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ABSTRACT

. Three Hounly geomagnetic <indices (K-indices) axre denived employing
the digitalfy acquined high time nesofution data ai Afibag. These 4indice?

which are denived zThnough a computen noutine ane angued o be £Least

subfective. They are compared with the conventionally scafed indices from
analogue magnetognams. 1t 48 concluded that this noutine can safely be
adopted in future as Lt is £ess subfective in the approach.

INTRODUCTION:

Three hounly Geomagnetic activity index, known as K-Tndex dendlved
§nom the continuous neconding of field vaniations at permanent obsernvatony

is veny usefuf not only fon deniving the planetany index but afso 4in
connefative studies of the othern geophysical phenomenon neglonally. A
comprehensive Lreaties on the measurements, zLhein standarndization and
Rimitations has been given by Mayaud [1967). The guidelines fisted Zhenre
are veny handy Lowards penfection of visual scaling of the 4indices.
However, zthere is a subfectivity 4in estimating the generaf quiel day
trnend, over which the nange of distunbances has fo be estimated fox
derniving the index. Many o4 the key observatormes £in the wontfd have changed
oven to digital necondings of geomagnetic fiefd components al finen Time
nesofutions {(one minute on Less) and thus facilitated compuilern processing
0f the indices with minimum subjectivity. Thene are few siudies dedicated
to the scaling o0f K-Indices Towarnds opiimizing zhe fechnique to bring +%
ctosen Lo the 'bbjac,ti_ui,ty 0f the procedune (Jankowski et af. 1988;
Hattingh,Nagtegaal & Loubsen, 1988; Hattingh, Loubsen £ Nagtegaal 1989;
Nowozynsky, Eanst & Jankowskdi, 1990} .

Recently, ITAGA in zthein publication No. 372 has announced zhe
capabilfity of fourn algonithms fon computen estimation of K-Indices which
appeans to be veny comprehensive and effective. :

K-Indices ate being &scaled, employing anafogue {photographic)
necondings of the gemomagnetic gLefd at Afibag since The yean 1945. These
are being used extensivefy by zhe neseanchens since then. The deadlvation
of Indices are done by means of a grnid specially prepaned forn this punpose
and the trained analuysts can sefdom go wrong in the Tabulations. Based on
the suggestions of Von Wifk ﬁnd Nagtegalf 11977) 4in eldiminating zhe
sub fectivity of estimating zhe quiet day Zrnend and ease scaling using
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digital computerns fon speedy computaiions, Rangarajan & Munty
{TAGA News, 1980) f£isted out a FORTRAN program forn derdvding
the indices. This procedure is suitabfe {on magnetograms obtained from
photographic necondings.

As a step Towands Intennational collabornation, Indian Institute
0f Geomagneiism entered into a new era by {installing and nefworking a
speclal sel of magnetographs which provide stable digital geomagnetic
field values at one minute nesolution at Alibag. This project known as
.’INTERMAGNET', stanted at ALibag (geographic Lat. 18 38' N & geographic
Long. 72° 52' E) 4in July 1993. In zthis communication, agten briefly
descnibing The INTERMAGNET system, The procedure to denive zhe K-£indices
employing the digtal one minute values by a suitable computer pfno;;fi&m 45
given. The d{ndices zthat are dendived compared fon over ten months with
those handscaled from the anafogue necondings for thein consistency.

INTERMAGNET SYSTEM

This system neconds X,Y,Z (N-S,E-W £ UVentical nespectively)
components of the Eanty's magnetic gield using fluxgate sensons and the
total field F by PPM (Proton Precession magneitomeiter) at a nesolution of
0.1 nT. Sampling intervals fon X, VY, I components ane one second whekeas
forn F Lt &5 fLve seconds. Supponting Sofiware computes one minute means
grom one second and- §{ve seconds data. This minute data ane sitoned in
binary form in its mastern memony. About thinteen days continuous data can
be accommodated in the masten memony at a Lime.

A PC (s Antenfaced to master memony unit to hefrnieve data on
§€oppy disk for any chosen intenval. The binarny f{ifes can be convented

into ASCIT with the hefp of ancther special Software.
SCALING K-INDICES

The ASCIT {ifes of a month's field values .in the honizontaf
component (H) forms the basic data fon deniving § sets o4 3 hounty (UT

houns) indices per day.
In this procedure five quiet days ane selected in each month by

computing Zhe nange of H on each of the UT days in a month. The ranges

are arhanged 4Ln ascending ornden and the Lowest nange days (five days) anxe
selected as the gquietest days of the month the mean 04 these {ieve days

at each of the minutes arne treated as mean quiel day fon that particular
month.

