of the ram pressure and IMF
strength through the ICME-sheath. The Bombay mag-
netogram for the event gives the magnitude of the SSC
and the duration of the transit time passed the earth
of the ICME sheath. Since this event occurred during
Solar Cycle 10, there is a statistical likelihood that the
IMF in the ICME went from north to south as it passed
the earth. We use these pieces of information, statis-
tical relations and inferences to construct a probable
scenario for the time sequence of solar wind and IMF
parameters for the event. We feed this sequence of pa-
rameters into analytical models that convert upstream
solar wind and IMF data into estimates of the posi-
tion of the stagnation point, the value of the transpolar
potential, and the profile of Dst. Some results: This
was probably a two-phase Dst storm with the ICME-
sheath driving the first phase and the trailing half of
the ICME the second phase. The transpolar potential
saturated at a value that probably exceeded 400 kV,
and Dst probably reached -600 nT during both storm
phases. The stagnation point probably moved to within
3 Re of the center of earth.
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How big was the Carrington 1859 Flare?

Edward W. Cliver1 (781-377-3975;
edward.cliver@hanscom.af.mil)

Leif Svalgaard2 (713-682-5453; leif@leif.org)

Donald F. Neidig3 (505-434-7019;
donald.neidig@hanscom.af.mil)

1Air Force Research Laboratory, Space Vehicles Direc-
torate, 29 Randolph Rd., Hanscom AFB, MA 01731-
3010, United States

2Easy Tool Kit, Inc., 6927 Lawlor Ridge, Houston, TX
77005, United States

3Air Force Research Laboratory, Space Vehicles Direc-
torate, 1 Coronal Loop, Sunspot, NM 88349, United
States
The 1859 space weather event was distinguished by

its great geomagnetic storm, widespread low-latitude
aurora, and intense solar energetic particle event (in-
ferred from the NO3 concentration in polar ice cores).
Arguably each of these three effects was the largest
ever observed. What can we say about the size of
the associated solar flare? We have two observations
with which to make such an assessment: (1) Carring-
ton’s and Hodgson’s report of the white-light flare and
(2) the solar flare effect or magnetic crochet observed
in the Kew and Greenwich magnetograms. Estimates
of the area, duration, spectrum, and intensity of the
white-light emission indicate a large (∼2 x 1030 erg)
but not unequalled event (the white-light emission of
the 24 April 1984 >X13 flare contained ∼6 x 1030 erg).
The magnetic crochet of 130 nT in the horizontal force,
however, exceeds that for all >X10 soft X-ray flares
observed from 1984-2002 (we are presently compiling
magnetic data for the recent October-November 2003
activity for comparison with the 1859 event). Thus at
this point, we can conservatively say that Carrington’s
flare likely had a soft X-ray classification >X10 and
was at least comparable to the largest flares recorded
during the spacecraft era.

SH43A-04 1330h POSTER

Magnetosphere-Ionosphere Coupling
During Major Storms

William J Burke1 (william.burke2@hanscom.af.mil)

Cheryl Y Huang2 (781-377-1312;
cheryl.huang@hanscom.af.mil)

1Space Vehicles Directorate, Air Force Research Lab-
oratory, Hanscom AFB, MA 01731, United States

2Institute for Scientific Research, Boston College, 140
Commonwealth Avenue, Chestnut Hill, MA 02467,
United States
We have investigated the response of the

magnetosphere-ionosphere coupled system under ex-
treme forcing during a number of superstorms when
Dst was less than -250 nT. We find that (1) large
penetration electric fields are generated which extend
to the equatorial region causing ionospheric irregu-
larities; (2) the cross-polar cap potential saturates at
levels well below that predicted from the interplane-
tary electric field imposed on the Earth; (3) intense

ionospheric field-aligned currents are observed inter-
mittently during the main phases of the storms which
have incommensurate ground magnetic signatures; (4)
the magnetic field which maps to the ring current
is inflated well beyond pre-storm distances. We will
discuss these phenomena and their consequences for
the global M-I system.
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Comparisons of magnetospheric
simulations of the 1859 Carrington
event with and without inner
magnetospheric coupling

