
1.Introduction

ItwasapprovedbytheIAGAWorkingGroup

V-5thatin addition totheconventionallyused

hand-scalingmethod,thefollowingfourmethods

usingdigitalvaluesaretobeusedasmethodsfor

obtaining the K-index from two horizontal

componentsofgeomagneticfield.

“USGS” (Wilson,1987)

“AS” (Nowozynskietal.,1991)

“FMI” (Sucksdorffetal.,1991)

“LRNS” (Hattinghetal.,1989)

Theaccuracyofcalculationandcharacteristics

ofeach ofthese methods had been roughly

studiedintheresearchplanuntillastyear(Ozima

etal.,1995;Yamadaetal.,1996).Ozimaetal.

(1995)studied the FMImethod and discovered

thatthe method isnotsuited forouruse in

routineworksincetheK-indicesoftheKakioka

MagneticObservatory and itsbranchesobtained

by the method contained very large errors.

Yamadaetal.(1996)conductedpreliminarytests

onthreeothermethodsanddemonstratedthatthe

leveloftheirperformanceisadequateandthere

isapossibilitythatwecanusethesemethodsin

theroutinework.Theyalsoindicatedthatthere

arecaseswherethescalingerrorsbecomelarge

althoughthisoccurslessfrequently.

Ifweusethesemethodsinourroutinework,

weshouldselectoneoftheabovethreemethods

exceptfortheFMImethod.Consideringthework

ofporting and maintenance ofthe program,a

method with a short and simple program is

desired.Since we judged thatthere isno big

differenceintheperformancebetweenthesethree

methods,we selected the LRNS method which

has the simplest program (this does not

necessarily mean thatthe working principle is

simple)andconductedadetailedresearchofthis

method.Thisdocumentdescribestheresultsof

thisreserch.

2.DeterminingParameters

TheLinear-phaseRobustNon-linearSmooth-

ing (LRNS)method isamethod ofestimating

geomagnetically quiet daily patterns based on

geomagneticdataofone given day.Using this

method, the K-index is computed from the

difference between estimated quietpatternsand

originaldata.Tocomputethequietpatterns,the

LRNS method uses two parameters,μ and r

(here the symbolrisused tentatively and is

explained only by wording in the original

document).Sincetheamplitudesandpatternsof

geomagnetically quiet days are differnt by

observation points,itis necessary to prepare

optimum parametersthatallow themostaccurate

K-indextobeobtainedbasedondataatatarget

observatory.(Forexample,Hattinghetal.(1989)

definedμ as0.15andras0.07todeterminethe

K-index at the Hermanus Observatory.) In

calculatingtheK-indexatKakioka,Memambetsu,

andKanoya,thefirststepisadeterminationof

theparameterstobeusedforeachobservatory.

Whendeterminingtheparameters,itisthe

mostreliable way to calculate the K-index by

changingthetwoparametersbysmallincrements

andthentoadoptthecombinationofparameters

thatresults in the mostaccurate K-index.To

determine the parameters,we used the one-

minute values of the geomagnetic fields at
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Kakioka, Memambetsu, and Kanoya over the

periodof12yearsfrom 1985to1996.Specifically,

weestablishedatotalof70combinationsofμ
and r by changing μ from 0.11 to 0.20 in

incrementsof0.01andrfrom 0.04to0.10in

incrementsof0.01,andtook12-yearstatisticsof

K-indexerrors(thedifferencebetweencomputed

K-index valuesand hand-scaled K-index values)

foreachcombination.ThetotalnumberofK-index

valuesusedforcomparisonis35,064atKakioka,

35,027 atMemambetsu,and 34,875 atKanoya.

(Theslightdifferencesin thetotalnumbersof

K-indexvaluesarethedifferencesinthenumbers

of missing one-minute values between these

observatories.)

