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Abstract

　　　In　order　to　understand　impacts　of　electrornagnetic　environmental　changes　durlng

severe　geomagnetic　storms　and　the　magnetlc　hole　in　the　Brazilian　geomagnetically

anomaly　region　on　human　technologies　and　ecosystems，　coordinated　satellite　and　ground－

based　observations　are　needed　for　Space　Weather　study．　In　this　paper　we　w沮review　how

the　geomagnetic　induced　currents　and　new　radiation　belt　are　formed　during　lntense

magnetic　storms，　and　the　rnagnetic　hole　affects　on　the　earthls　environment．

Keywords：electromagnetic　environmental　changes，　geomagnetic　induced　currents，　radiation

　　　　　　　　　　belt，　severe　geomagnetic　storms，　the　magnetic　hole，　Brazilian　geomagnetic

　　　　　　　　　　anoma玉y，　space　weather　study

1。Introduction

　　　The　solar　wind　is　charged　particles　streaming仕om　the　corona　of　the　sun．　The　solar　wind　extends

the　sunls　magnetic負eld　into　the　solar　system，　and　is　known　as　the　interplanetary　magnetic　neld（IMF）．

The　geomagnetic負eld　of　the　earth　interacts　with　the　ever－changing　interplanetary　magnetic　Held．　The

charged　particles　of　the　solar　wind　streammg　past　the　earth　are　denected　at　the　boundary　of　the

interplanetary　magnetic　neld　and　the　earth｝s　magnetic　neld，　i．e．　the　magnetopause，　generating　electric

current　by　a　magneto－hydrodynamic　process．　The　kinαic　energy　of　solar　wind　particles　is　converted

into　electric　energy　producing　rnore　than　a　rnillion　megawatts　of　powers．　The　mechanism　is　called　the

solar－wind　magnetOsphere　generaωr　or　auroral　generator（Akasofu，1968）．　The　large　injection　of　energy

inωthe　ionosphere　by　the　auroral　generator　is　through　a　pair　of　electric　currents，　called　westward　and

eastward　electrojets．　These　jet　currents　produce　magnetic　ne玉d　variations　on　the　ground．

　　　Geomagnetic　storms　driven　by　variations　in　the　solar　wind　can　produce　large　changes　in　the

geophysical　electromagnetic　environment　and　have　significant　impacts　on　human　technOlogies．　For

example，　spacecrafts　are　damaged　by　high－energetic　charged　particles　striking　solar　cells　and　the

lifetime　of　earth－orbiting　satel目tes　is　shortened　by　enhanced　orbltal　drag．　The　solar　activity　is　also

associated　with　long－term　climate　and　environrnental　changes（Fris℃hristensen　and　Lassen，1991）．

During　an　intense　geomagnetic　storm，　a　new　radiation　belt　for　energies　of　several　10　MeV　is　R）rmed

rapidly　around　L＝2．2　in　the　inner　magnetosphere（Blake　et　al．，1992，　Ll．，　et　aL，1993，0bara　et　aL，2000）．

Magnetic　disturbances　can　produce　large　geomagnetic　irlduced　currents（GICls）｛n王ong　conductors　used

for　electrical　power　distribution，　telecolnmunicatlons，　and　pipelines　on　the　earthls　sur£ace（Boteler　et　al．，
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1989，Medford　et　al．，玉989，　Lanzerotti　et　aL，1992，　Yumoto　et　al．，1999）．　A　slowly　changing　potential

gradients　across　the　earth｜s　surface　produce　quasi－dc　currents，　flowing　through　grounded　ac

transmission　systems　as　a　consequence（Boteler　et　aL，1989　and　199／）．

　　　On　the　other　hand，　high－energetic　particles　are　precipitating　in　the　magnetic　hole　of　Brazilian

geomagnetic　anOmaly　region（Kohno　et　aL，1990），　where　theωtal飽ld　intensity　is　so　weak　and　rapidly

decreasing．　The　electric　devices　on　board　the　satellite　are　reported　to　be　damaged　when　it　passes

