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AURORAL ELECTROJET MAGNETIC ACTIVITY INDICES, AE(11), FOR 1968
by

Joe Haskell Allen
Cari C. Abston
and
Leslie D. Morris

National Geophysical and Solar-Terrestrial Data Center
Environmental Data Service
NOAA, Boulder, Colorado 80302

ABSTRACT
The Auroral Electrojet index (AE) is discussed and a detalled description is given of the deri-
vation of 1l-station 2.5-min AE indices for 1968. Tables are given of hourly average indices for each
day of the year, of the stations making the main contribution to the hourly indices, and of the
average monthly quiet-time level of horizontal field (H) at each magnetic observatory. Graphs of the

index variations are included for each day.

SECTION X

1. 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. Defined and developed by Davis
and Sugiura (1966}, AE has been usefully employed both qualitatively and quantitatively as a correl-
ative index in studies of substorm morphology, behavior of communication satellites of radio prop-
agation in high and middle latitudes, and of the coupling between the interplanetary magnetic field
and the earth's magnetosphere. For these various uses AE possesses advantages over other geomagnetic
indices or at least shares their advantageous properties, in particular:

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

{ii) it is a quantitative index which, in general, is directly related to the processes pro-
ducing the observed magnetic variations;

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

{iv) it may 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
community 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 a year and 1s the second such compilation published by the World Data Center A for
Solar-Terrestrial Physics (Allen, 1972). Listings or digital magnetic tapes of detailed 2.5-min
indices and microfilm of the daily graphs of variations can be obtained from WDC-A for Solar-Terres-
trial Physics, NOAA, Boulder, Colorado 80302, U.S.A.

1.1 Prior Derivations of AE

Auroral electrojet indices (AU, AL, AE, and AQ) have been derived for years before 1968 and
these are available in some of the formats described above. For years 1957 through 1964 they were
calculated and published on a systematic basis by the Geophysical Institute of the University of
Alaska (T. N. Davis et al., 1967, 1968). These values are hourly indices only, since they were
based upon the standard tabulations of hourly-average scalings of H taken from magnetograms. The
group of observatories used were in both the northern and southern hemispheres and changed from
time to time.




For the period from September 1964 through December 1968, the indices were derived at the NASA
Goddard Spaceflight Center from 2.5-min digital H values (King 1971}. The stations whose magneto-
grams were used for these derivations changed as new observatories became operational and were in-
corporated into the metwork, or as blocks of stations were deleted because their magnetograms were
not available in time. For the last third of 1964 and the first half of 1965 magnetograms from
eleven northern hemisphere stations were used to derive AE; however indices for following years were
derived from fewer stations until for the last two months of 1968, records from only three stations
were used. These indices were recognized as "preliminary' at best and it was expected that the
missing data would be added to the derivations as they became available. The present data report
is the first step in this direction.

1.2 Definition and Computation of AE

AE was originally derived from digitized 2.5-min horizontal magnetic field records from a group
of seven auroral zone magnetic observatories (Davis and Sugiura, 1966). A quiet-time H level was
adopted for each contributing observatory on an event-by-event basis and this value was subtracted
from the instantaneous H values. The result was a time series of deviations from undisturbed H
levels, + AH(t). Superposition of the seven time series upon a common zero level produced a set
of interwoven lines bounded by an upper and lower envelope formed by connecting extreme AH values.
The amplitudes of the upper and lower envelopes were designated AU and AL, respectively, and at any
instant the range between them, AU minus AL, was defined as AE for that time. 1In general, AU is
a function of the current flowing in the eastward auroral electrojet while AL is similarly re-
lated to the westward auroral electrojet current. A secondary index, AQ, is defined as the mean
of AU and AL and reflects the high-latitude effects of the ring current and of zonal currents
whether flowing in the ionosphere or magnetosphere. All indices, AU, AL, AE, and A0, are given in
units of gammas (1 gamma = I nanotesla)}.

1.3 Observatory Selection for 1968 AE (11)

Records from eleven northern hemisphere observatories were used in the derivation of AE indices
for 1968, AE(11) in our nomenclature. These are the same stations used for the 1970 derivation and
they are given in Table 1 along with their abbreviations, geographic coordinates, geomagnetic coor-
dinates, and the time of Local Geomagnetic Midnight (LGM) for each site. Also, their locations are
shown in Figure 1 on a map of the northexn hemisphere centered on the geomagnetic pole (extended
geocentric dipole axis); the geomagnetic coordinates of the grid are indicated.

