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Abstract. Global instantaneous conductance maps can b&herefore, itis possible to use a combined approach to study
derived from remote sensing of UV and X-ray emissions byionospheric events with satellite optical and ground-based
the UVI and PIXIE cameras on board the Polar satellite. An-electrodynamic data of different spatial and temporal reso-
other technique called the 1-D method of characteristics profutions. We must be careful, though, when using these two
vides mesoscale instantaneous conductance profiles from thiechniques during disturbed conditions. The two methods
MIRACLE ground-based network in Northern Scandinavia, will only give results that systematically converge when rel-
using electric field measurements from the STARE coherenttively uniform conditions exist.

scatter radar and ground magnetometer data from the IMK
AGE network. The method based on UVI and PIXIE data
gives conductance maps with a resolution~e800 km in
space and-4.5 min in time, while the 1-D method of charac-
teristics establishes conductances every 20 s and with a spa- )
tial resolution of~50km. In this study, we examine three 1 Introduction

periods with substorm activity in 1998 to investigate whether . : L
the two techniques converge when the results from the 1_d(nowledge of the ionospheric conductivity is needed to un-

. : (aerstand the ionospheric electrodynamics and the dynami-
method of characteristics are averaged over the spatial and. " anetosphere-ionosphere (M) coupling. The height-
temporal resolution of the UVI/PIXIE data. 9 b P pling. 9

X integrated Hall and Pedersen conductivities can be strong|
In general, we find that the calculated conductance set 9 gy

Bnhanced during auroral substorms, when the particle pre-

do not correlate. However, a fairly good agreement may becipitation increases the electron density in fii¢ayer. The

rgaphed when the ionosphere is Ina state that.does not e>|(c')nospheric conductivity pattern is complicated, though, as
hibit strong local turbulence. By defining a certain tolerance

the precipitation may vary strongly in time and space.
level of turbulence, we show that 14 of the 15 calculated con- The Hall and Pedersen conductivitiesy and op, can

ductance pairs during relatively uniform ionospheric condi- be derived using the classical expressions (Krall and Triv-
tions differ less thant30%. The same is true for only 4 of elpiece, 1973):

the 9 data points derived when the ionosphere is in a highly

ey words. lonosphere (Auroral ionosphere; Particle pre-
cipitation; Instruments and techniques)

turbulent state. A correlation coefficient between the two 2 2

. . Nee Qg Q[
conductance sets of 0.27 is derived when all the measuresy = ?( 5 2 2 QZ) @
ments are included. By removing the data points from time Vet T8 Viy T8

periods when too much ionospheric turbulence occurs, the
correlation coefficient raises to 0.57. Considering the twogp = 5 5 5 5
very different techniques used in this study to derive the con- B v +QF v, + 98

ductances, with different assumptions, limitations and scale
where ¢ denotes the elementary chargey, represents

sizes, our results indicate that simple averaging of mesoscal% .
. o the collision frequency between electrons and neutrals for
results allows a continuous transition to large-scale results,

motions perpendicular to the magnetic fie®J v;,, is the
Correspondence toA. Aksnes (isotropic) collision frequency between ions and neutrals,
(arve.aksnes@ift.uib.no) and€, (2;) is the gyrofrequency for electrons (ions).

2
Nee  vinS2; VenJ_Qe

), &)




344 A. Aksnes et al.: A comparison of ionospheric conductance

Note that Egs. (1) and (2) are applied to a pseudo-ion avertonospheric X-ray Imaging Experiment (PIXIE) on board the
age (Brekke, 1997), derived by proper weighting of all ions. Polar satellite, to derive global maps of the precipitating elec-
The most critical parameter, though, is the electron densitytron energy spectra in an energy range~@.1-100 keV. By
N,. During an auroral substorn, may vary strongly, re- using a computer code based on the TANGLE code (Vondrak
sulting in large spatial and temporal changes in the conducand Baron, 1976; Vondrak and Robinson, 1985), Aksnes et
tivities. N, is related to the particle precipitation, and height al. (2002; 2004) used this data base to derive height profiles
profiles of the ionization can be estimated using measureeof the ionization and the height-integrated conductivities by
ments from particle detectors on rockets (Marklund et al.,applying the empirical formulas given in Egs. (1) and (2). It
1982; Opgenoorth et al., 1983) and satellites (Vondrak andvas found that UV measurements are sufficient to charac-
Robinson, 1985). This procedure involves a theoretical mod+terize the lower electron energies contributing to the Peder-
elling of the interaction of the precipitating particles with at- sen conductance, while X-ray measurements are needed to
mospheric constituents. Another approach is to calculate theharacterize the energetic electrons affecting the Hall con-
conductivities from measurements 8§ by incoherent scat- ductance.
ter radars on the ground. Numerous studies in the literature Another approach to derive the ionospheric conductances
have performed such an investigation, including incoherents to make use of simultaneous ground magnetic and iono-
scatter radar measurements from Chatanika (Brekke et alspheric electric field data. The disturbances of the magnetic
1974; Banks and Doupnik, 1975; Wedde et al., 1977; de ldield B measured on the ground depends on the horizontal
Beaujardére et al., 1981; Kamide and Vickrey, 1983; Robin- electric current density flowing in the ionosphere, which
son and Vondrak, 1984), Sondrestrom (Robinson et al., 1987is related to the electric fiel# through Ohm’s law involving
Watermann et al., 1993;), and EISCAT (Buchert et al., 1988;the Hall and Pedersen conductances.

Schlegel, 1988; Brekke et al., 1989; Senior, 1991; Olsson et Applying a “trial and error scheme” (e.g. Baumjohann et
al., 1996; lilhr et al., 1998; Davies and Lester, 1999). al., 1981; Opgenoorth et al., 1983) different values of the

An advantage with both in-situ particle measurements onconductances are combined with models of the ground mag-
rockets or satellites, antl, calculated from incoherent scat- netic and ionospheric electric field until the calculated and
ter radars, is the high resolution in time and space. The dismeasured magnetic disturbances converge to a sufficient de-
advantage, though, is that only local measurements can bgree. The method is applicable even during periods with very
obtained. To provide a global map of conductances, remotgoor data coverage, but the method does not give unique so-
sensing of visible, ultraviolet and X-ray emissions producedlutions and no error estimates can be calculated. Another
by the precipitating particles has been shown to be a powerfuproblem with the “trial and error” approach is that the elec-
tool. trodynamical parameters must be modelled on a much larger

Kamide et al. (1986) used images of auroral emissions obarea than the region of interest to reproduce magnetic distur-
served with the Dynamic Explorer (DE)-1 satellite to calcu- bances. This often requires that one has to assume a station-
late ionospheric height-integrated conductivities, or conduc-ary structure moving with a certain velocity over the field of
tances, over the polar region with a 12-min time resolution.view of the measurements.

A direct empirical relationship between the conductances Another technique to investigate the electrodynamics is
and the auroral ultraviolet (UV) emission intensity was as-the method of characteristics (Inhester et al., 1992; Amm,
sumed, in order to perform the calculations. Lummerzheim1995; 1998; Sillanf, 2002). This is a forward modelling

et al. (1991) also used auroral images from the DE-1 satellitenethod which gives more precise results than the “trial and
to produce global conductance patterns. Their technique t@rror” approach (Untiedt and Baumjohann, 1993). Using
calculate the height-integrated conductivities was somewhameasurements of the ground magnetic and ionospheric elec-
different, as they first derived the characteristic energy andric field to solve a first-order differential equation, the Hall
flux of the incoming particles from UV (Ol lines at 130.4 and conductance is derived. By then assuming a ratio between the
135.6 nm) and visible (557.7 nm) emissions. Then a methodHall and Pedersen conductances, the remaining electrody-
developed by Rees et al. (1988) was used in order to convertamical quantities are inferred. There are regions where the
the energy spectra to conductance values. solutions using the method of characteristics are not unique.

