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FOREWORD

The rich rewards of the global synoptic studies of geomagnetic and visual auroral data obtained
during IGY and thereafter have clearly demonstrated the great value of synoptic investigations for
resolving the dynamic aspects of large scale plasma phenomena in the magnetosphere. Such studies of
the precipitation into the atmosphere of the high energy tail of the auroral particle spectrum cover—
ing the entire northern subauroral, auroral and polar cap regions were not possible during IGY because
the riometer net did not cover these regions sufficiently well. In the IQSY there were 36 riometers
and in IASY 44 riometers in operation covering fairly well the above-mentioned high latitude regions
in both longitude and latitude. This was the basis for the organization of an international cooper-
ative investigation on a global scale of the dynamic aspects of auroral absorption events, which was
organized during an ESRO Colloquium on substorm events held in Kiruna, Sweden, on 18-20 March 1969
(Proceedings in ESRO Report S5P-38 by J. Ortner and A. F. Moore, September 1969). All countries with
territories in the above-mentioned regions, except Iceland, were represented at the Kiruna colloquium
and because of the good cooperative spirit which all participants demonstrated we have succeeded in
agreeing on both the main philosophy and the detailed mechanisms of the cooperation.

Cooperation has now reached the stage where 30 auroral absorption events during each of the IQSY
and IASY periods have been analyzed in great detail by 6 groups. 369 synoptic maps have been produced
for IQSY and 336 for IASY, which show fairly clearly the temporal development of the high-energy
auroral particle precipitation over the northern hemisphere. All these maps are published in this
report in order to make them available to the scientific community for use in connection with related
observations and measurements of other kinds. The collaborating groups who have prepared these data
have proceeded to the scientific analysis. At least one joint scientific paper will be published and
different aspects may be carried further by individuals or smaller groups. By covering solar-activity
minimum as well as maximum years, we hope to be able to arrive at a good knowledge and understanding
of the dynamics of the auroral particle precipitation in the approximate energy range 10-100 kev dur-
ing substorms.

It is a great pleasure to acknowledge once again the good cooperation of scientists represent-
ing all longitudes along the auroral zone without which this work would not have been possible. We
are grateful to Mr. F. C. Cowley (Boulder), Dr. P. Stauning (Copenhagen), Dr. G. M. Courtier (Slough)
and Dr. Th. Saemundsen (Leirvogur), who have supplied riometer data although they have not been able
to work actively on the project. We have also benefited from the Thule riometer data published in
the AFCRL Geophysics and Space Data Bulletin., In addition to those who have carried out the work,
and whose names therefore appear on this data publication, valuable assistance of various kinds has
been given by Dr. S. -I. Akasofu, Dr. O. Holt and Dr. J. Kangas. I wish, finally, to express our
gratitude to Mr. A. H. Shapley and Miss J. Virginia Lincoln for offering us the possibility of hav-
ing this report published by World Data Center A, Upper Atmosphere Geophysics.

The machine plotting of maps made by Berkey was made possible by the National Science Foundation

Grant No. GA-1661.

The Swedish contribution has been supported in part by the Swedish National Science Research
Council.

Bengt Hultqvist
Coordinator
Kiruna, February 25, 1970
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DESCRIPTION OF DATA SELECTION AND REDUCTION PROCEDURES

Selection of Events

From a list of some 50 auroral absorption events in the IQSY and some 80 events in the TASY,
proposed by the participating scientists, 30 events for each of the two periods, fairly equally
distributed in Universal Time, were selected on the basis of the following criteria applied to the
riometer records from the night side of the earth:

(i) The riometer record was undisturbed for one hour before the onset of the substorm.

(ii) The onset was abrupt with a rate of increase of absorption of at least 1 dB per 5 minutes.
(iii) The duration of the absorption event was greater than half an hour.

(iv) The absorption exceeded 1 dB for more than 5 minutes.

Events superimposed on Polar Cap Absorption and Sudden Commencement Absorption have not been included
in the investigation.

