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AURORAL ELECTROJET MAGNETIC ACTIVITY INDICES (AE) FOR 1970

by

Joe Haskell Allen
National Geophysical and Solar-Terrestrial Data Center
Environmental Data Service
NOAA, Boulder, Cotorado 80302

ABSTRACT
The Auroral Electrojet index (AE) is discussed and a detailed description
is given of the derivation of 2.5-min AE indices for 1970. Tables are given
of hourly average indices for each day of the year and of the stations which
supplied the extreme deviations from quiet time levels for each hour. Graphs
of the variations of the indices are included for each day.

SECTION I

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 along the margin
of the auroral oval. Ideally it is the total range at an instant of time of the deviations 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 shown to be especially useful to delineate
the onset and progressive development of high Tatitude magnetic disturbances which are recognized
as one aspect of polar and magnetospheric substorms [Akasofu, 1968]. It has been shown to cor-
relate strongly with the integrated Southward component of the interplanetary magnetic field
[Pudovkin, et al., 1970; Arnoldy, 19711 and to be intimately related to the growth of the geomag-
netic ring current during magnetic storms [Davis and Parthasarathy, 1967]. For these various
roles AE possesses advantages over other geomagnetic indices, in particular:

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

(i1) it is a quantitative index which, in general, is directly related to the physical
processes producing the observed magnetic variations;

(ii11)  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.

Increasingly frequent reference to AE in Journal articles concerned with solar-terrestrial
interactions and magnetospheric physics as well as requests to World Data Centers for AE indices
are indications of its utility. Also, IAGA Resolutions 2 and 15 [Alldredge, 1969]; the Joint
COSPAR-IUCSTP Second Report on IMS [1972]; and several ad hoc conferences of users of geomag-
netic data further document the need for systematic, timely derivation of AE indices. In order
to satisfy this need of the scientific community, the Environmental Data Service of NOAA has
undertaken to resume 2.5-min digitization of magnetograms and to perform the data processing
necessary to derive AE. This report is one means of distributing a summary of the results. More
detailed information and data may be obtained from World Data Center A for Solar-Terrestrial
Physics, Boulder, Colorado, U.S.A.

1.1 Prior Derivations of AE

AE indices were calculated and published on a systematic basis by the Geophysical Institute
of the University of Alaska for the years 1957 through 1964 [T. N. pavis, et al. 1967, 1968].
These values were based upon the standard tabulations of hourly-average scalings of the horizontal
magnetic field for selected auroral zone magnetic observatories. Later, AE indices were derived
at the NASA Goddard Spaceflight Center under the direction of D. Fairfield. These were derived
from 2.5-min digitizations of H from selected observatories and they covered the interval from
September 1964 through June 1968 [King, 19717.




The network of stations whose magnetograms were used to derive AE changed slightly from
year to year. Originally, some high latitude, southern hemisphere stations were used to fill
gaps in the longitudinal distribution of the available northern hemisphere auroral zone stations.
Critically located new stations were incorporated from time to time and they significantly
improved the station distribution and, thus, the approximation to “ideal" AE. However, because
of delay in availability of magnetograms from some stations, the AE indices for the years 1966
through 1968 were "preliminary" and were based on an inadequate distribution of stations. Arnoldy
[1971] has pointed out one effect of the biased station distribution for the published 1967 AE
indices. Also, omission from the AE station network of high latitude stations such as Barrow
or Inuvik may have sometimes severely limited the amplitude of detected events [K. Kawasaki,

R. L. McPherron, private communications]. Because of a history of H-baseline problems, Barrow
magnetograms were not used in the NASA derivation of the 2.5-min AE indices. In the EDS
derivation of AE(11) for 1970, Barrow contributed 18.6% of the extreme positive deviations (AU)
and 12.8% of the negative extreme values (AL).

