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FOREWORD

Global, regoal, and local models of die Earth's magnetic field have a wide range of military
p I both in the tradibtal wsen as aids to navigation and awitude4wading reference

s (AHIS) for aircra, misles, tanks, ships, and renmoely piloted/operated vehicles
(RPV/ROV) and in the modern sens as tools of analysis with respect to submarine and

rt di cwsm electonc j ng adoatmo ri~ c charge particle bm
wwpmy., md th monitoring of nuc test sites. Beyond military issues. these mods also
have uxteaive acimasific aplicatioros. Global magetic field models for instance are used as
b idurn"y ceadionm at th corw.mante interface to evaluate competing theories of the Earth's

.Y dynamo Regona and local field models ae used for mineal resource
evluatio and critical to the• wdesd• of th eologkal his• of the Earth's crx

Thee mode are -'--ato in ori, which mes tha they require srvey data to
rapport d, Pdýmn. sin thUe Earth's Main (Care-gmated magnetic field vares
slowly but arracaDy with am@, it is necmary to perform gSlobl nrsrys of this field at loa

psiihalyif " Dotcaimously. Low-altitude. polar orbiting satelite platorms provide the
mote effiim ut- of achieving the required spatial uniformity of coverage and cesp

The Polar Orbiting Genptc Surve (FOGS) satellite represe -to the Navy's continuing
ff~ms as part of the Proec MAGNET program, which was establisheid at the Naval

O- e tp.. Office in 19"1. to aec e the necessay data to maintain accurte magnetic fied
mod&l to uppWo Al validaed DODIF reureet for these models. In particular, this datm is

wld o appait th 199 Epoch World Magnetic Model (WMM-9), At the som time, the
v e of dhis dab for scetfic porposa is fily recognied. Couequaty, as with all other
high--.Ltitude Projec MAGNET aircraft daton* ne for use in the World Magnetic Modeling
(WhIM) p epagi w OGS data is routiney being made available to the gateral public through
the Nationa Geophysical Data Center. Boulder, CO.

T.E. CALLAHAM
Captain, U.S. Navy
Coimmnaing Offi



THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

COLOR PAGES WHICH DO NOT

REPRODUCE LEINBLY ON BLACK

AND WH MICROFICHE.



____ ___ ____ ___ _" AAWdv
REPORT DOCUMENTATION PAGE jw W.ox

Acinmbmw~ o "v CA*-" a~it~g GEWOO 0%.j "bosomatogambi 1 hoe W -a-. WAIv" a , boa ~ 4W ovromft seg ý I" "Ma GrUS
p~waosou ft~* mrsu dasam a"ui (ooom &,"niI. tfiowtw f#.amoua a# wCUS.w Se" woo01 eew*" 04 WuFOR b~aw orn amy ~ a%"" of tow

1. AGENY USE ONLY (U"V* bAWW 2. 41000T DATE I PAOTUSIAD A COWktD
I Auust 993 echncalRe rt

-4LTW A UioIT~iU S. FUOND" WJEKS

INITIAL ANALYSIS AND MO)DEL ING RESULTS FROM THE
POLAR ORBITING GEOMAGNETIC SURVEY (FOGS) SATELLITE

: MDTNCAP)
John M. Quinn, Donald L. Shiel,
Mario H. Acuna. and John Scheif 1.

7, ROOMN 3AAUMflO MAUES) WO AWMIS5(S) 6. PCU50 ORGAMA'OM

Co mea ding Officer AWWim
Naval Oceanographic Office TR 311
1002 Bailch Blvd.I
Stennis Space Center, HS 39522-5001

AGENCY IEPOST NMuNhf
Commande r
Naval Oceanography Command
1020 5aich Blvd.
Stennis Space Center. KS 39529-5005

Prepared In cooperation with the National Aeronautics and Space Administration,
Goddard Space Flight Center, Greenbelt, MD.

12. OIWIN=S i AYMA.IV ZIATIWNI1h OSS1I7KT com

Approved for public release;
distribution in unlimited.I

Wi *WYNCT 0ftAuWWusJU u'W

The spatial and temporal character of fully calibrated geomagntic data collected on
selected orbits of the Polar Orbiting Geomagnetic Survey (FOGS) satellite mission
during the first 6 month* of 1991 is analyzed with respect to a preliminary, degree
12 spherical-harmonic magnetic field model derived from selected FOGS data collected
during January and February 1991. The accuracy of global models derived from these
data depends on the vector magnetometair calibrations, thermal corrections, satellite
magnetic mapping, and the time syncing of the satellite's quartz clock with respect
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Additionally, the current status of the FOGS satellite and the corresponding dota
reduction and distribution efforts along with the current status of subsequent FOGS
oxperiments, which are part of the Defense Meteorological Satellite Program (DKSP)
block 5 and block 6 satellite missions known as VRSFIFOGS follow-on experiments,
are presented.
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1. INTRODUCTION

The U. S. Navy's Polar Orbiting GmantcSurvey (P065) satellite was launched I I

April 1990. This lawtin culminate the afforts of several governmen agencies and private

coetractoms Principl among thes e m die Naval Octaunopvpphic Offrce (NA VOCEANO); the

MC-- al -4P Naval Oceanograpliy Coanmwid (COMNAVOCEANCOM); die Defens Mapping

Agency (DMA); the Air Force Space Test Program (STP); the Navy Space Systems Activity

(NSSA); the Office of Naval Resewch (ONR). the National Aernautics and Space

-1 -i1-11 . (NASA). and Defaee Symtms, ticorporaied (DSI). The P065 program Ui

pcmuoiW by COMNAVOCEANCOM, wh"c falls made fte asiptces of the Oceaograhe of

the Navy (N096). It is NAVOCEANOs niub shyto opiame the saiellite and the ground

stedowm which collece the POOS dow while it is DMA. re~nibtiy to track the saftelite.

am dos global tracking network (TRANET) and to provide the satellite ephemmus wbhic

NAVOCEANO mepsg with the POGS dwat The w"inertion o~fth POGS ezpqwmw with the

Ades lainach vehkcl aed the coor cmauag with the EMI comciosrs "ba built the sateltite were

the rqe WiY Of S.wito die ceom o( NSSA and ONR_ The expenrmim veamo

ý miomsla was be*i by NASA ead was calibrated mad tese at NASA's Goddard Space

Flih& C~se (GSC). which c p ei ia NASAs Speocraft Magntaic Teo. Facility. A repon on

this bcsihty is psovdu by NASAXWSC (194),

The FOGS astatllite wan Ihawab MA a cNCWla. polar ort~t as Pon of a mnulbasateflz

projec knows w P47 ST ACKSAT. which a uhhtixn to POGS included tma counoruew ti-

satellis of mislvwi desip an Wnicemed a Fqm I - The POGS asaellie, the deSn

ctrciwea of which am hated'a Tab 1. is at#he top a(fd sthed.a It has 52 solx pmlds.

