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Abstract. In this paper we study the spatial distribution of needed to perform comprehensive studies of the electron flux
optical volume emission rates and peculiarities of the lumi-generating auroral forms in the ionosphere. Ground-based
nosity intensity within weak diffuse auroral arcs recovered observations help to obtain the necessary knowledge on the
by means of auroral tomography. The tomographic imagespatial distribution of auroral emission intensity and charac-
are obtained from sets of scanning multi-channel photome+eristics of the electron flux.

ter data obtained in February 1999 on the Kola Peninsula in However, very important problems, such as explaining the
Russia at three sites of a chain extending 226 km along théine structure of electron flux parameters producing discrete
geomagnetic meridian. The 427.8- and 557.7-nm emissionauroral formations (arcs, belts and separate rays), structural
of a 15-s time resolution observed within one hour duringand dynamic properties of precipitation in various auroral
low geomagnetic activity are analyzed. We found that theforms, can be solved by using indirect ground-based meth-
intensity profile of an individual arc along the geomagnetic ods. One of them is an investigation of the spatial structural
meridian has an inverted-V-shape. The luminosity maximumpeculiarities in the aurora luminosity.

altitude decrease by 4-14 km at about 140 km distance in the As arule, the pioneer papers describing altitude luminosity
south-north direction can be observed during two or moreintensity profiles use data obtained by photographic or pho-
diffuse arcs. The parameters of the precipitating electron fluxometric observations performed at two separated stations
are obtained from an integral equation, which determines thgStsrmer, 1955; Romick and Belon, 1967). Then the height
best relationship between the 427.8-nm intensity height prodistributions of the volume luminosity intensity are recov-
file and an arbitrary particle energy spectrum. A dimension-ered under the assumption that an aurora structure is a thin
less function of the energy dissipation is used as the core iftayer of a homogeneous luminosity across the auroral form.
the integral equation. The estimated average energy of elecFherefore, such experiments can only result in the estimation
tron flux, which generated the isolated diffuse arc, is 1-2 keVof the lower border and the maximum.

higher in the central part of the arc in comparison to values Fuyrther development may be based on auroral tomogra-

atits borders. phy, if a set of images is recorded simultaneously from mul-
Keywords. lonosphere (Active experiments; Auroral iono- tiple locations. The tomographic inversion can be used to
sphere; Particle precipitation) estimate the spatial distribution of the volume emission rate

in a physical coordinate system. It allows one to avoid the
approximations made in the case of two observational sites.
If the region of interest is 80-500 km away, the optical to-
mography detectors must also be separated by comparable

Direct satellite and rocket optical observations of aurora phe—d istances.
The works by McDade and Llewellyn (1991), Frey et

nomena, which were performed for many years, have col-

lected a lot of information about processes occurring in theaI. (1996) are focused on the detailed description of the tomo-

upper atmosphere during auroral precipitation. Such meagraphicinversion algorithm, which is used for reconstructing

surements are quite expensive but they cannot provide datglt'tu.de intensity profiles and based on both rocket photo-
metric data and ground-based observations. Some examples

Correspondence tazh. V. Dashkevich of the obtained distributions can be found in these papers.
(dashkevich@pgi.kolasc.net.ru) An investigation of an auroral arc system excited by soft

1 Introduction
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Fig. 1. The experiment geometry showing the locations of the scan-

ning photometers. 2 Experiment description

The brightness of the auroral emission was registered by
electrons is made by using simultaneous rocket and groundthree scanning photometers installed on a chain lying approx-
based measurements during the ARIES campaign (Vallancgnately along the magnetic meridian. The optical receivers
Jones etal., 1991; McDade et al., 1991). The authors studiediere installed in Apatity, Verkhnetulomsky and Nikel, lo-
altitude distributions of the volume emission rates at 470.9,cated from south to north, respectively. During the pho-
557.7,630.0 and 844.6 nm; a comparison of the tomographigometer observations, the all-sky camera images were also
images and direct rocket observations shows a reasonablsbtained at Lovozero Observatory, which is located close to
agreement. It has been shown that the observed auroral arge southern station. Figure 1 presents the experiment geom-
could be produced by an auroral electron flux of Maxwellian etry. The main viewing line of the scanners between Apatity
or Gaussian energy spectra with characteristic energies of thgnd Nikel has the azimuth of 32382he viewing line of
order of 3keV. Frey et al. (1998) estimated some parameterghe scanner at Verkhnetulomsky was also parallel to the main
of conductivity distributions by simultaneous electron den-viewing direction. This scanner location was about 8 km
sity and spectral measurements made by the EISCAT radafestward relative to the line between Apatity and Nikel. The
and three CCD cameras. Some luminosity properties in thénstruments were directed along the operational azimuth with
emissions of 557.7 and 630.0 nm for the Polar Cap arcs andn accuracy of about0.25. The four-channels scanning
mid-latitude auroras are investigated in the papers by Doe gbhotometers are described in Korotkov et al. (1997). Table 1
al. (1997) and Semeter et al. (1999) by using the tomographighows the technical specifications of the photometers. The
approach. scanning rate of the photometers is four scans per minute and