ζhrough　the　geomagnetic　anomaly　regiorl．　The　imensity　of　radioactive　rays　excited　by　the　high－

energetlc　particles　at・micro－satellite　altitude　is　10，000　times　as　strong　as宙e　quantity　we　receive　on　the

ground．　Further　studies　are　needed　to　investigate　ilnpacts　of　high　energetic　particle　precipitation，　and

radioactive　rays　in　the　South　Atlantic　anomaly　region　on　the　atmospheric　environment，　human

technologies　and　ecosystems．

　　　In　this　paper，　we　will　introduce　changes　of　electromagnetic　and　energetic　particle　environment

during　intense　geornagnetic　storms　and　in　the　Brazilian　geomagnet玉c　anoma玉y　region，　and　impacts　on

human　technologies　and　ecosystems．　Coordinated　satellite　and　ground－based　observations　for　Space

Weather　study　will’be　very　useful　to　understand　global　changes　of　the　earthls　electromagnetic

environment　and　high－erlergetic　particles，　generated　during　intense　geomagnetic　storms　and　in　the

magnetic　hole　of　the　South　American　anomaly　region．

H。Geomagnetic　in伽ced　c旺rents撫r量ng　geomagnet』c　s⑩撚s

　　　Gonzalez　et　al．（1990）investigated　the　solar　cycle　distribution　of　intense　storms　during　cycles　20　and

21，using　values　of　the　Dst　index＜－100　nT（nanotesra），　and　found　dual－peak　solar　cycle　distribution　of

intense　geomagnetic　storms．　One　peak

occurs　at　the　late　ascending　phase　of

㌫蕊㌶；濃㌶芸麗
of　the　cycle．　The　averaged　separatiorl

o☆he　peaks　from　solar　maximum　is

about　8　months　ahea（至for　the　first　peak

an（l　about　25　rnonths　after　for　the

second　one．　They　suggested　that　the

origin　of　the　dual－peak　distribution　of

the　intense　storms　is　associated　with

similar　dual－peak　distribution　obtained

for　large－amplitude　and　long－duration

vales　of　the　negative　z－component　of

the　interplanetary　magnetideld．

　　　There　are　two　types　of　geomagnetic

storms；orle　occurs　recurrently　with　27－

days　period，　and　the　other　occurs

abruptly．　The　latter　caused　by　transient

events　on　the　sun　such　as　solar　flares

and　coronal　massive　ejections（CME）is

much　severer　than　the　former

associated　with　the　heliospherlc

structure　of　high－velocity　stream　and

coronal　hole．　The　power　of　the　solar一
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Fig．1．　A　relationship　of　geomagnetic　storms　caused　by　the

　　　SOIar　nare　maSS　ejeCtiOnS．
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wind　magnetosphere　generator　is　ultimately　controlled　by　transient　events　on　the　sun　as　shown　in

Figure　I．　Shock　waves　are　generated　and　propagate　in　the　solar　wind．　The　speed　reaches　500　to　I，000

km／sec　just　behind　the　wave仕ont．　As　the　shock　wave　collides　with　the　earth［s　magnetic丘eld，　the　power

of　the　solar－wind　magnetosphere　generator　can　surge　to　10　million　megawatts　or　more，　gMng　rise　to　a

geomagnetic　storm．　Large－amplitude　and　long－duration　negative　z－component　of　the　IMF　enhances

magnetospheric　convection，　which　forms　and　intensi負es　ring　currents　in　the　inner　magnetosphere，　and

then　large　deviations　in　magnetic艶lds　are　observed　even　at　the　lower　latitudes　and　on　the　ground．

　　　During　a　geomagnetic　sto㎜，　magnetic　dlsturbances　in　combination　with　enhanced　ring　current　in　the

inner　magnetosphere　and　ionospheric　jet　currents　can　a飽ct　both　cable　and”wirelessl｜communications，　such

as　trans－oceanic　and　trans－continental　cables，　oil　pipelines，　and　long－haul　power　transmission　lines．　The

innuences　o£geomagnetic　disturbances　on　long，　man－made，　earth－based　conductors　such　as　telegraph　lines

have　been　observe曲r　well　over　a　hm（ked　years（see　Lanzerotti　and　Medわrd，1989）．　Med｛brd　et　al．（1989）

showed　the　cable　power　supply　voltage　at　the　North　American　end　of　the　Fiber　optic　transatlantic

telecommun▲cat▲ons　cable　TAT－8　measured　during　the　March　I　989　storm，　indicating　the　large　scale

