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Energy flux of electron precipitation as monitored
by an all-sky camera

K. Kauristie, N. Partamies, S. M akinen, R. Kuula, and A. Stremme

Abstract: We use the inversion method of [4] to estimate the energy dfuslectron precipitation from the emission

rates recorded by our All-Sky Camera in Kilpisjarvi (KILJhe beam of the incoherent scatter radar EISCAT is in the
central field of view of the camera which enables comparisirtie ASC and radar based precipitation flux estimates.
Our data set of 533 pairs of simultaneous flux estimates showrralation ofr = 0.72 between the two data sets. In
global scale the energy flux of auroral precipitation is knaw have a linear correlation with the AE-index. We find a
similar relationship between the energy flux as integratest the KIL ASC field-of-view and the local auroral electroje
index defined from the IMAGE magnetometer chain (IE-ind&¥)e linear relationship holds especially when the epsilon
parameter of solar wind input stays below 0.2 TW (as 10 mimames) and then one can see 10-20% of the global
auroral precipitation energy flux with one ASC located in thielnight sector.

Key words: auroral precipitation, all-sky cameras, substorms.

1. Introduction Probing the performance of ASCinv in different conditiogs i

. . . n intermediate step to reach our final goal which is the neuti
Thg inversion method by [4] (hereafterASQ_nv)_can be use(ﬁsage of ASC-data for monitoring mesoscale energy dissipa-
to estimate the energy flux of electron precipitation from th

basis of multiwavelength All-Sky Camera (ASC) observagion tion due to auroral precipitation similarly as local AE-icels

The method makes the inversion from ASC data to volumee used to monitor Joule heating rates. The latter parteof th
- INversi . VoluM&;g paper we study mesoscale energy dissipation with ASC-
emission rates and to the corresponding energy flux as asing

step. The energy range of the method is 0.1-8 keV. The cou ecordings during 17 substorm periods and discuss themelat

ling between the energy deposition of the electron prestipit Between local and global energy consumption rates.

and the auroral emission is modelled with the empirical fiorm

las of [9, 10] and [11]. [8] evaluate the performance of ASCin 2. ASC-EISCAT comparisons

by comparing its output with flux estimates as deduced from .

DMSP and EISCAT data. The study demonstrates that in fa- 1he events for the EISCAT-ASC comparison study were se-

vourable conditions (stable arc near the ASC zenith) ASCinJected carefully in order to avoid periods with clouds or too

estimates of electron energy flux agree within 10% relative e bright auroras which saturate the camera. Auroral brigisee

ror with the DMSP flux measurements. Using the modifica-2round 2-7 kR appeared to be suitable for our analysis. The

tions suggested by [12] in the emission physics yields betteP0int in the ASC image comparable with the EISCAT obser-

consistency between the two data sets. With EISCAT base¥gtion depends naturally on the altitude of the auroras. The

flux estimates (deduced with the SPECTRUM method of [])@ltitude could be estimated for each time separately e.q-by

the correlation is less obvious: smaller than 50% relativere  vestigating the EISCAT electron density profiles. In thisdst

were found only in 36% of the analysed cases. The differencgdowever, we used the constant beam location of 69.4 N and

between the energy range and time resolution of ASCinv and9-2 E, which corresponds to the altitude of 110 km. Using a

SPECTRUM at least partly explain the inconsistencies in th&onstant location for all the events may cause additiorzatesc

flux estimates. The analysis of [8] also revealed that ASCinSPecially in the cases where the assumed altitude is Iglight

reproduces more reliably the energy flux values than the nunRffaneous and there are sharp gradients in the precipitatio

ber flux values. around the EISCAT beam location. In these cases EISCAT
In this paper we continue the comparison study of EISCATMeasurements may come from a dark region while ASC re-

and ASC based electron flux estimates. While [8] selected fofordings come from bright region (or vice versa).

their analysis individual images with stable auroras ingHe- The electron precipitation which typically causes 557.7 nm

CAT beam location, we use here events of longer duration (anguroras has average energies around 2—-20 keV and thus it in-

thus not always auroras in the EISCAT measurement point) t§'€2ses electron densities at altitudes 95-130 km [10]jglrilF

search some general trends in the flux estimate inconsistenc We test how accurately the KIL ASC and EISCAT observa-
tions follow this principle. The data have been recorded dur

. ing five 1-2 hour long periods of moderate substorm activ-
Received 17 May 2006. ityg.l The plotted paran?etpers are the ASCinv energy flux from
K. Kauristie and S. Makinen. Finnish Meteorological Institute, KIL ASC data and the electron content along the EISCAT field
Space Research, P.0.Box 503, FIN-00101 Helsinki, Finland.  line as integrated over 95-130 km altitudes. The electron co
N. Partamies. Institute for Space Research, University of Calgary, tent show increasing trend with increasing energy fluxesitik
Alberta, Canada. should, but the scatter of the data points is large espgciall