However, the features of the luminosity distribution just the timing accuracy of the computers is about one second.
within an individual isolated auroral form cannot be found The instruments are able to record four emissions, including
in the above papers. The objective of the present work is td57.7 and 427.8 nm.
study properties of both altitude and meridional distributions The diffuse arcs of 557.7-nm brightness and approxi-
of the volume auroral emission rate, as well as to estimatanately of 2.5 kR are studied by using all three sets of exper-
the parameters of precipitating electron spectra correspondmental data. These arcs are well observed at wide viewing
ing to the intensity distributions. Our studies are based orangles of all sites at the midnight hours. Figure 2 shows a
the results of optical auroral tomography experiment, carriedc57.7-nm brightness time history observed by the photome-
out by the Polar Geophysical Institute in the Kola Peninsulaters. A magnetogram recorded at Lovozero Observatory is
in 1999. The parameters under study are the average fluglso included here. One can see from the magnetogram that
energy and the energy and particle fluxes. We use the tothe ionosphere is quiet on 11 February before 00:35 UT,
mographic algorithm based on stochastic inversion (Markka-but later, however, a storm occurred with its peak at about
nen et al., 1995) modified for the inversion of optical data. 01:00 UT. The hourly magnetic K-index on 10 February at
For our analysis we selected time intervals when one or twa23:20 UT is close to 1, but it is about 5 on 11 February at
weak diffuse arcs of the 557.7-nm emission with intensities01:00 UT when the breakup is the strongest. A detailed ex-
less than 2.5 kR can be clearly observed. amination of the all-sky TV cameraimages also confirms that
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Fig. 3. Luminosity records obtained at the sites at the same time
during quiet geomagnetic conditions. The measured records are
shown as the solid lines, and the corresponding smoothed dashed
lines represent the values obtained from the tomographic recon-
structions.
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3 Results

3.1 Tomographic reconstruction of 427.8-nm and 557.7-
nm luminosities

T
= ‘A\\u\ MM/’\’ N\/ The auroral tomography analysis is based on the Bayesian
-200—

Lovozero, 10-11 February 1999
200 —

H (nT)

stochastic approach. The idea is to find the most proba-
ble values of the volume emission rate in the selected grid
points. This approach has been successfully used in satel-
lite tomography for reconstructing the electron density in

the ionosphere during more than ten years (Makkanen et al.,
Fig. 2. The intensities of the emission 557.7 nm measured at thre 1995; Kunitsyn and Tereshchenko, 2003). We applied it here

sites, as well as the magnetogram obtained at Lovozero Observato r reconstruction of the spatial distributions of auroral emis-

on 10-11 February 1999. The gray bar shows the aurora observing ©"'S- The inversion programs used in satellite tomography
period. ave been modified for reconstructing the volume emission

rate of aurora, as in Nygn et al. (1996). In our auroral to-

mography analysis the pixel size of the reconstruction grid

is 2.5 by 2.5km, while in the satellite phase difference to-
two stable arcs and a series of slightly moving arcs existednography the grid cell size is usually about 30 by 30 km or
between 23:10-00:30 UT. We selected the following obser-slightly less.
vational times for study at 23:17, 23:19, 23:21, 23:50, 00:01, Bigaussian regularization is used as an initial guess in ob-
and 00:15 UT. It is rather important to obtain correct esti- taining emission rate images. A usual criterion of estimat-
mates of the emission brightness from the experimental datang reconstruction errors is the values and number of neg-
however, it seems to be quite difficult to estimate true back-atives within the grid, which do not exist in reality. An-
ground values by means of direct measurements. It mighbther one is a comparison of initial raw luminosity records
be acceptable that the background values correspond to thend those found from reconstructed images. Discrepancies

