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Abstract

　　　Magnetic　records　from　the　210°rnagnetic　meridian　stations　between　July，1992　and

June，1993　are　examined　to　study　the　dependence　of　magnetic　bays　and　the　main　phase　of

magnetic　storms　on　magnetic　latitude　and　local　tirne（MLT）．　The　results　show　that　the

magnitude　of　bays　in　the　H　component　at　mid　and　low　latitudes　is　weakiy　dependent　on　the

latitude．　As　many　earller　studies　show，　the　peak　of　the　occurrence　frequency　of　bays　in　the

Hcomponent　is　located　at　21－O　MLT．　Positive　bays　in　the　H　component　occur　most

frequently　around　the　midnight　sector；negative　bays　in　the　H　component　occur　most

frequently　in　the　evenirlg　sector．　The　magnitude　of　bays　in　the　D　comporlent　depends

grealty　on　the　latitude．　The　peak　of　the　occurrence　frequency　of　bays　in　the　D　component

is　also　located　at　21－O　MLT．　Positive　bays　in　the　D　component　most　frequently　occur　in　the

late　evenlng　sector　and　negative　bays　in　the　D　componerlt　most　frequently　occur　in　the　early

morning　sector．　The　dependence　of　the　rnagnitude　of　rnagnetic　bays　on　the　latitude

calculated　by　a　model　of　three－dimensional　current　system　at　high　latitudes　is　in　fair

agreement　with　the　statistical　results．

　　　The　magnitude　of　the　rnain　phase　decrease　along　the　meridian　has　the　minimum

located　at　about　30°magnetic　latitude．　As　rnany　earlier　studies　show，　the　maximum

magnitude　of　the　main　phase　decrease　most　frequently　occur　at　21－O　MLT．

1．　Introduction

　　　The　main　phase　of　magnetic　storrns　and　magnetic　bays　are　typical　magnetic　variations

observed　at　mid－and　low－latitudes．　As　is　well　known，　magnetic　bays　observed　at　mid－and

low　latitudes　are　closely　related　to　the　substorrn　activity（SILsBEE　and　VEsTINE，1942；

FuKusHIMA，1953；AKAsoFu　and　MENG，1969；MENG　and　AKAsoFu，1969；CLAuER　and　McpHER．

RoN，1974），　and　are　mainly　produced　by　the　three－dimensional　current　system　during　substor－

ms（KAMIDE∂α／．，1981；SuNετα／．，1984）．

　　　The　main　phase　of　the　magnetic　storm　is　defined　as　the　depression　of　the　horizontal

cornponent　of　geornagnetic　field　on　the　surface　of　the　earth（CHApMAN，1919）．　The　develop－

ment　of　the　main　phase　is　attributed　to　the　development　of　the　ring　current　which　is　formed

by　the　drift　of　the　trapPed　particles　in　the　inner　rnagnetosphere（e．9．　AKAsoFu　and　CHAPMAN，
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1961）．The　Dst　index　is　devised　to　monitor　the　symmetric（average）ring　current（SuGluRA，

1964）．

　　　The　210°magnetic　meridian（MM）network　project　started　in　1990　as　one　of　Japanese

STEP　prolects（YuMoToεrα／．，1992，1996）．　More　than　twenty　observatories　along　the　210°

MM　cover　the　latitudinal　range　from　the　auroral　zone　to　the　equator　in　both　the　northem　and

southem　hemispheres．　The　extensive　magnetic　observatlons　along　such　a　magnetic　meridian

enable　us　to　advance　our　knowledge　for　magnetic　storms，　substorms　and　the　relationship

between　thern．　In　the　present　work，　we　study　the　dependence　of　the　magnetic　bays　and　the

main　phase　of　magnetic　storms　on　magnetic　latitude　and　local　time，　using　the　extensive

magnetic　observations　along　the　210°MM．　The　magnetic　perturbations　at　mid－and　low－

latitudes　calculated　by　a　modd　of　three－dimensional　current　systern　are　compared　with　the

statistical　results　from　the　210°MM　data．

2．　Date　and　Results

　　　We　select　nine　stations　in　the　northern　hemisphere　from　the　210°MM　network；they　are

distributed　from　the　auroral　latitude　to　the　equator．　The　names　and　the　geomagnetic

latltudes　of　stations　are　listed　in　Table　1．

Table　1．　The　rlame　and　the　magnetic　latitude　of　stations

Narne Code Magnetic　Latitude

Chokurdakh CHD 64，75°

Magadan MGD 53．70°

St．　Paratunka PTK 46．49°

Moshiri MSR 37，76°

Onagawa ONW 31，79°

Kagoshima KAG 25，23°

Chichijima CBI 20，65°

Guam GUA 9，02°

Yap YAP 一
〇．83°

　　　The　magnetometer　data　observed　at　the　nine　stations　from　August　1992　to　May　1993　are