Darren De Zeeuw1 (734-763-6224;
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1Center for Space Environment Modeling, University
of Michigan, 2455 Hayward St., Ann Arbor, MI
48109-2143, United States

2Rice University, Physics and Astronomy, MS108,
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The University of Michigan has recently com-
pleted a prototype space weather modeling frame-
work (SWMF), including a global magnetospheric MHD
model (BATSRUS), the Rice Convection Model (RCM),
and a global ionosphere thermosphere model (GITM).
The RCM provides high-energy particle physics within
the inner magnetospheric region, which MHD is unable
to model. These high-energy particles make up the ring
current. This distribution of particles can dramatically
alter the pressure distribution, and thus the global con-
figuration, of the magnetosphere. It is therefore of in-
terest to examine the results of simulations with and
without the RCM to quantify the effects of the ring
current on the global state of the magnetosphere. This
is done for the 1859 Carrington event, in which the
simulations of the magnetosphere without the ring cur-
rent showed the magnetopause to be completely within
geosynchronous orbit at all local times. We will show
how the ring current changes the structure and loca-
tion of the magnetopause, cusps, and ionospheric cur-
rent system during this extremely disturbed period.
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Modeling the Carrington Event:
sun-to-earth propagation of a very
fast CME

Ward B Manchester1 (734-647-3475;
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(gtoth@umich.edu)

1Center for Space Environment Modeling, University
of Michigan, 2455 Hayward St., Ann Arbor, MI
48109, United States

2Dept. of Atomic Physics, Eotvos University, Paz-
many setany 1/A, Budapest 1117, Hungary

We present a three-dimensional (3D) numerical
ideal magnetohydrodynamics (MHD) model describing
the time-dependent propagation of a CME from the so-
lar corona to Earth in just 18 hours. The simulations
are performed using the BATS-R-US (Block Adaptive
Tree Solarwind Roe Upwind Scheme) code. We begin
by developing a global steady-state model of the corona
that possesses high-latitude coronal holes and a helmet
streamer structure with a current sheet at the equa-
tor. The Archimedian spiral topology of the interplan-
etary magnetic field is reproduced along with fast and
slow speed solar wind. Within this model system, we
drive a CME to erupt by the introduction of a Gibson-
Low magnetic flux rope that is embedded in the helmet
streamer in an initial state of force imbalance. The flux
rope rapidly expands driving a very fast CME with an
initial speed of in excess of 4000 km/s and slowing to a
speed of nearly 2000 km/s at Earth. We find our model
predicts a thin sheath around the flux rope, passing
the earth in only two hours. Shocked solar wind tem-
peratures at 1 AU are in excess of 10 million degrees.
Physics based AMR allows us to capture the structure
of the CME focused on a particular Sun-Earth line with
high spatial resolution given to the bow shock ahead of
the flux rope.
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Violent Sun-Earth Connection Events
of October-November 2003:
Ionosphere/Atmosphere I (joint with
SA, SM)

Presiding: S Basu, Air Force Research
Laboratory; A D Richmond, NCAR
High Altitude Observatory
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Impacts to Electric Power Grid
Infrastructures From the Violent
Sun-Earth Connection Events of
October-November 2003

John G. Kappenman (218-727-2666;
jkappenma@aol.com)

Metatech Corp., 5 W. First St, Suite 301, Duluth, MN
55802, United States

The solar flare activity of October-November 2003
reached historic intensity levels and produced several
large Earth-directed CME’s that had the potential to
cause historically large geomagnetic storms as well.
These CME’s did cause various geomagnetic storm in-
dices, particularly the regional K and Planetary Kp in-
dex, to reach maximum levels for many hours. How-
ever, the resulting geomagnetic storms, while causing
isolated and important disruptions to power grids, were
not of historically large size when considering the rate-
of-change of regional geomagnetic fields in many lo-
cations. Impacts to power grids are caused by large
dB/dt variations in regional geomagnetic fields, in most
cases the peak geomagnetic disturbance intensities (in
nT/min) were only a fraction of what has occurred dur-
ing historically large geomagnetic storm events. A re-
view will be provided of the CME passages and fea-
tures of the passage that drove resulting geomagnetic
storm events and impacts to electric power grid infras-
tructures on October 29-30, 2003. A brief overview of
the geomagnetic storm disturbance morphologies and
intensities relative to other noteworthy storms will also
be provided.
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IMAGE-FUV observations of the
October-November 2003 flare and
magnetic storm effects on Earth