changes　as　large　as　700　volts　in　the　total　earth　potential　across　the　Atlantic，　i．e．　the　potential　gradient　o£

as　large　as　O，12　volts／km　as　shown　in　Figure　2．　There　were　two　intervals　of　time　during　which　the　true

peak－to－peak　voltage　excursion　over　the　course　of　a允w　to　about　twenty　minutes　was　measured　to　be

greater　than　700　volts．　Around　O　1：15UT　or｝March　I　4，　the　true　rate　of　change　of　cross－Atlantic　potential

drop　was　of　the　order　of　37　volts／min．　Around　21：48　UT　on　March　13，　the　true　rate　of　change　of　the

potential　drop　was　300－450　volts／min．　At　this　time，　the　rate　o£change　of　the　magnetideld　in　the　east－west

component　at　Tuckerton　was　about　300　nTソmin．　They　concluded　that　the　possible　geomagnαic　inHuences

must　be　evaluated　for　the　spe頷c　geomagnetic　and　geological　locations　and　for　the　speci丘c　technologies

used　with　the　conductor　system．
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Fig．2．（Top）Locat｛on　of　the　TAT－8　transatlantic　fiber　optics　telecommunications　cable．（Middle，　Bottom）

　　　　Magnetic　field　and　the　ca』ble　voltage　rneasured　during　the　most　intense　phase　of　the　geomagnetic　storm

　　　　during玉3一玉4March］989（Medford　et　al．，］989）．
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　　　The　rnagnetic　disturbances　also　induce　currents　in　the　earthls　crust，　causing　earth　surface　potential

gradie蹴s．　The　magnitude　of　such　gradients　is　dependent　not　only　on　the　intensities　of　rnagnetic　storms

and　auroral　substorms　but　the　proximity　to　the　magnetic　poles　and　the　resistivity　of　the　ground．　The

earth　surface　potential　can　be　created　over　large　regions　which　can　causeαC　tO　enter　and　exit　power

systems亡rough　the　transformer　neutral　grounding　points．　Because　the　auroral　electrolets　are　in　an　east－

west　direction　and　are　a　domina．nt　in日uence　in　the　induced　earth　currents，　the　earth　surface　potential　is

greatest　in　the　eas卜west　direction　also．　The　east－west　component　of　earth　surface　potential　increases

with　increasing　northern　latitude　as　the　auroral　c「urrems　become　more　directly　overhead．

　　　On　March　I3－14，1989，　the　earth　experienced　one　of　the　worst　geomagnetic　storms　in　this　century．

The　most　serious　effect　of　the　storrn　occurred　at　O2：45　EST　on　March　13　when　widesprea．d

geomagnetically　indu．ced　currents（GiC）caused　the　saturation　of　transformers　on　the　Hydro－Quebec

power　system（Boteler，　et．　al．，1989）．　The　great　rnagnetic　s口rm　of　severe　intensity　induced　a　current　of　very

low仕equency　in　the　Hydro－Quebec　transrnlssion　system，　then　sustained　a　load　of　21，350　MW，　and　knocked

out　power　in　alrnost　all　of　Quebec，　Canada，　for　about　5　hours．　Figure　3　illustrates　how　magnetic

disturbances，　such　as　the　severe　geomagnetic　storm　of　March　13，1989　affecゆower　syste’ms（Bαeler，　e仁a1，

199D．　The　magnetideld　variations（shown　by　the　component　H，　D，　and　Z　in　Fig．3）induce　electric　Held，　Ex，　in

the　ground；these　drive　geornagneticlly　induced　currents（GICIs）into　power　systems．　The　GICIs　flow

through　power　transR）rmers，　where　they　cause　partial　saturation　of　the　transR）rmer　core　by　producing

currents　at　120　Hz，180　Hz，　and　higher　harrnonics　of　the　power　system　frequency．　The　saturation　of　the

transformers　and　the　increased　harmonic　currerlts　affect　the　stability　of　the　system　which，　in　extreme

case，　leads　to　a　power　blackout　such　as　the　one　caused　in　Quebec　by　the　March　1989　s口rm．
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Fig．3．　During　the　severe　geomagnetic　storrn　of　March　13，1989，　the　magnetic　field　variadons（H，　D，　and　Z）

　　　　induced　electric　fields，　Ex，　in　the　ground，　geornagnetically　irlduced　currents（GICls）into　power　syste肌