The precipitating electron energy determines the heightSuch regions, though, are known and estimates of the errors
region of energy deposition, being at lower altitudes with can be made. Another advantage compared with the “trial
higher energies (Rees, 1963). The intensity of the shortand error” approach is that no data are needed outside the
est UV-emission wavelengths escaping the atmosphere deegion of interest.
creases strongly due to absorption of @hen produced by In order to understand the coupling between the iono-
energetic electrons depositing their energy too low in the atsphere and the magnetosphere, it would be of great value
mosphere (Lummerzheim et al., 1991; Germany et al., 1990to combine ground-based measurements with observations
1998b). This means that measurements of UV-emissions arfom instruments on satellites in space. The many various
unable to accurately characterize the most energetic elednstruments and techniques differ in applicability, resolution
trons of more than-10 keV (Robinson and Vondrak, 1994). schemes and reliability. The latter indicates that compari-
@stgaard et al. (2001; 2002) combined UV-emissions fromson studies are sometimes needed to verify the calculation
the Ultraviolet Imager (UVI) and X-ray data from the Polar of different electrodynamical quantities. A number of com-
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parison studies exist in the literature (e.g. Basu and Jaspersebtained. A detailed description of this method is given by
1987; Vondrak et al., 1988; Senior, 1991; Watermann et al. Aksnes et al. (2002; 2004), as well as a discussion of its
1993; Doe et al., 1997; Germany et al., 1997; Dymond et al. limitation (Aksnes et al., 2004). Here we just give a brief
2001; Gstgaard et al., 2001). Such studies are complicatedescription of the method.
when the stochastical processes operate on different scales. The UVI camera (Torr et al., 1995) on the Polar satellite
Given two methods that measure a parameter with differentneasures UV-emissions within the Lyman-Birge-Hopfield
spatial resolution, it is not a priori clear that an averaging (LBH) band (140-180nm). These UV-emissions are sepa-
of the results of the method with finer resolution reproducesrated into LBHS (140-160 nm) and LBHL (160-180 nm). As
the ones of the method with coarser resolution. This posthe shortest wavelengths (LBHS) are subject to considerably
sible scale-dependency has not been given much attentiomgreater absorption in the atmosphere than the longer wave-
though, in earlier papers. For a detailed mathematic formulaiengths (LBHL), we can derive the average electron energy
tion in terms of properties of statistical processes, the readefrom the ratio between the intensities of the two LBH-bands.
is referred to work by Christakos (1992). We can further calculate the electron energy flux from the in-
In this paper, we derive and compare the ionospheric Halttensity of the LBHL emissions. To accumulate the two LBH
and Pedersen conductances above Northern Scandinavia Ligiages needed to perform an electron energy determination
ing two different techniques. The first method is the proce-from UVI, it takes on the order of two minutes, depending
dure by Aksnes et al. (2002; 2004), based on remote sensingn the operating sequence. UVI has a nominal spatial reso-
of UV and X-ray emissions from space, as well as the clasHution of ~40 km from apogee (Torr et al., 1995). The spa-
sical expressions of the conductivities given in Eg. (1) andtial resolution is degraded in one directiomt@60 km due to
Eg. (2). This technique will be described more thoroughly wobbling of the Polar satellite. More details about the energy
in Sect. 2.1. The other procedure is the method of characdetermination from UVI are given by Germany et al. (1997,
teristics (Inhester et al., 1992; Amm, 1995; 1998, Silinp 1998a,b).
2002), based on measurements of ground magnetic and iono- The PIXIE camera (Imhof et al.,, 1995) measures
spheric electric fields. We will use a version of the procedurebremsstrahlung in the energy range~d?-22 keV, produced
named the one-dimensional (1-D) method of characteristicsvhen precipitating electrons interact with the nuclei of at-
(Inhester et al., 1992; Silladga, 2002), in which we assume mospheric particles. The X-ray photons detected by PIXIE
1-D conditions, i.e. vanishing gradients along a certain direc-go through a 4.4-mm pinhole, leaving us with a resolution in
tion within the region of investigation. A detailed descrip- the X-ray source region 6£600—-900 km (depending on Po-
tion is given in Sect. 2.2. While the former method provides lar altitude). As described by @stgaard et al. (2000; 2001),
data on a large-scale resolutior§00 km), integrated over the X-ray measurements combined with a look-up table pro-
typically 5min, the 1-D method of characteristics operatesduced by a coupled electron-photon transport code (Lorence,
with mesoscale resolution-60 km) and having values every 1992) can be used to derive a four-parameter representa-
20s. A comparison between the two methods requires thation of the precipitating electrons from3 keV to~100 keV.
individual conductances from the latter technique must beThese electron spectra are typically 4.5-min averages every
averaged. The main objective of this paper is to investigatelO min.
whether simple averaging of the mesoscale results allows a The energy characteristics derived from UVI and PIXIE
continuous transition to the large-scale results. Such a transimeasurements can be combined to give the electron energy
tion is not obvious regarding the two sets of conductances adistribution from~0.1 to~100 keV (Jstgaard et al., 2001),
results of stochastical processes operating on different scalewith the temporal and spatial resolution of the PIXIE instru-
Using data from three periods with substorm activity in 1998, ment (4.5 min and 600—-900 km). An upper limit of modelling
we have examined the relationship between the conductancesrors when deriving mean energies from UVI measurements
resulting from the two methods to see if the results convergds estimated to be 23% (Germany et al., 2001). Comparing
when averaged over the same spatial and temporal scalethe energy spectra derived from UVI and PIXIE data with in-
Results are presented and discussed in Sect. 3. A summasjtu measurements from the Defense Meteorological Satellite
is given in Sect. 4, while Sect. 5 provides the conclusions ofProgram (DMSP) satellites, @stgaard et al. (2001) found an
this study. average ratio of 1.080.6 between calculated and measured
energy flux from 0.09 keV to 30 keV. One possible explana-
tion of the large standard deviation may be the different spa-
2 Deriving ionospheric conductances tial resolutions.
To calculate the Hall and Pedersen conductances a similar
2.1 Technigue 1: Remote sensing from space of UV andscheme as described by Aksnes et al. (2002; 2004) is applied.
X-ray emissions The main building block of this scheme is the computer code
developed by the University of Maryland from the origi-
Through remote sensing of UV and X-ray emissions from nal TANGLE code (Vondrak and Baron, 1976; Vondrak and
space, the precipitating electron energy spectra can be ddrobinson, 1985). The input parameters to the code are the
rived. By then estimating height profiles of the resulting same as were used by Aksnes et al. (2002; 2004), except for
ionization, ionospheric Hall and Pedersen conductances arthe collision frequencies. In this study the electron-neutral
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MIRACLE a general overvjew, including the most important equations.
Note that we will use the 1-D version of the procedure, as-
850° o 100, .20° 800 400 50° suming that gradients along a certain direction are vanishing
NALO within the region of investigation. We will first introduce
b the equations related to the two-dimensional (2-D) method
75° of characteristics, and then proceed to the 1-D version.
HOR @HOP y When using the method of characteristics, the ionosphere

is considered an infinitely thin conducting layer 100 km
above the Earth’s surface, in which the Hall and Pedersen
currents are flowing. The first step is to extract the external
part of the ground magnetic field disturbance. A field contin-
uation to the ionosphere is then performed (Mersmann et al.,
1979; Untiedt and Baumjohann, 1993), and we derive the
ionospheric equivalent curretfteqion. According to Fig. 1

the ground magnetometer data cover only about half the area
oLz . of STARE. Pulkkinen et al. (2003) have shown, though, that
: the equivalent currents can be reliably reconstructed in the
; whole STARE FOV, including those areas which are not in
e an immediate vicinity of the ground magnetometers.