Thomas Thomas Immel Immel1 (510 6433504;
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(nikost@ssl.berkeley.edu); Doug J. Strickland2

(dstrick@cpi.com); Harald U. Frey1

(hfrey@ssl.berkeley.edu); Stephen B. Mende1

(mende@ssl.berkeley.edu); Gang Lu3

(gang@hao.ucar.edu)

1Space Sciences Laboratory, University of California
Berkeley, Berkeley, CA 94720, United States

2Computational Physics Inc., 8001 Braddock Road,
Springfield, VA 22151, United States

3High Altitude Observatory, National Center for At-
mospheric Research, Boulder, CO 80305, United
States

The series of solar flares and coronal mass ejec-
tions that occurred between October 26 and Novem-
ber 4, 2003 had extraordinary effects on Earth’s up-
per atmospheric and space environments. In several
areas these effects can be quantified by space-based
global imagers such as the Far Ultraviolet Imager on
the NASA-IMAGE satellite. The immediate effects of
the X-Ray and EUV components of the solar flares on
terrestrial photoelectron fluxes are evident in the rapid,
global variations in FUV brightness. IMAGE was favor-
ably positioned in its 14-hour orbit to monitor the time
variation of the photoelectron flux enhancement dur-
ing four of the X-class flares, including the two great-
est flares of the period, providing an indirect measure
of the solar EUV irradiance enhancements. Also mea-
sured indirectly by the FUV geocoronal imager is the
enhancement in the solar FUV HI Lyman alpha irradi-
ance during each of the four flares. The October 28,
2003 flare produced an estimated 20% enhancement in
the solar Lyman alpha irradiance at Earth, the largest
increase ever observed. The global FUV imager also
is able to determine the effects of the CME induced
magnetic storms on thermospheric composition, with
accurate global measurements of the FUV emissions of
OI at 135.6 nm. A global survey of the O/N2 ratios
through the entire period of activity is therefore pos-
sible. Comparisons with TIMED-GUVI flare observa-
tions and NCAR TIMEGCM O/N2 will be made for
cross-validation purposes.
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The Extreme Solar Flares of October
28th and November 4th, 2003 and
Resultant Extreme Ionospheric Effects

Bruce T Tsurutani1 (Bruce.Tsurutani@jpl.nasa.gov);
Darrel L Judge2 (judge@usc.edu); Andrew R
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Av. dos Astronautas, CP515, Sao Jose dos Cam-
pos, SP, Brazil

4LASP, University of Colorado, University of Col-
orado, Boulder, CO, United States

5Interferometrics, Inc, Interferometrics, Inc, Green-
belt, MD, Greenbelt, MD, United States
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Naval Research Lab., Washington, DC 20375,
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7Plasma Physics Division Naval Research Labora-
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10The University of Michigan, University of Michigan,
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Some of the most intense solar flares in recorded
history occurred at the end of 2003. The November
4th event is the largest on record (X28) and the Oc-
tober 28th flare was the fourth most intense (X17).
These will be compared/contrasted to the July 14, 2000
Bastille Day (X6) event. We use SOHO EUV (SEM),
GOES and TIMED x-ray data to characterize the flare
spectral energy versus time. High time resolution, 1s
ground base GPS data are used to examine the abrupt
increase in path-integrated ionospheric total electron
content (TEC). It will be shown that the dayside iono-
sphere responds dramatically to the x-ray, FUV and
EUV input by an abrupt 20-25 percent increase in
ionospheric electron densities. Polar and IMAGE UV
spectra are used to quantify the dayglow enhancements.
The TEC increases are nonlinearly related to the peak
flare intensities. The reasons for this are not under-
stood at this time. Ionospheric models using the flare
input data will be used to compared against tomo-
graphic analyses of the GPS information.
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Saturation of the Polar Cap Potential
Observed by DMSP During the
October and November 2003
Superstorms

