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1. Introduction 7 S S o ]

The Auroral Electrojet index (AE) was originally introduced by Davis
and Sugiura in 1966 as a measure of global electrojet activity in the
auroral zone, and it is now widely used for studying geomagnetism,
aeronomy and solar-terrestrial physics. The index was first derived at
the Geophysical Institute of the University of Alaska, and hourly values
were published for the years 1957 to 1964. The production of 2.5 min
values was then tried at the Goddard Space Flight Center of NASA, and the
results from September 1964 to June 1968 were published.

After that, the index was regularly published at the World Data
Center A (WDC-A) in Boulder, Colorado and the Center published 2.5 min
values for the years 1966 to 1974 and 1.0 min values for 1975 and a half
of 1976.

When it became difficult to continue the production of the AE-index
by a budgetary problem of the WDC-A, it was requested that the index be
produced at the WDC-C2 for Geomagnetism in Kyoto. We decided to produce
the index for two years (1978-1979) during the International Magnetospheric
Study (IMS) and have published 1.0 min values as a part of "WDC-C2 for
Geomagnetism Data Book" series (No.3 and 4 for 1978, and No.5 and 6 for
1979).

Although the International Association of Geomagnetism and Aeronomy
(IAGA) recommended the continuation of the production of the AE-index at
the WDC-C2, we could not extend it to periods after IMS because the
available man-power and computing facilities were not sufficient for the
continuous derivation.

Increasing demands for the index and a possible partial financial
support from international academic societies, however, moved us to resume
the production of the index. This Data Book No.7 which contains the
index for the first half of 1980 is the first issue after the resumption.

Since the most time consuming portion in the derivation of the
AE-index is digitization from analogue magnetograms, we do hope much more
efforts be made to install digital magnetometers at AE-observatories.

2. Derivation and Representation

The AE index is derived from the horizontal component of geomagnetic
variations observed at some (10-13) observatories along the auroral zone
in the northern hemisphere. To normalize the data from each station, a
base value of each station for each month is first calculated by averaging
all the data of the station on the five international quiet days, and this
base value is subtracted from every-day data of the station in that month.
Then the largest and smallest values are selected from all the stations.
The largest value is called the AU index and the smallest value is called
the AL index. These names came from the upper and lower envelopes of the

overlapped figure of the data from these stations. The difference between
the AU and AL indices gives the AE index, and the mean value of the AU
and AL indices gives the AO index. The term "AE indices" is usually

used to describe those four indices (AU, AL, AE and AO) in all.
The AU and AL indices are understood to express the strongest current



density of the eastward and westward auroral electrojet, respectively.
The AE index is understood to represent the overall activity of the
electrojets, and the AO index is regarded as a measure of the equivalent
zonal current.

In this report we shall present every-day diagrams and hourly values
of the AE indices and '"Contributing stations plot" of the AE indices which
may give more information about the indices. That ts, we named stations
which give the AU and AL indices '"the contributing stations of the AU and
the AL index, respectively, and a pair of these AU and AL contributing
stations 'the contributing stations of AE indices'. The plot gives these
AE contributing stations on a plane whose coordinates are UT in abscissa
and LT in ordinate at the stations. For users who want to check the AE
indices precisely, this plot gives information about data availability
of each station. Thus the plot will give us an idea which data are to be
checked. For these users, we would like to suggest to check our way of
derivation of the AE indices and our estimation of errors. Please see
Data Book No.3 or No.4 for the estimation of errors of our AE data.

3. Selection of Observatories

To obtain good AE indices, we must use as many observatories as
possible, but we meet two big difficulties: One is that the distribution
of observatories in operation are not uniform over the auroral zone, and
the other is that the digitization of analogue data (magnetograms) is a
heavy job.

We selected 12 observatories listed in Table 1. Of these, only 5
stations are taking digital data directly (called digital stations).

Our selection is almost the same as that of the WDC-A (see Fig. 1).

Three of the stations (Fortchurchill, Great Whale River, and
Yellowknife) are the digital stations which give data in the X, Y, Z
coordinate system. To make these data more compatible to other stations,
we converted the X and Y components to H component by H=(X2+Y2) V2,
and we treated the resulted H component to be missing for the period either
X or Y is missing. For other two digital stations (Barrow and College),
we used the original digital H-component data.