The true ionospheric current can be separated into a
curl-free componeny.; and a divergence-free component
Jar (Duschek and Hochrainer, 1961). Whilg.s is as-
sociated with the field-aligned currerit above the iono-
sphere,J 4 is related to the horizontal component of the
e external magnetic field perturbati@i.), immediately be-
| 35\‘* low the ionosphere (Untiedt and Baumjohann, 1993). Note

RY that the subscript indicates the horizontal component of
B.. By assuming that the Earth’s geomagnetic field lines are
directed vertically downward into the direction, J 45 will
completely determingB,); (Bostrgm, 1964; Vasuliunas,
1970; Fukushima, 1976). If the angiebetween the iono-
spheric plane and the geomagnetic field lines deviates from
90, then there is also some dependence Bf), on J.s
(Fukushima, 1976). At auroral latitudes, though, it is appro-
collision frequencies are estimated from Itikawa (1971) andPriate to disregard the tilting between the Earth's magnetic
Gagnepain et al. (1977), while the ion-neutral collision fre- field with respect to the vertical. The conductance calcula-
quencies are derived using work by Mason (1970), Pesnell gfiOns using a typical value of=77" for the measuring sites in

70°

@ Magnetometer October 2001
© Magnetometer and all-sky camera

Fig. 1. Map of the MIRACLE network.

al. (1993), and Viehland and Mason (1995). Northern Scandinavia to be compared with90> have been
examined by Amm (1995) during four different situations: a
2.2 Technique 2: 1-D method of characteristics two-dimensional eastward electrojet, a Harang discontinuity,

an omega band and a westward travelling surge. The investi-
The ionospheric Hall and Pedersen conductanggs,and  gation by Amm (1995) revealed, with a few exceptions, only
¥ p, can be derived using measurements of the ionospherieinor differences of a few % for most of the examined areas.
electric fieldE and the ground magnetic fieBl. The method Another basic electrodynamic equation needed when us-
is called the method of characteristics, as it solves a differening the method of characteristics is Ohm’s law. Here we
tial equation along its characteristics. In this study, we will disregard possible effects of the neutral wind (Untiedt and
apply this technique using electric field measurements fromBaumjohann, 1993). We further assume a ratibetween
the Scandinavian Twin Auroral Radar Experiment (STARE) the Hall and Pedersen conductances to be given:
and ground magnetometer data from the International Moni- >
tor for Auroral Geomagnetic Effects (IMAGE) network. o= 3

A map showing the Magnetometers - lonospheric Radars xp

- Allsky Cameras Large Experiment (MIRACLE) network Sillanpa& (2002) has studied the dependence of conductances
is presented in Fig. 1. The IMAGE magnetometer sites areon« when using the 1-D method of characteristics, and con-
indicated as dots, while the STARE field of view (FOV) is cludes that assuming a wrorgwill not have a significant
marked by the black rectangle. The method of characteraffect on the calculated Hall conductance. The Pedersen con-
istics is described in detail by Inhester et al. (1992), Amm ductance is more dependent@nas this parameter is calcu-
(1995; 1998), and Sillarga (2002). Here, we will only give lated directly from Eq. (3). In this study, we use the con-
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ductance calculations from UVI and PIXIE (see Sect. 2.1) tomeans that all quantities should have a vanishing derivative
determinex. along a certain direction. In our case we assume that this

By combining all the relations established, we can providedirection is zonal (east-west), while we allow for variations
a formula giving the Hall conductanégy along a character- in the meridional direction. The criterion for using the 1-D

istic r (£), which is a line in the xy-plane: method is that the changing length of a parameter should
be larger than the length of the relevant analysis area in the
En(r(0)) = Zp(ro)exg—1(0, )] east-west direction. If the parameterdsthen the changing
¢ D)) , / length is defined as=|X/(§—{)|- The electric fie]d stre_ngth
+ / ———expd—1( ,0)]d? 4) must be more tharv17 mV/m for STARE to provide reliable
o [V(r©)l results (Sillanga, 2002). For each time step along each lati-
with tude for which sufficient STARE data are available, we check
, whether the electric field is one-dimensional. Regions where
10 = /é C(r(t)) (5) this is not the case are excluded from the conductance cal-
' ¢ |V(rE"))] culation. Another possibility is that the conductances them-
. selves do not satisfy a 1-D condition. This situation will in
VeE_Z x E (6) most cases, but not all, cause a considerable non-1-D ground
a magnetic field. Such cases are more difficult to reveal, due

to the limited east-west coverage of magnetometer stations
within the STARE region (see Fig. 1). A more thorough dis-
cussion about this problem is provided in Sect. 3 when in-
D= %Vh “(Be)- (8) terpreting the conductance profiles established using the two
different techniques.
Equation (4) represents the two-dimensional method of char-  As shown in this section, the Hall conductance is the pri-
acteristics, as(¢) lies on the xy-plane. The problem can be mary output from the 1-D method of characteristics, from
much simplified, though, if we assume a one-dimensional sitwhich other quantities like, for example, field-aligned cur-
uation for which the gradient of all quantities vanishes in onerents (FACs) can be calculated. In a recent study by Amm et
horizontal direction (Inhester et al., 1992; Silléép2002).  a|. (2003), the FACs calculated using the 1-D method of char-

C=V, -V (7)

By taking.%zo and %:% we can replace Egs. (5), (7) acteristics are compared with FAC derived from in-situ mea-
and (8) with: surements by the Cluster satellites. By showing a convinc-
) V. (x) ing agreement between the two sets of FAC data, Amm et
I(¢,0) = ln(V (x/)) (9  al. (2003) indirectly demonstrate that the Hall conductances
¥ derived using the 1-D method of characteristics give reliable
SV results.
C=- al (10)
X
2.3 Assumptions and limitations of the two techniques

2 8By (11)

o 8x As explained in Sect. 1, the main objective of this paper is

) _ ) to investigate whether simple averaging of mesoscale results
Insertion of Egs. (9), (10) and (11) into Eq. (4) yields the 1-D (1_p method of characteristics) allows for a continuous tran-
method of characteristic solution for the Hall conductance : gjtion to large-scale results (the UVI/PIXIE analysis). While

2B, . +K the latter technigue operates with a resolutiom~@&00 km
Thx) =8 (12) in space and-4.5 min in time, the ground-based method es-
Vi (x) tablishes conductances every 20 s and with a spatial resolu-

The constantk in Eg. (12) represents the effect of distant tion of ~50 km. This comparison is further complicated by
currents. If for somey, V, (x0)=0 holds,K is uniquely de-  several different assumptions and limitations of the two tech-
fined. In other cases we use the criterion that at the edges dfiques.
the electrojet region the conductances drop to a given back- When using the 1-D method of characteristics, we assume
ground value (see Inhester et al., 1993; SilEn®P002) to  1-D conditions (see Sect. 2.2). This is probably the most cru-
infer K. cial assumption regarding the ground-based technique. It is