Indeterminingthemostappropriateparame-

tersasdescribedabove,wefaceafundamental

problem toberesolved:how wecanidentifya

certain K-index value as being the most

appropriate.Forexample,how thedistributionof

error frequency changes at Kakioka ifμ is

changedfrom 0.11to0.20andrisfixedto0.05

isshowninTable1.Itisnotedfrom Table1that

the difference (ΔK)between computed K-index
valuesandhand-scaledK-indexvaluesarevery

smallstatistically.Asshownontheextremeright

inthistable,thenumberofK-indexvalueswith

ΔK≦ 1 accountsfor94 to 98% ofthe total

numberofK-indexvalues.Therearerarecases,

however, in which the difference becomes

extremelylarge(therearealsocaseswherethe

differencefrom thehand-scaledK-indexvalueis4

depending on acertain combination ofparame-

ters). The frequency of such an extreme

differenceoccurringcanbedecreasedbyselecting

appropriateparameters.Whentheparametersare

asinTable1,thenumberofcasesinwhichΔK
is3orlargercanbereducedtoaminimum by

limitingtherangeofμ valuesto0.18to0.19.

OnemorepointtobenotedinTable1is

thatthefrequencywithpositivedifferencediffers

from the frequency with negative one. For

example,ifμis0.20,thefrequencywithnegative
difference is larger than the frequency with

positiveonebymorethanthreetimes.Thislarge

deviationmeansthatthecomputedK-indexvalue

bythemethodis,onaverage,smallerorlarger

thanthehand-scaledvalue.Tokeepthepositive

andnegativedifferencesinbalance,inthecaseof

Table1,weshouldselectofμ valuesfrom 0.13

to0.14.

Wefindfrom thistablethatitisimpossible

to simultaneously meet the following three

requirementsevenifwemanipulatetheparame-

terscloselyandcarefully:

•Maximizingthematchingratewiththehand-
scaledvalues

•Minimizing the frequency with which large
errorsoccur

•Optimizingthebalancebetweenthenumber
ofpositiveerrorsandthatofnegativeerrors

Ifonerequirementismet,otherrequirements

cannotbe met.Therefore,there would be no

other choice but to determine the most

appropriate parameters thatallow each require-

menttobemetwithincertainlimits.

Weestablishedthefollowingconditionstobe

referencedwhendeterminingtheparameters.

(Conditionsfordeterminingtheparameters)

(1) The ratio ofthe number ofcases of

ΔK > 0 to thatofΔK < 0 doesnot

exceed2.

(2) Thenumberofcasesof|ΔK|> 3iszero.
(3) The numberofcasesof|ΔK| = 3 is

minimum amongthecombinationsofpara-

metersthatsatisfytheaboveconditions.
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Table1FrequencydistributionofΔKoftheK-indexat
Kakiokawhenμ ischangedandrisfixedto
0.05.Percentfiguresontheextremerightare
theratiosofthenumbersof│ΔK│<－ 1tothe
totalnumberforeachcase.



Condition (1) is for prevention of the

imbalance between positive and negative errors

(although the ratio value of 2 is somewhat

arbitrary, the level at which the two other

requirementsaremetwilldegradeifavaluemore

restrictive than 2 is used).Condition (2) is

establishedastheminimum conditionthatmust

besatisfiedtomaintaintheaccuracyofroutine

work.Theconditionwillalsoimplicitlymaintain

theoverallmatchingrateaboveacertainlevel.

Table2showsthecombinationsofparameters

thatare selected from the previously explained

70parametercombinationsandareconsideredto

satisfy the above three conditions atKakioka,

Memambetsu, and Kanoya, as well as the

distribution ofΔK value frequencies when the

selected combinations are used. Figure 1 is

a graph showing the frequency distribution.

AsshowninTable2,thenumbersofvaluesin

which |ΔK|>－ 3 are 28 at Kakioka, 5 at

Memambetsu,and 20 atKanoya.Thatis,the

averagenumberperyearis3orlessateach

observatory(1every2.4yearsatMemambetsu),

whichisconsideredtobeatalevelthatwillnot

causeanyinconveniencetoourroutinework.