4. Digitizing Machine

Our digitizing machine is made of a semi-automatic sonic digitizer,
a large size microfilm reader and a mini computer system.

The sonic digitizer has a pointing pen and two microphone arrays.
The pen emits a small sonic pulse from a small electric spark at the top
of it. The position of the pen is detected by time lags between the
spark and signals received by the microphone arrays. One of the micro-
phone arrays is placed on the upper side of a microfilm reader and detects
Y position of the pen, and another array is placed on the left side of
the reader and detects X position of the pen.

The operator traces the projected figure (magnetogram) on the screen
of the microfilm reader. The effective size of the screen is about 60 cm
in width and about 40 cm in height. This screen is divided into 4000 x
3000 digital points. The emitting speed of the sparks can be controlled
either -by the computer or by the operator. Although the emitting speed
can be as fast as 100 points per second, available speed is limited to 20
points per second, because of the speed of the CPU of computer and the



Table 1. List of AE(12) statious.

Observatory Abbreviations | Geographic Geomagnetic
IAGA WDC-A | Lat. (°M) Loang:(°E)|Lat. (°N) Long.(°E)

Abisko ABK AI 68.36 18.82 66.04 115.08
Dixon Island DIK DpI 73.55 80.57 63.02 161.57
Cape Chelyuskin cCs cCC 77.72 104.28 66.26 176.46
Tixie Bay TIK TI 71.58 129.00 60.44 191.41
Cape Wellen CWE UE 66.17 190.17 61.79 237.10
Barrow BRW  BW 71.30 203.25 68.54 241.15
College cMO  Co 64,87 212.17 64.63 256.52
Yellowknife YKC  YEK 62.40 245.60 69.00 292.80
Fort Churchill FCC FC 58.80 265.90 68.70 322.77
Great Whale River| GWC GWR 55.27 282.22 66.58 347.36
Narssarssuaq NAQ NAS 61.20 314.16 71.21 36.79
Leirvogur LRV LR 64.18 338.30 70.22 71.04

Fig. 1. Distribution of AE(12) stations.

Geographic latitude is indicated by the concentric circles of solid
lines. Geomagnetic latitude is indicated by the nwmbered concentric
circles formed by + signs. Geographic longitude is given by the
outer circle of numerical values with meridians shown as solid lines
every 300, Geomagnetic longitude is given by the inner circle of
numbers and the border of hash-marks at 100 intervals.




recording media.
5. Digitization of Analogue Data

The magnetogram on 35 mm microfilm is projected directly on our
microfilm reader. The projected figure is almost the same size as the
original magnetogram whose size is about 2 cm/hour or 48 cm/day.

Usually, the magnetograms are digitized day by day. When the time
marks on the magnetogram are not spaced uniformely or base lines are not
straight enough, one magnetogram is divided into several uniform parts and

then digitized.  We tried to use the ordinary magnetogram for all days.
When the H trace crosses other traces, we tried to identify the H trace by
referring to the insensitive or storm magnetogram. When we trace the H

component on magnetograms, we also feed three basic points to define the
time and the absolute value of the digitized data, and feed other
necessary information like the station identification and observation
date.

In digitizing analogue data, we could have trouble from the
digitizer noise. To be free from such a noise, we digitized as many points
as possible to get one value. In determining the three basic points we
digitized each point as more than 20 times, and we picked the point only
when these consecutive 20 readings are all within a limited area. The
traced digital data are logically checked by a quality control program to
reject spikes caused by the noise. After cleaned by the quality control
program, the data are averaged to get the final one minute value. Usually,
a one-min value is determined from an average of 3 or 4 digital readings.
We checked all the digitized data visually by the plot on a monitoring
graphic display at the reading stage and by the finer common scale plot
made by a X-Y plotter after processed by the quality control program.
Please see Data Book No.6 for further detail of our digitizing process.

6. The Overlapped Plot and the Plot of the Contributing Stations of the
AE indices

Fig. 2a shows an example of the overlapped plot of the H traces from
the AE station on April 10, 1978. The upper envelope gives the AU index
and the lower envelope gives the AL index, Figs. 2b and 2c show example
plots of the contributing stations for the same day as in Fig. 2a, in the
geomagnetic (2b) and geographic (2c) local times, where the upper and
lower plumes on a diagonal line for each station show the contribution
to the AU and AL indices of this station. In Fig. 2b, for example, the
data of Dixon Island (DIK) give the AU index from 0000 to 0240 UT and
again from 1330 to 1530 UT, and the AL index from 0640 to 0830 UT. It
is seen that from 1100 to 1200 UT Leirvogur (LRV) offers no data.