In this study, we have used the 1-D method of characterisnot straightforward to identify whether the conductances sat-
tic to derive the ionospheric Hall and Pedersen conductanceisfy 1-D conditions. This will be subject for investigations in
in the Northern Scandinavian region, having a spatial resothe following Sect. 3. Regions whe# is non 1-D can be
lution of ~50km and a temporal resolution 6f20s. As fairly easily identified and excluded from the calculations.
the procedure requires that the electrodynamical parameteiSuch cases will therefore not affect the average Hall and
only change in one direction within the STARE FOV, investi- Pedersen conductances derived by the ground-based method.
gations have been performed to check that the different timeOn the other hand, the same regions will still contribute to
steps and regions involved satisfy the 1-D condition. Thisthe conductances using the UVI/PIXIE technique. A similar
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05/05/1998 2.4 Selection of data
-50 ‘ ‘
< % 7"*‘*’/\ | Three periods with substorm activity in 1998 have been se-
- 7 \/M lected for this study. The two events of 5 May and 26 June
e ~130 1998, include data from parts of the substorm expansion

phase and most of the recovery phase. For the 12 August
1998 event, we have measurements from the start of sub-
storm onset until the beginning of the recovery phase.

A number of only three events for a comparison study may
seem low, but is due to a variety of reasons. First of all, to use
the 1-D method of characteristics, the STARE radars must re-
ceive enough backscatter to estimate the electric field. Most
of the time STARE sees no echoes at all. Either there are
too few electrons in the critical altitude range, or the electric

0 i / field is too weak to form irregularities. While the former im-
00:00 03,‘00 06,‘00 09,‘00 12:00 ply that substorm periods should be most suited for studies
' ' Time'(UT) ' ' using STARE, the latter suggest that problems may some-

times occur during the substorm expansion phase, when the
Fig. 2. The AE, AL andD,,-indices between 00:00 and 12:00 UT electron der_wsity and therefore also the conductances can be
on 5 May 1998. The two vertical solid lines indicate our time inter- €Xtrémely high in some small volume. If the magnetosphere
val with data between 03:20 and 05:25 UT. acts as a current generator, this can lead to a suppression of
the electric field to very small values below the threshold of
the radars. In general, though, STARE is well suited to in-
problem occurs when STARE data are unable to provide a/estigate the electrodyna_mics during sub_storms, and so are
reliable electric field value. also ms_truments performing remote_ sensing from space. A
) i _ comparison between the two techniques, however, requires
As pointed out in Sect. 2.1, the UVI data are responsibleih; the Polar satellite for the time period of interest is lo-
for the lower part of the preglpltgtlng electron energy speqtracated above the Northern Hemisphere, with the UVI and
up to~15-20keV. The estimation of the electron energiesp|x|e instruments viewing the Scandinavian region. Sub-
using UVI measurements within time periods-e#.5min g5 conditions are best suited, as we need to detect suf-
may be affected in two ways. First of all, the LBHL and ficient X-ray photons by PIXIE to derive a proper electron
LBHS images are not coincident as they are measured dulspecirym. The UVI camera, which can operate in different
ing different time intervals of 37s. In cases where the au-ngdes to investigate certain aspects of the auroral activity,
roral morphology is significantly changing between the two 1 st further operate in a special mode if a full energy anal-
observations, this leads to an analysis problem, though thggis is 10 be performed. The most critical requirement lim-
uncertainty is difficult to estimate. A second problem is that iting the number of possible events, though, is the fact that
the UVI measurements are not continuous within the investi e have only considered the date period between May and
gated time intervals of4.5 min. For example, it takes 1 min September, 1998. While the Finnish STARE radar station
and 51 s to perform a full energy analysis from UV-emissions 4 nkasalmi suffered from hardware problems in 1997 and
for the ope_rating modes used in this study. 'I_'hen there is qne beginning of 1998, the PIXIE chamber detecting X-ray
gap of 1min and 13s before the procedure is repeated. Ihhotons between8-22 keV was no longer functioning after
sudden changes in the particle precipitation takes place durzg September 1998. PIXIE continued to detect X-ray pho-
ing such gaps, this will cpmplicate the comparison with the ios petween-2—8 keV until November 2002, but the lack
1-D method of characteristics. of information about the most energetic X-rays strongly in-
The resolution of the PIXIE instrument is on the order creased the uncertainty in estimating the high energy tail of
of ~600-900km (see Sect. 2.1), depending on the altitudehe precipitating electrons up to 100 keV affecting the Hall
of the Polar satellite. In comparison, the STARE FOV is conductance (Aksnes et al., 2002; 2004).
nominally approximately 470 k540 km, as it covers a ge-
ographic region of 67.1-72.0 in latitude and 14.0-26.0 in
longitude. For two of the three events studied in this paper3 Results and discussion
the most equatorward region has been left out of the analy-
sis, due to a very limited number of ion velocity vectors pro- 3.1 5 May 1998
duced by the two radar beams. This reduces the latitudinal
width from 540 km to 380 km. The inconsistency between In Fig. 2 we present the geomagnetic indices AE, AL and
the PIXIE’s resolution and the STARE’s FOV leads to an- D, revealing a substorm expansion phase commencing
other source of uncertainty which is discussed in more detaiaround 03:00 UT. At 03:21 UT, when the AE- and AL-
in Sect. 3. indices reach their largest values of 1638 nT arf193 nT
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respectively, theD,,-diagram show that we are in the main ) 05/05/1998
phase of a geomagnetic storm. A minimum i, of g [@ = 1%
—119nT between 04:00 and 05:00 UT means this event =§ | e - 20
is classified as an intense storm (Gonzalez et al., 1994). “8 | o €T el
We have estimated the conductances between 03:20 and & 2 ) x 0 E%
05:25 UT, as indicated by the two vertical solid lines. This 151 1 82
time interval includes parts of the expansion phase and then 10F 1 88
the recovery phase. 8‘ ] 'lg
The results of the conductance calculations using the two g ©) . _§8°
techniques including remote sensing of UV and X-ray emis- gg ---------- :—_——————_———_— -—-—o
sions (see Sect. 2.1) and the 1-D method of characteristics 3 - - = - 450

.a
8
]

(see Sect. 2.2) are presented in Fig. 3. The solid lines in 100007,

9F

Figs. 3a and b indicate the Hall and Pedersen conductances 1000k ‘\f W N N_ gf

derived from the UVI/PIXIE analysis, while the dashed lines ____/_____lt\ R A _\/___ é’g

represent the conductances using the 1-D method of charac-\?>< 100( ) 200"
S e

teristics. The conductance values are 10 min apart, with an

emission values

Q

integration time of about 4.5 min. For this event, the STARE 5? B
radar measurements are taken from a geographic region of.t;%_. T goe0d o %w
67.1-72.0 in latitude and 14.0—-26.0 in longitude, meaning ~ 3 ‘2‘8@ <5
that the STARE FOV is approximately 470 k540 km. SRR * SOOI . S SR 6 SOOI Eéf

