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Abstract. The recently derived characteristics of small scale variability associated with the Weimer E-
field convection model (Matsuo et al. 2002) are used as an additional input to the Coupled Thermosphere
Ionosphere Plasmasphere Electrodynamics Model (CTIPE) to study the influence of auroral E-field
variability on the thermosphere and ionosphere during quiet times. It is assumed that the Weimer
electric field model has an approximate Gaussian distribution of small-scale variability around the mean
and that this variability is fully defined by the high-latitude standard deviation pattern associated with
the mean. The variability as described by the standard deviation is larger than the mean in most of the
polar cap and auroral zone. Since in the Gaussian distribution case the average field and the variability
have equal weight contributions to Joule heating generation, the inclusion of small-scale variability
in CTIPE more than doubles the hemispheric Joule heating generation. The inclusion of variability
brings the modeled thermospheric temperature and neutral composition structure in better agreement
with observations during geomagnetic quiet conditions, resulting in better ionospheric modeling.

1. Introduction

The underestimation of the high-latitude energy input by general circulation models (GCMs) of the
thermosphere has been known for some time. The underestimation is due to small scale E-field variability
that causes a large difference between the average of the square and the square of the average of theE
field. In the absence of knowledge of the true E-field, only average fields were used in Joule heating
calculations. To maintain the temperature structure of the thermosphere, an increase in Joule heating by
an arbitrary factor up to 2 or 3 has been applied in the past.

It is known that the high-latitude electric fields are variable on a variety of spatial and temporal scales.
Since the amount of Joule heating is proportional to the average of the square of theE field, and not
the square of the average as used in GCMs, neglecting the variability leads to an underestimation of the
high-latitude energy input. The characteristics of the small-scale variability are beginning to emerge
and therefore it is important to try to understand their effects on the thermosphere and ionosphere.

In this paper we present the effects of small-scale E-field variability on the neutral temperature, neutral
composition and peak electron density of the F2 layer (NmF2) for equinox conditions. We use the coupled
thermosphere ionosphere plasmasphere electrodynamics (CTIPE) model to perform simulations with
and without small-scale E-field variability, and compare the results with climatological, empirical models
of the thermosphere and ionosphere. The variability pattern was derived from the DE-2 measurements
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by Matsuo et al, [2002] and are associated with the Weimer E-field model.

2. Model runs

The CTIPE model is a non-linear, coupled thermosphere ionosphere plasmasphere physically based
numerical code that includes a self-consistent electrodynamic scheme for the computation of dynamo
electric fields. The model consists of four distinct components which run concurrently and are fully
coupled. Included are a global thermosphere, a high-latitude ionosphere, a mid and low-latitude iono-
sphere/plasmasphere and an electrodynamics calculation of the global dynamo electric field.

The thermospheric model was originally developed by Fuller-Rowell (Fuller-Rowell and Rees, [1980],
Rees et al., [1980]) and is fully described in the PhD thesis ofFuller-Rowell [1981]. The high-latitude
ionospheric model was developed by S. Quegan (Quegan, [1982]; Quegan et al., [1982]). The model
of the Earth’s mid- and low-latitude plasmasphere is based on the model ofBailey [1983]. These first
three components are described in more detail under the name of coupled thermosphere ionosphere
plasmasphere (CTIP) byMillward et al., [1996]. The electrodynamic calculation was developed by
Richmond and Roble, [1987] and was included in the CTIP model byMillward, [2001] resulting in the
creation of CTIPE. The version of CTIPE used in this study incorporates several further changes from
previous descriptions of the model. These changes are described next.

We use theWeimer, [1995] high-latitude potential model for high-latitude convection as opposed
to the Foster, [1986] Millstone Hill model used in the past. The use of the Weimer model allows
investigations of the interplanetary magnetic field (IMF) By effects on the thermosphere and ionosphere
and in particular on the thermospheric neutral wind and its influence on the ionosphere. However, all
the simulations presented in this paper are for theBy = 0 case. The By dependence of the thermospheric
and ionospheric parameters will be presented in a future paper. The input values (solar wind Btot in
the YZ plane, solar wind velocity, solar wind angle, and tilt) used for the Weimer model are described
below. The variability patterns associated with the Weimer high-latitude potential model were derived
by Matsuo et al.[2002].

The joule heating calculation at high latitudes includes the effects of small scale fluctuations in the
E-field [Codrescu et al., 2000]. Fluctuations are applied at high-latitude where the Weimer model E-
field (here called average field) is larger than 2 mV/m. The fluctuations are generated using a gaussian
distribution random number generator with 0 mean and standard deviation conforming to the small scale
variability patterns (Matsuo et al., [2002]) associated with the Weimer E-field model. The fluctuations
are added to the average field only for the Joule heating calculations. Only fluctuations less than±40
mV/m are allowed. In the steady state cases presented in this paper the average field at each grid point
is constant throughout the simulation but the variability components are updated every 12 minutes at all
grid points. A single random number sequence is used. This is the first time when a pattern of small
scale variability is used as input. All previous model simulations have used an average single value (no
spatial distribution) for small scale variability.

The tidal inputs at the lower boundary are based on results from the global-scale wave model (GSWM)
[Hagan et al., 1995; 1999]. The inclusion of the tidal forcing at the lower boundary as opposed to a
higher pressure level as was done in previous versions of the model is described byMueller-Wodarg et
al., [2001].

