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INTRODUCTION

Magsat 1Is a satellite designed for making measurements of the
peomagnetic vector fleld. Whien lawnched in September of 1979 {t will occupy a
low (less than 450 km) polar orbit, with a lfetime of about 6 months. The
fully stabilized, earvth-oriented spacecraft will measure the earth’s fileld to
an  expected root=sum=square (rss) accuracy of 6 nanotesla (nT) in  each
component and 3 ol {n total intensfty. The res fs taken over all expected
error contributions, fucluding orbital position and attitude accuracy.
Attitude error Is wmigque to the vector measurement and accounts for the
difference in ervor magnitude between the camponent measurements and the total
intensity measurements.

The Magsat data will have fmportant applications, including the creation
of updated wodels of the internal magnetic field of the earth, favestigations
of the internal characteristics of the earth via study of fields induced
within the carth, and the study of flelds due to currents in the fonosphere
and magnetosphere. All of the uses mentloned can be enhanced by the
acquisition of data from magnetic obscrvatories and repeat statfons at the
surtace of the carths This report is our asssessment of the nead and value of
such surface measurements and our recowmendations concerning how the present
measurement plans could be profitably expanded. The views expressed are those
cf the authors and do not constitute of ficial positions ot the two agencies.

CEMMACGNETIC FIELD MODELS - SFCULAR CHANGE

Accurate, up=to-date fleld aodels are vequired for a number of
app ications, including che production of declination charts for navigation,
reqoval  of background fields from aeromagnetic and ship=borne magnetic
surveys, satellite attitude control and determination, and calculations of
field lines and conjugate points for lonospheric and magnetospheric studies.
Magsat will perform the first truly global, vector, survey of the geomagnetic
field. Field models fncorporating the Magsat Jdata should be the most
accurate, for their epoch, of any in existence. However, unless an accurate
wodel of the secular variation (See Figure 1) is available, these models will
become unreliable in some reglons within a few years and would be out of date
in about five years. A more accurate model of secular change would greatly
extend the period of usefualness of field wmodels based on Magsat data.
Knowledge of the secular varfation {is crucial in tying together regional
surveys taken at different epochs and it is one of the few sources of
fnformation regarding the carth’s core, where the internal field originates,
and the core-mantle boundary.

Secular change models depend for their accuracy on the availability of
an adequate global distribution of data at token intervals of a few years.
Between 1964 and 1971 wmeasurements of the scalar field were obtained from the
POGO (Polar Orbiting CGeophysical Observatory) satellites. 1In late 1979 and
early 1980 global vector measurements will be obtained {rom Magsat. But in
perlods when no spacecraft {s measuring the tield, truly global coverage is
not availables This can and has resulted in fileld models with large errors in
some locations, such as the ocean areas, because of inalequate determination
of the sccular variatfon. Properly placed magnetic observatories and repeat




stations, with mcasurements repeated every 3=5 years, can alleviate this
problem.

A basic data set for use in model development will be obtained from the
active standard observatories and varifation statfons. Those known 'o us as of
this date are shown in Figure 2. These will be supplemented by regular repeat
measurements. Based on past experience and known commitments, regular repeat
measurements will be acquired for the U.S., Canada, Western Furope, Australla,
Japan, South Africa and other countries. We stroagly eacourage the
continuation of such measurements and recommend additfonal measurements to
obtain more wniform coverage in late 1979 and in 1980, during the lifetime of
Magsat. These measurements should be repeated in 1982 and in 1984,

It is clear from Figure 2 that the expected distribution of surface data
owits many large areas, particularly {n the oceans. This has resulted (n a
major shortcoming in previous secular vartfation models. In orvder to improve
the useful lirfetime of Magsat=based models, magnetic measurements are
desirable at key locations throughout the world. Figure 3 {s a map showing
the standard observatories, variatfon stations, and recommended new
observatories and special repeat stations. Table 1 is a 1list of the
recommended new and special station locations. All of these stations are
fmportant, but in the event that limited resources or other considerations
require making a choice among the additional recommended stations, we suggest
that the higher priority stations be selected for occupation. The list of
locations 18 based on the work of D. Voppel in Circular No. 111, of TAGA
Working Group V=10.