employed　to　examine　the　latitudinal　dependence　of　the　magnetic　bays　and　the　main　phase　of

magnet1C　StOrmS．

2。1　Bays　in　the　H　and　the　D　component

　　　Total　l81　bays　in　the　D　component　and　154　bays　in　the　H　component　during　the　ten

months　are　examined．　Fig．1shows　an　example　of　bays　in　the　H　and　D　component　observed

at　nine　stations　on　February　8，1993．　Three　substorm　events　can　be　clearly　seen　frorn　H

component　variations　observed　at　the　high－1atitude　station，　CHD．　The　occurrence　of　positive

bays　in　the　H　component（H　bays）is　we盤correlated　to　the　substorm　events．　However，　the

magnitude　of　the　positive　H　bays　does　not　appear　to　be　proportional　to　the　magnitude　of

negative　H　cornponent　perturbations　recorded　at　CHD．　This　kind　of　magnetic　H　cornponent

peiturbations　at　high　latitudes　is　known　to　be　produced　by　the　auroral　electrojet　during



Latitudinal　and　Local　Time　Dependences　of　Magnetics　Bays　and　Storms 73

CHD
64．8°

MGD
53．7°

PTK
46．5°

MSR
37．8°

ONW
31．8°

KAG
25．2°

　CBI
20．7°

GUA
9．0°

　YAP
－
0．8°

18 21

　　　　210MM　Magnetic　Field　Data

250nT／div（CHD），50nT／div（Others）
　　　　　　　　　　　　　　Feb　8，1993

　
TO
L

　
M

3 6 18 21
　
TO
L

　
M

3

Fig．1．　H　and　D　component　variations　of　magnetic　field　observed　at　n三ne

　　　stations　along　the　210◇MM　during　18～6　MLT　on　February　8，1993．　The

　　　bay　disturbances　can　be　clearly　seen　in　the　H　and　D　component　traces．

6

substorms．　We　note　also　that　the　magnitude　of　bays　in　the　D　component（D　bays）is　greatly

dependent　on　latitude，　but　the　magnitude　of　H　bays　is　not．

　　　Fig．2shows　the　statistical　dependence　of　the　magnitude　of　magnetic　bays　on　magnetic

latitude．　The　magnitude　of　magnetic　bays　is　normalized　by　the　magnitude　of　bays　observed

at　GUA　at　magnetic　lati加de　of　9°．　The　black　dots　indicate　the　data　points．　The　solid　curves

show　the　fitted　results　for　the　positive　and　the　nega目ve　bays　in　the　H　and　the　D　components，

respectively．　The　fitted　results　can　be　formulated　as　the　following：

B＋∫ノ＝0．0011λ2－0．0344！元一L1．0878

ZヲーH＝－0．0014λ2－FO．0524！そ一1．5153

」3＋D＝0．0046λ2－0．0971！元一F1．5448

B－D＝－0．0049！〕2ヰー0．1259！そ一1．8274

（1）

（2）

（3）

（4）

where　B　is　the　normalized　magnitude，　as　mentioned　above；the　syrnblo“十”and“一”indicate

the　positive　and　negative　bay，　respectively，　and“刀”and“D”for　the　H　and　D　component；λ

is　the　magnetic　latitude．

　　　We　estimate　that　the　minimum　magnitude　of　H　bays　is　located　at　15°～18°magnetic

Iatitude　and　the　rninimum　magnitude　of　D　bays　at　10°～12°．　The　magnitude　of　H　bays　at　50°
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Fig．2．　The　statistical　dependence　of　magnetic　bays　on　magnetic　latitude．

　　　The　black　dots　show　the　date　points．　The　solid　curves　are　fitted　from　the

　　　data　points．

magnetic　latitude　is　two　times　larger　than　that　at　10°，　and　the　magnitude　of　D　bays　at　50°is

found　to　be　8　times　larger，　as　statistical　results　shown　in　Fig．2．

　　　　Fig．3shows　the　statistical　dependence　of　the　occurrence　frequency　of　magnetic　bays　on

magnetic　local　time．　The　maximum　occurrence　frequency　of　both　H　bays　and　D　bays　is　in

the　21～O　MLT　sector．　The　positive　H　bays　mostly　occur　in　the　midnight　sector　and　the

negative　H　bays　in　the　evening　sector．　This　is　consistent　with　the　distribution　of　the

westward　and　eastward　electrojet　along　with　the　MLT　during　substorms．　Posivite　D　bays

occur　mostly　in　the　premidnight　sector　and　negative　D　bays　in　the　morning　sector．　This

distribution　is　associated　with　the　distribution　of　the　field－aligned　currents　in　the　substorm

current　wodge，　where　the　field－aligned　currents　flow　into　the　ionosphere　in　the　morning　sector

and　flow　out　in　the　premidnight　sector（McpHERRoNεZα／．，1973）．
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　　　bays　along　the　210°MM　stations　with　magnetic　local　time．
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The　statistical　distribution　of　the　occurrence　frequency　of　magnetic