In the beginning of the investigated time interval, we ob- 20+ ® MR M MR g'gg
serve differences between the two conductance profiles in -40 St
both magnitude and trend. The values derived using the 1-D 0300 0330 04:1Qi?ne [u%z]l:30 0o 05:30035

method of characteristics show most variability, with a maxi-
mum Hall conductance of 33 S at 04:00-04:05 UT and a mln_Fig. 3. (a) The Hall and(b) Pedersen conductances [S] derived in

imum 20 min later of only 11 S. For this time step, the con- the Scandinavian region using UVI and PIXIE measurements (solid

ductances using ground-bas_ed measurements are. more thfﬂﬂa) and the 1-D method of characteristics (dashed line) on 5 May
60% less than the values derived from remote sensing of UM ggg. () The difference in % between the two conductance sets.

and X-ray emissions. This is clearly indicated by the plot The horizontal dashed line is drawn to give the O-percent level,
in Fig. 3c, showing the differences in % when calculating while the length of the lines indicates the integration time period.
the conductances using the 1-D method of characteristics incd) Magnetic field scale lengths (km) between the two MIRACLE
stead of using UVI/PIXIE data. As explained in Sect. 2.2, magnetometer stations of AND and KE¥¥) The average percent-
the Pedersen conductance calculated using the 1-D methgge calculated using the lowest and largest UVI-LBHL emission
of characteristics depends on the ratidetween the Hall values at five strips of constant latitude within the STARE FQ@Y.
and the Pedersen conductances derived from the UVI/PIXIELheSq;KeRrE”Eg\i/“ % for thde a\t/i?rtige UVI-LBIGI;/IinLtganﬂty ‘t"’ithi_'t“

: R e compared with the average UVI- intensi
analysis. Consequen.tly’ the percentages given in Fig. 3c COIf/_vhen including a Iarggr area surrounding t%le STARE FOV matc);-
respond to both the differences between the two Hall conduc: ;

N . ing the PIXIE resolution.

tance sets in Fig. 3a, as well as the differences between the
two Pedersen conductance sets in Fig. 3b.

In the next time frame of 04:30-04:35 UT, a shear region
intrudes into the STARE FOV. This causes a considerabldthe PIXIE resolution) must be less than 20%. A detailed de-
dropout of STARE data, and therefore this time step is |eftscripti_on of these_ three_sele(_:tion criteria will be given in the
out in the analysis. For the rest of the time period from 04:40following when discussing Fig. 3.
until 05:25 UT, the two conductance profiles match fairly  The first selection criterion involves the term magnetic
well, except for the time step of 04:50-04:55 UT. scale lengths. As explained in Sect. 2.2, 1-D conditions are

As described in Sect. 2.3, the different assumptions andequired for the different parameters when using the 1-D
limitations of the two techniques imply that a meaningful method of characteristics. The electric field data can be
comparison relies strongly on the level of turbulence of thetested most efficiently, meaning that regions whEres not
ionosphere. We have therefore developed a method to sefd-D are excluded from the conductance calculation. To de-
arate the data points into relatively uniform conditions andcide whether the conductances themselves satisfy a 1-D con-
non-uniform conditions. Relatively uniform conditions are dition is more difficult. Since such a situation most often re-
considered to be present if the following three selection crite-sults in a non-1-D ground magnetic field, the latter can be in-
ria are fulfilled: 1) More than 70% of the individual magnetic vestigated. The problem is the limited east-west coverage of
scale lengths must be larger than 429 km. 2) The largest UVIimagnetometer stations in the STARE region. When calculat-
inhomogeneity within the STARE FOV must be less than ing the conductances using the 1-D method of characteristics,
100%. 3) The difference between the average UVI inten-an investigation is performed for the conditions between the
sity within the STARE FOV vs. a larger region 6800km  two MIRACLE magnetometer stations of Andenes (AND)
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080505 042330-042407 UT R] east-west coverage of magnetometer stations prevents an ef-
> 2063 ficient check similar to the procedure regarding the electric
field.
1883 In Fig. 3d, we present magnetic scale lengths estimated
1704 between AND and KEYV for the different time periods. The
scale lengths are calculated every 20s, and we plot the in-
1525 dividual values in km as solid lines for the different time
1345 steps. We observe that the values are usually larger than the
heuristical limit of ~429 km shown by a dashed horizontal
1166 line, indicating that our assumption of a 1-D condition holds.
986 During some time intervals, though, many of the individual
scale lengths drop below 429 km, suggesting more disturbed
807 conditions. Our first selection criterion requests that more
627 than 70% of the individual magnetic scale lengths (in the
~5 min time frames) must be larger than the heuristical limit
448 of 429km. This is fulfilled for the first four time steps, as
269 well as the last four. During the period04:00-04:45 UT,
however, the investigation of magnetic scale lengths indi-
L 8 cates too much ionospheric turbulence.
The second selection criterion also deals with the neces-
(RI sary 1-D condition for the 1-D method of characteristics. We
> 2418 have used UVI-LBHL measurements to monitor changes in

precipitated energy flux. First, we have divided the STARE
FOV into a 5<4 grid, with each subregion bein§ ih latitude

1997 and 3 in longitude. Then we have calculated the differences
in % between the lowest and the largest UVI intensities along
each of the five strips of constant latitude. Based on these five
1577 individual values derived for the latitude sectors of 6768
68-69, 69-70, 70-72, and 71-72 respectively, an aver-
age percentage value has been established for each UVI data
1156 set, having a temporal resolution of 37s. For simplicity, we
will refer to such values as "UVI-inhomogeneities” through-
out the text.

735 The results are presented in Fig. 3e. Inthe beginning of the
time interval, the UVI-inhomogeneities are usually less than
50%. The first minor intensification is found at 03:34 UT,
315 when the value reaches 62%. Throughout the next hour, we
observe an increasing trend of the UVI-inhomogeneities, co-
inciding with a reduction of the magnetic scale lengths pre-
sented in Fig. 3d. Between04:00 and 04:30 UT, the UVI-
04:23:30-04:24:07 UT anc) 04:26:34-04:27:11 UT on 5 May inhomogeneities sometimes exceed 100% while the scale

1998. The inner black box drawn on top of the images correspondéengths drop below-429 km.

to the STARE FOV, while the outer box matches the PIXIE resolu- N Figs. 4a and b, we have plotted the UVI images for
tion of ~800 km. the two time steps of 04:23:30-04:24:07 UT and 04:26:34—

04:27:11 UT. The inner black box drawn on top of each im-

age indicates the STARE FOV, while the outer box corre-
and Kevo (KEV), which are located at almost the same geo-sponds to a region o£800 km, matching the PIXIE reso-
graphic latitude £69.3 and~69.8, respectively). When the lution. Note that the colors in the two plots correspond to
calculated magnetic scale lengths are smaller than a heuristdifferent intensities, as the dark red color is set equal to the
cal limit of ~429 km (the extent of the east-west chain AND- maximum value in each plot.
KEV), this means we may not have a 1-D condition. For The latter image presented in Fig. 4b reveals highly non-
such a situation, we should be careful when interpreting theuniform conditions in the east-west direction. At the east-
conductances using the 1-D method of characteristics. Allern border, the UVI-intensities are small, as indicated by the
data within the STARE FOV are still included in the con- blue and green color. On the contrary, the UVI-intensities
ductance calculation, as the investigation performed only in-are much larger at the western border, shown by the red
volves the conditions between AND and KEV. Other regionsand orange color. According to Fig. 3e, the average UVI-
within the STARE FOV are not investigated, as the limited inhomogeneity for this time step reaches almost 200%.

