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AURORAL ELECTROJET
MAGNETIC ACTIVITY INDICES AE (12)
FOR JULY - DECEMBER 1975

by

J.H. Allen, C.C. Abston, J.E. Salazar and J.A. McKinnon
National Geophysical and Solar-Terrestrial Data Center
Environmental Data and Information Service
NOAA, Boulder, Colorado 80303 USA

ABSTRACT

The Auroral Electrojet index {AE) is discussed and a brief description is
given of the derivation of 12-station 1.0-min AE indices for July-December
1975, Tables are given of hourly average indices for each day, of the sta-
tions making the main contribution to the hourly indices, and of the
average monthly quiet-time level of horizontal fields (H) at each magnetic
observatory. Graphs of the index variations are included for each day of
the second half of 1975 and for the frequency and amplitude of extreme
variations at each site.

SECTION I. GENERAL DISCUSSION
1. Derivation of AE (12) Indices for July-December 1975

Introduction. The Auroral Electrojet index (AE) is designed to provide a global, quantitative
measure of auroral zone magnetic activity produced by enhanced ionospheric currents flowing below and
within the auroral oval. Ideally, it is the total range of deviation at an instant of time from quiet
day values of the horizontal magnetic field (H) around the auroral oval. Uefined and developed by
Davis and Sugiura [1966], AE has been usefully employed both qualitatively and quantitatively as a
correlation index in the studies of substorm morphology, in the behavior of communication satellites, in
radio propagation and radio scintillation, and in the coupling between the interplanetary magnetic field
and the Earth's magnetosphere. For these varied uses, AE possesses advantages over other geomagnetic
indices or at least shares their advantagous properties. In particular it can

(1) be derived on an instantaneous basis or from averages of variations computed over any selected
interval;

(2) be a quantitative index which, in general, is directly related to the processes producing the
observed magnetic variations;

(3) be well suited to present computer processing techniques because its method of derivation is
relatively simple, digital, and objective and;

(4) be used to study either individual events or statistical aggregates.

These indices are derived in response to indications of need as voiced by the scientific user com-
munity in journal articles, at meetings, in resolutions of national and international groups, and in
personal communications. This report is one means of communicating a summary of the derived indices
for 1 year and is the thirteenth such compilation published by the World Data Center A (WDC-A) for
Solar-Terrestrial Physics [Allen, 1972; Allen et al., 1973, 1974a, 1974b, 1974c, 1975a, 1975b, 1975c,
1976, 1977a, 1977b, 1977c, 1977d and 1979]. Tomputer listings or digital magnetic tapes of detailed
2.5-min* indices and microfilm graphs of their variations can be obtained from WDC-A for Solar-
Terrestrial Physics, NOAA, Boulder, Colorado 80303, USA. Detailed lists of available indices are
given, along with cost of acquisition information in Report UAG-49, Catalog of Standard Geomagnetic
Variation Data, WDC-A for Solar-Terrestrial Physics, August 1975.

Definition of AE Indices. In practice, AE and associated indices may be defined by describing a
graphical technique of derivation that is still used to generate preliminary sets of indices for single
events (see Fig. 1). Magnetogram copies for a given UT-day are collected from a select group of
auroral zone magnetic observatories. A quiet-time H (horizontal intensity of the Earth's field)
reference level is selected for each site and subtracted from the instantaneous H values for that
Jocation. The resulting time series of H values for all locations are superposed graphically upon a
common zero level and with a common amplitude scale and time base. Connecting successive positive
extreme values produces an upper envelope for the set of overlapping traces, and connecting the nega-
tive extreme values produces a bounding lower envelope. At any instant, the amplitude of the upper
envelope is designated AU and that of the Tower envelope is AL. The range between them is defined as
AE and their mean is AD. In general, AU is the function of the current flowing in the eastward-
directed auroral electrojet, while AL is similarly related to the westward auroral electrojet.

*(more recently l.0-min)




Observatory Selection for July-December 1975 if (12). To provide comparable AE indices from year
to year, data fTor the same Northern Hemisphere auroral zone observatories have been used for the deri-
vation of AE(10) for 1966 (Report UAG-37) and 1967 (Report UAG-33); AE(11l) for the years 1968 (Report
UAG-29), 1969 (Report UAG-31), 1970 (Report UAG-22), 1971 (Report UAG-39), 1972 (Report UAG-45), 1973
(Report UAG-47), 1974 (Report UAG-59) the first 6 months of 1975 (Report UAG-73) and the second 6
months of 1975 in this report are listed below in Table 1 along with their abbreviations, geographic
and geomagnetic coordinates, and time of Local Geomagnetic Midnight (LGM). The station locations are
shown relative to the geomagnetic pole (extended geocentric dipole axis) in Figure 2.

