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EXPLOITATION OF DIGITIZED GEOMAGNETIC DATA

Masah.sa Sugiura

The f{irst mathematical description of the main geomagnetic field
was given by Gauss® in 1839. He determined 24 spherical harmonic co-
efficients based on the data at 84 points read off at 30° intervals of
longitude along 7 circles of latitude from Sabine's total intensity
(1837) chart, Barlow's isogones (1833), and Horner's isoclines (1836).
The field values calculated from his spherical harmonic expansion were
then compared with the observations at Y1 stations. Since Causs used
the 3 components X, Y, and Z, the numbervof values used in his spherical
harmonic analysis is 252. Following Gauss, Erman and Pedersen’ (1874)
made a main field amalysis using values at 90 points, and thus =2bout 270
values,

Adrms®™ * (1898, 1900) determined 48 coefficients based on the data
taken at every 10° in longitude and 5° in latitude from Sabine's and the
Admiralty charts. His data set thus consists of about 3800 values. The
subsequent main field analyses made by Schmidt® "7 (1889, 1895, 1898),
Dyson and Furner® (1%23), Bauer® (1923), and other workers used data
sets in which the number of values is of the order of a few thousand.
Vestine's main field analysis!® (1947) used data of a similar size fou
the spherical harmonic analysis, but the preparation of the data was
more elaborate than in the previous attempts.

The development of high speed computing machines brought a sudden
change in the scope of the main field analysis. Cain et al.ll (1967)

derived 120 spherical harmonic coefficients and their first and second
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time derivatives from a sample of all magnetic survey data available for
the interval from 1900 to 1964 and the total field data obtained by the
OGO 2 satellite. Their data set contained approximately 77,400 obser-
vations of one 6r more components each; the total number of values used
was roughly 150,000. The data for 1965 includod 22,300 OGO 2 observations.

The scope of the data obtained by satellites is enormously large.
For instance, the number of observations provided by the OGO 2 and 4
satellites is as follows:

Satellite Year Approximate No.
of observations

0GO 2 1965 2,500,000
1966 9,000,000

1967 800,000

0GO 4 July-Dec. 1967 14,500,000
Jan.-May 1968 12,000,000

Now we turn to Sq analyses. For his classical analysis of Sq,
Chapman'? (1919) used 21 observatories for the years 1902 and 1905. The
number of values used is thus 3 (components) x 21  observatories) x

24 (hours) x 365 (days) = 551,880 per year; znd hence the total number
is about 1,100,000 for the two years.

In Vestine's analysis !° of the Second Polar Year data he used 55
stations, making the total number of values approximately 1,400,000.
These analyses were made manually with desk calculators.

The analysis of Sq has also seen a drastic change in scope with
the advent of electronic computers. Matsushita and Maeda'® (1965),

using the data obtained at 69 stations on 45 quiet days during the IGY,
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derived Sq current systems for three longitude sectors and for three
seasons. The number of data values was of the order of 200,000; but
the number of current systems presented was 40, which represents an in-
crease by a factor of 10 compared with previous papers. To obtain these
results they performed spherical harmonic analysis 40 times.

Sugiura and Hagan*,'®(1967) constructed a motion picture to de-
scribe a continuous variation of Sq by a combined use of a computer and
a cathode ray type plotter. They used the IGY data from 66 observatorics
for two magnetically quiet periods of five days each and performed a
spherical harmonic analyéis for each of the 240 hours to represent in-
stantaneous Sq. Then Sq potential contours, both for the external and
the internal parts, were drawn by machine. To make a motion picture a
smooth transition from one contour map to the one for the next hour was
achieved by interpolating contours. In the motion picture the Sq potential
contour map is given at 3 minute intervals. Thus the total number of
contour maps is 4800.

Price and Store'" in England are developing a uew technique to analyze
Sq automatically with a computing machine on a routine basis.