　　　　The　GICIs恥w　through　power　transformers，　where　they　prod・uce　currents　at　I20　Hz，180　Hz，　and　higher

　　　　harmonics　of　the　power　system　frequerlcy（Boteler　et　aL，1991）．
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皿．New　formation　of　radiation　belt　during　intense　magnetic　storms

　　　The　typical　spatial　dist亘bution　of　certain　class　of　radiation－belt　particles（viz．　electrons　having　kinetic

energies　E＞0．5　MeV）shows　a　two－zone　structure　as　shown　in　Figure　4．　The　most　intense　radiation

occurs　in　the　inner　zone　at　L＜2，　but　there　is　typicaUy　a　secondary　ma）dmum　between　L＝4and　6（the　outer

zone）．　The　so－caUed　slot　region（2〈L〈4）contains　a　relative　mir亘mum　in　radiation　intensity　and　serves　to

separate　the　two　radiation　zones　from　each　other．　The　two－zone　structure　characteristic　of

geomagnetica1玉y　trapped　electron　radiation　can　be　lユnderstood　qualitatively　in　terms　of　an　unsteady　611ing

of　the　trapping　region　from　outside（see　Schulz，1991）．　The　quiet－time　slot　region　seems　to　become

nfil玉edl‘前th　electrons　during　a　magnetic　storm，　but　tends　to　lose　its　energetic　electrons　within　5－10days

thereafter．　This　is　in　contrast　to　the　inner　radiation　zone，　where　the　maximum　li企time（about　300　days

at　L＝1．5）roughly　coincides　with　the　peak　in　radiation　intensity．
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Fig．4．　Contours　map　of　constant　integral　electron　flux　in　the

　　　　earthls　radiation　environment．　Shaded　regions
　　　　correspond　to　inner　and　outer　radiation　belts（Vette　et

　　　　aL，1966）．

　　　The　rapid　formation　of　new　proton　and　electron　radiation　belts　was　6rstly　reported　by　Blake　et

al．（1992）using　the　CRESS　satellite　observations　at　L＝2．5　during　the　March　24，1991　storm　event．　The　new

proton　radiation　belt　fbr　20　to　80　MeV　energy　was　R）und　to　be　fbrmed　around　L＝2．4，　while　the　new

electron　radiation　belt　fbr　more　than　15　MeV　energy　was最）rmed　around　L＝2．2．　The　prompt　energization

and　transport　of　radiation　belt　particles　during　the　storm　sudden　commencement　were　simulated　by　an

impulsive　electric丘eld　variation（Li．，　et　al，1993，　Hudson，　et　al．，1997）．　Obara　et　al．（2001）speculated　that

substorm－related　electric　and　magnetic　field∬uctuations　and／or　waves　would　accelerate　electron

efficiently．　They　demonstrated　a　case　study，　showing　that　the　internal　acceleration　is　acttlally　taking

place　and　it　leads　a　large　enhancement　of　the　relativistic　electrons　in　the　outer　radiation　belt．

　　　Asevere　geomagnetic　storm　driven　by　the飽st　solar　wind（averaged　speed　at　lAU　was　more　than

900km／sec　with－54　nT　of　IMF／Bz）began　with　an　ssc（△H＝140　nT　at　Kakioka）at　14：36　UT　on　July　15，

2000；developed　rapidly　from　20：00　UT丘）r　the　next　4　hours；and　reached　a　minimum　Dst　of－295　nT

around　OO：00　UT，　Obara　et　al．（2001）showed　the　re▲ationship　among　L－t　diagram　fbr　the　electrons　with
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energy　from　300　KeV　to　1．1　MeV，　Kp　index　and　Dst　index　variations　for　the　interval廿om　July　1ユto　20，