R. Kuula. University of Oulu, Finland the high flux values. The linear fit between the points is TEC
A. Stramme. EISCAT Association, Sweden
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x10716 = 166.40(Wm)~ ! x Eflux+1.01 n73 with » = 0.66.
Precipitation causing visual auroras increases espg the|
ionospheric Hall conductances. Thus in the auroral regioas
ratio of Hall to Pedersen conductance (hereafterdheara-
meter) is enhanced and in substorm auroras it can vary in the
range 1-5 [2]. Fig. 2 shows the dependency ofd¢healues by
EISCAT on the energy flux values by ASCinv. In the flux range
from 3—-10 mW/m the majority of data points show roughly
a linear relatioship with the:-values increasing from 0.5 to
2.3. This picture is obscured somewhat by a secondary branch
of points which show higlx-values for minimal flux values.
Thesen-values, however, are less significant as they have been
measured in dark conditions where both Hall and Pedersen
conductances have been small (c.f. the group of points with
TECU<1in Fig. 1). o 0005 001 0015 002 0025 003 0035
The relationship between the energy flux estimates by EIS- Eflux (557.7 nm, W/m2)
\?Q‘Jecsognypxtéagi;v\llt Z:Zesﬁc}:vl\?r? ;:;RFLIJQM glrc_)r%rgrg g?iasg? ;szgg?s( Sig. 2. Energy flux as deducgd from ASC data versus the H_aII
that EISCAT-based flux values tend to be slightly larger than4osgedersen conductance ratig)(The number of data points is
the ASCinv based flux values. The linear fit best describing™
this relationship is Eflug;scar = 1.35xEfluX4scin, —0.70
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mW/m? with » = 0.72. Obviously the data set should be ex- 60 :
panded with more events having energy flux values above 15 .
mW/m? to get further confirmation for this resuilt. sol
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Fig. 3. Energy flux as deduced from ASC data versus the flux
‘ ‘ ‘ ‘ ‘ ‘ values computed from EISCAT data with the SPECTRUM-
0.005 0.01 0.015 0.02 0.025 0.03 0.035 programme. Dashed line shows the one-to-one correspoadenc

Eflux (557.7 nm, W/m2) Solid line shows the best linear fit with= 0.72. The number of
data points is 533.
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Fig. 1. Energy flux as deduced from ASC data versus the

electron content along the EISCAT field line and integrateer o . . .
95-130 km altitudes (TECU=16m—?). The number of data Our data set consists of 17 1-2 hour periods of substorm-activ

points is 486 and- — 0.66 for the linear fit. ity with one minute time resolution which corresponds to@29
ASC-fov-power values.

3. Precipitation power over ASC field-of-view 3.1. MLT distribution

In order the study the auroral precipitation power in meso- Fig. 4 shows the distributions of ASC-fov-power values in
scales we integrate the energy flux values by ASCinv over théhe different MLT-sectors. In the evening and midnight sext
field-of view of the KIL ASC which is a circle 0f~300 km  the distributions have the peak at the values 1-2 GW and the
radius. The original size of an ASC image is 54512 pixels  occurences of the higher power values show an exponential
which corresponds to a spatial resolution in the range frondecay. In the morning sector the distribution has in additio
about one km (near the zenith) to tens of km (near horizon)}to the main peak at 1-2 GW another maximum at 4-6 GW.
We use in the integration & 8 superpixels, i.e. a grid of 64 The morning sector distribution is consistent with the pras
x 64 points and again the situations of intensity saturatien a findings by [7] of enhanced energy dissipation in the morning
avoided (i.e. we handle only luminosities between 2—7 kR)sector during substorms.
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(Gw) Fig. 5. Dependency between the IE-index and KIL ASC-fov-

: S _ _ power when ['°”™"" edt < 100 TJ. Dashed line shows the
Fig. 4. Distributions of the ASC-fov-power values in the different linear fit with » — 0.68. Solid line and the errorbars show the
MLT sectors: Evgnln% §eﬁtor 17.5-21.5 MLT, morning sector ASC-fov-power median and standard deviation values in bins
3.5-8.5 MLT, and midnight sector 21.5-3.5 MLT. 0-100 nT, 100-200 nT, 200-300 nT, 300-400 nT, 400-500 nT