2207

1787

1366

946

525

L] < 105

Fig. 4. The UVI-LBHL images for the two time steps aB)
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Such variability in the east-west direction complicates the 26,/06/1998
calculation of conductances when using the 1-D method __ 0 ‘
of characteristics. Our second selection criterion to iden- 'z I
tify relatively uniform conditions requires that the UvVI- _ 60
inhomogeneities must be below 100%. This means that the 8 i
time steps 0f~03:50-03:55 ane-04:50-04:55 UT should -120
also be assigned non-uniform conditions, in addition to the 0

time period 0f~04:00-04:45 already determined from the —
previous investigation of magnetic scale lengths (Fig. 3d). <= —750
The third selection criterion deals with the difference be- < L
tween the STARE FOV and the much coarser PIXIE resolu- —1500
tion. From the image given in Fig. 4a, we note a significant

1500

UVI intensity surrounding the STARE region. For this event — I |
on 5 May 1998, the PIXIE resolution e£800km corre- <, 750 - w h
sponds to an area about 2.5 times larger than the STARE FOV' w |

of 470 kmx540km. The inconsistency between the PIXIE 0 ‘ ‘

resolution and the STARE'’s FOV implies that the conditions 00:00 03:00 06:00 09:00 12:00
in the particle precipitation outside the STARE region may Time (UT)

influence the PIXIE measurements and therefore affect the

conductance calculation. This possible source of error ha1$_ig 5. The AE, AL andD,,-indices between 00:00 and 12:00 UT
.5. , s : :

been studied by investigating the UVI-LBHL emissions in @ o456 june 1998. The two vertical solid lines indicate our time
region larger than the actual analyzing area. The much bettghterval with data between 03:00 and 04:15 UT.

spatial and temporal resolution given by the UVI camera pro-
vides us with a tool to investigate the reliability of the PIXIE
data. First, we have calculated the average UVI-LBHL in- By performing several investigations and requiring that
tensity within the STARE FOV, a region corresponding to certain selection criteria associated with each of them are
the inner black box in Fig. 4. Then we have repeated thefulfilled, we are able to identify time periods when a bet-
calculation and taken into account a larger area surroundinger match between the two conductance sets should be ex-
the STARE FOV matching the PIXIE resolution. This larger pected. Using different methods is helpful, as each proce-
region corresponds to the outer black box in Fig. 4. dure has its advantages as well as disadvantages. For exam-
In Fig. 3f, we present the differences in % between theple, the magnetic scale lengths are estimated continuously,
UVI intensities derived using the two approaches. Nega-while the UVI-inhomogeneities are calculated every 2 min
tive values mean that the average UVI intensity is largestwith an integration time of 37 s. While this suggests that it
within the STARE FOV. Since regions with less precipitation should be sufficient to only deal with the former, the mag-
surrounding the STARE FOV matching the PIXIE resolu- netic scale lengths have a limited spatial coverage compared
tion also influence the X-ray data, we may underestimate thavith UVI. Consequently, the latter procedure may reveal dis-
conductances using UVI/PIXIE data during such situations.turbed conditions not captured by the analysis of magnetic
Likewise, positive values in Fig. 3f indicate stronger particle scale lengths.
precipitation outside the region of investigation and a possi- To distinguish between the data points during relatively
ble overestimation of the conductances when using the satelniform conditions and non-uniform conditions, the latter
lite data. By comparing the results in Figs. 3c and f, we notehas been marked with a dark grey shading in Fig. 3. For 5 of
some resemblance between the values. Aroufid:00 UT,  the 6 time steps when all three selection criteria are fulfilled,
we observe the lowest value in Fig. 3f of less thaR0%.  the differences between the two conductance sets are less
At this time the conductances using the 1-D method of charthan430%. On the contrary, only 3 of the 6 time steps dur-
acteristics are almost 30% larger than the conductances ugag non-uniform conditions between03:45 and 05:00 UT
ing UVI/PIXIE data. Then the situation is reversed around reveal conductances withia30%.
04:23 UT. The 1-D values are more than 60% less than the
satellite calculations and Fig. 3f reveals a positive value 0f3.2 26 June 1998
about 30%. Our third selection criterion states that the dif-
ference between the average UVI intensity for a region correThe geomagnetic indices AE, AL antd;,, between 00:00
sponding to the STARE FOV vs. a larger regiomeé800km  and 12:00 UT on 26 June 1998, are presented in Fig. 5.
(the PIXIE resolution) must be below 20%. This means thatWe observe a substorm expansion phase taking place around
the two time steps of 04:00—04:05 and 04:20-04:25 UT mus01:40 UT, followed by a period with strong AE- and AL-
be classified as periods when the ionosphere is in a highlyndices. The largest values are found close to 03:00 UT,
turbulent state. Both time steps have already been assignaslith AE reaching 1450 nT and AL droping belowl000 nT.
non-uniform conditions, though, based on the previous analWe have measurements between 03:00 and 04:15 UT, corre-
ysis of magnetic scale lengths and UVI-inhomogeneities.  sponding to the end of the expansion phase and most of the
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& 26/06/1998 more than 50% of the individual magnetic scale length val-
3 [@ ‘3‘8 ues are below the heuristical limit 61429 km between 03:20
‘=u§ s 20 and 03:25 UT. We further observe in Fig. 6e that the inves-
3 10 _ tigation of UVI intensities along strips of constant latitude
8 20 ® 0 % within the STARE FOV reveals the largest differences dur-
5 %g ing the time interval of 03:25 and 03:35 UT, varying between
23 ~100 and~160%. Consequently, these two time periods of
‘Lé 03:20-03:25 and 03:30-03:35 UT are assigned non-uniform
g [© 1 conditions.
%g —_————_— ————————— ———==—----——0 The UVI images for the two time steps of 03:10:18—
g - — --50 03:10:55 UT and 03:31:46—-03:32:23 UT are plotted in
100007, '1(;05 Figs. 7a and b. Fairly stable conditions in the east-west di-
1000 N 5= rection are found in the first image, suggesting that the 1-
o M__'x___\v_h_:_v__,/:_ SRS éf’g D condition holds for the start of the time step©63:10—
— 2100 - 03:15 UT. This is supported by individual magnetic scale
X > 200
fgg_g ©) e, 150 lengths of~1400 km. After a maximum scale length of more
@?é r T o ® - ) 7100 4 than 2000 km around 03:11 UT, the values decrease strongly
%’%i’ o0 7 oo g g0 w-"‘"gogég and reach a minimum of 218 km (Fig. 3d). Onh60% of
3 40 g“;‘a the individual scale lengths are larger than 429 km within the
ggf time frame 0f~03:10-03:15 UT, meaning that selection cri-
geR terion No. 1 is not fulfilled.
5%;'35 Figure 7b reveals large variations along the strips
03:00 03:15 0330 0345 0400 04:15 5% i . .
Time [UT] b of constant latitude, corresponding well with the UVI-

inhomogeneities in Fig. 6e, exceeding 100% at these times.

