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by

T. Kamei and H. Maeda

1. Introduction

- The Auroral Electrojet index (AE) was originally introduced by Davisv
and Sugiura in 1966 as a measure of global electrojet activity in the au-
roral zone, and it is now widely used for studying geomagnetism, aeronomy
and solar-terrestrial physics. The index was first derived at the Geo-
physical 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 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. We have pub-
lished AE values for the year 1978 and 1979 as part of the data books (No.3
and No.4 for 1978 and No.5 for the first half of 1979). Please see data

books No.3 or No.4 for the estimation of errors of our AE data.

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 statioms.
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
deséribe those four indices (AU, AL, AE and AO) in all.

The AU and AL indices are understood to express the strongest cur-

rent density of the eastward and westward auroral electrojet, respectively.
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The AE index is understood to represent the overall activity of the elec-
trojets, and the A0 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. Tﬁat is, we named the sta-
tions 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 contri-
buting stations '"the contributing stations of AE indices'. The plot gives
these AE contributing stations on a plane whose coordinates are UT in ab-
scissa and LT in ordinate at the stations. For users who want to check the
AE indices precisely, this plot gives an information about data availabil-
ity 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.

3. Selection of Observatories

To obtain good AE indices, we must use as many observatories as pos-
sible, but we meet two big difficulties: One is that the distribution of
active observatories 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 Yellow-
knifé) 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)1/2, 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 sig-

nals received by the microphone arrays. One of the microphone arrays is
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Table 1. List of AE(12) statioms.

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

Abisko ABK AI 68.36 18.82 66.04 115.08
Dixon Island DIK DI 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) stationms.

Geographic latitude is indicated by the concentric circles of solid
lines. Geomagnetic latitude is indicated by the nmbered concentric
circles formed by + signs. Geographic longitude is given by the
outer circle of numerical values with meridians shown as solid lines
every 309, Geomagnetic longitude is given by the inner circle of
numbers and the border of hash-marks at 109 intervals.




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

recording media.

5. Digitization of Analogue Data

The magnetogram on 35 mm microfilm is projected directly on our micro-
film 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 used the ordinary magnetogram for all days. When the
H trace crosses other traces, we tried to identify the H trace by referring
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 analog data, we could have trouble from the digitizer
noise. To be free from such a noise, we digitized as many points as pos-
sible to get one value. In determining the three basic points we digitized
each point more than 20 times, and we picked the point only when these con-
secutive 20 readings are all within a limited area. The traced digital data
are logically checked by a quality control progrem to reject spikes caused
by the noise. After cleaning by the quality program, the data are averaged
to get the final one minute value. Usually, 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 pro-

cessed by the quality control program.



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 stations 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 explanation are necessary for our trial plots of the
contributing stations. On the plots hereafter, the ordinate is the geo-
magnetic 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
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 difference 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 plot. 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 lati-

tude station.

When we assume that the observed geomagnetic H component is a result
of a simple combination of some simple current systems, this plot of the
contributing stations can be regarded as an index of dominant current

system at a certain time, though the current system in the auroral zone
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is not very simple, and users must be very careful to check if local cur-
rent systems may give a false impression of different current systems.

- Although we have such limitation of the plot of the contributing
stations, and we need more precise analyses, we can point out some char-
acteristics from the plot, most of them confirm our previous knowledge.

(1) In wuiet periods, the geomagnetic local time of the contributing
stations to the AL index (called here AL time, shortly) is around noon.
This is seen best in equinox. This may come from the low latitude Sq cur-
rent system or from the field-aligned current system connected to the cusp
region, or from both of them.

(2) In disturbed periods, the AL time is between midnight and morning.
(3) In some transition periods between quiet and disturbed states, the
AL time moves gradually from noon to mofning. Then, very sharp and short
period AL spikes are seen and the AL time goes pre-midnight. Afterward,

the AL time comes back to early morning.

(4) The geomagnetic local time of the AU contributing station (called
AU time) is confined in the evening in disturbed periods. But in quiet
periods, the AU time is distributed widely and it can be seen at midnight

or in the morinig.