2000．In　the　energetic　particle　data　provlded　by　NOAA　and　Akebono　satellites，　rapid　formation　of　new

radiation　belts　for　O．3－1ユMeV　electrorl　energy　can　be　seen　around　L～2．6　and　4．O　just　after　the　onset　of

the　ssc　storm（at重4：36　UT　on　July　15，2000）．　These　high－energetic　particles　from　the　newly　forrned

radiation　belts　must　be　precipitating　in　the　Brazilian　geomagnetic　anomaly　region，　where　the　totaぱeld

intensity　is　so　weak　and　rapidly　decreasing　as　described　in　the　next　session．

　　　On　the　other　hand，　signi負cant　factor　that　may　innuence　the　functioning　of　space　systems　is　the　solar

proton　events（SPE）．　The　bursts　of　protons　and　ions　with　high　energ▲es（up　to　l　GeV）accompany　solar

nares，　and　occur　more　frequently　at　the　maximum　of　solar　activity．　Solar　cosmic　rays　penetrate

throughout　the　magnetosphere　and　can　cause　single　event　upsets，　degradation　of　solar　panels，　etc．

　　　Serious　satellite　anomalies，　even　total　failures　of　spacecraft，　can　be　caused　by　relativistic（“killer”）

electrons　in　the　outer　radiation　belt（Wrenn，　et　al．，2000）．　Contrary　to　the　so玉ar　protons，　the“kiiler”

electrons　are　energized　locally　by　waves　within　the　magnetosphere　during　a　geomagnetic　storm．　The

acceleration　of　electrons　due　to　the　substorm　inlection　is　more　effective　as　pre－process．　One　of　the　main

mechanisms　of　the　acceleration　and　inward　diffusiorl　is　probably　related　to　the　drif卜resonant　interaction

of　electrons　with　large－scale　ultra－low－frequency（ULF）waves（Elkington　et　aL，1999，　Liu　et　al．，1999）．

These　waves　are氏）rmed　by　resonant　filtering　and　ampl苗cation　from　wide－band　magnetospheric　MHD

no量se　upon　conversion　into　field　line　Alfveh　oscillations．

　　　Rather　surprisingly，　not　the　rnagnetic　storm　intensity（as　measured　by　Dst　index），　but　the　presence　of

Pc5（150－600　s）ULF　power　after　minimum　Dst　is　happened　to　be　a　good　indicator　of　relativistic　electron

response．　To　characterize　a　global　ULF　activity　OIBrien　et　al．（2001）constructed　a　simple　hourly“ULF

wave　index”，　charaαerizing　the　ground　spectral　power　in　the　Pc5　band　at　any　LT　and　L＝3．5－7．0．　It　was

shown　that　among　basic　solar　wind　and　magnetospheric　parameters，　the　long　duration　Pc5　wave　power

during　the　recovery　phase　appeared　to　discriminate　best　between　those　storms　that　do　and　do　not

produce　relatMstic　electrons．　Similarly，　storms　with　substantial　electron　enhancements　were　found　to

have　a　higher　ULF　wave　power　by　about　an　order　of　magnitude　in　the　recovery　phase　of　magnetic

storms（Mathie　and　Mann，2001）．　Thus，　in　a　larninar　non－turbulent　magnetosphere　the“killer”electrons

probably　would　not　apPear．

皿．Effect　of　the　magnetic　hole　on　the　earth’s　environment

　　　The　geomagnetic丘eld　is　mOnotonically　decreasing　over　the　last玉，000　years　not　only　in　Brazil　but

also　al五〇ver　the　world（Fraser－Smith，夏987）．　Peddie（1982）showed　the　annual　change　of　total

geornagnetic　field　intensity．　The　peak　field　intensities　lie　at　the　Northerrl　polar　region　near　Canada　an（l

the　Southern　polar　region　near　the　Antarctic　continent　facing　Australia　as　shown　in　Figure　5（Takeda　et

al．，1993）．　The　totahntensity　of　the　geomagnetic負eld　in　the　polar　region　exceeds　60，000　nT．　On　the　other

hand，　the　total　intensity　of　geomagnetideld　in　Brazil　is　only　23，000　nT．　This　value　is　abnorma玉ly　weak　as

compared　with　the　one　in　other　mid－latitude　region．　This　region　is　called　South　Atlantic　Geomagnetic

Anomaly，　Brazilian　Geomagnetic　Anomaly，　or　Geomagnetic　hole（Makita　and　Schuch，1999）．

　　　The　geomagnetic　field　around　the　Brazilian　anomaly　region　is　rapidly　decreasing　and　the　size　of　the

anomaly　reglon　is　expanding　year　by　year．　For　example，　in　the　Caribbean　Sea，由e　South　Atlantic　Ocean

and　the　Antarctic　Peninsula，　the　rate　of　decrease　of　the　geomagnetic自eld　exceeds　100　nT　per　year．