Table 1. Observatories Used for the Derivation of 1966 and 1867 AE(10)**
and 1968, 1969, 1970, 1971, 1972, 1973, 1974 AE(11) and 1975 AE(11-12)

Geographic Coord. Geomagnetic Coord. LGM*
Observatory Abbreviation N, Lat.° E. Long.® N. Lat.® E. Long.® uT

1. Leirvogur LR 64.18 338.30 70.22 71.04 2351
2. Narssarssuag** NAS 61.20 314.16 71.21 36.79 OZld‘
3. Great Whale River GWR 55.27 282.22 66.58 347.36 0526
4. Fort Churchill FC 58.80 265.90 68.70 322.77 0704
5. Yellowknife ' YEK 62.40 245.60 69.00 292.80 0902
6. College o 64.87 212,17 64.63 256.52 1133
7. Barrow BW 71.30 203.25 68.54 241,15 1235
8. Cape Wellen # UE 66.17 190.17 61.79 237.10 1250
9. Tixie Bay # TI 71.58 129.00 60.44 191.41 1551
10. Cape Chelyuskin cc 77.72 104.28 66.26 176.46 1650
11. Dixon Island # DI 73.55 80.57 63.02 161.57 1748
12. Abisko Al 68.36 18.82 66.04 115.08 2052
13. . Sodankyla*= ; .80 67.37 26.63 63.76 119.99 2032

*Local Geomagnetic Midnight (LGM) at equinox.
Geomagnetic coordinates and time calculated for inclined geocentric dipole field.

**No records available for 1966 and 1967 from NAS, and SO substituted for Al in the 1966 and 1967
AE(10) derivations.

#Sometimes given as: Cape Uelen, Tiksi Bay and Dikson Island, respectively.

The choice of observatories was based upon a desire to achieve a nearly uniform longitudinal
coverage and also to span a range of latitudes so that even contracted oval substorm effects might be
recorded. Another consideration was that the magnetograms should come from established observatories
whose records would continue tc be available on a timely basis through the World Data Center system.
Naturally, such a choice involved some compromise between the wish to use as much data as possible and
the high cost of digitizing analog magnetograms. Statistical summaries are kept with each derivation,
showing the relative contribution of each observatory to the indices to identify possible instances of
dupTication and to reveal inadequately represented regions.

Although we have been able to use the same set of stations for recent years, for earlier years the
number of stations providing records changed from time to time. Prior to 1968, the station at
Narssarssuag (NAS) did not exist, and there was no nearby substitute. During most years there have
been intervals of varying length for which one or two of the network stations did not produce
magnetograms. Further, it is hoped that additional stations may eventually be added to the network to
fill longitude gaps. For these reasons we have chosen to indicate the number of contributing stations
parenthetically, following the index letters, e.g., AE(10). The daily graphs of variations in 1.0-min
AU, AL, AE and AO indices included in this report (Section III) show in the upper right corner the
number of contributing stations during the month. If no value is given in the table of monthly average
quiet-time H values (Section 11-2), this indicates that records from that station were not available
for use in the derivation of AE indices. This is also shown by the lable on the graphs, which reflects
the reduced number of contributing statiens. Intervals of lost records shorter than 1 month are not
indicated.
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Fig. 2.

Observatories whose records were used in
and 1968, 1969, 1970, 1971, 1972, 1973, 1974 AE(11) an

shown as filled triangles. Their abbreviations corres
in Table 1. The map is a polar equal-area projection
geographic pole. The north geomagnetic pole (extended
is indicated by a star inscribed in a circle.

the derivation of 1966 and 1967 AE(10)

d 1975 AE(11-12) are
pond to the list given.
centered on the north
geocentric dipole axis)




Analysis of AE(1l1) index data for the years 1968 through 1970 suggests that an optimum station
distribution would include locations just equatorward of the instantaneous auroral oval during the
local evening hours which most often supplied AU (around 1800 LGT) and others directly under the oval
during the early morning hours following Local Geomagnetic Midnight when most AL values are supplied
(around 0300 LGT). [Note: LGT = Local Geomagnetic Time.]