1.2 Definition and Computation of AE

AE was originally derived by Davis and Sugiura [1966] from horizontal magnetic field (H)
data from a group of seven auroral zone magnetic observatories. They derived a quiet time H
level for each observatory and subtracted this value from observed instantaneous values of H.
The result was a time series of deviations from the undisturbed field, *AH(t). Superposition
of the seven time series produced a set of interwoven lines bounded by an upper and lower
envelope formed by connecting the set of extreme AH values. The upper and Tower envelopes
were designated AU and AL respectively and the range between them at any instant, AU-AL,
was defined as AE for that time. In the absence of other sources of variations, AU is a
direct function of the current flowing in the eastward auroral electrojet while AL is similarly
related to the westward flowing current.

A second index derived from AU and AL was their mean, A0 = (AU+AL)/2. It is an approx-
imate measure of the equivalent zonal currents-affecting the auroral zone whether arising in
the ionosphere or magnetosphere. It illustrates the presence or absence of symmetry in the
variations of the oppositely directed electrojets and may provide a correlation with ring
current effects in the auroral zone. The units of AU, AL, AE, and A0 are gammas (1 gamma =
1 nanotesla = 1x10-° Gauss).

The stations they selected to contribute to AE were chosen to lie in the auroral zone
and to be as evenly distributed in longitude as was practical. Ideally, each station should
Tie just below the instantaneous auroral oval around the time of local geomagnetic midnight.
In practice, the network of stations used must be relatively uniform in longitudinal coverage
and include a reasonable distribution of latitudes.

1.3 Station Selection for 1970 AE

Conversations with Davis, Sugiura, Akasofu, and others led to selection of the eleven
stations listed in Table 1 for the determination of 1970 AE(11). The station positions are
shown in Fig. 1 relative to the geographic and geomagnetic north poles. The station names
are given along with their mnemonic abbreviation (EDS-NOAA), geographic and geomagnetic
coordinates to the nearest hundredth degree, and the universal time of geomagnetic midnight
at equinox.

Delay in magnetogram acquisition from some observatories may lead to the future use of a
subset of the given observatories for the derivation of "preliminary" AE. Availability of
new stations may increase the list. We have chosen to indicate the number of stations
contributing to a given determination by a parenthetical number following the letters AE.

This basic list of eleven magnetic observatories may be supplemented with other stations
in future derivations to improve the approximation of "ideal" AE. For example, there are
Tongitude gaps between Fort Churchill and College and between Cape Uelen and Tiksi Bay which
may be filled. Also, because the auroral oval varies in areal extent with the level of magnetic
activity, we will attempt to supplement the present network with meridional chains of stations.
The addition of any standard station to the present network represents a significant increase
in the work of digitization to secure 2.5-min values. For this reason, we are interested in
continuing to review the desirability of retaining all stations used for deriving 1970 AE(11).
In general, we have chosen to use records from standard magnetic observatories and to avoid the
use of records from temporary installations although the latter may have been well-situated to




supplement the network. In this way we hope to produce comparable indices from year to year and
to standardize our technique of magnetogram processing.

In addition to the geographic position of contributing stations, another factor in station
selection is the promptness with which their records become available through the World Data
Center system. This means not only the timely submission of microfilm or other copies of
magnetograms but also the availability of calibration data such as scale values, baseline values,
and temperature correction factors. Also of great importance is the availability of auxiliary
storm magnetograms and their calibration information. This is because during active periods
(of greatest interest for AE) the registration of normal magnetograms is often incomplete,
necessarily resulting in missing data from these periods unless storm magnetograms are available.
The effect of missing data at a critical station may be observed in the graphs of daily variation
of the indices (Section III).

TABLE 1
Observatories Used for the Derivation of 1970 AE(11)

Mnemonic Geographic Coord. Geomagnetic Coord. oM

Observatory Abbreviation | N. Lat.© E. Long.® | N. Lat.® E. Long.0 uT

T, 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
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 Uelen # UE 66.17 190.17 61.79 237.10 1250
8. Tiksi Bay # TI 71.58 129.00 60.44 191.41 1551
9. Cape Chelyuskin cc 77.72 104.28 66.26 176.46 1650
10. Dikson Island # DI 73.55 80.57 63.02 161.57 1748
11. Abisko 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 Wellen, Tixie Bay, and Dixon Island.