TABLE 1

Observatories Used for the Derivation of 1968 AE(l1)

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. Narssarssuaq NAS 61.20 314.16 71.21 36.79 0210
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. College co 64.87 212,17 64.63 256.52 1133
6. Barrow BW 71.30 203.25 68.54 241.15 1235
7. Cape Wellen # UE 66.17 190.17 61.79 237.1¢ 1250
B. Tixie Bay # TI 71.58 125.00 60.44 191.41 1551
9. Cape Chelyuskin cC 77.72 104.28 66.26 176.46 1650
10. Dixon Island # D1 73.55 80,57 63.02 161.57 1748
11. Abiske Al 68.40 18.90 66.04 115.08 2052

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

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




Figure 1

o0l2

00

Observatories whose records were used in the derivation of 1968 AE(ll) are shown
as filled circles. Their abbreviations correspond to the list given in

Table 1. The map is a polar equal-area projection centered on the north
geomagnetic pole (extended geocentric dipole axis). The north geographic
pole is indicated by the square.

Only geomagnetic coordinates are shown. Geomagnetic latitude is indicated
by the concentric rings of plus signs (+) every 10°. Geomagnetic longitude
is given by the outer ring of values every 30° with hatch-marks every 10°.




The network of stations selected for 1968 and 1970 AE derivations represents an attempt to
achieve a relatively uniform longitude distribution of stations and a range of latitude coverage
providing reasonable assurance of detection of even small events localized in spatial extent and
of short duration and of larger events when the auroral oval is greatly expanded. It is, of
course, a compromise between the desire to use as much data as possible and the high cost of digi-
tizing magnetograms. We have tried to restrict the derivations to using data from established
observatories so that indices for different years will be comparable, and timely availability of
station records was a factor when there were several nearby observatories in one area.

_ Because we have encountered periods of one or more months during which one or two observa-
tories were not operating and because the number of observatories used for future derivations may
change, we have chosen to designate the number of contributing observatories parenthetically follow-
ing the index letters, e.g. AE{l1). The daily graphs of variations in 2.5-min AU, AL, AE, and AO
indices which are a part of this report (Section III) show in the upper right corner the number of
stations contributing to the derivations during that month, such as AE(10) or AE(11). Checking the
average monthly quiet-time H values given in Section II will confirm which stations were active and
which were not included during each month of 1968. Shorter intervals of lost records from crit-
ically located observatories are not indicated.

Analysis of the 1970 AE(11) index data indicates that an optimum station distribution would
include stations lying equatorward of the instantaneous aurcral oval during the evening hours
which most often supply AU (about 1800 LGT) and others lying undexr the aureral oval during the
g;gly go§ning hours following local geomagnetic midnight when most AL values are supplied (about

0 LGT).

The apparent longitude gaps between Fort Churchill (FC) and Barrow (BW} and between Barrow
(BW) and Tixie Bay (TI} may subsequently be filled by the creation of new observatories. At
that time the AE network will be supplemented by inclusion of data from these locations, resulting
in AE(12) or AE(13). It should be noted that AE(12) or AE(13) for any instant can only be greater,
not smaller than, AE(11l).

1.4 Computation of AE Indices

The same technique of computation used for 197¢ AE(11) and described in UAG-22 (Allen, 1572)
has been followed with the 1968 derivation. Briefly, a constant quiet-time reference level for each
month is computed for each station. The value used is the mean of all 2.5-min H values for the 5
Quiet Days of that station-month. No attempt is made to remove high-latitude Sq effects in deriv-
ing the reference level although low amplitude AU and AL indices have been noted to peak on quiet
days at UT times when high-latitude 3q contributions are probably present. Some month-end dis-
continuities may arise due to steps in the monthly reference level at different stations but these
are considered negligible relative to the amplitude of effects generally studjed with AE indices.

Monthly quiet-time station reference levels of H are subtracted from the 2.5-min H values of
each station for that month and the resulting eleven H-deviation time series are compared. The ex-
treme deviations are identified at each 2.5-min interval and designated AU (most positive) and AL
(most negative) for that time. AE and AC are computed according to their definitions. These are
the basic AE data. In addition, hourly averages of all indices are computed. The 2.5-min indices,
as well as the H-deviations, are recorded on digital magnetic tape to be available upon request.