Computation of AE(12) indices. The same technique of computation used for all prior AE deriva-
tions has been followed with the 1975 derivation. It is described in detail in Report UAG-22 [Allen,
1972]. A constant quiet-time H reference level was computed for each month for each station. It is
the average of all 1.0-min H values for the 5 International Quiet Days of that station-month. The
quiet-time reference values were then subtracted from the 1.0-min H scalings of each station and the 11
(or 12) resulting H-deviation time series were compared. At each 1.0-min data interval the extreme
positive and negative H deviations were identified and designated AU{11) respectively. According to
their definitions, AE(11) = AU(11) - AL(11) and AO(11) is the mean of AU(1l) and AL(11). These are the
basic AE data. In addition, hourly average values of each index were computed and simple statistical
information was collected.

Daily graphs of variations of all four 1.0-min indices (AU, AL, AE and AQ) prepared from 35-mm
microfilm are reproduced in this report in Section III. Also in Section 11l are monthly stacked plots
of commonscale H (or X) component variations, of station frequency of AU and AL contribution, and of
the cumulative (i.e. "total") amplitude of variations. Monthly summaries of hourly average values,
daily averages, and hourly averages for special groups of days were prepared and are given in Section
II. Also times at which each station supplied the extreme deviations. These results are the basis for
monthly sets of tables of stations supplying AU and AL for each hour.

2. Precautionary Notes

Problems in Derived AE(11) Indices. Users of these indices should be aware of the following
points that may affect the interpretation of index information contained in this report. Three poten-
tial sources of misleading or unreliable indices are

(1) the working definition of AE used in the derivation of the indices,
(2) the character of the magnetogram records and
(3) the digitization and data manipulation processes.

At an AL observatory an increased deviation from quiet-time H may be the same for either an
enhanced electrojet current or for a constant current that moves closer to the fixed observatory
location. Given a necessarily limited number of contributing observatories and an index based exclusi-
vely upon variations in the H component, it is not always possible to distinguish between these two
alternatives. If an event is of sufficient magnitude and extent so as to be observed simultaneously at
several locations or if it is of sufficient duration to be recorded by successive observatories
rotating into the critical longitude sectors, then such ambiguity may be resolved.

Effects of low-amplitude electrojet variations of short duration that occur during otherwise quiet
intervals when the auroral oval is contracted may be imperfectly recorded. If such small events occur
over sectors between widely separated observatories, they could be missed entirely, although past
experience does not suggest that this happens frequently. Also, during very large magnetic
disturbances, the auroral oval may expand equatorward below the ring of stations used to derive AE.
Thus, times of low AE may not guarantee a total absence of magnetic activity over the polar cap, and
during large magnetic storms, the indices are of gquestionable reliability.

At the observatories, any problem that causes the H trace to be unstable or that causes loss of
the record during disturbed times must inevitably affect the AE indices derived for such intervals. In
general, periods of component drift at an observatory become relatively obvious when they reach an
amplitude sufficient to obscure genuine variations recorded at other locations. Although efforts are
made to salvage useful information during these intervals, sometimes the only solution has been elimi-
nation of that observatory's records until instrumental adjustments appear to have corrected the
problem.

A more serijous problem arising from the character of the magnetograms is any time for which the H
trace is effectively lost. This can occur because the trace moves off the recording paper in response
to a large magnetic variation, poor recording of a rapidly moving trace, or confusion of multiple trac-
ces on a magnetogram. At such times, unless there exist back-up sensitivity magnetograms from auxi-
liary systems at that location, the number of contributing stations is reduced. When the H trace is
suddenly lost at a critically located station that was supplying either AU or AL, then some other sta-
tion having the next most extreme H deviation at that instant begins to take the place of the lost data
source and becomes the key to the affected index. Although such intervals are not usually noticeable
in the graphs of AE variations, they commonly have the effect of producing a large bay-like feature in
the affected AU or AL trace. An example of the effect of such data loss may be seen in the AU trace
for 21 July 1970 (cf. Report UAG-22) beginning around 1330 UT. These characteristically-shaped
spurious events have been dubbed "missing data effects" (mdes), and any suspected mdes in the 1975
graphs can be best checked by reference to the original magnetograms of the critical stations listed in
Section II for those times.




Sometimes our technique of selecting a constant quiet-day H reference level for each station-month
of data may produce Tow-amplitude month-end discontinuities in AU or AL. Also, quiet-time departures
of station values from their monthly average may produce intervals having elevated AU or AL values but
appearing relatively quiet. Such index discontinuities and intervals of higher noise level are con-
sidered relatively insignificant compared to the amplitude of substorm effects to be seen in the indices.