smosof whick wevusd uan -morato provide a runiest~wt withi a fiew degres of dhe



V~wI.PM STACKSAT Pow is Fbag AinnoWy POGS a t Towrp of lb. Stac



Table1. POGS Desigm Characteristies

"* EXRIUMEN'T MAGNETOMETER

. MODIFIED, DMSISSM TRIAXIAL FLUXCATE (NASA)

- RANGE: ± GWS3 aT

- RESOLUTION: :t 2 sT

- LOCATION: AT TIP OF S-FT CaIB. (NON-MAGNETIC) BOOM

"* A1ITTUIDZ CONTROL

- GRAVITY GRADUMN STABILIZA TION
"* W-vr Booms
"* S.Il-Lb TIP MASS

- 4 HYSTERESIS RODS

. "Z" TORQUIING COIL
"* 4S AMF-TURNJItETTR
"* PERFORMI SATILLITE FLIP MANEUVERS

"* AlTTfUDE Dt IRMINATION

* ONWOARD TRIAXUAL FLUXGATIE MAGNETOMETER
0 RSSOLUTflON +31 atIT
* LOCATlON: ONWOARD SPACECRAFT

-9 SNX SENSOR LOCATED AROUND SATELU1TE
0 RESOWtUON: + )
*0 D9ITERI WIM AZZMIYTH & EtLIVAT)ON (RELATIVE TO SUN-LINE)

- MIOLUflN: 7S bMETR SPHTJUCAL PROBABLE ERROR (SEP)

- GlkAVflMObEL- GEM-109



satellite's attitude (i.e., azimuth and elevation relative to the Sun-line). The satellite is

gravity-gradient stabilized and is tracked by a global network which monitors the satellite's two

navigation beacons, which transmit signals at separate frequencies at 20-second intervals. The

satellite carries two vector magnetometers, the coarse onboard Navigation magnetometer, which

is used for attitude sensing of the satellite, and the high-resolution Experiment magnetometer,

which is located at the tip of an 8-ft nonmagnetic boom. These are oriented relative to the earth

and with respect to each other as indicated in Figure 2.

Four significant problems were encountered during the satellite's initial operations, all of

which have been overcome. First, the satellite was launched into orbit in an inverted mode.

There was a 50 percent probability that this would occur. As a consequence, the satellite's

communications antennae pointed spaceward rather than earthward. This caused

communication problems between the satellite and the ground stations. Although torquing coils

were available to flip the satellite, this was considered a risky procedure which could have

snapped the gravity-gradient boom or the Experiment magnetometer boom. Consequently,

several months were spent redesigning the ground station antennae patterns. The Master ground

station is located at Stennis Space Center, MS. A second ground station was operated by the

U.S. Geological Survey through 1992. It was located at Fairbanks, AK. This ground station has

since been replaced with another ground station operated by the U.S. Navy at Keflavik, Iceland.

The communications problem was resolved by November 1990. A second problem concerned

the satellite's onboard data packing and storage program. The Experiment magnetometer's

data collection system was designed to store 1-second data samples in 10-second packets. The

first record in each packet was a complete record, while the following nine records were

I-second delta values. Unfortunately, the program placed the Y-component deltas into both the

4
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Y-compomm and Z-conponent storage slots. This error was uncorrectable, resulting in an

effeMtive data smple rate of 10 samples per second instead of I sample per second. The third

pb ancocerned the inability to monitor the drift of the satellite's onboard quartz clock via

scheduled timing pulses. This problem was resolved by another modification to the ground

stati nhardware in Deceber 1990. As a result, usefid POGS data begins in January of 1991.

Satellite operations were continuous from that time (except for some minor down time due to

radiation hits) =ntWl September 1992, when radiation caused the fourth problem, a disruption of

that pert of the satellite's memoy which contained data downlink instructions. Communication

with the satelite was lost for 5 months but was reestablished in January 1993. From that time

fmrwad the satellite has continued to operate normally. The satellite's orbit characteristics and

other mission details are listed in Table 2.

2. MAGNETOMETER CALIBRATIONS

The Experbwet g etometer was calibrated at NASA/GSFCs Magnetic Coil Facility,

m ethe mps s cae ors, bi orthogonality factors, and temperature

crh ac tet'ristics were determined. Scale factors for the Navigation magnetometer were also

detemined at this facility. Some time later, when the Experiment magnetometer was attached

to the sftelite ad the boom extend a static magnetic-field mesurement was performed to

determine the sal's masnetc signature at the site of the Experimnt magnetometer. This

wt was performed with all uatlite electronic packages turned on.

6



Table 2. POGS MissIok Details

* ORBITAL PARAMETERS

- APPROXIMATE PERIOD: 9&.61 MlN
- SEMI-MAJOR AXIS: 7059.44 KM
- SEIMI-MINOR AXIS: 705922 KM
- APOGEE RADIUS: 7115.95 KM
- PERIGEE RADIUS: 7002.94 KM
- INCLINATION: 39.38 Deg
- MEAN ALTITUDE: 68333 KM

* LAUNCH PARAMETERS

- LAUNCH DATE: 11 APRIL 1990
- LAUNCH TML- 0200 UT
- LAUNCH SITE: VANDENBERG AFB, CALIFORNIA
- LAUNCH AZIMUTH: 180 Deg

* MISSION OPERATIONS

- MISSION LIFE EXPECTANCY: I TO 3 YEARS
- TRACKING ORGANIZATION: DEFENSE MAPPING AGENCY
- TRACKING BEACON FREQUENCIES: 150/400 MHz
- DOMNLINK GROUND STATIONS: NAVOCEANO, SSC, MS

USGS, FAIRBANKS, AK
U.S. NAVY, KEFLAVIK, ICELAND

7



2.1 7U Navigatio Magnetometer

The Navigation vector magnetometer is intended to measure the ambient magnetic field to a

resolution of only ± 511 nanoTeslas (nT). The intended purpose of this magnetometer is to

det--mine the satellite's orientation primarily just after orbit insertion and satellite spin-down.

Each vector axis has its own scaling formula which converts from counts (i.e., relative voltage)

to nanoTeulas. The dimensionless scale factors for the X-, Y-, and Z-axes of this

me are:

S& - 0.92761 (la)

S, = 1.05508 (lb)

s.- 0.99245 (1c)

With; , Ni, and n, being the measured counts (range: 0 to 255) from the Navigation

magnetmet, the magnetic field for this magnetometer is reconstructed for each vector axis in

nanoTeslas as:

B. = (a. - 132)(60000.0/127)S. (2a)

By - (ny - 129)(60000.0/127)Sy (2b)

B, = -(a, - 130)(60000.0/127)S, (2c)

At the tme that -m ' ta are taken, the axes of the Navigation magnetometer (i.e., the

onboard m) are oriented as indicated in Figure 2, which is nt-handed system.