All measurements should be absolute with the following accuracies as a

goal:
ELEMENT OBSERVATORY REPEAT STATIONS
D 0.5* 1.0
H 2=-5 nT S nT
b 4 < 5nT 5 nT
F [ nT 2T

The figures under the observatory column represent the probable accuracy of
values scaled from magnetograms or obtainad from digitized data. The ftigures
for the repeat sations show the probable accuracy of the absolute
measurement s.

Repeat measurements should be made for a sutficient period (from sevoeral
days to two weeks) to insure that the measurements are representative of quiet
day periods.




UPPER MANTLE CONDICTIVITY

Knowledge of the conductivity of the upper mantle is valuable (n
inferving temperature, structaral, and compostitional varfations. Some
fovestigations are underway utilizing Poge data, but the vector data from
Magsat will be more sultable, and we believe that, when augmented by suttably
spaced surface measurements, 1t will extend the existing analysis capability.

Investigations of upper mantle conductivity utilizing satel lite data ave
conducted with data acquired during magnetic stoms. The relevant disturbing
flelds are due to currents (n the distant magnetosphere, in particular the
equatorial current sheet or ring current. During geomagnetic storms these
disturbing flelds are large comparad with flelds from other sources and the
resulting signal to noise ratlo factilitates separation of internal from
external currents. In addition to the nead for more accuracy in sepavating
external from internal filelds, there {8 a nead to extend existing research in
two divections: the frequency range measurad needs to be extended and the
faversion to conductivity needs to be accomplished as a fwmetion of latitude
and longitude, (.0« not assuming sphevical symmetryv. Analvsis of Pogo data
fndicates the potential feasibility of accomplishing the first. The second
{8, as vet, an vasolved theoretical problem, but (s wmder fovestigation. 1t
analyt ic solu lons are not obtained, computerized numerical methods will be
utilized.

Upper wmantle conductivity studies would be greatly enhanced by the
acquisttion of relatively evenly spaced global surtface data. The destired data
distribution {8 the same as that ftor secular variation described in the
previous section, so we propose that these measurements also be made at the
locations {ndicated {n Figure 3 and Table 1.

For these studies simultaneous global measurements are requiral. We
propose a spectal observing period of two months duration, during the Magsat
lifetime, at which time ohservatory measurements would be angmented with
sul tably located temporary sites to provide the needed global data on a
continuous basis. The appropriate time poriod is soon atter Magsat has been
launched and {ts operational stotus veritfiled. Allowing some time for
unforsesn difficultios, we sugges! that an appropriate time period {s November
and December of 1979, Absolute measurements may not be required for these
favestigations, providing that the instvument {s stable {n sensitivity and the
base level does not change by more than 1T during the two month period.

TONOSPHERIC /MAGNETOSHHERIC STUDILES

Magsat (s not intended to study the fonosphere or magnetosphere. 1In
fact the twilight orbit was chosen deliberately to avold some of the regloas
of intense lonospheric currents. Nevertheless, because the Magsat data will
be the most accurate near=earth, satellite, vector data ever obtainad, 1t will
make a significant contribution to fonospheric/wmagnetospheric studies. 1t
will provide the fivst accurate in situ measurement of field aligned curveants
near the earth and will help resolve as yvet wexplained characteristics of




disturbance flelds at high latitudes, including some features of the Pogo
data.

It is clear from the analyses of the Pogo data and from theoretical
studies that a combination of satellite and ground measurements yield more

fnformatfon than either alone. When  combined with  sultable  ground
measurements, {t should be possible to use Magsat data to distinguish ffelds
from varfous sources: field aligned currvents, {onospheric currents and

distant magnetospheric currents.