The model includes a chemical heat source due to the recombination of O+. The O+ recombination
generates 4.0 eV when reacting with N2 and 8.55 eV when reacting with O2. This is important for the
low latitude temperature structure as the large amount of ionization in the equatorial anomaly crests
after sunset turns out to be a significant heat source [Fuller-Rowell et al., 1997].

The CTIPE model was run in steady state for medium solar cycle (F10.7=125), equinox conditions,
for average (Kp=3) geomagnetic activity. The choice of values for the radio flux andKp is somewhat
arbitrary. The steady state is necessary in order to compare results with climatological models (MSIS
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and IRI). The idea is to cover the most common conditions and to give an indication of the variability
influence during a storm. Solstice results will be published in a future paper.

The input parameters for the Weimer high-latitude potentials model [Weimer, 1995] were derived from
the OMNI data set (http://nssdc.gsfc.nasa. gov/omniweb/). The average solar wind total magnetic field
strength in the GSM yz plane (Bt), the average angle of the magnetic field in the GSM yz plane (α),
and the average solar wind velocity (SWV EL) were determined forKp = 3 condition by binning the
appropriate solar wind data. The obtained values are,Bt = 0.42nT , α = 180◦ andswvel = 470kms−1.
The tilt angle is assumed to be 0 for the equinox runs although there is an 11◦ UT variation.

3. Results

Plate 1 shows the UT 1200 global temperature structure for MSIS (top left), CTIPE with E-field
variability (bottom left), CTIPE without E-field variability (top right), and the difference between the
model simulations with and without variability (bottom right) at 300 km. The scale is 800 to 1100 K
for the the first three and 24 to 117 K for the difference plot. Red represents higher temperatures.

The CTIPE model shows more structure in the temperature field than the empirical model but the
global features are very similar. The high latitudes are too cold in the absence of E-field variability. The
inclusion of variability increases the temperature by more than 14 K everywhere at low latitudes and
by up to 125 K at high latitudes. The difference in the amount of heating between the two hemispheres
at this UT is due to differences in conductivities caused by different illuminations of the convection
patterns.

The 1100 K contour is almost identical in the Southern hemisphere and only slightly shifted to later
local times in the North between MSIS and CTIPE with variability. The simulation without variability
does not reach 1100 K at 300 km. The diurnal variation at mid- and low-latitudes is about 250 K in
MSIS, 150-180 K in CTIPE without variability, and 180-240 K for the variability run. The slightly
larger increase in temperature at low latitudes in the midnight sector is probably dynamically driven by
the increased global circulation due to the higher energy input.

Plate 2 shows the UT 1200 global mean molecular mass (mmm) for MSIS (top left), CTIPE with
E-field variability (bottom left), CTIPE without E-field variability (top right), and the difference between
the model simulations with and without variability (bottom right) at 300 km. The scale is 17 to 20 amu
for the the first three and .12 to 1.6 amu for the difference plot. Please note that the change in mmm at
a constant height is not linearly related to the temperature change.

Mmm reflects the neutral chemical composition which controls both production and loss of plasma
and is therefore important for the proper modeling of the ionosphere. The mmm field shows more
structure in CTIPE than in the climatological MSIS model but the global features are quite similar. The
diurnal variation at low latitudes is about 1 amu and is not affected by the introduction of variability.

The 20 amu contour covers the high-latitudes in MSIS but not in CTIPE without variability. The
CTIPE with variability increases the mmm too much at high latitudes in the South (the 20 amu contour
reaches -50 deg. latitude). The mid- and low-latitude mean molecular mass is not affected by variability
(the difference plot shows no change).

Plate 3 shows the UT 1200 globallog10(NmF2) for IRI (top left), CTIPE with E-field variability
(bottom left), CTIPE without E-field variability (top right), and the ratio between the model simulations
with and without variability (bottom right). The scale is 11.1 (1.3x1011) to 12.2 (1.7x1012 m−3) for the
CTIPE model, 11.2 (1.5x1011 m−3) to 12.6 (2.7x1012) m−3 for the IRI model and .62 to 1.32 for the ratio
plot. There is considerably more structure in the CTIPE modeled NmF2 than in IRI. This is expected
as IRI is a long term average over conditions resulting from fast varying processes.

The mid- and low-latitude structure in the NmF2 ratio plot is produced by the dynamics and elec-
trodynamics acting on the plasma. The amount of structure produced by the inclusion of variability is
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an indication of the influence that high-latitude processes have on low latitude plasma parameters. The
largest decrease in NmF2 is in the southern hemisphere and is due to chemical composition changes as
there is a larger increase in mean molecular mass at southern high-latitudes at this UT.

4. Conclusions

We have implemented for the first time a pattern of small scale variability in a general circulation
model. The model includes the coupled thermosphere, ionosphere, and plasmasphere, and self-consistent
electrodynamics.

The inclusion of variability improves the agreement between CTIPE temperature and chemical compo-
sition and the MSIS climatology for steady state common conditions: medium solar cycle (F10.7=125),
average (Kp=3) geomagnetic activity, equinox conditions).

The inclusion of variability produces considerable structure in the ionospheric parameters at low and
medium latitudes. The structure is the result of dynamics and electrodynamics. Large but more uniform
changes in the peak electron density of the F2 layer are produced at high-latitudes by the inclusion of
variability. The high latitude effects are caused primarily by changes in neutral chemical composition.
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