"8



The Navigation ms X- and Y-axes are parallel to the spacecraft coordinate axes,

while the Z-axis is anti-parallel to the corresponding Z-axis of the spacecraft, which is the spin

axis. The leading negative sign in eq. (2c) inverts the Z-axis of the Navigation magnetometer,

thus making it parallel to the spacecraft coordinate Z-axis and in the process con vets the

left-handed Navigation magnetometer coordinate system into a right-handed coordinai Lem,

with the Z-axis pointing toward the earth.

2.2 The Experiment Mapetometer

There are four aspects to the calibration of the high-resolution Experi t magnetme.

The first aspect is concerned with determining the calibration factors, which convert the sensor

Sts from counts (essentially voltage measurements) to nanoTeslas. The second aspect

is concerned with the precise determination of the orthogonality (i.e., alignment) of the vector

axes of the Experiment magnetometer. The third factor involves the detenaion of the

magnetic noise generated by the spacecraft and sensed by the Experiment magnetometer at the

tip of the fully extended magnetometer boom, when all electronic packages ar operating. The

fourth factor is to determine the temperature sensitivity of the three axes of the Experiment

magnetomete.

The Experiment magnetometer is of the same type that was designed and built by NASA for

the Defense Meteorological Satellite Program (DMSP). The only modification in the design was

to add extra thermal mass in order to reduce the magnetometer's thermal drift to something less

than 50 nT/yr. The precise thermal drift is unknown. However, it is expected that this drift

should be the greatest just after the satellite's initial insertion into orbit and that after a few days

or weeks would settle down to a rather small value. There is no absolute scalar magnetometer to

9



onfitor hios dift rate and no other direct mans to determine it. The initial analysis of the data

after newly a year in orbit indicates that the drift is much less than 50 nT/yr, when compared to

predictions of 1990 Epoch sphrical-harmonic magnetic field models that were generated from

data Wuidep t of POGS.

The calibraion constants for the POGS Experiment magnetometer are given in Table 3. The

"rmmuand magnetic field vector components based on these calibration constants amr

o eaccording to the following formulae:

B9 - ag. + 1 as. b.(-..-) + K. (bo,..w - b.o) (3a)
awl|

B - ko + 1: a",,by.(.., + K, ym, -o. Ibo) (3b)
Sal

BE- ago + u .b(..a...m + K,(b&,) - bao) (3b)

eel

The factors b.g..), b,.(..), and bg.i.) arm the COARSE bias step intervals of the

memda magnetic field, while factors bn) . b,m.., and bg(a..) are the FINE adjustments of the

meMa P & magnetic field. The division of the magnetic field aearements into COARSE and

FINE sqep ts is related to the compact, binary-packing scheme used to compress and store the

data. Notice again that in the reconstction of the magnetic field vector components a

coordinate tiansfoimation must also been performed. As indicated in Figure 2, the X-axis of the

Experiment magnetometr (Experiment sensor) is aligned along the spin axis of the satellite,

while the Z-axis of this magnetomete is in the X-Y plane of the spacecraft's coordinate system.

10



Table 3. $OGS Experiment Maspetometer Calibratlom Constants

COM"NENT x-~sY-AXIS Z-AX1S

CONSTANT

K ImT/countl 1.998240 1.998800 1.998344

a# 1271 -66335.86 -6317.94 -6379.24

at TI -+6638426 +66318.37 +66380.9

a3 lT"l +3319%.44 +33159.64 +33139.73

as lUT] +16598.48 +1650.87 +16593.73

54 allT +8298.79 +8291.02 +8299.54

as , '1 +4149.44 +4145.13 +4147.35

19 |couIsl +2052.80 +2056.30 +2050.20

11



Eqwain (34) and (34) transform the Experiment magnetometer's coordinate axes so that its

Z-axis is peraile to the spacecrawf asi~n "xis, while the mantmtrs X-axis lies in the

smpcaff.s X-Y pUae. After this twa ormation the Experiment mantometer axes are

appr Ymaty aligned to the coordinate axes of the spacra& They are not exactly aligned

becaue the boom upon which this mipetomet- sits is a flexible helical coil which can twist

and band due to thermal actin satellite motion. and intial deployment orientation. None of

dtm fatrs are mmtored. Consequently, the precise orientation of the Experiment

erlative to the spacecraNs coordinates is unknown. Coarse estimates of this

a orientatio can be made by comparing its vector magnetic me-surencms to

thoe of the less accurate Navigption gometer, which is fixed in space relative to the

ip= k coardinabt

The magnefic field vahles derived in eqs, (3a), (3b), and (3c) are referred to as the

"M"mreW veco commonafts of the earth's magnetic field. However, the vector axes of the

E P e a*gn mter ame not precisy aligned perpendicular to each other. The "True"

Ongmeic field vector components asmociated with an orthogo set of axes ar obtained from

the "Memiurd magnetic field components via the following alignment conrecton

Di•.. - ~Riiu..a ,.. (4)

whor the 3 x 3 utansformation matrix, the elements of which are dimensionless, is:

12



1.0000 -7.8196 x10-1 -3.24 10x 101 + B-

i I I I i I

S

A -3.0890x10-1 09999 1.2820x 10-2 + 2 ,B. (5)
aw I

1.6150x 10-3 + y ,B 2.9630x 104 1.0000

The coss coupling constant y. re listed in Table 4. Futher details concerning the

DMSP-,ype pmeur calira with respect to the deterinatio of

calibration coeffieius. scale factors, and oruhgonality factors, are discussed by Chomay

(1967).

The thid step in the cartion pronedur is to correc for ambient temperature fluctuaions.

POGS has two ~~eatwasuwsmors. one to monitor she inpbie s electronics package~

dmoted yTs. and one to moni•dto the agnetic semr. denoted as Ts. TIe former is onboard

the q ecraft atd the latter is a the tip of the boom and thereo will always mnasue slightly

colder w- pe-j1awes The teqpierate correction factors we referenced to room I eirap-we

(2WC). Eac• ais of the has its own crrecticn factor. Thetpue

corrections applied to 3,_ usingthe snsrow tnperature Ts ar

B, a [1.0 + O.000060(Ts - 20)]Ba.rW (6a)

B, a [.0 + O.oOe6(T, - 20)]8,(T. (6b)

Ba , [1.0 + 0.000047(Ts - 20)]B,(To + 7.0 (6c)

13



TAb 4. POGS Z.pinemt Ma'gattomet Cross Coupling Constants y.

m "73, 73. 'r5.