In spite of condition (i) it was found that in some events reminiscenses of earlier substorm
events could be seen on the day side of the earth at the time of start of selected events on the
night side. However, these last traces of earlier substorms have been found to disappear quickly
and are not included in the investigation of the selected events listed in Tables 1 and 2. A type
of long-lasting absorption with a duration of up to a full day and night sometimes, has been ob-
served on some occasions in a limited geographical region. It seems to be stable in Universal Time
rather than in local time. This phenomenon has evidently nothing to do with the substorm effects
and has been subtracted out of the data. Other types of non-substorm absorption which have not been
included in the investigation are short spikes, rapid pulsations and small fluctuations before the
real onset (often referred to as pre-events). On some occasions the early phase of a new subsubstorm
has been discernible on the night side towards the end of the substorm. This absorption has been
excluded, when it has been quite clear that it has been part of a different substorm.

Riometer Stations

Records from 36 riometer stations operated during IQSY and 44 during IASY constituted the basis
for the investigation. In Table 3 these stations are listed together with their geographic and
corrected geomagnetic coordinates, frequency, antenna pointing direction and type of antenna.

Figure 1 shows a map on which the locations of all stations are marked.

Distribution of Data Reduction Work and Data Exchange

The basis for the distribution of the data reduction work between the 6 cooperating groups was
the local time of the riometers at the onsets of the events. Events were allotted to the group whose
riometers were in the midnight sector when the substorms started. The distribution between the var-
ious research workers is shown in Tables 1 and 2. Copies of the riometer records, covering a period
of at least 1 hour before onset to 4 hours after, were sent to the research worker in charge of the
data reduction for the event in question. In addition to the copies of the riometer records, infor-
mation about timing accuracy (maximum timing error), calibration values and quiet day curves were
distributed.

Data Reduction Procedure

No corrections for differences in frequency, viewing direction and beam width have been applied
to the measured absorption wvalues. As can be seen in Table 2 all riometers employed were working at
frequencies between 27.6 and 32.0 MHz. The differences in absorption values because of frequency
differences are, therefore, only of the order of 10% and can be neglected in the production of the
synoptic maps. The deviations of the isolines because of differences in pointing direction and beam
dimensions are also small. However, differences in frequency, direction of antenna orientations,
calibrations and timing technique among the various stations may together easily give rise to dif-
ferences in absorption of the order of 0.3 dB.

1




The large majority of these isoline maps have been drawn manually, employing linear spatial
interpolation between nearby stations and linear temporal interpolation between sequential maps.
When the riometers were far apart - as in the North-Atlantic area for the IQSY events or western
Canada for IASY events - the corrected geomagnetic latitude curves were used as guide lines in
drawing the isocurves. The isolines have in general been dotted when no data from within the main
zone of auroral absorption have been available over a longitude sector of 60° or more. However,
all riometer stations which have delivered data for an event are marked on the first map in the
series, so that reader/user can see for himself where long extrapolations have been made in con~
necting isolines of different regions with good nets of riometers. TFairly good support for the
extrapolation over e.g. the North-Atlantic region in the IQSY maps is, in fact, provided by the
IASY events for which riometers were available both on Iceland and Greenland and in Scotland,

If data is missing for a certain station on a certain map, this is marked with the letter C
close to the station. Fast pulsations, which have sometimes occurred, have been smoothed out and
this is marked with the letter P close to the actual station.

In some cases the amount of information is insufficient for an non-arbitrary drawing of the
isolines. For example, when a low value appears at the border of the absorption zone, it is dis-
putable whether two disconnected branches of the isolines should be the result, or whether the
lines should only be moved somewhat in latitude from the low value station but still extend in the
approximate E-W direction. Dotted lines have been used wherever the data were not convincing in
some area.