7. Results

Monthly quiet-time H reference values for July-December 1979 are listed
in Table 2, where for four stations only deviations (H0+) from the H base
line are given, because we did not find out any base values. Table 3 gives
the hourly average of AE indices on every day from July to December 1979.

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 shown in
Fig. 5. Finally, Fig. 6 shows the H-traces of magnetograms from AE(12)

stations in every month from July to December 1979.
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Note: Another example of wrong index is seen in the following figure; where
the AU index around 1530 and 1620 (indicated by arrows) is incorrect, because

of a lack of data at a key station for this index.
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Table 2. MOMTHLY QUIET-TIME H REFERFENCE VALUES (UNITS : NT = GAMMAS)

(YEAR 1979)

STATION JuL, AUG, SEP. oCT. NOV. DEC.
ABISKO 11837 ).1813 11792 11803 11809 118313
DIXON [SLAND -388 -393 -416 -406 -403 -400 (HO+)
CAPE CHELYUSKIN 531 529 508 511 509 514 (HO+)
TIXIE RAY 247 230 214 222 226 232 (HO+)
CAPE WELLEN layg 188 174 174 175 183 (HO+)
RARROW 9853 9838 9817 9817 9814 9824
COLLEGE 13036 13023 13013 13013 13016 13023
YELLOWKNIFE R751 722 R724 RT24 8720 R736
GREAT wHALE RIVER 10662 10599 10599 10608 10609 10623
FORT CHURCHILL 7528 7496 7521 7512 7515 7537
NARSSARSSUAR 12045 12058 12044 12062 12067 12080
LEIRVOGUR 12304 12396 12380 12390 12398 12406

(HO+) : DFVIATION FROM THE H BASE LINE

ON THFE ORDINARY MAGNETOGRAM

CORRECTION: The monthly quiet-time reference value for YELLOWKNIFE Feb. 1979
was wrong (Data Book No.5, page 9). Please read "8719" for "8319".






TABLE 3

Hourly average AE indices (AU, AL, AE and AO) for
July-December 1979.
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FIGURE 4 (on even pages)

Daily graphs of 1.0-min AE indices (AU, AL, AE and
AO) for July-December 1979. Graphs on very disturbed

days (August 13 and 20, 1979) are reproduced on page
100.

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 July to December 1979.
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Appendix

Digitizing System at the WDC-C2 for Geomagnetism

Kyoto University

1. Introduction

This is a brief description of the digitizing system at our data cen-
ter. This system is used to digitize the ordinary magnetograms to derive
AE indices for 1978 and 1979. The system can be used for similar digitiz-
ing jobs, but some minor changes may be necessary for other purposes.

This is a special system with minicomputer, but techniques used in this
system are also useful to other systems.

Fig. 1 illustrates the hardware at our data center. In many appli-
cations, more simple hardware may be enough. So we list some check points
to construct a new digitizing system. First, the size of the CPU depends
upon if the system is used only for digitization or used also for data pro-
cessing. For the former, a small CPU will be enough without many periph-
erals or high speed channels. Second, the most important point is, of
course, the selection of digitizer. We used a sonic digitizer because this
allows correction of the original data before digitization, and also this
can digitize ones on microfilm directly. Most common digitizer does not
allow digitization of ones on microfilms but those on paper prints. The
digitizer must be suitable in size for the object figure, and must have
enough resolution and stability. The digitizer may not be computer cont-
rolled, but the output from the digitizer must be connected to the computer
through a high speed channel or through a high speed communication line.

The output of the CPU (or the digitizer itself) must be recorded on
large external memories like magnetic tapes or disks. And, the recording
speed must be fast enough to keep up with the input speed. It is recom-
mended to install a high speed graphic display which allows a quick look

check of the digitized data.

