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Impact of model differences on quantitative analysis of FUV
auroral emissions: Total ionization cross sections
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Abstract. A sensitivity study was performed in which the peak height of modeled FUV
auroral emissions was displaced in altitude, an effect that can result from several causes in the
modeling process. The purpose of the study was to examine the impact of such displacements
on energy parameters extracted from FUV auroral observations. For this study, the N, total
ionization cross section was modified above 1 keV. Cross-sectional modifications are
investigated for a variety of reasons including the fact that they can directly impact modeled
emission height profiles and because different cross-section sets are adopted by different
modelers. Though physically unrealistic, the magnitude of the change in cross section
considered here is large enough that this study covers the expected range of uncertainties
within a single model or between two or more different models. The values reported here can
thus be viewed as upper limits for these uncertainties. The high-energy modifications result
in changes of up to 3 km in the altitude of peak emission for FUV emissions excited by 10-
keV electrons. For calculations using data from the Polar Ultraviolet Imager, derived energy
flux and mean energy are changed by up to 16% and 23%, respectively, for 10-keV incident

electrons.

1. Introduction

Far ultraviolet (FUV) images of the Earth's aurora as seen
from space are finding increased use in morphological,
synoptic, and correlative studies [e.g., Anderson et al., 2000;
Angelopoulos et al., 1997; Brittnacher et al., 1999; Chua et
al., 1998; Germany et al., 1998b; Germany et al., 1998c; Liou
et al.,, 1997], as well as in quantitative studies based on
photometric analysis of auroral intensities [Doe et al., 1997,
Germany et al., 1997; Germany et al., 1998a; Lummerzheim
et al., 1997; Ostgaard et al., 2000]. The latter studies have
focused heavily on the estimation of auroral energy
parameters (principally total energy flux and mean energy)
because of their importance in mapping energy flow between
the magnetosphere and the ionosphere, as well as their being
precursors to ionospheric conductivity calculations. Energy
analysis of FUV auroral emissions is based upon energy-
dependent loss mechanisms, primarily absorption by O, [e.g.,
Strickland et al., 1983], and has been discussed elsewhere
[Germany et al., 1994a; Germany et al., 1990; Germany et al.,
1994b; Lummerzheim et al., 1991]. In brief, the principal loss
mechanism for FUV photons viewed from space is
wavelength-dependent absorption within the O, Schumann-
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Runge (SR) absorption continuum. By observing at multiple
wavelengths, these differences can be exploited to estimate
the altitude of the observed emissions, which, in turn, can be
used to estimate the energy of the incident auroral particle
flux.

Quantitative ~ comparisons  between  models  and
observations require a knowledge of the uncertainties
associated with both model and measurement. For parameters
derived from observations, for example, energy derived from
FUV images, the error in the derived parameter includes that
of the modeling process. Unfortunately, estimating model
errors can be a difficult task, and simply compiling
uncertainties in model inputs can lead to unrealistically high
error estimates.

Sensitivity studies in which model parameters are
perturbed in a controlled (though not necessarily physically
realistic) fashion offer some of the best techniques to assess
model dependences. For FUV observations, model perturba-
tions that affect the modeled emission altitude are very useful,
since the absorption loss process for line-of-sight observations
is an exponential one which varies rapidly over a relatively
small altitude region. Thus small changes in the modeled
emissions within this region, particularly the peak emission
height, may have larger than expected changes on parameters
derived from these emissions.

The goal of this study is to perturb model parameters
sufficiently to produce small changes in the altitudes of
modeled FUV emissions and then examine energy parameters
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derived from these emissions. Ideally, the model perturba-
tions would be as limited as possible and would be
representative  of likely uncertainties in all modeling
processes.

A number of factors, for example, different neutral density
models, can affect the height of modeled emissions. For
example, Peticolas and Lummerzheim [2000], modeling time-
dependent electron transport, show that even elastic scattering
can affect the altitude of modeled emissions. (See Figure 1 of
Peticolas and Lummerzheim.) However, this study is limited
to modifying a key model cross section, the total ionization
cross section of N,. Cross sections are investigated because
they represent the major source of model uncertainties,
because they can directly impact modeled emission heights
without the necessity of modifying the model atmosphere,
because they are easily modified, and because different cross-
section sets are adopted by different modelers. Details of
electron transport calculations depend on the particular set of
cross sections selected, and uncertainties in the cross-section
selection directly affect modeled emissions. (See, for exam-
ple, Lummerzheim and Lilensten [1994], who examine results
using two sets of model cross sections.)

It is important to note at this point that the cross-section
modifications presented below are used solely to produce the
desired effects, i.e., changing the modeled emission heights,
and are not offered as substitutes for currently accepted cross-
section parameterizations.

In the sections below, models and cross sections relevant to
this study are first discussed. Then the details of the
sensitivity study are reported. These are then discussed in the
context of analysis of images from the Ultraviolet Imager
[Torr et al., 1995].

2. Modeling FUV Emissions

The principal loss mechanism for FUV photons viewed
from space is absorption within the O, Schumann-Runge (SR)
absorption continuum between approximately 130 and 175
nm. This absorption is dependent on wavelength and is also a
function of the column density of O, between the local
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Figure 1. Column transmission to space (CTS), the fraction of photons from a given altitude that can be
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detected from space, as a function of altitude for five Lyman-Birge-Hopfield (LBH) bands.
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production region and the observer. For downward looking
space-based viewing geometries this is a strong “unction of
the O, altitude distribution. Since the absorption cross section
is both wavelength and altitude dependent, the line-of-sight
O, absorption may be discussed in terms of the column
transmission to space (CTS) (defined to be the relative
fraction of photons from a given altitude that can be detected
from space) for a selection of FUV emissions. CTS is
basically an altitude-dependent attenuation factor that varies
with wavelength such that for no O, absorption CTS=1, i.e.,
all photons escape to space, and for total O, absorption
CTS=0, i.e., all photons are absorbed locally and none are
visible from above the atmosphere.

Figure 1 shows CTS functions for five bands of the N,
Lyman-Birge-Hopfield (LBH) band system selected to span
the wavelength region between 145.0 and 173.6 nm. The
LBH band system is routinely used for auroral energy
analysis because it includes emissions within the SR
absorption region as well as emissions at longer wavelengths.
A typical analysis will compare intensities obtained from
LBH bands within the SR absorption region (LBH short) to
the intensities of the LBH bands lying longward of this region
(LBH long) and thus not experiencing significant O,
absorption [Germany et al., 1990; Strickland et al., 1983].

For longer-wavelength LBH bands, for example, 173.6 nm
in Figure 1, CTS is virtually unity at all altitudes. Hence no
significant absorption is encountered and all upward emitted
photons can escape to space. At these wavelengths, model
uncertainties that result in shifted emission altitudes will have
little impact on the total integrated line-of-sight intensity.

For shorter-wavelength LBH bands, for example, 145.0
nm, there is a pronounced change in O, attenuation with
altitude. In fact, as shown in Figure 1b, the attenuation at
145.0 nm changes by almost 2 orders of magnitude between
105 and 110 km, the region where auroral emissions produced
by 10-keV electrons peak. At these wavelengths, model
uncertainties that shift the emission altitude by only a few
kilometers will significantly change the observed line-of-sight
intensity. Thus long-wavelength LBH emissions are
relatively unaffected by model uncertainties while short-
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reference line is also provided at CTS=1. (a) Range of attenuation between 100 and 150 km. (b) Detail of

changes in attenuation between 105 and 110 km.