Ten events, reduced by Berkey have been plotted by means of computer. The program used a
welghted least square fit between data points, which means that a value was calculated for every
0.25 inch interval over the whole map. On that basis isolines were drawn for, in general, 0.5 dB,1.0 dB,
1.5 dB also. The contours for integer dB values are shown on the maps as heavy lines. The corrected
geomagnetic latitudes are shown as circles on the machine plotted maps, since these are not super-
imposed on geographic maps. The machine plotted maps are somewhat different from the hand drawn
ones in that the computer did not use time and space smoothing to the same extent as in manually
produced maps. However, the IASY computer-generated maps incorporate a modification intended to
reduce the undesirable effect introduced by linear interpolation between data points in the computer
program. On these maps, when data existed at any of 5 stations (Cape Schmidt, Churchill, Kotzebue,
Leivogur, or Tixie) the absorption magnitude was used to calculate the absorption at any other lat-
itude along the meridian of the station. Three additional data points (at 60°, 70° and 80°) were
derived assuming a latitudinal distribution of the form :

A(dB) = A_ exp[-(¢ - 65.4°)%/32]

where ¢ is the corrected geomagnetic latitude and A, is a normalizing factor derived from the
absorption recorded at the station in question.

On each map the border line between day and night hemispheres at an altitude of 80 km is in-
dicated. As a rule one map for every 15 minutes of each event has been included in this report.
However, in some cases, when the rate of change has been particularly rapid, shorter time interyals
have been used. It should be remembered that the density of the riometer net is far too low to
permit any study of the fine structure of the auroral absorption, such as strong latitudinal or
longitudinal gradients. The synoptic map series are of value mainly for the investigation of the
large scale temporal development of the spatial distribution of energetic particle precipitation.
Derivation of expansion velocities from the low-level absorption (0.3) contours is not advisable
in view of what has been mentioned above.

Table 1

LIST OF ANALYZED AURORAL ABSORPTION EVENTS IN IQSY

Data Year Time in UT Data reduced by

Jan 25 1964 0545 - 0830 Miss D.H. Jelly

Jan 25 1964 2000 - 2145 Dr. V.M. Driatskiy and
Dr. T.I. Shchuka

Feb 6 1964 0500 - 0745 Mr. K. Henriksen

Feb 8 1964 0015 - 0300 Mr. A, Theander

Feb 25 1964 1845 ~ 2100 Dr. V.M. Driatskiy and
Dr. T.I. Shchuka

Apr 17 1964 0115 - 0400 Mr. A. Theander

May 15 - 1964 0300 - 0545 Mr. K. Henriksen

May 18 1964 0530 - 0900 Miss D.H. Jelly
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Table 1 (continued)

LIST OF ANALYZED AURORAL ABSORPTION EVENTS IN IQSY

Data Year Time in UT Data reduced by
Aug 26 1964 0545 - 0830 Miss D.H. Jelly
Oct 9 1964 0755 - 1035 Mr. T. Berkey
Oct 18 1964 2224 ~ 0104 Mr. J. Yliniemi
Dec 1 1964 0745 - 1030 Miss D.H. Jelly
Dec 16 1964 1300 - 1515 Dr. V.M. Driatskiy and
Dr. T.I. Shchuka
Dec 17 1964 0045 - 0330 Mr. A. Theander
Jan 8 1965 0015 - 0300 Mr. A, Theander
Jan 14 1965 1120 - 1335 Mr. T. Berkey
Feb 8 1965 2030 - 2300 Mr. J. Yliniemi
Feb 21 1965 0430 -~ 0630 Mr. K. Henriksen
Mar 4 1965 0430 - 0700 Mr. K. Henriksen
Mar 22 1965 2118 - 0003 Mr. J. Yliniemi
Mar 25 1965 1915 - 2100 Dr. V.M. Driatskiy and
) Dr. T.I. Shchuka
Mar 26 1965 0755 - 0950 Mr. T. Berkey
Apr 9 1965 0245 - 0515 Mr. K. Henriksen
May 12 1965 0215 - 0500 Mr. A. Theander
Jul 28 1965 0515 - 0900 Miss D.H, Jelly
Aug 2 1965 0815 - 0915 Mr. T. Berkey
Sep 12 1965 2355 - 0200 Mr. J. Yliniemi
Nov 7 1965 0950 - 1150 Mr. T. Berkey
Nov 13 1965 2057 - 2257 Mr. J, Yliniemi