In spite of extensive quality control efforts, we expect that some errors will escape notice and be
published or otherwise distributed. We request that anyone detecting questionable values in 1975 AE ]
(11-12) or other AE indices please communicate with WDC-A for Solar-Terresirial Physics concerning this
matter. As necessary, corrections will be distributed to the user community on either a case-by-case
basis or in future UAG Reports in this series.
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SECTION II. TABLES

1. Explanation

Table of Monthly Quiet-Time H Reference Values. The monthly quiet-time H reference values are given
for each observatory in Table 2. These values are the base from which H deviations were derived and they
are computed as the average of all 1.0-min digitized H values from the internationally adopted 5 Quiet
Days for each month. The given values are in nanoTesla units and are absclute in the sense that they
include the applied scale value and provisional baseline used for each observatory's magnetograms. Although
subsequent changes in adopted baselines may shift the reference values slightly, they should not affect the
derived indices because the method of derivation eliminates the H baseline provided it is constant for
the month. '

Tables of Hourly Mean Indices. These tables contain monthly listings of average hourly indices for
each day: AE, AL, AU and A0. These hourly values were computed as the mean of the 1.0-min instantaneous
values. The first hour of each day covers the data interval from 0000-0059 UT. All times are given in
Universal Time and the indices are given in nanoTeslas. AE is always positive and although AU is posi-
tive most of the time, it may become negative during the main phase period of large storms when H is
depressed globally by an enhanced ring current. Sometimes AU may briefly become negative as a result of
missing data effects (see Section I-2). AL is almost always negative, and during most substorm events,
it will exceed AU in absolute value. Consequently, AQ is usually negative, and it provides a measure of
the unequal amplitude of AU and AL effects.

Tables of Observatories Supplying Hourly AU and AL. As described above, the hourly average indices
are computed from the 1.0-min instantaneous indices derived for that hour. Each pair of instantaneous
values of AU and AL arises from H deviations at only two stations, and the station pair contributing these
extremes may change from one 1.0-min interval to the next. To associate a single station with values of
hourly AU and AL, some convention must be adopted as a basis for selection. We have chosen to designate
the station having the maximum average H deviation during an hour as the source of hourly AU. Likewise,
the station having the most negative H deviation is designated as the source of hourly AL. Within a dis-
turbed hour it is common for one station pair to be the most frequent contributors of AU and AL and also
to provide the greatest average deviations in H. There are times, however, when this does not hold.

This is the case during an hour that is quiet until near the end or one that has only its first few values
disturbed. Here the table will list the stations that provided AU and AL for the short disturbed portion
of the hour rather than those stations providing AU and AL for the longer undisturbed portion of the hour.
In effect, the listed station pairs are the same stations that wouild have suppiied AU and AL, had the
indices been derived from hourly scalings of H instead of from averages of 1.0-min values.

Tables of Station Frequency of AU and AL Comtribution. Each tabulation presents the number of times
(I-min intervals) during the month when the indicated station provided the AU and AL index in each hour of
the UT day. The most frequent observation of the maximum positive M deviation occurs around 6 hours before
Local Geomagnetic Midnight: the most negative H deviation occurs about 3 hours after Local Geomagnetic Mid-
night [Allen and Kroehl, 1975] Individual station deviations from this pattern may be due to the dominant
influence of a few isolated large substorms during a relatively quiet month.

The tables of "observatories supplying hourly AU and AL" and of “station frequency of AU and AL contri-
bution" serve to illustrate the nonuniform frequency of contribution of AU and AL for different stations of
the network. They also illustrate the systematic grouping in Universal Time of the time of most frequent
station contribution of AU and AL. Graphs corresponding to these tables are found in Section 11I-4.




Table 2. Monthly Quiet-Time H (or X) Reference Values (Units: Gammas = nT)

Observatory Name Year  Jul Aug Sep Oct Nov Dec
1. Leirvogur 1975 12306 12318 12318 12318 12320 12330
2. Narsarssuaq 1975 11916 11927 11926 11929 11927 11942
3. Great Whale River 1975 9725 9726 9753 9757 9760 9778
4, Fort Churchill 1975 7301 7292 7313 7322 7319 7336
5. Yellowknife 1975 7587 7582 7593 7599 7598 7568
6. College 1975 13043 13043 13047 13047 13037 13059
7. Barrow 1975 9846 9848 9848 98438 9841 9849
8. Cape Wellen 1975 14252 14254 14253 14256 14254 14256
9, Tixie Bay 1975 7932 7930 7925 7929 7927 7535
10. Cape Chelyuskin 1975 3517 3528 3521 3527 3514 3516
11. Dixon Island 1975 6489 6499 6496 6500 6494 6497
12.  Abisko 1975 11817 11823 11822 11819 11819 11967*
*Sodankyla
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