Fig.

1

Stations contributing to 1970 AE(11) are shown by solid filled circles.
Polar equal-area projection centered on north geomagnetic poie
with geographic and geomagnetic coordinate grids.

Geographic latitude is indicated by the concentric circles of solid
lines. Geomagnetic latitude is indicated by the numbered concentric
circles formed by + signs. Geographic longitude is given by the
outer circle of numerical values with meridians shown as solid Tines
every 30°. Geomagnetic longitude is given by the inner circle of
numbers and the border of hash-marks at 100 intervals.




1.4 Quiet Time Reference Levels

There are several techniques which could be used for deriving the quiet time reference
Tevel of the horizontal field at each AE station. We have selected the following as being
simple, essentially objective, and easily performed on the computer. It is also the technique
used by Davis and his associates [1967, 1968] for hourly AE for 1957-1964. A monthly quiet
time average value of H is computed for each station from all the 2.5-min values on the
internationally adopted 5 quiet days of each month. This provides a set of twelve monthly
reference values for each station for a year. The average month-to-month absolute change in
reference level during 1970 was about 13y’ and the greatest change observed was 40v*

These changes introduce small discontinuities into AU and AL at each month's end and, therefore,
into AE. This technique does not attempt to remove Sq variations; however, our computer
program includes an option to derive monthly quiet time means for each 2.5-min interval from
the 5 Quiet Days or any other selection of days.

As computed for 1970 AE(11) and given in the first table of Section II, the monthly H
reference levels for each station include the H baseline value at that location. So long
as each H variometer maintains stability relative to its baseline during a month of recording
then the absolute value of the baseline is not important. However, as discussed below
(subsection 2.2), when there is component drift relative to the baseline this can introduce
errors into the AE indices. Effects of such instrumental drift or shifts can be compensated
when absolute H observations are taken at critical times to permit H baseline determinations.
For this reason we have computed our reference levels including baseline values instead of
simply using average millimeter amplitudes of H or other alternative reference levels. For
some Russian and Canadian observatories we did not have current adopted baseline values.
Either arbitrary preliminary values were used or else the most recent adopted values available
for dates near to 1970. In this way AE was derived on a more timely basis without our being
forced to await final adoption of baselines. We are prepared to apply adopted baseline values
when they become available and will circulate updated tables of reference levels and any
changes necessary in the AE indices. We do not expect these to be significant although they
might increase AE slightly in some cases.

1.5 Computation of Indices

The monthly reference Tevels for each station were subtracted from the observed values
of H givindg AH deviations for each 2.5-min UT. In practice these values were grouped in hourly
blocks by month and with data for the 11 stations ordered by geographic longitude. The AH
values were then scanned by computer techniques and the extreme deviations identified for each
2.5-min interval. These extreme values became AU and AL for that time and the observatories which
produced them:-were also recorded. AE and A0 were computed from AU and AL and all indices were
recorded on magnetic tape. At the same time, hourly averages of all indices were computed.

Daily graphs of all the 2.5-min indices were produced on the computer's cathode ray tube
plotting unit and microfiimed. Tables of hourly average indices were printed in monthly
blocks. For hours of high AE the complete set of station deviations for each 2.5-min interval
was listed. Quality control programs were used to check each stage of the derivation and
sample statistics were kept on the frequency of station selection for AU and AL.

Section II of this report reproduces the tables of station reference values, hourly
average indices tabulated by month, and monthly lists of stations contributing AU and AL .
for each hour. Section III reproduces the microfilm graphs of index variations for each 5

day. Brief comments on these tables and graphs are given at the beginning of Sections II and III.

2. Problems in Derivation of AE

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

(i) those inherent in the method of derivation of the index;
(ii) those arising from observatory procedures and the magnetograms; and

(i11) those produced by the digitizing process.