1 -3.670 x10 -1.122 le +4.527 x 10o

2 -.C6M " -3.949 10"s -7.0O 10"j)

3 +2526 I 1t"r +7.617i le0s -3.747i lSV

4 +3.7, 1e -I*.3 lU +6.059110'

s -4.633 le -1.317 l1 +7.S77 x1

14



The last correction to the Experiment magneometer observations accounts for the magnetic

fild Vaerated by the body of the spacecraft and sensed at the tip of the magnetometer boom.

Laboratory found that the only correction required was the addition of a 7

nanoTeuda bias to the Z-compomt of the temperature-corrected field. This bias has been

included as put of the Z-component temperature correction of eq. (6c). This bias does not

inchlde correctins, for the radiative effects of the two navigation tracking beacons which are

taned oan for about 20 seconds of each minute. The numgneic field sensed at the tip of the boom

du to thes beacons is on the order of 3 or 4 nanoTeslus. However, no corrections for the

mapesc effect of the beacon • tn were applied to the data. Instead, a flag is st when

the beacons we on. Then, for modeling purposes only wUflagg data ae selected.

3. SUN SENSOR ATTITUDE

The POGS satellte has 52 solar pancl. Some of these panels have been configured as sun

sensors in order to roughly determnine the satellites attitude relative to the Sun-line. The

pmrnesers measured are the Azimuth and Elevation of the spacecraft relative to the Sun-line.

The accuracy of these paraeters is not known, but they are certainly no more accurate than + 3'

wader the beg of ciscummances. The accuracy degrades as the earth's dawn-dusk meridian is

aprochd from the sun-side. The + Z axis of the sun sensor coordinate system is parallel to

the spacecraft's spin axis, which, because the satellite was inserted into orbit upside-down, is

Earth-Poinfing. However, the X-axis and the Y-axis of the sun sensor coordinate system are

rotated I .2 counterclockwise with respect to the cooresponding spacecraft axes as indicated

in Figu• 3. In this figure, the satellite's +Z axis, which is Earth-Pointing, is directed out of the

page. Simply used as sun sensors, the solar panel data ar valuable in determining when the
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satellite is on the man-side of the earth and when it is in the earth's shadow. This permits easy

insateqtatin of the magnetic field responses along each orbit as being of crustal origin or of

external iospheric or magnetospheric origin.

4. SATELLi.E POSIONING

There ae two tracking beacons on the POGS satellite. Each beacon has its own transmitter

fequency. The beacons are tcked by the TRANET global network of tracking stations, the

data from which ame supplied to DMA, which in turn processes the racking data using

o ta orbit detemination program developed by the Naval Surface Weapons Center's

Dahagrer Laboratory in DaehW VA. The POGS satellite tracking data processed by DMA

ae referenced to the GEM-10B gravity model. Numerous tdl ionospheric, and atmospheric

correions ae applied to the tacking dai. The final ephmneris (i.e., orbit dWetmination) is

mpphed to NAVOCEANO at I-miutie time intervals in Eth-C d Eath-Fixed

co aodinato , relative to the coordinate system of the GEM-I OB ellipsoid, with a spherical

probable eror (SEP) of less than 75 metvs Further details concerning satellite orbit

detrmimatin we discussed by James W. OToole (1976) and by Cappeilari et a1. (1976).

Relevant inomion concerning geodetic posifioning is given by Mueller and Eichhorn (1977),

while relovat iinfot concering eth rotaion is given by Moritz ad Mueller (1997).

Due to the recent completion of the Global Positoning System (GPS) network of satellites,

DMA ha made the deision to dismantle itu Vound-besed global sateite-raucking network and

ita dMa proceing spport Igp beginnn in October 1993. Consequently, the statu of the

PO:S satellite. which is still expected to be operasional at that time, then comes into question.
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There ar alternative sources for this tracking data. The possibility of acquiring ephemeris

data from these alternative sources is now being investigated.

5. POGS CLOCK CALIBRATIONS AND DATA TIME SYNCING

The quartz-crystal clock on the POGS satellite is accurate to about one part in 10' and has a

substantial linear drift which is occasionally interrupted by discontinuous jumps. The drift and

discotinuous jumps in the POGS clock readout can accumulate to a timing error of several

seconds over the course of several months. Consequently, it is necessary to periodically

calibrate the POGS clock.

The POGS quartz-clock calibration procedure involves the transmission of a 20-second

tming-pule from the spacecraft to the Master ground station located at NAVOCEANO, Stennis

Space Center, MS. The start-time and end-time of each pulse are known a priori from

pro-determin schedules telemetered to the satellite. Due to the fact that the onboard computer

may be peafoming other tasks when a particular timing-pulse is intended to begin, the

timing-pulse may not begin exactly when scheduled. In this event, the timing-pulse is

iauuxaticaily shortened so that it ends exactly 20 seconds after its intended start-time. Thus,

measuring the time that the trailing edge of the timing-pulse reaches the Master ground station

using a cesium time standard, making corrections for the pulse travel-time from the satellite to

the ground statio, and subtracting the intended end-time of the timing-pulse, yield the time

difference between the POGS clock and Naval Observatory (Universal) time to which the

coPED standard is calibrated. The Master ground station's cesium standard clock is accurate to

within a few m e ds per year and is therefore quite stable.

18



The travel-time correction computation requires knowledge of the slant-range N..) between

the satellite and the ground station. The slant-range is determined from an orbit computation

algorithm developed by DSI, the prime contractor responsible for building the POGS satellite

and for writing the satellite and ground station software. The orbit patameters for this algorithm

are regularly updated using values supplied by the Air Force's Satellite Tracking Facility at

Cheyenne Mountain, CO. With the slant-range given in nautical miles, the travel-time

correction in seconds is given by the following formula

T(t = 6.183 x 10" R(li) (7)

The time differences between the POGS clock and the cesium standard clock for the period

from January 1991 to June 1993 are plotted in Figure 4. Their actual numerical values are listed

in Table 5. Figure 4 indicates that the POGS clock generally runs a few seconds ahead of the

cesium standard clock. Disjoint linear drift segments ranging in duration from a few days to

more than a month in length are clearly evident Occasionally, the computed time differences

are significantly in error. These errors can be attributed to unusual ionospheric or atmospheric

conditions which occurred during the timing pulse and also to human error. These errors

produce the occasional but obvious anomalies seen in Figure 4 and are discarded before

determining the POGS clock corrections.