Near　the　center　of　the　Brazilian　anomaly　region，　the　rate　of　decrease　of　the　geomagnetic　field　is　not　so

large（about　40　nT　per　year）but　its　intensity　is　steadily　decreasing．　Conversely，　the　intensity　of　the

geomagnetic　field　in　the　Japanese　archipelago　and　the　Eurasian　Continent　is　increasing　slightly．　Gubbins

（1987）proposed　a　hypothesis　that　a五〇calized　reverse　magnetic自eld　is　appearing　under　Brazil　region，　and
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Fig．5．　Geomagnetic　field　total　force（nT）of　the　19901GRF．　The　total　intensity　of　the　geomagnetic　field

　　　　exceeds　6G，000　nT　in　the　polar　regions，　while　it　is　only　23，000　nT　in　the　South　Atlantic　anomaly　region

　　　　（After　Take（la　et　al、，1993）．

weakens　the　ambient　dipole　neld　component　in　the　region．　He　named面s　localized　magnetic　neld　as

‘℃ore－Spot”，　which　is　located　in　the　earthls　outer　core．　If　the　Core－Spot　increases　in　its　in民nsity　and

expands　world－wide，　polarity　reversal　of　the　geomagnetlc丘eld　can　be　expected　to　occur　in　the　near

future．　If　the　rate　of　decrease　of　the　geomagnetic五eld　continues，　the　geomagnetic　field　around　the

Brazilian　anomaly　region　will　disappear　in　less由an　500　years．　A　period　of　500　years　is　very　short　from　a

geological　standpoint．　Human　beings　may　have　to　deal　with　circumstances　in　a　very　weak　geomagnetic

neld．　It　is　needed　to　study　what　kind　of　effects　of　the　decreasing　geomagnetic　field　on　the　earthls

environment　will　hapPen　in　near　future、

　　　Anew　space　age　began　when　the　nrst　satellite　was　launched　by　USSR　in　I　957．　Four　decades　on　our

knowledge　about　space　have　advanced　rapidly　through　extensive　satellite　observations．　We　have　come

to　understand　that　a　multitude　of　electrons　and　protons　precipitate　into　the　polar　region　an（l　excite

aurora（see　Akasofu，1968）．　In　addition　it　became　clear　that　a　lot　of　high－energy　particles　are

precipitating　into　Brazil　and　the　South　Atlantic　Ocean．　For　each　particle　gyrating　about　a　given　field　lirle，

there　ls　a　mirror－point丘eld（Bm）where　the　particle　conserves　the　first　adiabatic　invariant（mv⊥2／2B）

and　reverses　the　movement　along　the　line　of　force．　If　the且eld　line　actuaUy　contains　the　sぴcalled　mirror

points　above　the　top　of　the　atmosphere（about　100　km），the　particle　will　literally　be　trapped　between　the

mirror　points．　But，　the　total　intensity　of　geomagnetideld　in　the　Brazilian　Geomagnetic　Anomaly　region

is　only　23，000　nT，　whlch　is　abnormally　weak　as　compared　with　that（about　35，000　nT）at　the　conjugate

point　in　the　northem　hernisphere．　The　particles　which　can　reverse　their　movements　at　the　mirror－point
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neld　of　Bm＝23，000－35，000　nT　above　the　top　of　the　northern　atmosphere，　however，　are　said　to　be　in　the

loss　cone　and　precipitate　into　the　southern　anomaly　region．

　　　According　to　the　OHZORA　satellite　observations　as　shown　in　Figure　6，　the且ux　of　precipitating

particles　at　altitude　700－850　km　in　the　South　Atlantic　anomaly　region　is　l，000　times　higher　than　that　in

other　region（Kohno　et　al．，1990）．　The　precipitating　electron　and　proton　energy　are　higher　than　those　in

the　auroral　region，　and　thereR）re　X－ray　emission　occurs　in　this　region．　Due　to　the　signincant　amount　of

high－energy　particles　precipitating　over　the　Brazilian　anomaly　region，　electric　devices　on　board　the

satellites　are　affected．　For　example，　problems　with　semi－conductor　memory　are　reported　to　occur