Itshould be pointed outthatthe above

conditionsfordeterminingtheparametersarein

nowayimperative.Itisofcoursepermissibleto

selectonlytheparametersthatcausethenumber

ofΔK = 0toreachamaximum withoutgiving

anyconsiderationtothefrequencywithwhichΔK
becomes extremely large or the imbalance

between positive and negative ΔK values.We

presume thatthe appropriateness ofconditions

willbejudgedfrom thestandpointofhow theK

valuesgiven by acomputershould be utilized

effectivelyfortheroutinework.

3.OtherResearches

Figure1canbethoughtofasrepresenting

theaverageaccuracyofcomputedK-indexvalues

ateachobservatory.Weexaminedtheerrors(ΔK)
inmoredetail.BesidespercentagevaluesofΔK,
weusedthefollowingtwoindicators:

r1:Ratio(%)of|ΔK|> 1
r2:Differencebetweentheratio(%)ofpositive

ΔKandnegativeΔK

Thevaluer1 reflectsthe“matchingratio,”
whiler2 representstheimbalancebetweenpositive

and negative values described in the previous

section.How theuseoftheseindicatorsandthe

informationprovidedbythem willaffectroutine

workhasnotyetbeenevaluated.Inthissection,

welimitourdiscussiontothepresentationofthe

results of a research conducted using these

indicators.

a.Seasonalvariations

Figure 2 shows how the state oferrors

changeseverymonth.Thesolidlinerepresentsr1
andthebrokenlinerepresentsr2.Itcanbenoted

that r1 hardly changes each month at each

observatory,andthatthematchingratedoesnot

changeverymuchwiththeseasons.Thevaluer2
becomesalargenegativevalueinwinter,whileit

comescloseto0from springtofall.

Thedistributionwascomputedbasedonthe

K-indicesofKakioka,Memambetsu,andKanoya
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Table2 Parametersdeterminedforeachobservatories,
and the distribution offrequencyofΔK (the
numberofK valuesof│ΔK│ > 3iszeroat
each observatoryand,therefore,itisomitted
from thistable.)

Errors(differencebetweenthecomputedandhand-scaledvalues)

Fig.1 Frequency distribution of the differences
betweenthecomputedK-indicesbytheLRNS
methodandthehand-scaledK-indices.



duringtheperiodof1985to1996.Theabscissa

axisshowsthedifferencesandtheordinateaxis

showsthepercentage(%).Thenumberatthetop

ofeachbargraphshowsapercentvalue.0means

thepercentagelessthan0.5%.Whenthenumber

ofK-indexvaluesisexactlyzero(0%),apercent

valueisnotshown.Theparametersusedhere

weredeterminedforeachobservatoryaccordingto

thepreviouslydescribedconditions.

Differencesareshown on theabscissaaxis

andthepercentage(%)isshownontheordinate

axis.Thenumberatthetopofeachbargraphis

apercentvalue.0meansthepercentagelessthan

0.5%.WhenthenumberofΔK iszero(0%),a
percentvalueisnotshown.Thevaluesgivenfor

N are the numbers of hand-scaled K-index

belongingtoeachvalue.Dottedlinesaredrawnat

pointsK = ±1tomakeiteasiertoseethe

differencevalue.

b.Secularvariations

Figure 3 shows how the state oferrors

changeseveryyear.r1 changesonlyslightlyevery

year.Althoughthevariationofr2 isdifferentat

eachobservatory,peaksappeararound1990,1991

and1992.Thesepeaksmaybeassociatedwith

the 11-yearcyclicvariation ofsolaractivity or

thereisapossibilitythattheymayhaveappeared

duetohand-scalingerrors.

c.Differencesdependingonthe3-hourintervals

Figure4showsthedifferencesbetweeneight

3-hourintervals(0:00to3:00UT,3:00to6:00

UT,… .,21:00to0:00UT)whereK-indexvalues

are determined.Although there are differences

betweentheseintervals,thegeneraltendencyis

thatthe value ofr1 becomes relatively large

duringthedaytime(sections1,2,3,7and8).