In the efforts of Sq aqalysis by Matsushita and Maedal”, Sugiura
and Haganl“/17 and Price and Stonel® tabulz-ed hourly values had to be
punched on cards to be fed into thc computer. This is by no means a

trivial, task.
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For several years the U.S. Coast and Geodetic Survey and the Goddard
Space Flight Center have jointly made great effort to digitize magnet--
grams'’ . The project was in part financed by the National Science Foun-
dation. In this program, magnetograms are scaled by a machine operated
manually, and the scaled results, after being converted to values in
proper units, are stored on magnetic tape. Using such digitized data,
Heppner'™ (1969) has made a motion picture depicting changes in the hori-
zontal magnetic vectors at high latitude observatories.

Usefulness of geomagnetic activity indices is now well recognized.
Thus, for instance, the Dst index, representing mainly the ring current
intensity, has been published since IGY except for a gap of 1959 and
19607~ 22?3 | Until the digitization program began in 1964 the hourly
values of H had to be punched on cards, but with the 2.5 minute scalings
available on magn.tic tape no punching task is needed.

The der’vatioa of the Dst index, simple as .t may appear, does in-
volve an appreciable amoun. of work. First, for each station contributing
to the index the secular cﬂange has to be evaluated. This is done in
the present scheme by taking annual means for quiet days and by expressing
the secular change in power series in time, thus enabling the 'base line'
to be determined at any given hour. Using annual means of ten quiet
days the change in H at Hermanus amounted to 670y .n 9 years from 1954.5
to 1963.5. Though this represents an exceptionally large variation,
accurate evaluations of the secular changes are essential for an accurate

determination of Dst. After the secular change is removed the Sq variation



must be determined and likewise removed from the data., This is a diffi-
cult task, because on a disturbed day $q cannot be determined without
knowing the disturbance variation which we want to decrive., At present
the following method ié being used: for cach station Sq for each ycar
is represented by a double Fourier serics with local time and a month
aumber (in decimals) - expressiuyg seasonal variation - as cwo variablos
so that Sq can be evaluated at any local time on any day of the year.
The Fourier coefficients are determived by monthly mean Sq as obtained
from five international quiet days.

All these calculations are now programmed for rachine computacion.
The approximate number of 2.5 minute scalings used for the Dst derivation
is 210,000 per year per station. Without a high specd computing machine
and a high speed plotter it is virtually impossibic to produce the Dst
index on a routine basis., This applies to the auroral electrojet index,
AE. If we require 10 stations for the deriv: zion of AE, approximately
. million data values per year have to be dealt with.

The size of the data required for geomagnetic studies is increasing
tremendously. At the rate of one reading every 2.5 minutes the number
of vaiues for the three components is about 630,000 per year per station.,
For 50 stations the number becomnes 350 million for one solar cycle.

Even with hourly values the corresponding nuﬁber is 14.5 million.

The cost of digitization for Dst and AE is approximately $100,000

a year, or about $6,000 a year per station on the average (ignoring dif-

ferences in cost because of the differences in the complexity of variations



at low and high latitude observatories). In 5 years this amounts to
$30,000 per station. An estimate for the production in U.S. of a set

of fluxgate magnetometer, a tape recorder, and other necessary cquipmenc
which will produce digital daca automatically is on the order of $30,000
inciuding labor. Once the magnetometer-recorder syscem is installed,

the sum of 56,000 a year, which would be the average digitization cost
had the conventional magnetometer veen operated, would seem to be adequate
for maintenance of the equinment. There would of course be a saving of
cost in operatine an automatic observatory because of the reduced require-
meﬁt in manpower in the daily care of the record and the preliminary
scaling that is often done at an observatory.

In addition there are hidden costs in analyzing conventione]l magneto-
grams by scientists. These include scalings (often duplicated), reproducing
records on different scales, punching the scaled data, labor spent by
scivntists themselves and accompanying administrative expenses,

et me summarize at this stage the above overall discussion of the
digitization of the conventional magnetograms and Che automatic meenctic
observatory. First, there is a growing need for digitized magnetic data
in a machine-readable form, aud this nced is rapidly becoming a necessity.
Secondly there may actualiy be a case of a cost reduction in>the long
run in the observation and analysis of coertain aspect, if not all, of
geomagnetic variations if the conventional observatory is modernized by
installing a magnetometer with an automatic recording system with digitized

output.
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On the secend point above, I would like to urge the TACA to maxe a
careful study of the financial questions as well as cn ;hv instrumenta!
problems, 1t is a responsibility of the scientists to the socicty to
assure that the funds are being spent L; the most efficient way. Scienti-
fic merits and priorities must be crrefully assessed rogacdless of
whether the conventional magnetic observations are concinued or a new
system is to be introduced.