1800 | 20000 2200 | 0000 0200

Hours (UT)
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Fig. 4. Tomographic reconstructions of the 427.8- and 557.7-nm volume emission rates on 10-11 February 1999.
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between the curves also depend on data quality, stability of Finally, we show a tendency for a decrease in altitudes of
investigated processes and some other reasons. The dashaath the lower edge of the entire auroral structures and the
curves in Fig. 3 are obtained from the reconstructions, and itsnaximum luminosity inside the auroral forms in the south-
smoothness depends on a grid cell size. The reconstructem-north direction. This, in turn, is a confirmation that the
curves shown in the figure satisfy the above criteria. Theyhardness of the precipitated electron beams is increasing
were selected after more than a dozen inversion procedurasorthward.

with different regularization profiles. The preliminary recon-

structed images of the auroral volume rate distribution can be3 2 \iolume emission rate profiles and experimental inten-
found in Kunitsyn and Tereshchenko (2003) and Efstafiev et sities ratio

al. (2001).

Figure 4 displays the tomographic images above the chaiffhe reconstructions of auroral luminosity allow us to esti-
of the optical instruments on 10-11 February 1999 duringmate the height profiles of auroral emission intensities at any
quiet and disturbed ionosphere conditions at 23:17, 23:19position of the aurora meridional cross sections. An exam-
23:21, 23:50, 00:01, and 00:15 UT. The X-axis shows the disple of reconstructed height profiles for the volume emission
tance from Apatity. One can see that reconstructions displayates of 427.8 and 557.7 nmis displayed in Fig. 5a. The max-
main morphological peculiarities of the luminosity structures imum luminosity positions are determined from distributions
seen well in the all-sky camera frames, for example, the twoof the auroral intensities shown in the previous Fig. 4. The
closely located arcs in the meridional plane along the chain aprofiles are shown at the positions of the maximum luminos-
23:17-23:19 UT on 10 February. Another distinctive featureity at various observation times. As was mentioned above,
of the images is an elongation of luminous structures approxthe distances here originate from the reference station of Ap-
imately along the geomagnetic field line, which is inclined atity. When the two arcs at 23:19 UT were observed, the
by about 13 to the south from the vertical in this region. distance of the southern arc luminosity maximum from Ap-
This peculiarity of the reconstructed images is an additionalatity is 130 km and the northern arc distance is 165km. It
confirmation of the consistency of our results conforming to can be seen in Fig. 5a that at the same time the southern arc
conventional concepts of the electron beam motion in the atat 23:19 UT is located higher than the northern arc. The ef-
mosphere. fect of decreasing the altitude of the maximum luminosity

Ann. Geophys., 25, 1131-1139, 2007 www.ann-geophys.net/25/1131/2007/
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in the south-to-north direction is shown in Fig. 5b. Here the
volume emission rate profiles of 427.8 nm at 23:21, obtained
at various distances from Apatity, are also shown. It is clear
that the altitude of the volume emission rate peak decreases
when moving from Apatity.

The height profiles of the 557.7-nm and 427.8-nm inten-
sities ratio are presented in Fig. 5c. Here we also show
some experimental results obtained by different researchers
for similar types of aurora (Feldman, 1978; Vallance Jones,
1979; Sharp et al., 1979; Deans et al., 1978; McDade et
al., 1985; Stelle et al., 1990). Our intensity ratios are in
the same interval as reported in the above papers. The ra-
tio Iss77/14278 values are 6-9 at heights from 90 to 120 km,
which correspond to the aurora luminosity maximum.

3.3 Meridional features of aurora emission intensity char-
acteristics and parameters of the precipitating electron
flux

In order to estimate the parameters of auroral electron flux,
we use the technique described in detail in Appendix A. First,
we have estimated the spectra of primary electron precipitat-
ing during the considered events on 10-11 February 1999.
The electron spectra were reconstructed using the height pro-
file of the 427.8-nm volume emission rates obtained from the
tomographic reconstructions.

Let us consider how the following parameters act inside an
auroral formation.l427g is the 427.8-nm emission intensity
integrated over a vertical columfss77/14273 is the intensity
ratio, Hmax is the height of the 427.8-nm volume emission
rate peak {max), F. is the energy flux and,, is the mean
energy of the precipitating electron flux.