The POGS time correction procedure involves the identification of the beginning and end

times for each time sub-interval for which the clock drift is linear and the deternination of the

clock-drift rate for each of these sub-intervals. The time tags attached to magnetics data

acquired during a particular time sub-interval are then appropriately adjusted to coincide with
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Table 5. Timing Pulse Differences (POGS - UT); Units: Seconds

YEAR DAY DIFFERENCE YEAR DAY DIFFERENCE

1991 015 +2.533 1991 241 +9.234

1991 030 +2.295 1991 246 +9.549

1991 032 +1.833 1991 256 +10.153

1991 037 +1.760 1991 259 +10.283

1991 043 -0.319 1991 263 +10.549

1991 052 +0.776 1991 266 +10.711

1991 079 -0.183 1991 273 +10.981

1991 129 +1.839 1991 277 +10.736

1991 140 +2.497 1991 281 +10.925

1991 158 +3.382 1991 284 +11.070

1991 169 +4.178 1991 294 +9.852

1991 171 +4.324 1991 297 +9.794

1991 175 +4.621 1991 304 +8.642

1991 196 +5.139 1991 308 +8.830

1991 200 +5.426 1991 308 +8.830

1991 211 +6.218 1991 322 +9.571

1991 225 +8.188 1991 326 +9.814

1991 227 +8.323 1991 329 +10.004

1991 232 +8.665 1991 336 +10.449
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Table 5. Timing Pulse Differences (con.)

YEAR DAY DIFFERENCE YEAR DAY DIFFERENCE

1991 340 +10.701 1992 073 +1.704

1991 343 +10.892 1992 076 +1.875

1991 347 +11.140 1992 080 +2.095

1991 354 +11.573 1992 083 +2.244

1992 003 +12.091 1992 087 +2.441

1992 006 +13.484 1992 092 +2.692

1992 023 +13.424 1992 097 +2.940

1992 030 +13.809 1992 106 +3.395

1992 034 +14.073 1992 113 +3.754

1992 038 +16.019 1992 120 +4.112

1992 041 +15.213 1992 125 +4.390

1992 045 +14.970 1992 153 +6.179

1992 050 +15.293 1992 157 +6.440

1992 055 +15.610 1992 160 +6.650

1992 057 RESET 1992 167 +7.114

1992 059 +0.853 1992 174 +7.620

1992 062 +1.040 1992 181 +6.173

1992 066 +1.602 1992 188 +6.985

1992 069 +1.469 1992 195 +7.470
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Table 5. Timing Pulse Differences (con.)

YEAR DAY DIFFERENCE YEAR DAY DIFFERENCE

1992 199 +7.567 1993 042 +13.945

1992 209 +7.768 1993 049 +14.381

1992 213 +7.615 1993 091 +16.740

1992 220 +7.913 1993 098 +12.586

1992 232 +5.688 1993 105 +17.446

1992 241 +6.279 1993 112 +22.776

1992 244 +6.472 1993 118 +18.427

1992 250 DOWN 1993 139 +1R.484

23



Universal Time (UT). Identifying these time sub-intervals of linear POGS clock-drift requires

careful analysis of the time difference data in Figure 4 and the comparison of that data with the

magnetic total intensity data. The magnetic field data exhibit small anomalies when the POGS

clock makes a discontinuous break from its linear drift trend. In this way the start-time and

end-time oi each linear clock-drift time sub-interval can be determined to within a few

milliseconds. However, ionospheric and magnetospheric magnetic disturbances can occasionally

interfere with and reduce the accuracy of this process.

In addition to the clock-drift corrections, there is one rather small time correction of 0.51

milliseconds applied to the data. This correction arises from a timing delay on the POGS

clock-timer board. When all of the timing corrections are applied to the data, the overall timing

error associated with the data is expected to be on the order of 10 to 20 milliseconds for most of

the data. The timing errors of the ephemeris data are of the same magnitude. Both data sets,

having been synced with Naval Observatory time to the same accuracy, are then said to be

synced with each other and are then merged by time. Since the ephemeris data is sent to

NAVOCEANO at I-minute time intervals, it must be interpolated in order to attach a position to

each 10-second magnetic field measurement. Cubic spline interpolation is used on the

Earth-Centered, Earth-Fixed rectangular coordinates of the DMA-supplied ephemeris.

6. DATA EDITING

The observed magnetic field data are not completely clean. During the course of a

single orbit, the satellite encounters numerous radiation hits, some of which may alter computer

chip memory bits through some ionization process. The altered data appear as a set of spikes in

the total intensity as indicated in Figure 5. These spikes are flagged using an interactive
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graphics editor. An edit flag set to "" for good data and set to "I" for bad data is attached to

each observation. A similar flag is used to indicate when the tracking beacons are turned on and

off. A data recos one dered to be a valid magnetic field measurement when both flags are

]zero. 0

7. PRELIMINARY MODELING OF POGS DATA

The POGS satellite orbit is a polar one and has an average altitude of approximately 688 kn.

The most significant ionospheric current systems are in the altitude range of 100 km to 200 km.

These current systems include the auroral electrojets in the north and south polar regions and the

equatorial clectrojet which straddles the geomagnetic equator. Although the currents in these

regions are generally well defined and localized except for periods of magnetic storms, the

fields that they generate frequently affect the ambient magnetic field at mid-latitudes.

Additionally, there are a variety of magnetospheric currents located several earth radii above the

POGS satellite orbit that also generate fields that can be sensed by the POGS satellite's

Expe rien magnetometer. The most significant magnetospheric source of magnetic fields is

the Ring currrmt, which urrounds the earth in the equatorial plane. Finally, there are

field-aligned current systems which couple the magnetosphere to the ionosphere in the polar

regions. Since POGS is a polar orbiting satellite, it will pass directly through the field-aligned

currents, mad during certain periods of heightened solar activity, its magnetometer may measure

magnetic fields generated by these field-aligned cuents on the order of a thousand nanoTeslas

or 1OrM.

It is our intended purpose to globally model only the main (core-generated) magnetic field of

the eart using POGS data. This means that the remnant and induced magnetic fields generated
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by the earth's crust, a well as those magnetic fields generated by exoatmospheric electric

currents that exist between the ionosphere and the magnetosphere, must be separated from those

generated within the earth's core. This separation is accomplished in several different ways.

Th height of the satellite above the earth's surfwe is an effective filter of the crustal fields. To

assist in the effort of separating the exoatmospheric fields, the National Geophysical Data Center

(NGDC) in Boulder, CO, computes the planetary K (KN index which monitors the magnetic

effect of solar activity at 3-hour intervals. This index ranges in value from I to 10, with 1

corresponding to solar quiet periods and 10 corresponding to solar disturbed periods.

Our first task is to select POGS data on the basis of the K, index. Generally, data with an

index equal to or less than 2%, which corresponds to the most magnetically quiet times, are

selected for modeling. Then, from this magnetically quiet set of data, we select data on the basis

of local time. The magnetically quietest part of the day is between 9 p.m. and 6 a.m. We also

select data on the basis of season. Generally, the magnetically quietest part of the year is during

the three winter months for the north and south hemispheres. Additionally, a priori global

magnetic field models do exist which can be used as references. The residual fields from these a

priori models can be used to visually edit and remove from the data, via interactive computer

graphic techniques, the effect of the exoatmospheric currents on the satellite measurements.