2．2　The　main　phase　of　magnetic　stoms

　　　Thirty　storm　events　are　examined　to　obtain　the　statistical　dependence　of　the　magnitude

of　the　mian　phase　of　magnetic　storlns　on　mgnetic　latitude　during　ten　months．　Fig．4shows

an　example　of　H　and　D　component　variations　recorded　at　nine　stations　during　the　magnetic

storm　of　March　15，1993．　The　minimum　value　of　the　Dst　index　is－91　nT　for　this　storm　event．

The　development　of　the　main　phase　of　this　storm　occurs　from　l6～22　MLT．　The　intense

positive　D　bays　occur　at　18　MLT　and　20　MLT，　and　indicate　the　existence　of　the　intense

upward　field－aligned　currents　during　the　main　phase．　We　note　also　that　an　intense　positive

Hbay　occurs　at　22　MLT．

　　　The　statistical　dependence　of　the　magnitude　of　the　main　phase　on　latitude　is　shown　in

Fig．5．　The　magnitude　of　the　main　phase（was　defined）by　the　minimum　value　of　negative　H

cxomponent　variations　during　the　main　phase　of　storms．　The　magnitude　of　the　main　phase

is　normalized　by　the　minimum　value　of　the　Dst　index　during　the　storms．　In　Fig．5，　black　dots

indicate　the　data　points　and　the　solid　curve　is　the　fitted　result．　It　is　interesting　that　the



76 W．SuN，　K．　SHIoKAwA，　K．　YuMoTo，　T．－1．　KITAMuRA，　J．V．　OLsoN　and　S．－1．　AKAsoFu

CHD
64．6°

MGD
53．7°

PTK
46．5°

MSR
3？．8°

ONW
31．8°

KAG
25．2°

　CBI
20．7°

GUA
9．0°

　YAP
－
0．8°

15 18

　　　210MM　Magnetic　Field　Data
500nT／div（CHD），100nT／div（Others）

　　　　　　　　　　MARCH　15，1993

MLT
21 0　15 18

MLT
21

Fig．4．　H　and　D　cornponent　variations　of　magrletic　field　observed　at　nine

　　stations　along　the　210°MM　during　the　magnetic　storm　of　March　l5，1993．
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Fig．6．　The　statistical　distribution　of　the　observable　frequency　of　the　main

　　　phase　along　the　210°MM　stations　with　magnetic　local　time．

minimum　magnitude　of　the　mian　phase　is　located　at　about　30°1atitude．　The　maximum

magnetude　occurs　at　the　equator．　The　magnetude　at　30°magnetic　latitude　decreases　to　a　half

of　that　at　the　equator．　The　magnitude　at　50°magnetic　latitude　is　l．5　times　larger　than　that

at　30°．　The　increase　of　the　magnitude　at　higher　latitudes　than　30°may　arise　from　the

westward　electrojet　and　the　upward　field－aligned　currents　which　causes　a　negative　H　compo－

nent　variation　outside　the　substorm　current　wedge．　In　fact，　the　development　of　the　main

phase　observed　at　higher　latitudes（e．g．　at　MGD　and　PTK）results　more　frorn　the　three－

dimensional　current　system　at　high　latitudes　than　the　ring　current．

　　　Fig．6shows　the　dependence　of　the　observable　frequency　of　the　main　phase　on　magnetic

local　time．　In　this　statistics，　we　examine　60　storm　events　from　July，1990　to　June，1993．　A

high　maximum　value　of　the　observable　frequency　of　the　main　phase　occurs　in　the　21～O　MLT

sector，　whichi　is　in　accordance　with　maximum　observable　frequency　of　the　substorm　expan－

sion　onset（e．g．　NAGAI，1991）．　This　coincidence　may　be　an　evidence　of　the　relation　between

substorms　and　the　magnetic　storm．

3．　Theoretical　Model

　　　SuN¢九1．（1984）calculated　H　and　D　component　variations　at　six　mid－latitude　stations

during　three　days　produced　by　the　three－dimensional　current　system　at　high　latitudes．　The

calculated　results　are　in　fair　agreement　with　the　observed　ones．　In　that　calculation，　field－