Daily graphs of all four 2.5-min indices (AU, AL, AE, and AO) are produced on 35mm microfilm
and are reproduced in this report (Section II1). Monthly summaries (Section II} are derived which
contain hourly average values of the indices, daily averages, and averages by hour of the UT-day for
all days, for the 5 Quiet Days, and for the 5 pisturbed Days. Simple statistics are kept on the fre-
quency and time of contribution of extreme values by each station and these are the basis for the
listings of stations supplying AU and AL by hour for each month, Brief comments are given at the
beginning of Sections II and III to describe the reproduced data and graphs.

2. Problems in Derivation of AE

Users of these indices should be aware of the following types of problems:

(1) those inherent in the method of derivation of the indices;




(ii) those arising from observatory procedures and the magnetograms; and
(iii) those produced by the digitizing process.

2,1 Inherent Problems

At an AE observatory an increased deviation frem quiet time H may be the same for either an
enhanced electrojet current or for a constant current which moves closer to the fixed observatory.
Given the limited number of contributing observatories and using an index based exclusively upon
variations in the H component, it is impossible to distinguish between these two alternatives unless
the event is of a sufficient magnitude and duration to be monitored at several observatories.

Low amplitude electrojet variations of short duration occurring over those sectors between
widely separated observatories may result in imperfectly recorded AE events. During quiet times it
is known that the auroral oval contracts about the geomagnetic pole and during large disturbances
that it may expand equatorward, extending well below the high-latitude ring of stations selected
for deriving 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 questionable reliability.

2.2 Data and Recording Problems

The operating problems which may arise at an aurcral zone magnetic observatory are technical
and logistical. Difficulties in transmitting data may affect the timeliness with which records
are made available, and inability to replace injured observatory staff at one station resulted in
data loss for five weeks of 1970. However, those observatory problems which most often affect
the derivation of AE are any which change the baseline of the H trace during a month, any which
change the H scale values, and any setting of the H trace on the magnetogram which permits it %o
mcve cff the edge of the photographic paper during times of moderate or large excursions.

The technique of deriving AE is such that the baseline is subtracted out and is not a source
of significant error provided it remains approximately constant throughout the month or else its
changes are known so that they can be included in computing the reference level and 2.5-min H
values, For most months and most observatories there appears to be adequate stability so that ar-
bitrary baselines cam be assumed even if no quantitative measurements are available. However, some
instances of baseline drift have been encountered in every year of data already processed. For
earlier years such as 1968, final adopted baselines are often available and are used but for some
observatories we have had to assume that older baselines were adequate and to hope that the presence
of short-term drift during a menth would be detected so that the subject magnetograms could be ex-
cluded from the derivation. Although this problem was probably greatest for years before 1968,
continuing baseline stability problems have been encountered in special index derivations performed
for parts of 1971 and 1972.

A few of the magnetograms processed in the derivation of 1968 AE(11) had irregularly spaced
time-marks arising from erratic time drives in the magnetographs. Such records cause unique
processing problems for our semi-automatic digitizing equipment. At other times the magnetograms
appear to have been left on the recording drum more than one day so that a complex network of
overlapping traces results. Some magnetograms are produced as records of variations recorded by
electronic or atomic magnetometers. When these instruments are equipped with automatic range-
changing electronics to compensate for the great range of deviations during disturbed times, it
is difficult to track the number of range changes during the largest events and sometimes these
gystems require a manual resetting which is not always documented on the magnetograms or accom-
panying information sheets.

The most serious recording problem which affects the derivation of AE is any that causes loss
of a recorded H-trace when no back-up record is available. Sometimes the H and other traces sim-
ply fade away even though geomagnetic conditions are quiet. However, usually loss of H is asso-
ciated with higher levels of activity and such loss generally occurs at a time of maximum devi-
ation when the disturbed record at that observatory would be the most important in the derivatiom
of AU or AL. If the H-trace is located too near either edge of the magnetogram, even moderate
magnetic activity can send it off the edge. Not all observatory variometers are equipped with
secondary H-mirrors te protect against such loss of record. Most frequently the H-trace is lost
during very disturbed conditions of magnetic storms when it may either be off the magnetogram
or so mixed with the other traces that it cannot be distinguished for purposes of digitization.
During such times unless there exists a low sensitivity storm magnetogram from the same obser-
vatory, the data ave lost.