Since this is a key station for the AL index at that time, the exact AL
values at that time have been lost.

We think some explanations are necessary for our trial plots of the
contributing stations. On the plots hereafter, the ordinate is the
geomagnetic local time (MLT). The MLT is defined by the difference of the
geomagnetic longitude of the station and the geomagnetic longitude of the
Sun, and it is a function of the geomagnetic longitude of the station,
season, and universal time. Figs. 3a, 3b, 3c show the difference between
the GLT and the MLT of the stations used to derive AE indices for winter,
summer and equinox, respectively. In these figures the GLT is shown by
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the straight line which runs diagonally, and the MLT is shown by the T (or
inverted T) shaped mark. The length of the vertical line between the T
(or inverted T) shaped mark and the diagonal line is the difference between
GLT and MLT. Note that for some stations the differnce between GLT and
MLT is as much as 2 hours. The geomagnetic longitude of Cape Wellen (CWE)
and Barrow (BRW) are very close, and so it is difficult to separate these
two stations on the contributing stations polt. Sometimes, Cape Wellen
gives AU and Barrow gives AL, and vice versa. This is thought to be an
effect of local current system between the high latitude station and the

low latitude station.

7. Results

Monthly quiet-time H reference values for January-June 1980 are
listed in Table 2, where for four stations only deviation (HO+) from the H
base line are given, because we did not find out any base values.
Unfortunately, from January to March, the microfilm copy of the ordinary
magnetograms from Cape Chelyuskin were distorted too much and we were
forced to use insensitive magnetograms for most of this period. We listed
deviation from the base line of insensitive (storm) magnetogram for Cape
Chelyuskin. Table 3 gives the hourly average of AE indices on every day
from January to June 1980.

Daily graphs of 1.0-min AE indices (AU, AL, AE and AO) are shown in
Fig. 4, and corresponding plots of the contributing stations are given in

Fig. 5. Fig. 6 shows the H-traces of magnetograms from AE(12) stations
in every month from January to June 1980. Finally, Fig. 7 shows a half

year of hourly mean values of each index in one page.
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Table 2. MONTHLY QUIET-TIME H REFERENCE VALUES  (UNITS : NT = GAMMAS)
(YEAR 1980)
STATION JAN, FEB. MAR. APR. MAY JUN,
ABISKO 118310 11809 11811 11804 11806 11806
DIXON ISLAND -406 -402 -401 -404 -406 -400  (HO+)
CAPE CHELYUSKIN -1779 % 489 484 502 509 508  (HO+)
TIXIE BAY 221 226 223 221 2217 225  (HO+)
CAPE WELLEN 174 174 171 163 174’ 171 (HO+)
BARROW 9807 9809 9816 9804 9826 9821
COLLEGE 13015 13015 13015 13002 13018 13016
YELLOWKNIFE 8717 8717 8728 8714 8736 8744
FORT CHURCHILL 7531 7523 7553 7559 7557 7565
GREAT WHALE RIVER 10619 10622 10636 10638 10648 10661
NARSSARSSUAQ 12077 12078 12080 12093 12097 12101
LE IRVOGUR 12399 12401 12405 12407 12408 12413
(HO+) : DEVIATION FROM THE H BASE LINE
ON THE ORDINARY MAGNETOGRAM
#(HO+) : DEVIATION FROM THE H BASE LINE

ON THE INSENSITIVE MAGNETOGRAM




TABLE 3
Hourly average AE indices (AU, AL, AE and AO) for

January—June 1980.
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FIGURE 4 (on even pages)
Daily graphs of 1.0-min AE indices (AU, AL, AE and
AQ) for January—June 1980. Graph on a very disturbed
day (February 6, 1980) is reproduced on page 96.

FIGURE 5 (on odd pages)
Plots of the contributing stations to the AU (upper
plumes) and AL (lower plumes) indices, where you can
see which station contributes to these indices at each

UT minute.
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FIGURE 6
The H traces of magnetograms from AE(12) stations

in every month from January to June 1980.

FIGURE 7
Plots of hourly values for each index from January to

June 1980.
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