Thevalueofr2 becomesnegativeinintervals3,

4,5and6.

d.DifferencesaccordingtothevalueofK-index

Figures 5 (a), (b) and (c) show the

distributionoferrorsforeachvalueofhand-scaled

K-index (0 to 9) ((a) for Kakioka,(b) for

Memambetsu,and(c)forKanoya).Itisnatural

thaterrorsaredistributedtowardthepositiveside

whenKis0or1.Conversely,theyaredistributed

moretowardthenegativesidewhenK is3or

larger.Overall,theyaredistributedmoretoward

thenegativeside.
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Fig.2 Seasonal variations of computed K-index
values at Kakioka (top), Memambetsu
(middle),andKanoya(bottom).
The solid line representsr1 and the broken
linerepresentsr2.Monthsareshownonthe
abscissaaxisandpercentvaluesareshown
ontheordinateaxis.



Wecanfindsomecommoncharacteristicsin

thedistributionoferrorsatthethreeobservato-

riesshownin(a)－ (c),andtheyarethoughtto

beassociatedwiththecalculationmethodsused

here.Thepossibilitythatthesecularvariationsof

errorsinthehand-scaledK-indexoveryearsmay
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Fig.4 Differences in computed K-index values for
each 3-hour interval at Kakioka (top),
Memambetsu(middle),andKanoya(bottom).
The solid line representsr1 and the broken
linerepresentsr2.Intervals(1to8)areshown
ontheabscissaaxisandpercentvaluesare
shownontheordinateaxis.

Fig.3 SecularvariationsofcomputedK-indexvalues
atKakioka (top),Memambetsu (middle),and
Kanoya(bottom).
The solid line representsr1 and the broken
linerepresentsr2.Calendaryearsareshown
ontheabscissaaxisandpercentvaluesare
shownontheordinateaxis.



exhibit a certain tendency cannot be denied.

Errors are supposed to be included in the

imbalance between positive and negative values

due to the use of one-minute values of

geomagnetic field (it makes K-index always

smallerthanatruevalue).But,theamountofthe

imbalanceisyettobeverifiedbecauseitisin

practically impossible to conduct the same

comparison using one-second valuesofgeomag-

neticfield(abnormalvalueswillbemixedinand

theamountofdataisenormous).

4.ToUsetheLRNSMethodforRoutineWork

TousethecomputedK-indexvaluesobtained

bytheLRNSmethodorothermethodsinroutine

work,errorsresultingfrom theuseofone-minute

valuesmustbetakenintoconsideration.Sincethe

useofone-minutevaluesresultsinaconsiderably

large amount of error in the scaling of

geomagnetic phenomena (Shoji et al., 1996),

geomagneticphenomenaand K-index valuesare

now hand-scaledbyusingachartofone-second

geomagneticvalues.Therearecasesinpractice

thatrapidphenomenaaffectK-indexvaluesgreatly

under disturbed geomagnetic conditions. If a

noticeablegeomagneticphenomenonoccursthough

thefrequencyofitsoccurrenceisnotnecessarily

high,thetemporalresolutionofone-minutemean

valueswillbe insufficientto determine correct

K-index values. Furthermore, K-index values

obtained under such disturbed geomagnetic

conditions are frequently used by external

organizationsorinstitutions.Although theIAGA

doesnotnecessarilyspecifytheone-minutevalue

asthe“digitaldata” to be used to compute

K-indices(IAGA News,1993),programsofmany

ofthederivation methodsarepremisedon the

useofone-minutevalues.Becausethesampling

intervalofdata to be used can be arbitrarily

selectedintheprogram ofLRNSmethod,itis

possibletocomputetheK-indexusingone-second

values.Ifone-secondvaluesaretobeintroduced,

however,anothersetofparametersdifferentfrom

thoseforone-minutevaluesmustbedetermined;

theworkofchangingparametersandfindingthe

mostsuitableparametersthroughtrialanderror

consumesamuchgreateramountoftimethan

when parametersare determined by one-minute

values.Therefore,itisnotrealisticto acquire

K-indicesdirectlyfrom one-secondvalues.