Dec 18 1965 1640 - 1845 Dr. V.M. Driatskiy and
Dr. T.I. Shchuka

Table 2

LIST OF ANALYZED AURORAL ABSORPTION EVENTS IN IASY

Date Year Time in UT Data reduced by

Jan 15 1969 1800 ~ 2045 Dr. V.M., Driatskiy and
Dr. T.I. Shchuka

Jan 17 1969 1700 - 1955 Mr. T. Berkey

Jan 25 1969 2345 ~ 0215 Mr., J. Yliniemi

Feb 2 1969 1800 - 1955 Mr. T. Berkey

Feb 3 1969 0615 - 1030 Miss D.H. Jelly

Feb 3 1969 1800 - 2315 Dr. V.M. Driatskiy and
Dr. T.I. Shchuka

Feb 15 1969 0245 - 0530 Mr. K. Henriksen

Feb 28 1969 2130 -~ 0115 Dr. V.M. Driatskiy and
Dr. T.I. Shchuka

Mar 7 1969 2337 - 0157 Mr. J. Yliniemi

Mar 13 1969 0115 - 0400 Mr. K. Henriksen

Mar 18 1969 0330 - 0615 Mr. K. Henriksen

Mar 30 1969 1740 - 1855 Mr. T. Berkey

Mar 31 1969 1640 - 1955 Mr. T. Berkey
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Table 2 (continued)

LIST OF ANALYZED AURORAL ABSORPTION EVENTS IN LASY

Data Year Time in UT Data reduced by

Apr 1 1969 1830 - 2115 Dr. V.M. Driatskiy and
Dr. T.I. Shchuka

Apr 21 1969 2247 - 0132 Mr, J. Yliniemi

May 3 1969 0430 - 0715 Mr. A. Theander

May 14 1969 1915 - 2215 Dr. V.M. Driatskiy and
Dr. T.I. Shchuka

May 17 1969 0615 - 0900 Miss D.H. Jelly

May 24 1969 2245 - 0130 Mr. A. Theander

Jul 14 1969 0400 - 0645 Mr. A. Theander

Jul 26 1969 2315 - 0200 Mr. A. Theander

Aug 4 1969 0915 - 1330 Miss D.H. Jelly

Sep 6 1969 0515 - 0900 Miss D.H. Jelly

Sep 6 1969 1015 ~ 1400 Miss D.H. Jelly

Sep 8 1969 0230 - 0515 Mr. K. Henriksen

Sep 16 1969 0245 - 0530 Mr. K. Henriksen

Sep 29 1969 2217 - 0007 Mr. J. Yliniemi

Oct 1 1969 0100 - 0345 Mr. A. Theander

Oct 1 1969 1305 - 1655 Mr. T. Berkey

Dec 23 1969 2220 - 0030 Mr. J. Yliniemi
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Fig, 1.

Locations of the riometer stations which have deliyered the data on which the
synoptic maps in this report are based. For the names and coordinates see
Table 3. The oval curves show the corrected geomagnetic latitudes which do
not differ by a measurable amcunt from the invariant latitude curves for this
scale. The merlidians are the geographic ones.
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Publication Notice

WORLD DATA CENTER A —~ UPPER ATMOSPHERE GEOPHYSICS REPORT UAG
(Prepared by World Data Center A, Upper Atmosphere Geophysics, NOAA, Boulder, Colorado)

These reports are for sale through the Superintendent of Documents, Government Printing Office,
Washington, D. C. 20402. Subscription price: $9.00 a year; $2.50 additional for foreign mailing;
single copy price varies. These reports are issued on an irregular basis with 6 to 12 reports being
issued each year. Therefore, in some years the single copy rate will be less than the subscription
price, and in some years the single copy rate will be more than the subscription price, Checks and
money orders should be made payable to the Superintendent of Documents,

Upper Atmosphere Geophysics Report UAG-1, "IQSY Night Airglow Data" by L. L. Smith, F. E.
Roach and J. M. McKennan of Aeronomy Laboratory, ESSA Research Laboratories, July 1968,
single copy price $1.75. [Catalog No. €52.16/2:1]