External fields due to magnetospheric and ionospheric effects can also be modeled out in a

phenomenological manner using the Disturbance Storm Time (Dst) index, which is another

measure of magnetic activity, usually attributed to Ring current effects, but more recently also

attributed in large part to field-aligned current effects. An example of the Dst index generated by

M. Sugiura for the Magsat mission (1979 to 1980) is illustrated in Figure 6. For solar quiet

times in the dawn-dusk orbit of Magsat, this index was typically less than 50 nT and had a
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distinctive latitudinal variation as shown. A revised and improved method of generating the Dst

index, which we call the Modified Dst index, is being generated for the POGS data by Wallace

Campbell (in Press) of the U.S. Geological Survey in conjunction with NGDC. During quiet

times, the magnitude of this index for POGS data will be substantially greater than 50 nT since

POGS will see all local time, not just dawn and dusk as with Magsat. To minimize this source

of noise, we restrict our data selection to the night side of the earth.

Finally, we can, as part of the core-field spherical-harmonic modeling process, include terms

in the model, which correspond to external field effects and thereby model out the longer

wavelength magnetospheric contributions to the measured field. The only exoatmospheric

magnetic fields for which we cannot avcount for, even in a phenomenological manner, are the

mid-latitude ionospheric curren system effects even though much is known about them

(Campbell [1989]). Generally, these are weak current systems, particularly during magnetically

quiet times for which the K, index is 2÷ or less, and for the most part are ignored.

The model presented in this report is preliminary in nature. This means that the POGS data

selected for this model, though edited for radiation-induced spikes and POGS beacon

transmissions, were not edited for exoatmospheric current effects. The data were selected for a

Y. index of 2 or less. The data were also selected to reside within local times between 9 p.m.

and 3 a.m. in order to minimize the effect of magnetic fields generated by solar

heatinglionization of the upper atmosphere and ionosphere. The data selected covered the

months of January and February 1991. Consequently, the winter season was in progress in the

northern hemisphere, while the summer season was in progress in the southern hemisphere. No

seasonal corrections were performed. Furthermore, no corrections for Dst were performed since

the Dst indices were not yet available.
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7.1 TMe POGS Preivlmiary Model

A spherical-harmonic model through internal degree 12 and external degree 2 was generated

using 40,491 total intensity P00S data values, with a mean Epoch r corresponding to day 34 of

1991. The potential field model is of the following mathematical form:

12

V(r, 09,q) = a ÷ [g..(r) cosm~p + h.(,r) sinm9p]PO(O) +

(8)

a j ± [q.(r) cosmnp + s..(r) sinmq)]P'(O)

where the paramete "a" is the mean radius of the earth (6371.2 kin), the parameters g and hý

are the internal Gauss coefficients, and the parameters q. and s. are the external Gauss

coefficients. The modeling objective was to determine these Gauss coefficients at the mean

epoch T of the data set Subsequendy, the internal Gauss coefficients were temporally adjusted

to the 1990.0 Epoch using the Secular Variation portion of the 1990.0 Epoch International

Geomagnetic Reference Field (IGRF-90) (IAGA WG V-8 (1992]) in order to compare the

POGS prelimnry model directly to other models of that epoch.

The magnetic field B is the negative gradient of this potential field V. That is:

D(r,), ,qc) = - VV(r,O,qi,-) (9)

The internal Gauss coefficients are assumed to be linearly dependent on time and are

considered valid for time intervals on the order of 5 years or less. These coefficients are

genally refdrenced to a base epoch of time T.,,, which in units of years is divisible by 5.
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Thus, they take the following mathematical forms:

g...(4) = g--(T,,tl) + i. (c - T•,,•) (10a)

h.(T) hý(TI'P•) + h.. (t - TF4 .,b) (lOb)

The coefficients g. and h.i have units of nanoTeslas as do the coefficients q. and s,,, while

L and amre the secular rates of change of their corresponding internal Gauss coefficients.

The external Gauss coefficients are assumed to depend on the time-dependent Disturbance

Storm Time index Dst(r), when it becomes available, as follows:

q,()= a.,. + PmDa(?) (Ita)

s'(T)= y.a + 8-.D,(T) (1 lb)

In order to avoid generating spurious anomalies into the model via the Backus effect (Stern

et al. [1980D, vector data from the IGRF-90 model were foliated at l intervals throughout a

region straddling t 20P about the geomagnetic equator. The data were unweighted. The

resulting model coefficients are given in Table 6, where they are compared with the 1990.0

Epoch UI 3J/K World Magnetic Model (WMM-90) coefficients, which were based on

1979/1980 vintage Magsat data and on a Project MAGNET data set which spanned the decade

of the 1980W and which has a mean age of 5 years with respect to the 1990 modeling epoch

(Quinn et al. [1991]). The POGS model coefficients listed in Table 6 were temporally adjusted

to the 1990 epoch from the mean modeling epoch of the POGS data, using the IGRF-90 secular
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Table 6. Preliminary POGS Spherical Harmonic Model Gauss Coefficients
(Internal) Compared to WMM-90 at 1990.0; Units: nT

g m hbm h.

1 0 -29800.8 0.0 -29780.5 0.0
1 1 -1852.8 5413.2 -1851.7 5407.2
2 0 -2113.5 0.0 -2134.3 0.0
2 1 3060.5 -2283.3 3062.2 -2278.3
2 2 1693.7 -386.6 1691.7 -384.3
3 0 1305.1 0.0 1312.9 0.0
3 1 -2241.5 -284.7 -2244.7 -284.9
3 2 1245.0 296.7 1246.8 291.7
3 3 807.4 -353.5 808.6 -352.4
4 0 937.4 0.0 933.5 0.0
4 1 783.9 247.4 784.9 249.4
4 2 325.1 -236.9 323.5 -232.7
4 3 -419.4 87.1 -421.7 91.3
4 4 13M.7 -294.7 139.2 -296.5
5 0 -206.1 0.0 -208.3 0.0
5 1 356.7 39.3 352.2 40.8
5 2 245.3 154.0 256.5 148.7
5 3 -113.0 -151.5 -110.8 -154.6
5 4 -166.5 -66.8 -162.3 -67.6
5 5 -37.2 98.3 -37.2 97.4
6 0 58.7 0.0 59.0 0.0
6 60.9 -9.0 63.7 -14.7
6 2 61.9 79.8 60.0 82.2
6 3 -179.6 64.8 -181.3 70.0
6 4 3.3 -57.7 0.4 -56.2
6 5 17.5 -1.6 15.4 -1.4
6 6 -97.4 23.0 -96.0 24.6
7 0 75.9 0.0 76.1 0.0
7 1 -61.7 -76.2 -62.1 -78.6
7 2 2.5 -24.0 1.3 -26.7
7 3 27.9 2.9 30.2 0.1
7 4 &.8 22.2 4.7 19.9
7 5 48 18i8 7.9 17.9
7 6 10.2 -20.1 10.1 -21.5
7 7 2.0 -7.2 1.9 -6.8
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Table 6. Preliminary POGS Model Comparison (Con.)