In computing the quiet daily patterns,

however, there will not be much difference
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Fig.5 (a)Frequency distribution ofΔK foreach
valueofhandscaledK-indexatKakioka.

Fig.5(b)SameasFig.5(a)butforMemambetsu.

Fig.5(c)SameasFig.5(a)butforKanoya.



between the result acquired using one-second

valuesandthatacquiredusingone-minutevalues.

IndeterminingtheK-indexbasedonone-second

values,therefore,itwillbeeffectivetoperform

theprocedurethat,atfirst,thequietdailypattern

isderivedbyone-minutevaluesofthedayusing

the LRNS method and then the K-indicesare

determinedasthedeviationofone-secondvalues

from the quietdaily pattern.Parametersdeter-

minedbasedontheone-minutevaluesrecordedin

thepastcanbeusedinsuchaprocedure.Ifthe

K-index is to be determined using one-second

values,however,artificialnoisesormissingvalues

mustbe taken into consideration.Therefore,if

computedK-indexvaluesaretoberoutinelyused,

thebothK-indicesbasedondefinitiveone-minute

valuesandonone-secondvaluesshouldalwaysbe

computed,andwhenthereisadifferencebetween

thesetwoK-indexvalues,theoperatorintervenes

to verify whether or not the difference has

resultedfrom noisesinone-secondvalues.This

procedureisthoughttobepractical(seeFigure6).

ItseemsthatthecomputedK-indexvalues

areusefultodeterminethedefinitiveK-indices

for each month. On the other hand, the

Observations Division of Kakioka reports the

provisional values of K-index every day

(URSIGRAM).CanthecomputedK-indexvalues

alsobeappliedtothiswork?TheObservations

DivisionpresentlyissuestheprovisionalK-index

values(ofpast24hours)at0:00and6:00UT

everyday.Aproblem arisesifwearetoreplace

the provisionalK-index values with computed

K-indexvalues:dataavailableforthedetermina-

tionofcomputedK-indexvaluesisinhalfwayof

adailyvariation.IntheLRNS method,24-hour

continuous data is needed to determine the

K-indexvalue,anditisrecommendedthatdata

beginsatnighttimewhenthediurnalvariationis

small. Although the K-index value can be

computed based on data that begins at an

arbitrarytimeduringtheday,itisbelievedthat

the accuracy deteriorates. To compute the

provisionalK-index values,it is necessary to
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Fig.6 ExampleoftheK-indexdeterminationprocedureusingtheLRNSmethod.
Quietpatternsarecomputedbasedondefinitiveone-minutevaluesusingtheLRNSmethodandtheK-indexis
determinedfrom thedifferencefrom theone-minutevalues.TheK-indexisalsodeterminedbasedonthequiet
patternsanddefinitiveone-secondvalues.ThereisaconsiderableamountoferrorwiththeK-indexdetermined
basedonreportedone-minutevaluesduringtheperiodwhenrapidphenomenapredominate.Ontheotherhand,
thereisapossibilitythatartificialdisturbancesormissingvaluesmayhavebeenmixedintothedefinitiveone-
secondvalues.Tocovertheshortcomingsoftheseone-minuteandone-secondvalues,bothvalues(andhand-
scaledK-index)mustbecomparedtodeterminethedefinitiveK-index.



checkinadvancewithwhatlevelofaccuracythe

K-index value can be determined ifthe data

beginsat0:00or6:00.Thispointmustbefurther

examinedandclarified.(Evenifaproperlevelof

accuracycanbeachievedandtheK-indexcanbe

computed using digital values that day, the

computedK-indexvaluesmustbemanuallyinput

intoaterminalfordatatransmissionbyreasonof

the limitations ofthe currently used system.

Therefore,therewillnotbemuchmeritinterms

oflabor-saving.)TheFMIandUSGSmethodsare

notsuitedtocomputingtheprovisionalK-index

values,becausedataonthedaysbeforeandafter

the day is necessary to compute the K-index

valueforthesetwomethods.
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