Figure 6 presents some examples of change in these char-
acteristics along the meridional direction inside the auroral
formation during the period between 23:17 and 00:15 UT,
covering the extended quiet phase of the aurora. Notice that
at23:17, 23:19, 23:21 UT two arcs are observed and only one
auroral arc is observed at 00:01 and 00:15 UT. The altitude
of the volume emission rate peak and the 427.8-nm emission
intensity were estimated from tomography reconstructions.
There is a tendency of decreasihghx in the south-north di-
rection by about 4-14 km, which corresponds to increasing
the mean electron energy along the meridian by 1-2 keV. In
most cases, the intensity ratigs77/1427g varies between 7
and 5, thus displaying a tendency of decreasing northward.
At the same time, it was expected that the energy flux should
have a maximum near the center of the luminosity region anczjzai
a decrease toward the arc edges, as well as a correlation wi
the 427.8-nm emission intensity.
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ined during various observational conditio(s); Intensity ratio
Is577/14278- Lines mark the results, obtained trom tomographic
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Figure 7 shows a common tendency of variations of bothreconstructions, crosses mark the results by Feldman (1978), solid
the altitude of the 427.8-nm volume emission rate peak andhomb — Vallance Jones (1979), open rhomb — Sharp et al. (1979),
the mean energy of the precipitated flux along the merid-circle — Deans et al. (1978), solid square — McDade et al. (1985),
ian. The events were grouped at the time intervals of 23:17-open square — Stelle et al. (1990).

23:21 UT and 23:50-00:15 UT. It can be seen that the altitude
of the volume emission rate peak decreases in the south-north

www.ann-geophys.net/25/1131/2007/

Ann. Geophys., 25, 1131-1139, 2007



1136 Zh. V. Dashkevich et al.: Features of stable diffuse arcs observed by means of auroral tomography

2HATUT 2X18UT 321 UT 000 UT DS UT
laz72 (R}
1 20 120 170 ] )
/\ /\ . p A 4 /\\
%0 A o
/\ 0 0
43 $1 4ir ] ol
i'1|l|'|l'|\| ki)
b 120 g E - 161 k]
e e 18 Moy 12 e g, R
17 S T T ] S 1h - 1= e E=n ™ "
1E% - 114 12 1€ 314
I557.7/T4275
- 7 5 '_ 1
51 7 6 -.\._.___M\ & "‘_I'_ \%.r\\ :-- \-A\-\
1 3 £ 1
Eev (ket)

11 1
Fe 107 (ev'em™s")

| o\ N

1 ik ik
ik Bt e o ) |— Ty Ty |y

bl it P L
B0 M0 150 200 50 100 150 200 80 100 150 3200 00 150 200 260 100 150 200 250
Distance (km)

>/
> %
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Fig. 7. Variations of the altitude of peak of the 427.8-nm volume emission rate along the méeylzam the mean energy of the precipitating
electrongb) at various times in a wide observational sector. The mean electron energy is averaged individually during both events when we
observed only one arc at 23:17-23:21 UT or two arcs at 23:50—00:15 UT. The vertical bars indicate the confidence interval.

direction along the geomagnetic meridian while the mean The next step is to study the small-scale structure of the
electron energy increases. distribution of the luminosity characteristics and electron
flux parameters. Figure 8 (the upper panel) represents the
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curves describing features of the 427.8-nm volume emission The results obtained show that if only one arc exists, then
rate peakimax and the height of this peakmax. Only the  all the parameters of the precipitating electrons (the mean
northern arc can be seen at 23:17-23:21 UT. We see from thenergy, energy flux and particle flux) have the inverted V-

figure that the variations in the volume emission rate peakforms along this auroral arc. If several arcs exist, the inverted
Imax are quite opposite to the variations in the altitude of V- structure is observed in the mean energy of electrons only.
this peakHmax. Because these parameters vary across thdhe energy flux and the particle flux are smoothly decreasing
arc, we can first conclude that the hardness of the electrotowards the north.

beam inside the arc close to its center is maximal, which is

caused, in turn, by the meridional distribution of the mean

energy within the electron flu?< v_vh|ch forms separate auro-,  ~gnclusions

ral arcs. We can see the variations of the electron flux pa-

rameters across the arcs: the en the mean energy of . . .
eFgy gy The experimental results obtained by the optical tomogra-

h ipitati I flug h icle flux,. . N :

the precipitating electron flu eV and the particle W phy have been described in this paper. Three scanning pho-