2. Characteristics of the analogue data
We must know the characteristics of the analogue data to make digiti-

zation with necessary accuracy. This system is designed to digitize what
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we call normal-run magnetograms. Fig. 2 shows a copy of typical normal-run
magnetograms. These magnetograms are recorded at stations more than 100
all over the world. These records are microfilmed and collected at the
World Data Centers since the IGY (1957-58). Many magnetic observatories
have older data before the IGY and some of them are also available at the
WDCs.

The format of the normal-run magnetograms veries by the observatory or
the sponsoring agency of the station. Main features of the normal-run mag-
netograms are as follows: 1) They are usually recorded on a photographic
paper or chart at a speed of 20 mm/hour. 2) One day (24 hours) data is re-
corded on one frame. The record is replaced manually by the operator of
the station every day. 3) The magnetic 3 components (either H,D,Z or X,Y,
Z) are recorded on one frame. 4) Time marks are recorded at every UT (or
sometimes LT) hour. There are two ways to record the time marks; one is
to record a straight time-line on the record, and the other is to make the
data unrecorded for about one munute. Time marks are also used to show one
axis of the record and the time marks are usually recorded from edge to
edge of the frame. 5) Every record has at least two base lines to show the
constant data values. These base lines are also used to show another axis
of the record. The scale value (sensitivity) is determined by each station
and each component, and is calibrated at least once a month. 6) The treat-
ment of scale-out data also varies by the station. Some stations use La-
Cour type mechanism which allow the scale-out data be recorded as shifted
data so that the scale-out data are seen on the same paper. Some stations
record another magnetograms (insensitive or storm magnetogram) together
with the ordinary magnetograms.

The quality of the record differs greatly by the stations. And, over-
lapping of the components, scale-out of the data, missing data or thin tra-
ces are inevitable for almost all stations. Especially, the records from
the auroral-zone stations have more trouble of these kinds, because of very
large disturbances and very severe natural environments.

From our experience we know that each station has 1 to 5 7 non-read-
able periods including no-record period or trouble of microfilm, and we
usually recover the data by shifting the scale-out data, or by using in-
sensitive recording, or rewriting complicated crossing data with the help

of comments written on the sheet.
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3. Design of our digitizing system

As mentioned above, every station has some kinds of trouble and many
of them are correctable or recoverable manually, so we selected a semi-
automatic reading for this system to allow manual selection of data avail-
ability and to allow manual correction of data as handy as possible. We
can use a full automatic reader for some high quality data, but the quality
of magnetograms from AE stations is not so good to use such a convenient
reader. And even if we apply a full automatic reader, we need much time to
check the quality of the data and to correct errors. Recently, some ob-
servatories are taking digital data directly and can supply 1 minute data
on magnetic tape. Although old AE indices are derived for hourly or 2.5
minute values, 1 minute values are more convenient to compare with data
observed by satellites. It is usually very hard to digitize exact 1 minute
values from normal-run magnetograms, but we developed a system to obtain
1 minute values from the normal-run magnerograms.

The most common digitizing system make use of what is called "tablet”
digitizing sensors. In our case, however, most of the input analogue data
are available on microfilm. If we make prints from the microfilm, the cost
of photographic printing may be too large, and the quality of the print will
become more worse than that of microfilm (see Fig. 2). For this reason we
preferred a sonic digitizing sensor. The sonic digitizer consists of a
positioning pen which emits electric spark near the top end, and two micro-
phone arrays which receive sound pulse from the pen. The time-lags of the
spark determines the position in X,Y coordinates‘of the pen. The digitizer
of this type can be used with microfilm reader screen instead of non-trans-
parent tablet By using this sensor we can omit a photographic processing,
though it has demerits of instability of sparks and difficulty of adjust-
ment of sparks. To decrease these demerits, we designed a software to read
as many digitized points as possible and to increase fidelity of the digi-
tizer by averaging these data points according to the significance of the

data points.