. . . L. and 500-600 nT.
3.2. Connection with the electrojet activity

ASC-fov-power can be anticipated to correlate with electro 9. 4-0.5 Tw (corresponding to 10-min power values of 100—
jet activity only during moderate activity when the oval s a 200 TJ) where it stayed until the recovery of the substorm.
the latitudes of KIL (MLAT ~ 66) and the ASC field-of-view  According to the AE quicklook plots in the Kyoto WDC web-
monitors a significant portion of the auroral oval. We charac ste the IE-index represented the global electrojet agtiyiite
terize the global activity level with the solar wind energput  \vell: The duration of the event is roughly the same in both in-
as estimated with the Akasotuparameter [3]e is computed  dices and the peak in IE is only 50 nT smaller than that of
from the data of the ACE satellite and shifted in time acamgdi  AE.
to the propagation time from the satellite to the nominal mag The KIL ASC-fov-power was largest at 23:50 UT, i.e.
netopause distance (1R In comparisons with the nightside ahout 15 minutes after the start of onset in the IE-index. The
activity it is also reasonable to smoothen out the rapid timgyeak value was 5.1 GW while the few values recorded before
variations from thec-parameter. Instead of putevalues we  the breakup were around 0.3 GW and after the expansion phase
use the energy values achieved by the time integratioa of (j.e. after 00:15 UT) the values remained at the level of 1 GW
over the 10-min period preceeding each ASC-fov-power obfor 1.5 hours. During the period 23:38—00:15 UT of bright au-
servation. ) o _ ~ roras (c.f. Fig. 7 for example images) the energy dissipatio

As ameasure of electrojet activity we use the IE-index whichn, the jonosphere due to electron precipitation was 5.1 T an

is derived with the AE-index method from the recordings efth during the recovery phase period 00:15-01:45 UT of dimmer
Fennoscandian IMAGE magnetometer chain. When the IMayroras the dissipation was 6.4 TJ.
AGE magnetometer chain monitors the MLT-sectors 00—-04 the
IE-index can be considered as a representative estimatte of t
global AE-activity [5]. KIL ASC-fov-power values appeared 4. Summary and conclusions
have the best corrglatlon with IE-values when the solar wind We have investigated the electron precipitation energy flux
mputh?anterg:{)(/) 10-min values fsta())/ g?l.l\c/)\\;\)/ ]L?OdTJtr(]qorresgpnd\s/alues as deduced from ASC data with the method of [4]. Our
roughly to 1U-min average et~ ©. L onaertnis condl- — ya1a set of five 1-2 hour periods of substorm activity with
t|o_n we car} v'\ér_lteSEqux—O.OO71 (GW/NRNE+0.6 GW (with simultaneous ASC and EISCAT observations shows a relat-
r =068, cf. Fig. 5). ively good correlation{ = 0.72) between the ASC-based and
EISCAT-based energy flux estimates.

We have also studied the variations of the electron precipit

Our example event is a substorm which took place on Ock; : : ; : ;
; ) X X power in the area of one ASC field-of-view (circle with
20-21 2004 during 23:00-02:00 UT. The solar energy input, | 300 km radius, luminosity range 2—7 kR). In the data set of

IE-index, arr11d KIL ASC";?V_I'_?;‘NeIr record_eg duringdtgig Soug' 17 1-2 hour periods of moderate substorm activity the most
storm are shown in Fig. 6. Thevalues varied around 0.5-0.4 pical power values varied between 1-2 GW. Larger values,
TW during the hour preceding the substorm onset which wag_g G\ were recorded during the auroral breakups , as can be
associated with IMF B northward turning and consequent o ticinated, but also during the morning sector auroras.

drop to zero. After a br(_eak ot 45 thg energy input from the The ASC-fov-power values of our KIL camera (MLATG6)
solar wind rose up again andvalues increased back to level e 1ate with the global electrojet activity if aurorag anon-

3.3. Example event
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Fig. 6. Energy and power values recorded dur.ing the substorm Ofkig, 7. KIL ASC images (557.7 nm) acquired during the
Oct 20-21 2004. From top to bottom: Solar windenergy values ¢ hstorm on Oct 20—21 2004. From top left to bottom right:

achieved by intergating over the preceding 10 minutes, IE-index 53.3g T (growth), 23:45 UT (breakup), 23:48 UT (expansion)
from the IMAGE magnetometer chain and KIL ASC-fov-power 544 00:55 UT (recovery).

values.

itored in the MLT-sector 00—04 and if the solar wind input is
moderate (10-mia average< 0.2 TW). If we under these con-
ditions use the estimate of [1] for the dependency of globad p
cipitation power on AE-index (Eflux(GW) = 0.06*AE (nT)) to-
gether with the corresponding formula for local activityhae

ved in this study we come to the conclusion that one ASC can
see 10-20% of the global precipitation energy in the AE-eang
of 100-600 nT.
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