I wiil row make a little more technicel comparison of the conventional
and automatically digitized geomagnetic records. For any cxteasive
digital data analysis the advantage of automatically digitized reccrds
is obvious because of (a) the capability of direct input into a computing
machine and (b) the readiness for display of ti2 data in any desired form
by a plotting machine of cither mechanical or cathode ray type. For
synoptic studies also, automatically digitized records have advantages;
for instance, (a) for the drawing of disturba ‘e ficvld vectors or equi-
valent current vectors the conventional magnetograms would require a
scaling; (L) for a compariubn of records from many stations the ccaveniional
magnetograms often have to be scaled and replotted because of diffurcnt.
magnetometer sensitivities and different scales both in time and in
ordinates. Inconveniences with the conventional magnetograms in all
these matters have hindered a rapid progress.

There are, however, arguments against an automatic magnetomecer
system. But these arguments cften have pitfalls and fallacies. For in-

stance, it is sometimes said that the traces in the photographic magneto-

grams show how rapid the variations, for example, in sudden commencenents



(SC's), are, and chat this quality will be lost in records digicized at
frequently suggested sampling intervals. Although what is said here is
true, this argument cannot c¢laim an advantage of the ‘conventional mag-
netograms on a scientific ground. The rcasons for this are as fcllows.
First, the normal magnetograms are not intended and not suited for
studying variations of time scale < 1 minute. One must guard himself
against an illusion caused by the pleasing appearance of beautifully
processed phnfographic magnetograms. This aesthétic enchantment may
not lead to anything significant scientifically. For instance, studies
have been made on possible differences in the arrival times of SC's at
different local times. However, no definite conclusions, to my know-
ledge, have becn drawn on the question. Considering the complex stracture
of the plasma and the wmr.netic field in the magnetosphere, it secws un-
likely that the propagation of the SC disturbance can be sLudiud‘in such
a detail that the thinness of the magnetogram traces becomes a signifi-
cant factor. The OGO 3 and 5 satellite observations with a great time
resolution have indicated that the SC-associated magnetic variations are
indeed very complex in the magnetosphere. What is observed on the ground
is an intcgrated effect of ehe magnetospheric response to a discontinuity
in the solar wind. 1n addition to‘the principal hydromagneﬁic effects
there must be variations arising from currents along the field lines
and in the 1onosphere due to the deformation of the magnetosphere; and
all these variations are further modified appreciably by the induced

currents in the ccean and under the ground.



There may arise a neced for conventional magncetograms to have '
J

little better time resolution' than in samplied Jigitized data. To be
prepared for such a need there could be a group of conventional obser-
vatories maintained as in the past. 1In some arcas of the world it might
not be casy to convert the convenl ional obscrvatories into automatic
obscrvatories for various reasons. Nor would it not bhe advisable to
convert ecvery existing observatory into one equipped with an automatic
system. Tﬂere could be two groups of observatories conveational and
automatic serving for different purposes.

However, the quality of the magnetoprams that is considered to be
advantagcous above agnstitutes also a liability. Doring scvere distur-
bances we so often lose track of the traces bec=use of their thinness
in addition to their crossing each other repeacedly. Indeed this is one
of the strongest arguments against the conventional magnetogprams,