When the H trace is suddenly lost at a critical station that was supplying AU or AL, then
the station supplying the next most extreme H-deviation at that instant becomes the key to the in-
dex. Sometimes after a few minutes the more extreme deviation record is again available and the
critically located station again becomes the key to the affected index. This sequence of events
may have the effect of placing a large, bay-like feature in the AU or AL trace. Such an artifi-
cial event changes the character of the derived AE index but may not be apparent in the AE varia-
tions graph. A perfect example is to be seen in the AU trace for 21 July 1870 beginning around
1330 UT (cf. UAG-22) and such characteristically shaped spurious events have been dubbed "missing
data effects" (mde). Suspected mde's in the 1968 indices can be checked best by reference to
the original magnetograms of the critical stations as listed in Section II.

Practically all problems arising from missing data could be eliminated by the following
steps: suitable adjustment of the H trace on the magnetogram, use of variometers having secondary
mirrors, and (most importantly) operation of low-sensitivity auxiliary storm magnetographs. Avail-
ability of these auxiliary storm magnetograms even during quiet times would also help in detecting
and correcting the records during times of baseline drift on the normal magnetograph systems.

2,3 Digitizing Process Problems

Quality control of the digitizing process has proved to be more difficult than expected. A
list of errata for Report UAG-22 (AE(1l)} for 1970) is included at the end of this weport and it
illustrates the fact that not all errors were caught before publication. Despite thorough quality
control steps, we cannot be sure there are no accidental errors in the data in this report for 1968
or in the archived 2.5-min values.

Qur first attempts to derive 1970 AE demonstrated that the plotting of continuous AU and AL
traces was an excellent but expensive form of quality control over both the curve-following step and
the application of calibration data. Since then, the quality control programs have been consid-
erably supplemented and now involve extensive use of computer graphics. Immediately after com-
pleting the semi-automatic magnetogram curve-following process, synthesized magnetograms are plotted
from the raw millimeter variations data vecorded on digital magnetic tape. These plots are ex-
amined for unnatural appearing discontinuities typical of use of an incorrect baseline, selection
of the wrong trace, etc. Reruns are performed on the curve-following equipment to correct detected
errors and the corrected variations values are combined with calibration data to produce digital
H values. Another set of synthesized magnetograms are then produced and compared with the original
magnetogram copies.

Only after passing these visual tests and other computer examinations are the data submitted to
the AE derivation program.

In spite of these guality control efforts, we expect that some errors will escape notice and
be published or otherwise distributed. We request that anyone detecting questionable values in
1968 AE(11l} or AE indices of other times please communicate with WDC-A 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 1I

TABLES

Table of Monthly GQuiet-Time H Reference Values

The monthly quiet-time H reference values are given for each observatory. These values are the
base from which H-deviations were derived and they were computed as the average of all 2.5-min digitized
H values from the internationally adopted 5 Quiet Days of each month. The given values are in gamma
units and are absolute in the sense that they include the applied scale value and provisional baseline
used for each observatory's magnetograms. While subsequent changes in adopted baselines may shift the
reference values slightly, they should not affect the derived indices because the method of derivaticn
eliminates the H baseline value provided it is constant for the month (see discussion in Section I).

Tables of'Hourly Mean Indices

These tables contain monthly listings of average hourly indices: AE, AL, AU, and AO. These hourly
values were computed as the mean of the 2.5-min instantaneous values. The first hour of each day covers
the data interval from 0000-0100 UT. All times are given in Universal Time and the indices are given
in gammas. Occasionally, hourly values of AE or AU may require four digits and eliminate the space
between successive values. AE is always positive and AU is positive most of the time but may become
negative during the main phase period of large storms when H is depressed glebally by an enhanced ring
current. Sometimes AU may be negative as a result of missing data effects (See Section I). AL is
almost always negative and seldom exceeds three digits; however, during large magnetic disturbances
there occur bays which may cause hourly AL to be more negative than -1000y. AO is usually negative,
but is rarely less than -999v (three hours during 1968}.

Tables of Observatories Supplying Hourly Al and AL

As described above, the hourly average indices are computed from the 2.5-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 2.5-min interval to
the next. In order to associate a single station with values of hourly AU or 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 disturbed 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. However, there are times when this does not hold. This is the case during an hour
which is quiet until near the end or which has only the first few values disturbed. Here the table will
list the stations which provide AU and AL for the short disturbed portion of the hour rather than the
stations providing AU and AL for the longer undisturbed portion of the hour.

These tables serve to illustrate the nonuniform frequency of contribution of AU and AL for dif-
ferent stations of the network. Also, they illustrate the systematic grouping in Universal Time of the
time of most frequent station contribution of AU and AL.
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