Upper Atmosphere Geophysics Report UAG-2, "A Reevaluation of Solar Flares, 1964-1966" by
Helen W. Dodson and E. Ruth Hedeman of McMath-Hulbert Observatory, The University of Michigan,
August 1968, single copy price 30 cents. [Catalog No. €52.16/2:2]

Upper Atmosphere Geophysics Report UAG-3, "Observations of Jupiter's Sporadic Radio Emission
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Upper Atmosphere Geophysics Report UAG~5, "Data on Solar Event of May 23, 1967 and its Geophys-
ical Effects" compiled by J. Virginia Lincoln, World Data Center A, Upper Atmosphere Geophysics,
ESSA, February 1969, single copy price 65 cents. [Catalog No. 052.16/2:5]

Upper Atmosphere Geophysics Report UAG-6, "International Geophysical Calendars 1957-1969" by
A. H. Shapley and J. Virginia Lincoln, ESSA Research Laboratories, March 1969, single copy
price 30 cents. [Catalog No. €52.16/2:6]

Upper Atmosphere Geophysics Report UAG-7, "Observations of the Solar Electron Corona: February
1964-January 1968" by Richard T. Hansen, High Altitude Observatory, Boulder, Colorado and
Kamuela, Hawaii, October 1969, single copy price 15 cents. [Catalog No. €52.16/2:7]

Upper Atmosphere Geophysics Report UAG-8, "Data on Solar Geophysical Activity October 24-
November 6, 1968", Parts 1 and 2, compiled by J. Virginia Lincoln, World Data Center A,
Upper Atmosphere Geophysics, ESSA, March 1970, single copy price (includes Parts 1 and 2)
$1.75. Part 1 [Catalog No. €52,16/2:8/1], Part 2 [Catalog No. €52.16/2:8/2]

Upper Atmosphere Geophysics Report UAG-9, "Data on Cosmic Ray Event of November 18, 1968 and
Associated Phenomena" compiled by J. Virginia Lincoln, World Data Center A, Upper Atmosphere
Geophysics, ESSA, April 1970, single copy price 55 cents. [Catalog No. €52.16/2:9]

4 Upper Atmosphere Geophysics Report UAG-10, "Atlas of Ionograms" edited by A. H. Shapley, ESSA
Research Laboratories, May 1970, single copy price $1.50. JCatalog No. €52.16/2:10]

Upper Atmosphere Geophysics Report UAG-11, '"Catalogue of Data on Solar-Terrestrial Physics",
compiled by J. Virginia Lincoln and H. Patricia Smith, World Data Center A, Upper Atmosphere
Geophysics, ESSA, June 1970, single copy price $1.50. [Catalog No. €52.16/2:11]

Upper Atmosphere Geophysics Report UAG-12, "Solar-Geophysical Activity Associated with the
Major Geomagnetic Storm of March 8, 1970", Parts 1, 2 and 3, compiled by J. Virginia Lincoln
and Dale B. Bucknam, World Data Center A, Upper Atmosphere Geophysics, NOAA, April 1971,
single copy price (includes Parts 1-3) $3.00. [Catalog No. C55.220:12/Pt 1, Pt 2, Pt 3]

Upper Atmosphere Geophysics Report UAG-13, "Data on the Solar Proton Event of November 2, 1969
through the Geomagnetic Storm of November 8-10, 1969", compiled by Dale B. Bucknam and J.
Virginia Lincoln, World Data Center A, Upper Atmosphere Geophysics, NOAA, May 1971, single
copy price 50 cents. [Catalog No. €55.220:13]
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Upper Atmosphere Geophysics Report UAG-1l4, "An Experimental Comprehensive Flare Index and its
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Hulbert Observatory, University of Michigan, July 1971, single copy price 30 cents, [Catalog
No. €55.220:14]

Upper Atmosphere Geophysics Report UAG-15, '"Catalogue of Data on Solar-Terrestrial Physics",
prepared by Research Laboratories, NOAA, Boulder, Colorado, July 1971, single copy price
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Upper Atmosphere Geophysics Report UAG-16, "Temporal Development of the Geographical Distri-
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