Fig. 6. (a) The Hall and(b) Pedersen conductances [S] derived in C.onsequently, th_e t'm? step 0#93:30—Q3:35 UT.'S_ at-
the Scandinavian region using UVI and PIXIE measurements (solidtfiouted to non-uniform ionospheric conditions. This is also
line) and the 1-D method of characteristics (dashed line) on 26 Junéeflected in the investigation of the differences between the
1998. (c) The difference in % between the two conductance sets.average UVI intensity for a region of 470 kn380km (the
The horizontal dashed line is drawn to give the 0-percent level, STARE FOV) and~800 km (the PIXIE resolution), respec-
while the length of the lines indicates the integration time period. tively. As shown in Fig. 6f, the largest differences of more
(d) Magnetic field scale lengths (km) between the two MIRACLE than 20% occur betweer03:20 and 03:40 UT.

magnetometer stations of AND and KE#) The average percent- oy analysis of the local ionospheric turbulence for this
age calculated using the lowest and largest UVI-LBHL emission event on 26 June 1998, shows that non-uniform conditions

values at four strips of constant latitude within the STARE FOV. . . .
(f) The difference in % for the average UVI-LBHL intensity within appear during the three time steps betwee(:10 and

the STARE FOV compared with the average UVI-LBHL intensity ~03:40 UT. Only 1 of the 3 calculated conductance sets dur-

when including a larger area surrounding the STARE FOV match-INd this time period differs less that30%. On the con-
ing the PIXIE resolution. trary, all 5 time steps when we have relatively uniform iono-

spheric conditions provide conductances with differences
within +30%.

following recovery phase. As th®y-index value reaches
a minimum of —101 nT between 04:00 and 05:00 UT, we

further r_lote that we are in the main phase of an intense geOFigure 8 presents the geomagnetic indices AE, AL And
magnetic storm. between 20:00 and 08:00 UT on 12-13 August 1998. In the

In Figs. 6a and b we present the calculated Hall and Pedetbeginning of the time period, when we have measurements
sen conductances similar to Figs. 3aand b. The STARE rad%etween 23:30and 23:55 UTon 12 August, we observe a sig_
measurements for this event have a lower latitude limit Ofniﬁcant increase in the AE- and AL-indices. The |arge5t val-
68.6’, resulting in a STARE FOV of about 470 kn880km.  yes are found around 23:40 UT, when AE reacké80 and
Highly disturbed ionospheric conditions occur for the three AL exceeds—400nT. Then the magnetic activity decreases
time periods betweery03:10 and 03:40 UT, as indicated by at the end of the time period, suggesting that our time in-
the dark grey area in Fig. 6. During the remaining 5 time terval of 23:30—23:55 UT includes the substorm expansion
periods, the ionosphere is in an appropriate state consideringhase and the start of the recovery phase. We further note
our three selection criteria presented in Sect. 3.1. that no geomagnetic storm is present, asfihevalues are

As seen in Fig. 6¢c, two of the time intervals, 03:20-03:25 small.
and 03:30-03:35 UT, show differences between the derived The estimated conductances for the time period
conductances of-55 and 80%, respectively. This may be with measurements on 12 August 1998, are presented
explained by a lack of 1-D conditions. According to Fig. 6d, in Figs. 9a and b. The STARE FOV is470 kmx 380 km,

3.3 12 August 1998
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12/08/1998 — 13/08/1998
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R Fig. 8. The AE, AL andDy;-indices between 20:00 and 08:00 UT
[R] on 12-13 August 1998. The two vertical solid lines indicate our
> 1488 time interval with data between 23:30 and 23:55 UT.

1358

1229 the outer black box corresponding to the PIXIE resolution.

1099 We therefore see in Fig. 9f that the differences in % between

970 the average UVI intensity for a region of 470 k880 km
(the STARE FOV) and-~800 km (the PIXIE resolution) are

(b)

841 practically 0. The results show that all four time steps occur
711 during relatively uniform ionospheric conditions, and that all
5g0 the conductance sets provide differences of less #20%6.
452
323 4  Summary
194 . , : ,
In this study we have derived the ionospheric Hall and Ped-
< 64 ersen conductances during three periods with substorm ac-
tivity in 1998 using two different techniques. One method
Fig. 7. The UVI-LBHL images for the two time steps af) involves remote sensing of UV and X-ray emissions from

03:10:18-03:10:55 UT an(b) 03:31:46—-03:32:23 UT on 26 June space, using data from the UVI and PIXIE cameras on board
1998. The inner black box drawn on top of the images correspondghe polar satellite. We first derive instantaneous global maps
tp the STARE FOV, while the outer box matches the PIXIE resolu- of the precipitating electron energy spectra from less than
tion of ~80O km. 1keV to 100 keV. We then derive height profiles of the re-
sulting ionization and calculate the conductances. In another

o approach, we use data from the MIRACLE ground-based
similar to the event on 26 June 1998. The two conductancetwork in Northern Scandinavia. Mesoscale instantaneous

profiles are much alike. Both the magnetic scale lengths;onductance profiles can be inferred using a technique named
(Fig. 9d) and the UVI-inhomogeneities (Fig. 9e) indicate the 1-D method of characteristics, which includes electric
that the 1-D condition holds. field measurements of the STARE coherent scatter radar and
In Figs. 10a and b, we have plotted the UVI images for ground magnetometer data of the IMAGE network. While
the two time steps of 23:41:58-23:42:35 UT and 23:45:02-UVI/PIXIE measurements provide a single value of Hall and
23:45:39 UT. Both images reveal more or less uniform con-Pedersen conductances for the whole STARE FOV integrated
ditions, with the latter changing only 10% in UVl intensity in over~4.5min, the 1-D method of characteristics establishes
the east-west direction within the STARE FOV. The two im- conductances every 20 s with a spatial resolutiorn 59 km.
ages also suggest uniform conditions throughout the entirefo perform a comparison, conductances derived by the 1-D
region of~800 km, as the situation is much the same within method of characteristics have been averaged in time over the
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)]
g @ ] gg (a) [R]
_s > 996
2T 1%°
s 410 _ 910
o 0o 0
O 20 °
151® i g% 823
r 1 83 736
5F a D_g
0 3]
s [© 100 650
° - -50
8 - ———— =_—————- —o 563
5 T I 476
-100
5= 390
T S 0 GUUSEE
2 S35 303
=8 %%5 200
9<5 4150 216
523 o0 ¢
) R - X 0
3 40f =S5 < 43
201 _ P—‘Cw
0O >
0 _o" Balsiaiatte a2 E£>
200 1§52 (b) 980812 234502-234539 UT [R]
2330 2335 2340 2345 2350 2355 5% > 823
Time [UT] %) 752
Fig. 9. (a) The Hall and(b) Pedersen conductances [S] derived in 680
the Scandinavian region using UVI and PIXIE measurements (solid 608
line) and the 1-D method of characteristics (dashed line) on 12 Au-
gust 1998.(c) The difference in % between the two conductance 537
sets. The horizontal dashed line is drawn to give the 0-percent level, 465
while the length of the lines indicates the integration time period.
(d) Magnetic field scale lengths (km) between the two MIRACLE 393
magnetometer stations of AND and KE¥) The average percent- 329
age calculated using the lowest and largest UVI-LBHL emission
values at four strips of constant latitude within the STARE FOV. 250
(f) The difference in % for the average UVI-LBHL intensity within
the STARE FOV compared with the average UVI-LBHL intensity 179
when including a larger area surrounding the STARE FOV match- 107
ing the PIXIE resolution. 35
i<