All of the measurements mentfoned in previous sections wily e of value
in fonospheric/magnetospheric studfes. In addition, concentrated measurement s
at high latitudes are used in delineating current systems. Several networks
of high latitude statfons will be (n operation during the International
Magnetospheric Study (IMS). The planned time period for operation fs 1970~
1979. These networks (nclude the Canada=U.S8. North Amervican magnetometer
network, the CCOG (Committee for Coordination of Observations assoclated with
Geos) networks (n Scandinavia and Greenland, and the three chains and two
areas of intensive observations (n the U.S.5.R. We therefore recommend a
continuation of operation of these networks during the lifetime of Magsat,
{.0., through the Fall of 1980.

Crustal conductivities will {nfluence measurements at high latitude IMS
network stations. Therefore, crustal conductivity studies from Magsat would
be possible in the regions of high latitude fonospheric curreats. However,
these regions are spatially limited and are generally difticult to access, and
s0 we do not propose an augmented measurement program specifically for crustal
conductivity studies.

SUMMARY

To take full advantage of the global, vector, survey by the Magsat
satellite we have proposed an international program of augmented surface
measurements. For secular variation and upper mantle conductivity studies the
proposed measurements are global. The repeat station measurements for secular
variation should be occupled at 2-3 year intervals. A special observiong
period in November and December of 1979 {s proposed during which simultaneous,
continuous, global measurements for upper mantle conductivity studies are to
be gathered. Finally, {t {s recommended that the networks (n operation during
the IMS extend their operation through the Fall of 1980 to provide correlative
data useful for high latitude disturbance studies and tor crustal conductivity
studies.
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TABLE 1 == RICONMENDATIONS FOR GROUND
A:  NEW ORSERVATORIES

MEASUR IMENTS

STATION PRIORITY LATITUDE LONGI TUDE
Eastev 1 29.0 8§ 109,V W
Nouvel le Amstevdam 1 32.5 8 7.1 E
Tristan da Cunha 1 35.3 8 12.2 ™
or Gough 1 ¥.28 1.1 W
Bermuda 2 32.2 N bhs 5 W
Koror 2 LAIN 134.5 &
Chagos 2 .08 7RO E
USA (West) 2 BN 2N
IMA (South) : | Jo N 9 W
South Pole 3 2W.0 8
Be REPEAT STATIONS == PACIFIC OCEAN
STATION IMIORITY  LATITUDE  LONGITUDE
Gambier 1 2.8 8 13t W
Wake 1 19.1 N lob. V K
Adak 1 Sl.4 N 1764 W
Kermadec 3 0.0 8 1780 W
Jarvis (or Fanning) P 028 1600 W
Clipperton i I1LON 106, 2 W
Marquesas i w0 8 1a0. 0 W
Baker i 0.1 N 1765 W
Ce REPEAT STATIONS == ATLANTIC OCEAN
STAT10 MRIORITY  LATITUDE  LONGITUDE
St. Helena 1 1506 8 S.4 W
Cape Verde 1 6.0 N Ja.0 W
Jan Maven 2 Nn.0N 80N
Ascension 1 7.6 N 1.2 N
Trintdad F 20.2 8§ J9.4 N

Dy REPEAT STATIONS == INDIAN OCEAN

STATION PRIORITY LATITUDE
Heavd 1 52.1 8
Marion 1 4b. 4 8
Sevehel les 2 5.2 8
Maldive 2 S0 N
Cocos i 08

4

LONGLTUDE
Ta.4 E
7.6 B
SS.1 E
713.0 &
9.0 ¥



E+  CONTINENTAL RYPEAT STATIONS (Approximate locatfons, all priority 1)

LATITUDE LONGITUDE

58 5 W

10 § 42 W

10 8 60 W

VR nw

20N 10 W

15 N 25 E

17 N 46 E

38 N 87 W

47T N 93 W .
62 N 130 W 1
55 N 60 W

75 N 43 W

70 N 150 E

228 122 E .
22 8 143 E |
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Figure 1: Secular variation in Total Intensity at the Fredericksburg,
Virginia (U.S.) Observatory (3 year linear averages) showing that the field
not only varies with time but also that its rate of variation is undergoing rapid
change.
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