Anc ther argument frequently presented aga.nst an automatic obscr-
vatory is the dependability. The electronic and other components used
in an automatic observatory are inevitably more complex than the instru-
mentation in the conventional system, and hence there is more chance of
loss of data arising from various equipmental malfunctiors. Let us not
forget, however, how often magnctograms especiatly frnw'high latitude
observatories are uselecs or nearly so during disturbances when they are
needed most. Also, manual operations that are assumed to be dependable
do not appear to be as reliable as are assumed theoretically., Examples

proving this point are numerous. Magnetogram traces are coften lost
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because of poor optical! work ia the recording, poor photo-processing,
or careless photographic and processing work for the reproduction of
the magnetograms., Other examples of causes for loss of data are: a
lack of, or errors in, the indentifications of the three components;
errors, or uncertainties, regarding the signs for the ordinates in the
magnetograms; or, in the case of tabulated hourly values, misrcading the
magnetogram traces because of reflected images from off-scale excursions,
In the foregoing discussions I have expressed uscfulness of digi-
tized geomagnetic data and presented arguments advocating automatic
observatories that will produce digitized data directly from the magneto-
meters. However, when such digital data become available in a machine
readable form, there may arise a serious problem that has not been
experienced previously. This problem concerns the enormous advantages
given to scientists whe have direct access to computers. Scientists in
those areas of the world wheirce accessibility to computers is poor may
in practice be denied opportunities to participate meaningfully in the
analysis or geomagnetic data. In these countries in which use ot com-
puters is liﬁitcd. geomagnetic observations may become, in essence, a
service to the scientists in more technologically advanced countries,
Thereby active interests and scientific participations of the countries
of the former category may gradually decline. This is not a desirable
circumstance and certainly not in line with the spirit of the IACA.
such a3 trend is contrary to the traditions of the internaticnal cooper-
ation in the Polar Years, IGf,.IGC. I1QSY, IASY, and in other inte¢rnational

ventures.



To alleviate such a diificulty I would like to sucgest the establishe
ment of an International Center lor Geomagnetic Studie,. The fundanental
purposes of the Center are: (i) to make a computer system, plotters,
and other equipmznt needed for data analysis available to scientists,
and (ii) to provide opportunities to those scientists who at theirv home
institutions have only limited access to such modevn facilitics., The
Center should have a permanent staff of high qualitication so that visit:
ing scientists can receive advice from them either scientitically or
technically, Positions of "visiting professors' may provide scivnritic
stimulus. The Center would be a logical home for a DRigital Data Centoer
such as the one that has been suggested by Dr. J. C. Cain.

The host country for the Center would scem to have to satisty the
following conditions: (i) The computer technelogy is highly advanced,
(ii) There exists sizable group of scientists actively engaged in zeo-
magnetic rescarches., (iii) No discrimination i made vegarding ti
visitors' nationalities.

Needless to say, the problem of funds for the establishment ind
operation of such a Center would be enormously difticalt. However, en-
thusiasm and an accumulation of devoted efforts can often solve seemingly
insurmountable tasks in many areas of international enterprise. bBut the
prospect of materializing the Center would be zero if tne enthusia-m of
the scientists with whom the matter is concerned is onlv lukewarm. |
believe that the key question is whether such a Center is needed or merely

desirable. 1if the latter, I sce no prospect of success and any cffort



will be in vain. Who then is to answer this question? The answer must
of course come from all concerned; but those who would benefit most from
the plan must provide the driving force. 1t would be an idle thought if
one supposes that a country, or countries, in which modern facilities
are abound would initiate such a drive. The prospect of success will
thus depead first on the strength of the motivation of those who need
the Center and secondly on the understanding of their need on the part

of those who can assist financially.



REFERENCES

References 1 to 9 have been drawn from 5. Chapman and J. Bartels., (eo-
magnetism, Clarendon Press, Oxford, 1940, 1951, 1962 (corrected vdition),

l. Gauss, C. F., Allgemncine Theorie des Evdmagnetismus, in Resultate aus

den Beobachtungen des magnetischen Vereins im Jahre 1836, by

C. F Gauss and W. Weber, 6 Hefte, Gottingen and Leipzig, 1541
R

Some reprints in C., F. Gauss, Werke, Band 5; trans'ations by

F. Sabine in Richard Taylor, Scientific Memoirs, 2., London, R.

ang J. E,. Taylor, 1841,

2. Erman, A. and H., Petersen, Die grundlagen der gaussischen theorie

SoCh

und dice Erschernungen des Erdmagnetiswmus im Jahre 1829, Berlin,

1874 .
3. Adawms. W. G.. An account of the late Professor John Couch Adams'

determination of the gaussian mapnetic constants, British Assoc.