UVI/PIXIE ~4.5-min intervals and in space over the STARE Fig. 10. The UVI-LBHL images for the two time steps @)
FOV. 2341:58-2342:35 UT antb) 23:45:02-23:45:39 UT on 12 August
The results presented in Sect. 3 reveal that the two techl1998. The inner black box drawn on top of the images corresponds
niques used to derive the conductances sometimes provi the STARE FQOV, while the outer box matches the PIXIE resolu-
L . tion of ~800 km.
similar values. Other times, however, the conductances can

differ strongly. For the events on 5 May and 26 June 1998,
the best correspondence between the two conductance sets isThe largest deviations between the two conductance sets
found at the end of the investigated time periods, when wegre found on 5 May and 26 June 1998, just after the max-
are in the late recovery phase of a substorm. Then the geqmum in AE, meaning that highly disturbed conditions re-
magnetic conditions are less disturbed. garding particle precipitation, electric fields and currents are
An even better agreement is found for the conductancegxpected. Such ionospheric conditions are not favorable for
derived on 12 August 1998. As shown in Fig. 8, we start outthe two procedures including the UVI/PIXIE technique and
in the substorm expansion phase, followed by the beginninghe 1-D method of characteristics. As explained in Sect. 2,
of the recovery phase. The AE and AL indices, though, arethe two techniques should provide reliable results during
moderate compared to the other two events. We further not@mes with fairly uniform ionospheric conditions. A number

that this substorm takes place during non-storm conditionsef difficulties arise when too much ionospheric turbulence
while the events on 5 May and 26 June 1998, occurred duringccurs.

the main phase of an intense geomagnetic storm.
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This has led to the separation of the different conductance )
values presented in Figs. 3, 6 and 9, according to their cor- 100 HEE IR "R B —F A
responding ionospheric conditions. Relatively uniform con- | | ;
ditions have been attributed to situations when the follow-
ing selection criteria are fulfilled: 1) More than 70% of the
individual magnetic scale lengths (Figs. 3d, 6d, 9d) must
be larger than 429km. 2) The largest UVI-inhomogeneity
within the STARE FOV (Figs. 3e, 6e, 9e¢) must be less than
100%. 3) The difference between the average UVI intensit
(Figs. 3f, 6f, 9f) within the STARE FOV vs. a larger region
of ~800 km (the PIXIE resolution) must be less than 20%.
For the event on 5 May we find that 6 time periods may
be attributed to relatively uniform conditions. Five of these
cases provide conductances with differences of less than
+30%. The same holds true for the 5 time steps with lo-
cal turbulence below our tolerance limit during the event on
26 June, as well as all 4 values taken from 12 August. On the
contrary, only 4 of the conductance pairs from the remaining :
9 periods with non-uniform conditions reveal differences of Ot | : ]
less thant30%. 0 50 100 150
In Fig. 11, we show the relation between the three selec- Difference [%] MIN vs MAX UVI-emission value:
tion criteria and the differences between the two conduc-
tance sets. The vertical axis gives the percentage of in-
dividual magnetic scale lengths larger than 429 km, while Difference [%] between the two conductance st
the UVI-inhomogeneities are provided along the horizontal
axis. We note that 15 of the values plotted have percent-
ages larger than 70% (above the dotted horizontal line) and 0O 10 20 30 40 50 60 70 80
UVI-inhomogeneities less than 100% (left side of the dot-
ted vertical line). These values are assigned relatively uniFig. 11. The correspondence between percentage of individual
form conditions, and the red and dark red colors filling 14 magnetic scale lengths larger than 429km (vertical axis), UVI-
of the 15 boxes reveal differences between the two conducinhomogeneities (horizontal axis), and the differences between the
tance sets of less thah30%. The 9 remaining data points tWo conductance sets (color bar). The data points assigned non-
marked by crosses take place during non-uniform conditions?’”ifo“_“ con_diti_ons are markt_ed by crosses. To fulfill the first tyvo
In general, these values give significantly larger diﬁerencesselectlon criteria, the data points must be above the dotted horizon-

as demonstrated by the oranae. vellow and areen colors al line at 70% (selection criterion No. 1) and the left side of the
y 9¢,y 9 ) gotted vertical line at 100% (selection criterion No. 2). The thick

also note thaF a th|ck horlzonta_l line goes _through _three 0fhorizontal lines through three of the boxes indicate the data points
these data points during non-uniform conditions. This meanshich do not fulfill selection criterion No. 3.

that they have failed to satisfy the third selection criterion re-
garding the difference between the average UVI intensity for
the STARE FOV vs. a larger region 6f800 km (the PIXIE  the 1-D method of characteristics (Sect. 2.2), respectively.
resolution). In general, the conductances derived using the two methods
In Fig. 12, we present three scatter plots showing the cordo not correlate. However, when carefully identifying the
respondence between the two Hall conductance sets durindata points during relatively uniform conditions, the results
the different ionospheric conditions. When including all 24 indicate that the two very different techniques provide fairly
data points available we obtain a correlation coefficient ofsimilar conductance values. By imposing constraints on how
0.27 (Fig. 12a). Then we plot the 15 cases of relatively uni-much local turbulence we will tolerate, we define relatively
form ionospheric conditions, resulting in a much higher cor- uniform and non-uniform ionospheric conditions. We find
relation coefficient of 0.57 (Fig. 12b). The remaining 9 data that 15 of the 24 cases fulfill our selection criteria. Fourteen
points represents non-uniform conditions. These are plotte@f these 15 data points provide conductances with differences
in Fig. 12c, and the correlation coefficient drops to 0.02.  of less thant:30%. On the contrary, only 4 of the remaining
9 periods with non-uniform conditions reveal differences of
less thart-30%. A correlation coefficient of 0.27 is found
5 Conclusion for the two Hall conductance sets when including all 24 indi-
vidual data points analyzed. By constraining our data set to
The ionospheric conductances have been derived and coniaclude only data when the local turbulence is below a certain
pared for three periods with substorm activity in 1998, usinglevel, the correlation coefficient rises to 0.57.
remote sensing of UV- and X-ray emissions (Sect. 2.1) and
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40 . . . that the relation between the conductance sets is significantly
improved when only including cases with relatively uniform
Corr. = 0.27;‘E " ~(a) conditions. As discussed in Sect. 2.1, studies by Germany et
30 x X . al. (2001) and Dstgaard et al. (2001) indicate that the energy
B characteristics derived from UVI and PIXIE measurements,
% most important for the conductance calculations, are fairly
. reliable. This suggests that the estimated conductances us-
LR ing Polar satellite data provide a meaningful representation
“* x of the actual conductivities. The same conclusion can be
T * ] made for the method of characteristics, according to inves-
tigations by Amm (1995) and Amm et al. (2003). The fairly
good agreement seen in Fig. 12b supports the two very dif-
ferent techniques used and puts greater confidence in the two
methods.
Corr. =0.57 (b) As explained in Sect. 1, it is not self-evident that simple
: averaging of the mesoscale results (1-D method of charac-
. teristics) allows for a continuous transition to the large-scale
% results (the UVI/PIXIE technique). By regarding the two sets
i of conductances as results of stochastical processes that oper-
XK W ate on different scales, a number of different situations can be
*** imagined where averaging would not work. The correlation
L * J coefficient between the two conductance sets of 0.57 found in
i this study during relatively uniform conditions is not impres-
. sive, but still indicates that a reasonable agreement between
40 ; ; the two methods giving large-scale and mesoscale conduc-
tances can be reached. Therefore, it makes sense to study
Corr. = 0.02* " (€) the ionospheric electrodynamics combining data with large
spatial and temporal differences in the scales of the measure-
ments. The lack of correspondence during non-uniform con-
ditions also demonstrates the limitations of the two proce-
20 " * » i dures, suggesting that the methods are less reliable when the
X local ionospheric region is in a highly turbulent state.
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