4. Details of each program (operation phase)
Fig. 3 shows the flow of data processing in this system.
(A) Curve tracing
In this phase, the operator sets microfilm to the reader and feeds

necessary informations to the system using a key-board written on the

— 111 —



curve reader (on the screen of the microfilm reader). Then the operator
points 3 basic points and starts tracing. The program has 3 modes; i.e.,
1) iﬁformation input, 2) basic points, and 3) curve tracing. The operat-
or selects one of these modes and can start and stop each action at any
time.

In the tracing mode the system records all the data which the operator
feeds by pushing the pointing pen onto the screen. The sensor read the
position of the pen every 0.001 sec to 2 sec. This sampling rate is set
by the operator, and about 0.05 sec sampling rate is used in our system,
because this sampling rate is enough to get reliable final result and not
too fast for the CPU to miss data processing or data transfer. If this
sampling rate is too low and the operator moves the pen too fast, the sys-
tem loses the detailed variation on the reco;d. If it is too high, on the
other hand, the system may not be able to follow the data input. Especial-
ly, the external memory (magnetic tape or disk) must be fast enough to fol-
low data input and must have enough capacity to record the data.

(B) Base value reading

The trace program is made to be convenient in tracing the data and in
that phase the operator just gives 3 basic points. 1In this phase the ope-
rator gives the precise informations to determine the exact (absolute if
possible) value of the 3 basic points. Usually, this phase is not neces-
sary for every digitizing data, because the base line value and the scale
factor does not change for several months. So each basic point is selected
one of the crossing points of time marks and base lines.

Usually one base line value is known as HO, but another base line
value is not known for the H component, scale value is known instead. So
this program read the H value of the another base line (denoted by DO or
Zz0 on the magnetogram).

" By using the length of the ruler recorded on the magnetogram, scale
value and HO value, the base value for another base line is determined and
every point on the magnetogram can then be able to be converted to time
value for the H component.

Base line values are read at least 12 times for a station month.
Average value and their standard deviation is calculated and checked, and
only reliable value is used as the base line value. If any change of base
line value or scale value is recognized or shown as a comment on the mag-

netogram, base line values are read more frequently and checked.
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(C) Quality check
The raw data just read by the tracing program may have some spikes
caused by some instability of the digitizing sensors and may have some miss—
read data. This program checks and shows these data by detecting disconti-
nuity in the raw data. Also, this program deletes single spikes from the
data (but not continuous spikes). The operator can delete wrong data using
a correction program.
(D) Smoothing and normalization
The raw data and the cleaned-up data show the data as the X and Y
position on the microfilm reader. This program converts the position into
the value and time. To have better quality, every point is weighted by the
continuity of the data and averaged to give the final one minute values.
(E) Correction program
Raw, cleaned and smoothed data can have some errors because of machine
troubles or operation errors. The correction program helps operator to
make necessary corrections of the data by conversation with the graphic

display.

5. Performance of this system
(A) Digitization speed

It takes 3 to 5 minutes to digitize (trace) one frame of the normal-
run magnetograms.

(B) Rate of occurence of unstable reading and rejection rate of spikes

From our experience, unstable reading occurs once every 100,000 points.
98 7% of these unstable reading are deleted by the quality check program.
Even if these data cannot be deleted by the program, the effect of the un-
stable reading is very small because of low weight of the unstable data
point.

(C) Resolution ;

The reading system has 4000 (for X) x 3000 (for Y) resolution points
on the effective screen of the microfilm reader. Usuaily the operator can
pick up points within 2 resolution points (standard deviation). This re-
solution is about 1 40 sec of temporal resolution and f3nTofH component
on the ordinary magnetograms from the AE stations. But, because of many
troubles of the records, final data may have temporal accuracy of T2 min,

and accuracy of data may bé improved if we can use the original magneto-

grams instead of the microfilm copy of them.
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STEP 2 READ
BASE VALUES

STEP 1
CURVE TRAC LNG

NORMALIZATI O}
DATA

|

STEP 3
QUALITY CHIECK
& CONVERSION

ISin

QUALITY CHECK LISTS
& PLOTS V

A

STEP 4
SMOOTHING &

FORMA T | NG

I'INAL DATA

Fig. 3 Digitization
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