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[1] In this paper we report the first measurements of the
thermosphere neutral density response to a solar EUV flare.
Two X17 flares are considered: The first on 28 October,
2003, and the second on 4 November, 2003. The density
measurements are provided by accelerometers on the
GRACE and CHAMP satellites near 490 km and 400 km,
respectively. X-ray fluxes are provided by GOES-12, and
EUV fluxes by the SEE instrument on TIMED. The
thermosphere density increases associated with the first
flare are about 50–60% at low to mid-latitudes. The time to
peak response is 72 ± 47 minutes with respect to the peak
EUV flux emitted by the flare, while the recovery to prior
quiescent levels takes nearly 12 hours with an approximate
decay time constant of 8 hours. The response to the second
flare is about 35–45% with similar response and recovery
times. The above density enhancements correspond to
exosphere temperature increases of about 125–175 K and
100–125 K, respectively. These results provide new
opportunities for the testing and validation of models over
time scales similar to those of basic mechanisms governing
the thermosphere response, such as thermal conduction,
radiative cooling, and restoration of diffusive equilibrium.
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1. Introduction

[2] During the period spanning late October to early
November of 2003, several X-class solar flares and coronal
mass ejections occurred. The thermosphere and ionosphere
responses to the ensuing geomagnetic activity has been the
topic of a number of papers [Liu and Lühr, 2005; Meier et
al., 2005; Sutton et al., 2005; Thuillier et al., 2005; Lin et
al., 2005; Mannucci et al., 2005; Tsurutani et al., 2005]. In
addition, Tsurutani et al. [2005] examined the ionospheric
response to the flare emissions. In the present paper, we
focus on the response of the thermosphere to the solar
flares. This is the first time that the latitude-time response of
the thermosphere to an EUV flare has been reported. This is
made possible by the spatial and temporal resolution of the
density data derived from accelerometers on the GRACE
and CHAMP satellites.

[3] An X17.2 flare at approximately 11:10 UT on 28
October (day 301) marked the beginning of the severe solar
events. A coronal mass ejection associated with this flare
impinged on the magnetosphere of the earth at 6:11 UT on
the next day. During the 19 hours between these two events,
geomagnetic activity as measured at Earth’s surface was at
quiet levels (aP < 48) as seen in Figure 1. These rare
conditions provide the opportunity to analyze the direct
effects of solar flares on changes in the thermosphere
without the ambiguity of any magnetic effects.
[4] At the end of the events of October and November,

there was a second chance to observe the impact of a solar
flare on the thermosphere: an X17.4 flare at approximately
19:53 UT on 4 November (day 308) ended this period of
geomagnetic disturbances. However, the density response to
this flare occurred only 1–2 hours after the thermosphere
had recovered from previous disturbance levels, leaving
open the question of preconditioning effects on the
response. We nevertheless report the effects of this flare
here, but mainly concentrate our analysis on the first flare.
[5] The neutral density response to an EUV flare holds

fundamental importance for thermosphere physics. Dynam-
ical systems are often characterized by their frequency
response and by their response to impulse forcing. The
response to a flare very nearly falls into the latter category.
Therefore, we view our results as providing a new perspec-
tive through which complex models of the thermosphere,
e.g., the NCAR Thermosphere Ionosphere Electrodynamics
General circulation Model (TIEGCM) [Richmond et al.,
1992] can be tested and validated, especially at time
constants close to those of the governing physical processes.

2. Data Analyses

[6] In this study, we use total neutral density measure-
ments from accelerometers aboard two satellites to interpret
the response of the thermosphere to solar flares. Both
Gravity Recovery And Climate Experiment (GRACE
[Tapley et al., 2004]) and CHAllenging Minisatellite
Payload (CHAMP [Reigber et al., 2002]) satellite data are
provided for our use by the Information System and Data
Center (ISDC, http://isdc.gfz-potsdam.de). The derivation
of thermosphere densities from these data is complex, and
involves consideration of such effects as radiation pressure,
satellite shape and orientation, thruster firings, etc. For full
documentation concerning the computation and processing
of density data utilized here from satellite accelerometers,
see Sutton et al. [2005].
[7] In addition to illustrating the raw observations, we

seek to remove a background density and any geomagnetic
signatures in the density measurements preceding or fol-
lowing the flares, leaving only the density enhancements
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