FOGS -WMIM-90
n In w h. . .,

8 0 25.8 0.0 22.9 0.0
8 1 2.2 8.9 2.3 9.7
8 2 -3.5 -19.7 -1.2 -19.3
8 3 -9.0 6.9 -11.7 6.6
8 4 -12.9 -21.1 -17.5 -20.1
8 5 5.5 13.3 2.2 13.4
8 6 5.8 10.1 5.7 9.8
8 7 3.2 -19.3 3.0 -19.0
8 8 -6.6 -10.1 -7.0 -9.1
9 0 5.6 0.0 3.6 0.0
9 1 7.4 -19.4 9.5 -21.9
9 2 3.2 13.2 -0.9 14.3
9 3 -13.6 11.2 -10.7 9.5
9 4 7.8 -6.3 10.7 -6.7
9 5 4.8 -7.4 -3.2 -6.4
9 6 -1.8 9.7 -1.4 9.1
9 7 7.1 7.7 6.3 8.9
9 8 0.3 -8.1 0.8 -8.0
9 9 -5.4 2.2 -5.5 2.1

10 0 -4.2 0.0 -3.3 0.0
10 1 -3.0 1.5 -2.6 2.6
10 2 2.0 0.6 4.5 1.2
10 3 -4.9 4.5 -5.6 2.6
10 4 0.7 4.1 -3.6 5.7
10 5 5.8 -4.6 3.9 4.0
10 6 1.8 0.2 3.2 -0.4
10 7 1.2 -0.7 1.7 -1.7
10 8 2.4 3.2 3.0 3.8
10 9 3.0 -0.4 3.7 -0.8
10 10 0.7 -6.3 0.7 -6.5
11 0 2.6 0.0 1.3 0.0
11 1 -1.4 -0.6 -1.4 0.0
11 2 -1.3 0.3 -2.5 1.0
11 3 1.9 -1.1 3.2 -1.6
11 4 -0.5 -2.4 0.2 -2.2
11 5 -1.7 0.2 -1.1 1.1
11 6 -0.5 -0.8 0.3 -0.7
11 7 0.1 -2.4 -0.3 -1.7
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Table 6. Preliminary POGS Model Comparison (Con.)

EM OWMM-90
a In 9 = ,. , h. ,,.

11 8 0.3 -1.8 0.9 -1.5
11 9 -1.0 -1.0 -1.1 -1.3

11 10 2.5 -1.2 2.4 -1.1
11 11 3.0 0.6 3.0 0.6
12 0 -1.8 0.0 -1.3 0.0
12 1 -1.7 2.4 0.1 0.7
12 2 0.8 1.2 0.5 0.7
12 3 1.0 1.5 0.7 1.3
12 4 1.1 -2.4 0.4 -1.5
12 5 0.0 0.1 -0.2 0.3
12 6 -1.5 0.8 -1.1 0.2
12 7 0.7 -0.3 0.9 -1.1
12 8 -0.6 0.9 -0.6 1.2
12 9 0.2 0.1 0.8 -0.2
12 10 0.3 -0.9 0.2 -1.3
12 11 0.5 0.6 0.4 0.6
12 12 0.2 0.6 0.2 0.6

34



variation model in order to make the comparison with the WMM-90 model coefficients. There

are significant differences between some comparable lower order coefficients of the two models.

This is partly due to the omission of ionospheric and magnetospheric corrections to the POGS

data and partly due to errors in the WMM-90 model, which is based on relatively old data.

The purpose for generating this preliminary POGS model is to use it as a tool for further

reduction of POGS data. In particular, the magnetic residuals from this model will resolve the

field-aligned current effects very distinctly and thus permit the removal of these effects in

subsequent models based on this data. Thus, the process of generating a global magnetic field

model from POGS data is an iterative one. The model in Table 6 exhibited the following

statistical properties with respect to the 40,491 POGS total intensity data values with K, = 2'

collected during the months of January and February 1991 that were used to generate the model:

Mean: -10.99 nT

Standard Deviation: 22.91 nT

Root Mean Square: 25.41 nT

These statistics include the contributions of both the internal and external portions of the POGS

preliminary model. The Gauss coefficients for the external field at the mean epoch of the POGS

data subset are listed in Table 7. Since the preliminary field model ignored the effects of the

field-aligned currents and the Dst index (i.e., P. = 0, and S. =0 for all n and in), it is expected

that subsequent, more detailed models will reduce these statistics substantially. Nevertheless, as

they stand, the statistics are good.
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Table 7. Preliminary POGS Spherical-Harmonic Model Gauss Coefficients (External)
at Mean Epoch 1991 Day 34; Units: nT

POGS (external)

n m qn SM

1 0 9.9 0.0
1 1 -9.0 2.8
2 0 11.2 0.0
2 1 8.0 4.8
2 2 0.0 -2.6
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7.2 Analysis of POGS Residuals

The residual magnetic field is composed of magnetic fields generated by all sources except

the earth's outer core. There is a tendency to expect the POGS residuals to be similar to Magsat

residuals. In particular it is often commented that POGS data are rather noisy, with the

implication that there may be something wrong with the calibration of the magnetometer or with

the data reduction procedures. Though not explicitly stated, the implication is that the

comparison is made with respect to the Magsat data set, with which there is great familiarity.

There is actually nothing amiss with either the calibrations or the data reduction procedures.

What some modelers seem to forget is that the Magsat mission was sun-synchronous, the

satellite traversing in a dawn-dusk orbit. This is the least magnetically disturbed of all the

possible orbits that one could choose. The POGS mission, on the other hand, is not

sun-synchronous and therefore sees all local times. Most particularly, it sees the dayside local

times between 6 a.m. and 6 p.m., which are more magnetically active due to day-side solar

heating effects. Secondly, the altitude of the POGS satellite is roughly twice as high as that of

Magsat. Consequently, the field-aligned currents through which POGv traverses are broader

latitudinally than those through which Magsat traversed due to the divergence of the main

magnetic field lines with altitude. This makes the job of removing the magnetic effects

generated by field-aligned currents from the POGS data more difficult than for Magsat. The

problem is further aggravated by the fact that only total intensity data is available from POGS,

while Magsat had vector data. Figure 7 illustrates the anomalous magnetic field for three vector

components observed by Magsat as it traversed through the field-aligned currents feeding the

north and south pole auroral ovals. In contrast, a comparable POGS orbit is exhibited in

Figure 8, where the top illustration exhibits total intensity data collected during a period of
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moderate solar activity for which K, = 6. The magnitude of the field-aligned current effect is

much less than that of Figure 7 due to the divergence of the current at higher altitudes. For the

same reason there is a distinct broadening of the inner and outer rings of the ovals in the two

hemispheres and a general spreading of the oval toward the equator. The second graph on

Figure 8 illustrates the tempertures of the magnetometer sensor electronics box (blue) and of

the magnetomee sensor (yellow). The temperatures are characteristically stable, varying

slowly within narrow limits. The third graph in Figure 8 exhibits the satellite attitude relative to

the sun-line. There is no attitude information when the satellite is on the night-side of the earth.