We can also clearly see the inverted V-structure in the val- . .
tometers of four channels were installed along the merid-

ues of the mean electron energy across the arc for all case;gnal chain observing 427.8 and 557.7 nm auroral emissions
in our study. However, the variation features of the energy. 9 ' ‘ ‘

and particle fluxes differ at different times. We see a similarTWO'dlmenSIomle images of a stable diffuse arc observed

V-structure in both the energy and in the particle flux val- on 10-11 February 1999 have been obtained in the form

ues across the arc at 00:01 and 00:15 UT when only one ar((-':)]c 557.7- and 427.8-nm intensity distributions. - The val-

is observed. During appearances of two arcs at 23:17, 23:14°° of ratios/ss77//a27g lie between 6 and 9 at heights of

and 23:21 UT the inverted V-structure is observed only in theabom 90-120km, which are in agreement with earlier ex-

mean energy of the electrons while the energy and electro'ﬁ)erimental works. The spectra of electrons precipitating dur-
fluxes smoothly decrease from the south to the north ing the selected events have been calculated. Several pecu-

liarities of the meridional variations of both the precipitating

www.ann-geophys.net/25/1131/2007/ Ann. Geophys., 25, 1131-1139, 2007
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~ 10y 10 , tally obtained altitudinal intensity distributions of optically
P i £ e d permitted auroral emissions.
310 gaad ! The volume emission raté (k) at the altitudeh can be
= = . . .
O S defined by the following expression:
= Z ¢ I k) = n(h) - Ay, (A1)
a0 10 24 k
2 2 " wheren(h) is the concentration of the excited particles,
L - v : ®-r " T ' is the Einstein coefficient, andis the wavelength.
10 10 v} 10 10 10 10 10 . . . . .
Energy (eV) Energy (eV) The concentration of excited particles which is not sub-
ject to processes of collisional quenching, under steady-state
_ conditions can be found as follows:
Q(h) —n(h) -y A =0, (A2)
-.f where Q(h) is the excitation rate by the direct electron im-
f pact,X A; is the sum of the Einstein coefficients of all possi-
= ble optical transitions for the current state.
2 The Q (h)-expression can be found, for example, in the pa-

per by Sergienko and Ivanov (1993). It is based on the exact
solution of the electron transfer problem by the Monte-Carlo
o e e method. In this paper the relation between the initial spec-
Energy (eV) trum of auroral electrons at the upper boundary of the iono-
sphereF (E) and the excitation rate of the atmospheric gas
Fig. 9. The upper panel: examples of reconstruction of energy spec-Q (k) is solved by using the function of the electron energy
tra. The lower panel: all dashed lines illustrate the energy specdissipation.
tra measured by the AE-C satellite on 21 March 1974 (Rees et al., The results derived in the paper by Sergienko and Ivanov

1977), the solid line indicates the reconstructed energy spectrun(lgg?,) give the following expression of the volume emission
using experimental high profile of 381.4 nm intensity (Sharp et al., rate:

1979).

I h) = %/K(h, E)- F(E)dE, (A3)
E

electron parameters and auroral emission intensity character-
istics have been revealed, namely: where

p(h)Pj(h) EX(E, x)
1. A tendency for a decrease in the altitude of the emis-K (1, E) = ! (1 - Alb(E)), (Ad)

L 4 : o L R(E
sion intensity peak in the south-north direction can be €j (h) (£)

revealed inside the entire auroral structures. It WaS\yherep(h) is the atmosphere density at the height g/cr?,
found that height variations of the emission intensity P; (h)is the dimensionless multiplier corresponding to jhe
peak could be about 4-14 km at about 140-km distancey, ind of the gasj. (E,x) is the dimensionless dissipation
We can also see a tendency for an increase in the meagction, y is the distance from the upper boundary of the
electron energy in the same direction up to 2 keV. ionosphere to the altitudie, expressed in units of the pass-
) o o . ) able mass in cRig, €. (h) is the energy cost of the gas with
2. Atypical feature inside an individual isolated arc is an ipe;-th state ancy-th‘lkind in eV, R(E) is the average range

inverted V-structure observed in the mean electron ens the electron flux from the upper boundary of the iono-

ergy along the meridian, as well as correspon_ding \_/'sphere in glcry Alb(E) is the albedo-flux.
shaped changes in the altitude of the emission intensity ' g4 in order to determine the initial electron flux from the
peak across the arc. altitude profile of volume emission, it is necessary to solve
an integral equation. Applying experimental value$(afh)
and expressing the integral as a sum by the trapezoid method,