Marc Hairston1 (972-883-2826;
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The superstorms of October and November 2003
provide an ideal case for observing the saturation of the
polar cap potential and testing the Hill-Siscoe model of
the behavior of this saturation. Our prior work showed
that the reconnection electric field in the solar wind
Esw sin(Θ/2)) must be greater than about 8 mV/m be-
fore the saturation becomes clearly apparent. A search
of the polar cap potentials observed by the DMSP-F13
spacecraft from 1998 through 2002 produced only 27
polar passes that occurred under these extreme solar
wind conditions. The two superstorms of 2003 doubled
this by adding another 29 polar passes to this dataset.
In the earlier dataset there were only two polar passes
which occurred while Er ranged from 20 to 30 mV/m,
but these storms added 18 more passes where Er ranged
from 20 up to 40 mV/m. We show evidence that sat-
uration continues to manifest itself under these more
extreme solar wind conditions. We contrast the po-
lar cap potential response between the October storm
(extreme speed, very low density, moderate IMF) and
the November storm (nominal storm speed and density,
extreme IMF). We test the Hill-Siscoe model of satu-
ration by comparing the observed polar cap potentials
with the model’s predicted potentials using ionospheric
conductivities derived from the AMIE procedure.
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Global Ionospheric and Magnetospheric
Response to the October-November
2003 Geomagentic Storm
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United States

4Center for Space Sciences,, University of Texas at
Dallas, Richardson, TX 75083, United States
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United States
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The October-November 2003 geomagnetic storm has
been regarded as the third most powerful event on
record. A set of comprehensive data has been collected
both from space and from ground to study this event.
The Assimilative Mapping of Ionospheric Electrody-
namics (AMIE) procedure is used to derive the ”snap-
shot” maps of the large-scale ionospheric electrody-
namic fields. The preliminary analysis of the data has
indicated dramatic variations in the ionospheric elec-
trodynamic system during the passage of high-speed
solar wind streams, with AE reaching up to 3500 nT
and Dst dropping down to -450 nT. Energy deposition
in terms of auroral precipitation and Joule heating will
be estimated, and the variability of the energy inputs
associated with geomagnetic activity as well as solar
wind conditions will be examined. We also investigate
the impact of solar and magnetospheric energy inputs
to the upper atmosphere.
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Large-Scale TEC Variations of
Low-Latitude Ionosphere Driven by
the Solar Storm of October-November
2003
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Large-scale ionospheric total electron content

(TEC) variations have been observed by using a chain
of GPS receivers along the east Asia sector (∼ 120◦E)
and a chain of receivers along the American sector
(∼ 70◦W) during the October-November 2003 mag-
netic disturbance period. The day to day Latitude-
Time-TEC (LTT) maps constructed from GPS receivers
along the same longitudinal line show that the pole-
ward boundaries of the equatorial anomaly in the east
Asia can expand to ±30◦ magnetic latitude on Oct.
29th, followed by severe depletions in next two days.
Meanwhile, the LTT maps observed in the American
sector show strong equatorial anomaly expansions on
both Oct. 29th and Oct. 30th. The poleward bound-
aries of the anomaly region can expand to ±50◦ mag-
netic latitude in this sector. Moreover, during the re-
covery phase of the storm, a TEC enhancement can
be see in both sectors on Nov. 1st. The satellite in
situ density and plasma drifts measurements obtained
from the Republic of China Satellite-1 (ROCSAT-1) at
600 km height show that the equatorial anomaly expan-
sions are caused by the strong upward plasma drift on
Oct. 29th in the east Asia sector and on Oct. 29th and
30th in the American sector. Satellite data also shows
that light ions are dominant in some area at night dur-
ing the storm recovery phase. The component of the
plasma drift parallel to the magnetic field measured by
ROCSAT-1 is also used to explain this post storm light
ion enrichment phenomenon.
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Violent Sun-Earth Connection Events
of October-November 2003:
Ionosphere/Atmosphere II (joint with
SA, SM)
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Goddard Space Flight Center
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Atmospheric Effects of the
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