Figure 9 exhibits data collected on orbit 6113 during a highly disturbed period for which

K, = 8. In ^Ys figure, it is possible to see a broadening of the auroral ovals in both hemispheres

to mid-latitudes as well as the pronounced effect of the equatorial electrojet which has been

enhanced dramatically by magnetic storm activity. The total intensity data in Figure 10 reflect

moderate solar activity corresponding to K, = 4+ to 5. Notice that at the equator in the top graph

there is a significant difference in the residuals between the day-side and the night-side of the

earth as defined by the attitude data in the third graph in Figure 10. On the day-side, the

equatorial electrojet contributes an additional 75 nT to 100 nT to the observed field. In contrast,

Figure II depicts an unusually quiet magnetic field record collected from orbit 4106 for which

the K. index was between 1 +and 2.

A low K, index does not always indicate benign magnetic field effects from exoatmospheric

sources. Figure 12 for orbit 4909 was collected during a period for which K. = 1. At

mid-latitudes, particularly in the southern hemisphere, there is a very pronounced anomaly

which appears to be caused by some unexpectedly strong mid-latitude current system. The

residual field displayed in Figure 12 is taken with respect to our preliminary POGS model. The
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anomalous feature, however, is independent of the model used. The magnetic field total

intensity residual generated from the IGRF-90 model for calendar day 73, 1991, exhibits the

same feature. Therefore, this anomaly appears to be in the data and seems to be real, but is

probably of external origin. Many of the POGS satellite profiles have this mid-latitude feature,

though not always as pronounced as is illustrated in Figure 12. Furthermore, this feature persists

in the southern hemisphere regardless of the season. There appears to be no comparable anomaly

in the northern hemisphere regardless of the season. Until additional ionospheric and

magnetospheric corrections are made to the data, our initial interpretation of this anomaly will

remain tentative.

Finally, a direct comparison between residuals computed from the POGS preliminary model

and the degree 10 IGRF-90 model are displayed in Figures 13 through 16. Figure 13 illustrates

the POGS residual total intensity with respect to the POGS preliminary model for orbit 4044.

Figure 14 is the IGRF-90 total intensity residual for the same orbit. For this orbit K., = 1. The

southern hemisphere mid-latitude anomaly is present to some extent in both figures. Note that

on 1991 day 14 when these data were collected, it was mid-winter in the northern hemisphere

and mid-summner in the southern hemisphere. As a second contrasting comparison, an orbit

from 1991 day 173 was selected, which corresponds to early summer in the northern hemisphere

early winter in the southern hemisphere. Figure 15 illustrates the total intensity residuals for the

POGS preliminary model, while Figure 16 illustrates the IGRF-90 model total intensity

residuals for the same orbit. The mid-latitude anomaly is not as evident in these figures. The K.P

index for 6351 ranged between 3' and 4-, corresponding to moderately active external

geomagnetic activity as is indicated by the substantial auroral zone field-aligned current activity.
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8. FUTURE PLANS FOR THE 1995 EPOCH AND BEYOND

POGS data are intended to support the 1995 Epoch World Magnetic Model. In the coming

months, these data will be meticulously edited for exoatmospheric current effects, and special

Dst corrections will be applied. Rather than using data with KI indices less that 2÷, as was the

case with the preliminary model and other models based on Magsat data, only data with KP

indices less than I" will be used. This is because of the large amount of POGS data that are

available. Also, only data from the nightside and only data from the winter hemispheres will be

used since seasonal effects do seem to be significant.

In the preliminary model presented in this report, the Backus effect was controlled by

throwing in some vector data from a predictive model along the geomagnetic equator. In the

1995 Epoch model, real vector data collected from the Project MAGNET aircraft will be used.

High-level Project MAGNET aeromagnetic surveys are currently being executed along the

geomagnetic equator in the Atlantic, Pacific, and Indian oceans. Survey tracks that are either

planned for the next 6 months or have already been collected in the Atlantic and Pacific oceans

are illustrated in Figures 17 and 18. These data and some additional data collected in the Indian

ocean will be sufficient to control the Backus effect.

Because of the longevity of the POGS satellite coverage and because of the spatial density of

POGS survey coverage, the possibility arises that a sequence of models can be made to perhaps

degree 20 or so, at 6-month intervals covering the period between 1991 through 1993. This

sequence of main field models could be used to determine for the geomagnetic Secular Variation

model for that time period to degree 12 or 15. This is in contrast to those of only degree 8 that

are currently generated using data from a poorly distributed set of geomagnetic observatories.
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Finally, with respect to efforts to secure data for future modeling epochs, it is now reasonably

certain that there will be a series of boom-mounted, scalar-quality, vector-magnetic experiments

on the Block 5 DMSP satellites, which will span the time frame from 1995 through 2005. Two

of these satellites will be maintained in orthogonal, sun-synchronous polar orbits at all times.

Follow-on Block 6 satellites with full vector capability are also being considered to cover the

2005 through 2015 time frame. Second, we note that the Johns Hopkins Applied Physics

Laboratory's Upper Atmosphere Research Satellite (UARS) was launched in September 1991,

while the Swedish satellite, Freja, was launched in September 1992. Attempts are being made to

secure vector data from these satellites, although the data reduction may be somewhat lengthy

since neither data set is of Magsat quality. A Danish satellite project called Oersted, which is

intended to be of Magsat quality, had been planned for launch in the latter part of the 1990's.

This project received funding from the Danish government in 1993 and is now proceeding

beyond the planning stages to an eventual launch in cooperation with NASA in the 1996 time

frame.

The current prospects for securing geomagnetic survey data to support World Magnetic

Modeling for the next 20 years or so are summarized in Figure 19. It seems from this summary

that there will be, as this century closes and the new century begins, a continuous data flow

which will guarantee the availability of high-quality Main field and Secular Variation models for

the foreseeable future. These data will provide long-term, continuous detailed mapping of the

earth's magnetic field which in turn will provide for the first time a means to extend our

knowledge of the earth's deep interior through close monitoring of its magnetic secular behavior.

Thereby, the future seems bright for the improved predictive capability of our models and for

the wide range of applications they support.
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