Appendix A we obtain:
Reconstruction of the initial energy spectrum of the IO h) = A (K(h’ EVFIAE: + KO, Em)FudEy
precipitating electron flux Xl: Ai 2 2

M-1
The substance of this method is in estimating the initial en- Y K(h, Ex) Fy (AEx — AEg—1) (A5)
ergy spectrum of the electron flux by means of experimen- = 2 '
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Then the problem reduces to the determinatiojpfalues  Korotkov, V. G., Kozelov, B. V., and Leontyev, S. V.: Auroral me-
by the least-squares method. chanically scanning photometer, in: Devices and methods of geo-
We have tested the present method by two arbitrarily de- Physical experiment, Kola Science Cente of Russian Academy of

fined initial distributions of the auroral electrons, such as Science, Murmansk, 15-20, 1997. ,
F(E)=C- e E/5000 5 F(E)=C~(E—27O)‘0~7. The altitudi- Kunitsyn, V. E. and Tereshchenko, E. D.: lonospheric tomography,

: ~ e Springer-Verlag, Berlin, Heidelberg, 259 p, 2003.
nal profiles of the 427.8-nm emission volume rates of 1NGMakkanen, M., Lehtinen, M.. Nygn, T., Pirttila, J., Henelius, P.,

short-lived molecular nitrogen ions are estimated using thgse Vilenius, E., Tereshcenko, E. D., and Khudukon, B. Z.: Bayesian

spectra. Next we calculate t_he spectra using these profiles approach to satellite radiotomography with applications in the

and the MSIS-86 atmospheric model. The results of test-  gcanginavian sector, Ann. Geophys., 13, 1277-1287, 1995,

ing are shown in Fig. 9, where the defined and reconstructed http:/awww.ann-geophys.net/13/1277/1995/.

electron energy spectra are presented. A qualitative compavcDade, I. C., Llewelyn, E. J., and Solheim, B. H.: A rocket mea-

ison of the defined and estimated spectra leads to a conclu- surement of OS) and l\}F emissions in a pulsating aurora, Can.

sion that our technique of the electron spectra reconstructing J. Phys., 63, 983-987, 1985.

might give quite good results. McDade, I. C., Lloyd, N. D., and LIeWEeIIyn, E. J.: Arocket tomog-
One more examination of this method was made by using raphy measurement of the;NS914A emission rates within an

experimental data obtained during the coordinated rocket. %urgral ;’“‘é Plagelt_.l Spalce Séi“J?’?(IG)’ 89.5_906‘;9.91' .
satellite campaign (Rees et al., 1977; Sharp et al., 1979)VcPade, I. C. and Llewelyn, E. J.: Inversion techniques for re-
covering two-dimensional distributions of auroral emission rates

The experlmental anq reconstructed spe.ctra are shown at the from tomographic rocket photometer measurements, Can. J.
bottom of Flg.. 9. ltis reconstrupted using the experimen-  ppus 69 1059-1068, 1991.

tal height profile of the 391.4-nm intensity. An assumption is Nygren, T., Makkanen, M., Lehtinen, M., and Kaila, K.: Appli-
taken intO account that the pitCh-angle eleCtron diStribution iS cation of stochastic inversion in auroral tomography’ Ann. Geo-
isotropic, which is acceptable for quiet forms of aurora. The phys., 14, 1124-1133, 1996,

values of the neutral gases density were borrowed from the http://www.ann-geophys.net/14/1124/1996/.

above rocket-satellite experiment. A conclusion can be mad&ees, M. H., Stewart, A. 1., Sharp, W. E., Hays, P. B., Hoffman, R.

that the experimental spectra and the ones estimated here areA., Brace, L. H., Doering, J. P., and Peterson, W. K.: Coordinated

in a good agreement. rocket an_d satellite measurements of an auroral event, 1, Satellite
observation and analysis, J. Geophys. Res., 82(16), 2250-2261,
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