aligned　currents　are　assumed　to　flow　along　the　dipole　field　line．　In　the　present　work，　the

latitudinal　dependence　of　H　and　D　perturbations　at　mid－and　low－1atitudes　produced　by　the

three－dimensional　current　system　are　estimated，　assuming　that　the　field－aligned　currents　flow

along　the　field▲ines　in　an　improved　TsYGANENKo’s　geomagnetic　field　rnodel（TsYGANENKo，
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Fig．7．（a）and（b）show　the　average　pettems　of　the　distribution　of　ionospheric

　　　current　vectors　and　field・・aligned　currents　for　the　peak　of　substorms　at

　　　high　latitudes（60°～90°），　respectively．（c）shows　the　magnetic　field　varia－

　　　tions　at　mid－and　low－latitudes（10°～50°）calculated　by　a　model　of　three－

　　　dim飽siollal　current　systern　which　is　constructed　on　the　basis　of　Fig．7a

　　　andb．

1989；STERN，　personal　communication，1993）．　Fig．7aand　b　show　the　average　patterns　of　the

distribution　of　ionospheric　current　vectors　and　field－aligned　currents　for　the　peak　of　substor－

ms　at　high　latitudes（60°～90°），　respectively（KAMIDE¢㍑／．1996）．　In　Fig．7cthe　magnetic　field

variations　at　mid　and　low　latitudes（10°～50°）are　calculated　from　a　model　of　three－

dirnensional　current　system　which　is　constructed　on　the　basis　of　Fig．7aand　b．　We　take　the

average　over　the　longitude　at　different　latitudes　for　positive　and　negative　perturbations　in　the

Hand　the　D　component，　respectively．　Then，　the　mean　values　at　the　different　latitudes　are

normalized　by　the　mean　value　at　lO°magnetic　Iatitude．　Fig．8shows　the　calculated　Iatitudical

dependence　of　the　pos琵ive　and　the　negative　perturbation　in　the　H　and　the　D　component，　as

well　as　the　statistical　results　from　Fig．2for　comparison．　One　can　find　that　the　calculated

results　are　in　fair　agreement　with　the　statistical　one．

4．Summary

　　　Magnetometer　data　recorded　along　the　210°magnetic　meridian　stations　between　July，

1992and　June，1993　are　examined　to　study　the　dependence　of　magnetic　bays　and　the　main

phase　of　magnetic　storms　on　rnagnetic　latitude　and　local　time．　The　results　are　as　follows：

　　　　（1）The　magnitude　of　bays　in　the　H　component　at　mid－and　low－latitudes　is　weakly

dependent　on　magnetic　Iatitude，　but　the　magnitude　of　bays三n　the　D　component　is　greatly

dependent　on　the　latitude．　The　statistical　formulas　of　the　latitudinal　dependence　of　bays　in

the　H　and　the　D　component　are　obtained，　as　shown　in　Eq．（1）～（4）．

　　　　（2）The　calculated　latitudinal　profiles　of　magnetic　perturbations　of　the　H　and　D　compo－

nent　at　the　mid－and　low－1atitudes　are　in　fair　agreement　with　the　statistical　one．

　　　　（3）The　peak　of　the　occurrence　frequency　of　bays　in　the　H　cornponent　is　located　at　21～O

MLT．　Positive　bays　occur　most　frequently　around　the　midnight　sector；negative　bays　in　the
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Calculated肥suks
Statistical　results
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Fig．8．　The

　　　magnetiC　latitUde

　　　of　the　three－dimensional　current　system　constructed　frorn　the　ionospheric

　　　currents　and　the　field－aligne（量currents　as　shown　in　Fig．7aand　b．　The

　　　dashed　curves　are　statistical　results　as　shown　in　Fig．2．

　　　　50　　　　　　　40　　　　　　　　30　　　　　　　20　　　　　　　　10　　　　　　　　0

　　　　　　GEOMAGNETIC　LATnUDE（DEGREE）

calculated　and　statistical　dependence　of　magnetic　bays　on

　　　　　　．The　solid　curves　are　calculated　on　the　basis　on　a　model

eVenlng　SeCtOr．

　　　　（4）The　peak　of　the　occurrence　frequency　of　bays加the　D　component　is　also　located　21

～ OMLT．　Positive　bays　most　frequently　occur　in　the　late　evening　sector，　and　negative　bays

in　the　early　mOrning　SeCtOr．

　　　　（5）The　magnitude　of　the　rnain　phase　decrease　along　the　meridian　has　a　minimum　which

is　located　at　about　30°magnetic　latitude．

　　　　（6）The　maximum　magnitude　of　the　main　phase　decrease　most　frequently　occurs　at　21～O

MLT．
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