Report, Bristol Meeting, 1898, Internat. Conf. of Terr. Mag.
4. Adams, J. C., The theory of terrestrial magnetism, giving the eXpressions
of the magnetic forces on the earth's surlace, the carth being

regarded as a sphere, Scientific Papers, 2, 401-640, Cambridge

Univ. Press, 1900.

5. Schmidt, A., Mathematische Entwickelungen zur all_cmeinen Theorie
L 4

des Erdmagnetismus, Archiv d. deutsch. Seewarte, 12, Nr. 3,

Hamburyg, 1889,
6. Schmidt, A., Mitteilungen tiber eine neue Berechnung des erdmagnetischon

Poteatials, Abhand!. Bayer. Akad. Wiss., Minchen, II. Classe, 19

b

1, 1895,



p—
“\

Schmidt, A,, Der magnetische Zustand der krde zur Epeche 18850,

Archiv d, deutsch. Seewarte, , Nr. 2, Hamburg, 1598,

]

Dyson, F. W, and . Furner, The carth's ma ctic pntcntial. Monthly
e —— ———a

Notices Roy. Astron. Soc. London, Geophys., Suppl., 1, No. 3, 76,

1923,
Baver, L. A., Chicf results of a preliminary analysis of the carth's
magnetic field for 1922, Terr. Magn., 28, 1, 1923,

Vestine, E. H., L. Laporte, 1. Lange, and W. E. Scott, The geomag-

netic field, its description and analysis, Carnegie Inst. Washington

Pubi. 580, Washington, D. C., 1947.
Cain, J. C., S. J. Hendricks, R. A. Laagel, and W. V. Hudson, A pro-
posed mode! for the International Geomagnetic Reference Field -

165, J. Ceomag. Geoelec., 19, 335, 1967,

Chapman, S., The solar and lunar variation of the earth's magnetism,

Phil. Trans. London, A, 218, 1, 1919.

Macsushita, S., and H, Maeda Cn the geomagnetic solar quiet daily

variation field during the IGY, J. Geophys. Res., 70, 2535, 1965.

Suginra, M., and M. P. Hagan, Universal-time changes in the geomag-
netic solar quiet daily variation Sq, Scientitic Report, Dept. of
Atmospheric Sciences, Univ. of Washington, Seattle, Washington,

July 1967.

Sugiura, M., and M. P. Hagan, A study of seasonal changes in the geo-
magnetic Sq variation by a motion picture repres-ntation, Scientific
Report, Dept. of Atmospheric Sciences, Univ. of Washington, Seattle,

Washington, September 1967.



16.

17,

18.

iy,

.5 2

Price, A. T., and D. J. Stone, The quiet-day magnetic variations
during the ICY, Ann. IGY, 35, 65, 1964.

Cain, J. C., F. Eleman, S. J. Hendricks, H. Meyers, W. Paulishak,
and K. L. Svendsen, U.S. Coast and Geodetic Survey - NAS/ geo-
magnetic data rcduction program, Goddard Space Flight Center
Report X-612-66-11, January 1966.

Heppner, J. P., High latitude magnetic disturbances (A brief review
with initial results from motion picture presentation), in Aurora

and Airglcw, edited by B. M. McCormac, p. 75, Reinhold Publishing

Corporation, New York, 1967.
Sugiura, M., Hourly values of equatorial Dst for the IGY, Ann. IGY

399 190N,

Sugiura, M., and S. nendricks, Provisional hourly values of equatorial

Dst for 1961, 1962, and 1963, NASA Technical Note, NASA TN D-4047.
National Aeronautics and Space Administraticon, Washington, D. C.,
August 1967,

Sugiura, M., and S. J. Cain, Provisional hourly values of equatorial
Dst for 1964, 1965, 1966, and 1967, Goddard Space Flight Center

Report X-612-69-20, 1969.



	GeneralDisclaimer.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf

