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PPREFACE

The Auroral Electrojet (AE) index was originally introduced by Davis and
Sugiura in 1966 as a measure of global electrojet activity in the auroral zone.
The AE index is now widely used for researches in geomagnetism, aeronomy,
and solar—terrestrial physics. After the initial development at the NASA/Goddard
Space Flight Center the calculation of the index was first performed at the Geophysical
Institute of the University of Alaska, which published hourly values of the index
for the years 1957 to 1964. The production of 2.5 min values was then made
at the Goddard Space Flight Center for the period from September 1964 to June
1968.

After these early publications the index was regularly issued by the World
Data Center A for Solar-Terrestrial Physics (WDC-A for STP) in Boulder, Colorado,
which published 2.5 min values for the years 1966 to 1974 and 1.0 min values
for 1975 and the first 4 months of 1976.

When it became difficult for the WDC-A for STP to continue the production
of the AE index, a question was raised if the index could be produced at the
WDC-C2 for Geomagnetism, which is operated by the Data Analysis Center
for Geomagnetism and Space Magnetism, Faculty of Science, Kyoto University.
Responding to this request we decided to produce the index for the two years,
1978-1979, of the International Magnetospheric Study (IMS), and published 1.0
min values of the AE index for these years in the "WDC-C2 for Geomagnetism
Data Book" series.

Although the International Association of Geomagnetism and Aeronomy
(IAGA) recommended the continuation of the production of the AE index at
the WDC-C2, the AE production could not be extended beyond IMS because
of the constraints in manpower and computing capability. Increasing demands
for the AE index, however, motivated us to resume its production, and we then
published the Data Book No.7 for the first half of 1980. After this publication,
various possibilities of financial support for the production of the index were
explored by the Subcommittee on Solar Terrestrial Physics of the Special Committee
for International Cooperation, Science Council of Japan. As a result, the National
Institute of Polar Research (NIPR), Tokyo, offered assistance. Beginning with
the Data Book No.8, the production of the AE index has been continued at the
Kyoto University, but the printing and distribution of the Data Book have been
done by NIPR.

In order to reduce the digitization burdon in Kyoto, WDC-B for STP in
Moscow and WDC-C2 for Geomagnetism in Kyoto began a cooperative digitization
project for Russian analog data. Data Book No.23 contains AE index using Tixie
data digitized at WDC-B for STP by use of the equipment supplied by WDC-C2
Kyoto. In part in connection with the STEP program, we expect additional cooperation
from other institutions in digitization and the setting up digital magnetometer
systems at AE stations in Russia.
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AURORAL ELEcTROJET (AE) INDICES

FOR JANUARY - JUNE 1988

1. Derivation and Representation

The AE index is derived from geomagnetic variations in the horizontal component
observed at selected (10—13) observatories along the auroral zone in the northern
hemisphere. To normalize the data a base value for each station is first calculated
for each month by averaging all the data from the station on the five international
quietest days. This base value is subtracted from each value of one minute data
obtained at the station during that month. Then among the data from all the
stations at each given time (UT), the largest and smallest values are selected.
The AU and AL indices are respectively defined by the largest and the smallest
values so selected. The symbols, AU and AL, derive from the fact that these
values form the upper and lower envelopes of the superposed plots of all the
data from these stations as functions of UT. The difference, AU minus AL,
defines the AE index, and the mean value of the AU and AL, ie. (AU+AL)/2,
defines the AO index. The term "AE indices" is usually used to represent these
four indices (AU, AL, AE and AO). The AU and AL indices are intended to
express the strongest current intensity of the eastward and westward auroral electrojets,
respectively. The AE index represents the overall activity of the electrojets,
and the AO index provides a measure of the equivalent zonal current.

In this report we present daily plots and hourly values of the AE indices
and "contributing station" plots giving additional information on the indices. The
stations that actually give the AU and AL values are named the "contributing
stations" of the AU and AL indices. The pair of the AU and AL contributing
stations is referred to as "the contributing stations of the AE indices". The
plot identifies these AE contributing stations, and also gives information on the
data availability for each station.

2. Data Used

To obtain reliable AE indices it is desirable to use as many observatories
as possible. However, there are two major difficulties: one is that the distribution
of the observatories in operation is not uniform along the auroral zone, and
the other is that the digitization of magnetograms is a laborious task.

For the derivation of the AE indices reported in this Data Book, we used
twelve observatories listed in Table 1. The distribution of these observatories
is shown in Fig. 1. Of the twelve observatories six are taking digital data; these
stations are referred to as digital stations below. Three of the digital stations,
Fort Churchill, Poste-de-la-Baleine, and Yellowknife, give data in the X, Y,
Z coordinate system. To make these data compatible with the other stations,



Table 1.

List of AE(12) stations.

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

Abisko ABK AT 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
Poste-de-la-Baleine PBQ PBQ 55.27 282.22 66.58 347.36
(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

0.2

Figure 1.

-081

Distribution of AE(12) stations.

This figure is drawn by Lambert projection with the geomagnetic north pole at its center.

Geographic coordinates are indicated by solid lines.

plus signs.

Latitude circles are drawn at 10° intervals.

Geomagnetic coordinates are shown by thin
Geomagnetic longitude is shown by

the numbers along the outer circle and geographic longitude is given by the numbers along the
inner circle with suffix E or W,
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we convert the X and Y components to the H component by H=/X’+Y?, If
either X or Y is missing, H is also treated as being missing. For the other three
digital stations, Barrow, College, and Narssarssuaq, the original digital H component
data are used. We used the Abisko data digitized from analog records at the
station, we also used the Tixie H values digitized at the WDC-B for STP in
Moscow. For the other non-digital stations the digitization was performed at
the Data Center in Kyoto.

If there is any interval during which the digital recording or digitized values
appear faulty, the analog magnetogram, whenever available, is digitized at Kyoto.

3. The Superposed Plot and the Plot of the Contributing Stations of the AE
Indices

Figure 2a shows an example of the superposed plot of H traces from the
AE stations for April 10, 1978. The upper envelope gives the AU index and
the lower envelope, the AL index; Figs. 2b and 2c show sample plots of the
contributing stations in geomagnetic (2b) and geographic (2c¢) local time, for the
same day as in Fig. 2a. In these figures, the upper and lower plumes on a diagonal
line for each station show the contribution of this station to the AU and AL
indices, respectively. In Fig. 2b, for example, the data from 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 Leirvogur is a key station for the
AL index for this time interval, the exact AL values may be lower than was
calculated for this interval.

We use geomagnetic local time (MLT) for the ordinate of the plot of the
contributing stations. MLT is defined by the difference between the geomagnetic
longitude of the station and the geomagnetic longitude of the meridian opposite
to the subsolar point; and MLT is a function of the geomagnetic longitude of
the station, the Sun's declination, and universal time. Figures 3a, 3b, and 3c
show the differences between geographic local time GLT and MLT of the stations
used to derive the AE indices for winter, summer and equinox, respectively. In
these figures GLT is represented for each station by a straight line which runs
diagonally, and MLT is shown by the top of T shaped mark (or the bottom of
inverted T). The length of the vertical line of T from 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.

4. Results

Monthly quiet-time H reference values for January-June 1988 are listed
in Table 2. Table 3 gives hourly average values of the AE indices for each
day from January to June 1988.

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.
Supplemental plots for disturbed days are given at the end of Fig. 4. Figure 6

— 4 —
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Fig. 3a, 3b and 3c show the dif-
ference between the geographic
local time (GLT) and the geomag-
netic local time (MLT) for win-
ter, summer and equinox, where
a-b-c (full line on the top or
bottom of the vertical lines)
shows the relation between UT
and GLT, and a'-b'-c' (crossing
of the vertical and horizontal
lines) shows the relation between
UT and MLT for each of the AE(12)

stations.



shows the H-traces of magnetograms from AE(12) stations for each month from
January to June 1988. Figure 7 shows hourly mean values of each index for
one half year on each page. Finally, a summary plot of hourly values of AU
and AL indices is given in Fig. 8.
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Table 2. Monthly quiet-time H reference values

(Year 1988)

(unit in nT)

STATION Jan. Feb. Mar. Apr. May June
Abisko 11622 11621 11616 11613 11612 11616
Dixon Island 6138 6139 6135 6154 6139 6140
Cape Chelyuskin 3234 3246 3246 3234 3244 3253
Tixie Bay 7659 7660 7666 7661 7666 7664
Cape Wellen 14005 14007 14001 13993 13997 13998
Barrow 9593 9600 9594 9588 9589 9588
College 12827 12834 12831 12817 12825 12828
Yellowknife 8747 8741 8731 8735 8746 8746
Fort Churchill 7809 7813 7804 7808 7819 7821
Poste-de-la-Baleine 10852 10855 10850 10858 10879 10882
Narssarssuaq 12240 12244 12236 12243 12244 12255
Leirvogur 12418 12421 12411 12418 12417 12426




TABLE 3

Hourly average AE indices (AU, AL, AE and AO)
for January-June 1988.
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FIGURE 4 (on even pages)

Daily graphs of 1.0 min AE indices (AU, AL,
AE and AO) for January-June 1988. Graphs
on disturbed days (Jan. 14, Feb. 22, Apr. 3

and Apr. 4) are reproduced on page 96.

FIGURE 5 (on odd pages)

Plots of the contributing station to the AU
(upper plumes) and AL (lower plumes) indices,
showing 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 each month

for January-June 1988.
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FIGURE 7
Plots of hourly wvalues of each index

(AU, AL, AE and AO)

for January-June 1988.
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FIGURE 8
A summary plot of hourly values of

AU and AL indices

for January-June 1988.
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Publications by the World Data Center C2 for Geomagnetism.

1. Data Catalogue

Published
in
Data Catalogue of World Data Center C2 for Geomagnetism No.23 1993

2. Data Books

No. 1 Equivalent current systems of the daily geomagnetic
variations in December 1964 1978
No. 2 Electric fields and neutral winds in the ionospheric
dynamo region as deduced from the daily geomagnetic
variations in December 1964 1979

No. 3 Auroral electrojet (AE) indices for January-June 1978 1981
No. 4 Auroral electrojet (AE) indices for July-December 1978 1981
No. 5 Auroral electrojet (AE) indices for January-June 1979 1982
No. 6 Auroral electrojet (AE) indices for July-December 1979 1982
No. 7 Auroral electrojet (AE) indices for January-June 1980 1983
No. 8 Auroral electrojet (AE) indices for July-December 1980 1983
No. 9 Auroral electrojet (AE) indices for January-June 1981 1984

No.10 Auroral electrojet (AE) indices for July-December 1981 1984
No.11 Auroral electrojet (AE) indices for January-June 1983 1985
No.12 Auroral electrojet (AE) indices for July-December 1982 1985
No.13 Auroral electrojet (AE) indices for July-December 1983 1986
No.14 Auroral electrojet (AE) indices for January-June 1982 1986
No.15 Auroral electrojet (AE) indices for January-June 1984 1987
No.16 Auroral electrojet (AE) indices for July-December 1984 1988
No.17 Auroral electrojet (AE) indices for July-December 1985 1989
No.18 Auroral electrojet (AE) indices for January-June 1985 1989
No.19 Auroral electrojet (AE) indices for January-June 1986 1990
No.20 Auroral electrojet (AE) indices for July-December 1986 1991
No.21 Auroral electrojet (AE) indices for January-June 1987 1992
No.22 Auroral electrojet (AE) indices for July-December 1987 1993
No.23 Auroral electrojet (AE) indices for July-December 1988 1994

3. Prompt Reports

Provisional Equatorial Dst Index (since Oct. 1985) monthly
Provisional Auroral Electrojet Indices (AE11l) for March 1989 1989
Provisional Geomagnetic Data Plots Nol (Jan-Dec 1989) 1990
Provisional Geomagnetic Data Plots No2 (Jan-Jun 1990) 1990
Provisional Geomagnetic Data Plots No3 (Jul-Dec 1990) 1991
Provisional Geomagnetic Data Plots No4 (Jan-Jun 1991) 1992
Provisional Geomagnetic Data Plots No5 (Jul-Dec 1991) 1992
Provisional Geomagnetic Data Plots No6 (Jan-Jun 1992) 1992
Provisional Geomagnetic Data Plots No7 (Jul-dec 1992) 1993
Provisional Geomagnetic Data Plots No8 (Jan-Jun 1993) 1993
Provisional Geomagnetic Data Plots No9 (Jul-dec 1993) 1994
Provisional Geomagnetic Data Plots NolO(Jan-Jun 1994) 1994
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4. Other publications

Report of Aeromagnetic Survey in Japan 1966
Japanese WMS Magnetic Charts for 1965 1966
WMA Inventory; First Issue 1970
WMA Inventory; Second Issue 1971
Mid-Latitude Geomagnetic Indices ASY and SYM

(provisional) No.1 1989 - 1990 1992
Mid-Latitude Geomagnetic Indices ASY and SYM

(provisional) No.2 1991 1993
Mid-Latitude Geomagnetic Indices ASY and SYM

(provisional) No.3 1992 1994
Mid-Latitude Geomagnetic Indices ASY and SYM

(provisional) No.4 1993 1994

(WMA: World Magnetic Archives; WMS: World Magnetic Survey)

The publications above are available on request. Requests should be
made by mail to:

WDC-C2 for Geomagnetism
Faculty of Science, Kyoto University
Kyoto 606-01, Japan

(The WDC-C2 for Geomagnetism is operated by the Data Analysis Center for
Geomagnetism and Space Magnetism, Faculty of Science, Kyoto University,
Kyoto 606-01, Japan.)