2.1 Inherent Problems

At an AFE observatory the deviation from quiet time H will be the same either for an enhanced
electrojet current or for a constant current which moves spatially relative to the fixed observ-
atory. With a limited number of stations and for a small event, no approximation to AE will
distinguish between these two sources of H deviations. Also, small electrojet variations could
occur in the gaps between observatories and not show in AE. Further, failure to remove any Sq
variations in computing the H deviations probably accounted for the small diurnal variation:
noted in AE by Pudovkin, et al. [19701. Restriction of the set of contributing stations to the
northern hemisphere should introduce a seasonal variation in the AU and AL ratios as noted by
Afonina and Fel'dshteyn [1971].

2.2 Data and Recording Problems

The operating problems which may arise at an auroral zone magnetic observatory are many
and varied. Those which particularly 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 to go off the edge of the photographic
paper during times of moderate or large excursions.

An example of baseline drift effects is shown in Fig. 2. The relatively high yet unvarying
level of AU for many hours of January 6 and for the first three hours of January 7 are obviously
erroneous. For several days of the first week in January the H trace at one contributing observ-
atory appeared to drift relative to its baseline. Apparently the problem was resolved by instru-
mental adjustments for after twenty four hours of blank record following 0300 UT, January 7,
the magnetograph recordings were resumed and offered no further problems.
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This difficulty was compounded by the fact that we had no current baseline calibration
data for that observatory and could make no attempt to compensate for the observed drifts.
For the interval January 1-8 we derived AE(10) and excluded the drifting data. Lack of current
baseline information is only serious for such times during which significant change occurs.
Otherwise the process of deriving AH eliminates the baseline and any arbitrary value can be
assumed so long as baseline stability is assured.

Some of the records processed in deriving 1970 AE had irregularly spaced hour marks
arising from erratic time drives in the magnetographs. This caused unique problems for our
semi-automatic digitizing equipment. In some instances difficulty with the time drive was
also associated with multiple days of recording on a single magnetogram. This produced a
complex network of overlapping traces which were difficult to separate.

Another problem encountered in deriving AE produces a characteristic effect easily seen
in the graphs of the AU and AL indices (Section III). During moderate magnetic activity the
H trace at some observatories may pass off the magnetogram and if there is no secondary trace
some data will be lost. At other times the H trace simply becomes so faint that it cannot be
digitized. On the other hand, during some large magnetic events the magnetogram traces become
so mixed that they cannot be distinguished from one another for digitization. Unfortunately,
many of the observatories selected for deriving AE do not routinely supply storm magnetograms.
If for any reason the H trace is "Tost" at a critically located station during a time when it
is supplying either the AU or the AL values of the AE index then a "missing data effect" results.
At such times the network of the AE stations is effectively reduced and the station recording
the next most extreme H deviation is used to supply AU or AL. The two most outstanding such
events can be seen in the graphs in Section III for AU on 70/03/08 at 1430 UT and 1900 UT and
on 70/07/21 at 1330 UT. These missing data effects are characteristically rectangular bays
in AU or AL with a sharp decrease toward zero, apparently normal variations for a few minutes
to hours, then a sharp increase back to a higher value. During the great magnetic storm
of 8 March 1970, data were missing from as many as eight stations during parts of the day. We
were reduced to deriving AE(3) for those intervals and the three stations supplying H devia-
tions were located in the North American sector.

This problem of missing data effects can be greatly mitigated at the observatories.
Adjustment of the position of the H trace on the magnetograms, installation of secondary
H mirrors on the variometers, and the inclusion of auxiliary storm magnetograms for active
times would solve most missing data problems in the records supplied to the World Data Center
system. When storm magnetograms are supplied appropriate calibration data should also be
furnished.