frequently　in　the　Brazilian　anomaly　region　as　shown　in　Figure　7．　High－energy　particles　sometimes

damage　the　measuring　system　on　board　the　satellites，　so　several　devices　were　switched　off　while　passing

through　this　area．
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Fig　6　Global　distributions　of　electron（Top）and　proton（Bottom）observed　by　OHZORA　at　altitude　700－850

　　　　km　from　February　l　984　to　January　1987　A　large　number　of　electrons　and　protons　are　precipitating　over

　　　　the　South　Atlantlc　anomaly　region（After　Kohno　et　al．，1990）

　　　　It　is　also　reported　that　measuring　of　X－rays　propagating　from　a　black　hole　star　is　difncult　in　the

Brazilian　geomagnetic　anomaly　region，　because　X－rays　caused　by　high－energy　particles　in　this　region

interfere　with　the　measurement，　Recently，　the　Russian　satellite　has　been　detecting　radioactive　rays

emitted　by　high－energy　particles．　The　peak　intensity　of　these　radioactive　rays　coincides　with　the　peak－

area　of　precipitating　particle　flux　observed　by　the　OHZORA　and　NOAA　satellites　Fujitaka（1998）
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Fig．7．　Occurrence　distribution　of　semi℃onductor　memory　problems　of　multiple　satellites　around　the

　　　　Brazilian　geomagnetic　anomaly　regior1．

estimated　that　the　intensity　of　radioactive　rays　in　this　area　reaches　to　O．69　mGy．　The　intensity　of

radioactive　rays　at　this　altitude　is　10，000　tirnes　as　strong　as　the　quantlty　we　receive　on　the　ground．

Further　studies　by　low　altitude面cr合satellites，　e．g．，　DEMETER，　are　needed　to　investigate　impacts　of

high　energetic　particle　precipitations，　and　radioactive　rays　in　the　South　Atlantic　anomaly　region　on　the

atmospheric　environme蹴，　human　technologies　and　the　ecosystems．

VI。　Conclusion

　　　In　this　paper　we　reviewed　severe　impacts　of　the　geomagnetic　induced　currems（GIC「s）and　new

radiation　belt　during　intense　magnetic　storms，　and　high－energetic　particles　in　the　magnetic　hole　on　the

human　technologies　and　ecosystems．　Geomagnetic　storms　driven　by　variations　imhe　solar　wind　can

produce　large　changes　in　the　geophysical　electrolnagnetic　environrnent　and　have　signi貨cant　impacts　on

human　technologies．　For　example，　spacecrafts　are　damaged　by　high－energetic　charged　particles　striking

solar　cells　and　the　lifetime　of　earth－orbiting　satellites　are　shortened　by　enhanced　orbital　drag．　During　an

intense　geomagnetic　storm，　a　new　radiation　belt　for　energies　of　several　l　O　MeV　is　also　formed　rapidly

around　L＝2．2　in　the　inner　magnetosphere．　Magnetic　disturbances　produce　large　GICls　in　lorlg　conductors

used　for　electrical　power　distribution，　telecommunications，　and　pipelines　on　the　earthls　surface．　A

slowly－changing　potential　gradients　across　the　earth｝s　surface　produces　quasi－dc　currents，　nowing

through　grounded　ac　transrnission　systerns　as　a　consequence．　On　the　other　hand，　high－energetic

particles　are　precipitating　in由e　magnetic　hole　of　Brazilian　geomagnetic　anornaly　region，　where　the　total

負eld　intensity　is　so　weak　and　rapidly　decreasing．　The　electric　devices　on　board　the　satellite　are　damaged

when　it　passes　through　the　geomagnetic　anomaly　region．　The　intensity　of　radioactive　rays　excited　by

the　high－energetic　particles　at　micro－satellite　altitude　is　10，000　times　as　strong　as　the　quantity　we

receive　on　the　ground．

　　　It　is　concluded　that　further　coordinated　satellite　and　ground－based　observations　for　Space　Weather

studies　are　needed　to　investigate　impacts　of　GICIs，　high　energetic　particle　precipitation，　anむadioactive

rays　in　the　South　Atlantic　anomaly　region　on　the　atmospheric　environment，　human　technologies　and

ecosystems．
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