2.3 Digitizing Process Problems

Quality control of the digitizing process proved to be more difficult than expected. It
is not useful to discuss these problems in detail in this report, but we must admit the pos-
sibility that not all errors introduced in digitization were removed. We are not aware of
any erroneous index values in the tables of this report or in the archived 2.5-min values.
However, unless a digitizing mistake produced a suspiciously non-natural appearing variation on
the index graphs it may have been missed. At any instant of time AE is the result of measured
H deviations at only two stations and not the average of many measurements. For this reason it
is especially susceptible to digitization errors. Currently, we have adopted the procedure of
computer-plotting synthesized magnetograms from the raw digitized values and from the values
obtained after application of calibration data. Large discontinuities in the H trace are easily
observed. By this means we hope to reduce the number of errors in AE derivation-which character-
ized our first attempts with 1970 data. We request that anyone detecting questionable values
in 1970 AE(11) communicate with WDC-A concerning this matter. If necessary, corrections will be
issued from time-to-time and distributed to the scientific user community, including statements
in later reports in this series.

3. Availability of Indices

_This report presents hourly average indices, some statistical summaries, and graphs of the 2.5-
min indices for each day of 1970. Users of the indices desiring computer listings of 2.5-min
values may obtain them upon request from WDC-A. In addition these indices are available on digital
magnetic tape. They can be supplied in either 7- or 9- channel, 556 BPI, BCD format, IBM compat-
ible modes. Other conversions are possible upon special request. Microfilm copies of the index
graphs are also available. In general, WDC-A will attempt to supply the data for 1970 in any way
which will meet user needs and which facilitates data distribution. We welcome suggestions concern-
ing different means of effective data distribution.
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SECTION II

TABLES

Table of Monthly H Reference Values

The monthly quiet-time H reference values are given for each observatory. These values are
the base from which the AH deviations were derived and they were computed as the average of all
2.5-min digitized H values from the internationally adopted 5 magnetically 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
affegt the derived indices because the method of derivation eliminated the H baseline value (see
text).

Tables of Hourly Mean Indices

The following tables contain monthly Tistings of average hourly indices: AE, AL, AU, and
AO. These hourly values were computed as the mean of the 2.5-min instantaneous values and the
first hour of each day covers the data interval from 0000-0100 UT. A1l times are given in
Universal Time and the indices are given in gammas. On March 8, UT hours 15, 16, and 20 had hourly
AL values more negative than-1000y. This was also true for UT hour 12 on November 7 and for UT hour
8 on December 14. These values appear in the tables as underlined positive numbers because there
was not sufficient space to print a four digit value and negative sign.

Tables of Stations Supplying Hourly AU 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 arise from data
recorded at only two stations and the station-pair contributing these extreme values may change
from one 2.5-min data interval to the next during an hour. In order to designate a single station
as the source 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 AH for the hour as the "contributor”
of hourly-AU. Likewise, the station having the most negative AHM is the contributor of hourly-AL.
Two empirical observations from deriving AE indices support this decision. During disturbed times
(when hourly AE exceeds 150y) it is most common for one pair of stations to be both the most
frequent contributors of AU and AL and to also have extreme hourly averageaH values. During quiet
times (hourly AE lying in the range 20-60y), one station-pair may supply AU and AL for most of an
hour only to be displaced by another station-pair critically situated to record the onset of an
AE event. Generally, there is little difference between AH at the stations supplying the AU and
AL indices during quiet times and the other stations of the network. Thus large deviations
associated with an event are sufficient to raise the hourly average AH of the critically Tocated
stations above the corresponding values of the station-pair which supplied most of the quiet-time
values. For such hours the stations indicated as supplying AU and AL are the ones which respended
to the event.

These tables serve to illustrate the nonuniform contribution to AU and AL made by different
stations of the network. Barrow, Fort Churchill, Cape Chelyuskin, Dikson Island, Great Whale River,
and Narssarssuaq supply about 71% of the extreme values used in deriving 1970 AE(11). In
particular, Barrow, Dikson Island, and Cape Chelyuskin supplied almost 50% of the AU indices.
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