A FORTRAN program is coded closely following Ranganafan & Murty
(1980), 1o denive K-Index at each of the thnee hounty intenvals (180
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minutes vafues.y A search fon the Lowest value of the field 45 made Ln

the intenval and the connesponding minute vafues of the three hournly quiet
day {ield is shifted to match the Lowest value. Deviation ot the field at
the intenval with those on guiet day ane wonked out at each of the minutes
in 3-hounr dLintenval and the nange {4 estimated grom the deviations. From
this range, the semi-foganithime dindex (K) 45 fdixed wsing the siandand
tabfe (Tabfe 1) adopted at Alibag. This procedune is nepeated on alf Zhe §
intenvals of the day and forn afl the days of the month.

TABLE - 1

STANDARD RANGES USED FOR K-INDEX AT ALIBAG.

K-INDEX RANGE IN wnT (H)

0 0= fess than 3 nT
1 R Less than & nT
2 O Less than 12 nT
3 1 £ess than 24 nT
4 gduc Less than 40 nT
5 40 - Less than 70 nT
6 70 - Less Zhan 120 nT
7 120 - Less Lthan 200 nT
g 200 - Less than 300 nT
9 300 nT and above

e e e S A R A e e e - S e A A R A Sm = e e = e  — — —

COMPARISON OF THE INDICES

Compandion of 4indices that are denived from one minute digital valfues
and those obZained from anafogue necondings (hand scaling) fon The peniod
July-1993 to May-1994 (boith months Linclusive) ane made. In all, there ane
72366 d4inddices that are avaifabfe fon companison. The diffenence between K
~dendived from digital necondings and K estimated by hand scaling L8 '0' 4Ln
1303 cases and the differnence anet 1 4in 923 cases. However, Therne L& an
highen bias Zowands digitally denived K-Index showding highern valfues of 1
(in 815 cases K diffenence L8 +1 when comparned Lo 108 cases of K
digfenence-1). These differnences are given 4Lin Tabfe 2 and shown as

histognam in fLgune 1.
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TABLE - 2

Difgenence (DIFF) between the two K-Indices.

DIFF = K from digital minute data from INTERMAGNET - K {nom hand scaling of

magnetg&&mé.

Out of the ZLotalf 923 differences within + 1, 389 differences are
when the dindex K has values {from 0 to 7 whife Langen numben (534) are
noticed when K i8 3,4,5,6. Though farge number of digfenences are noticed
gon K = 3,4,5 & 6, 384 intenvals are found to be eithen veny close to the
uppen L£imit of the previous range on Lowen Limit of the next nange in Table

1, Leaving out substantial diffenences in onfy 148 intenvals.

DETAILS OF 384 INTERVALS WITH K DIFFERENCE = + 1 BUT VERY CLOSE TO PREVIOUS
OR NEXT K RANGES IS AS SHOWN

No. of intervals with range difderence 0 o £ess than 1 nT = 131

No. o4 intervals with nange difference 1 Lo £ess than 2 nT = 7§
No. of intenvals with nange diffenence 2 to Pess than 3 nT = 6§
No. of inteavals with rnange difference 3 2o Less than 4 nT = 58
No. of intervals with nange difference 4 zo fLess than . 5. nT = 32

No. of intervals with nrange difference 5 2o £ess than 6 nlT = 17

Total 124 intervals are showing + 2 diffenence. Out of these 26 Linternvals
are showing + 7 diffennce, when K=2 by digitaf data & K=0 by hand scafing.
As upper Limit of hrange fon K=0 and Lowern Limit of nange for K=2 ane
diffening only by 6 nT, L.e. 3.5 mm of anafogue nrecording +trhace, these
intervals can also be consdidened as close matching. 25 Jintenvals are
showing + 27 diffenence, when K=3 by digital data and K=1 by hand scaling,
but again uppen £imit fon K=1 {8 veny close 2o Lowen Limit fon K=3, As such
they can be considened the same with allowance fon subjectivity.

The matching/mismatching 54 the indices ane shown as hisZogram 4Ain

Figune 2.
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THE REASON FOR THESE DPIFFERENCES MAY BE AS UNDER

I White deniving K-Indices manually #frnom analogue hrecorndings, L& L5
quite possible tThat zLhe Lrnend assumed {forn some JLIntervals may not be
perfect.

e Duning distunbed days, actual qudiet day cunve (tnend) 4is not taken
into account propernby fon manual computation wheneas while computing K by
the method due To automatic processing mean quiel day {4 considered with

Least subfectivity.

35 Thickness of anafogue reconding may afse play an Lmpontant nole at
the boundandies of the K ranges.

4. Sometimes when a day 45 magnetically quiet but L5 abnommal orn L4
charactendized by a Large scale amplitude digfening significantly f{rom The
Sofan quiex ddy valation, the coxnesponding K-Indices wiflf be ovexr
estimated. This s Likefy o affect one oa two internvals only. (Rangarafan
£ Munty, 1980).

5. The abnoamal quiet days cannot be classified as belonging to negulan
SR varndation as defined by Mayaud (1967) and thernefore the K-Indices 4o

these 4intervals may nepresent a genuine inregularn varniations (Rangarajan
and Munty, 1980).

SUMMARY

Companison of K-indices computed by using anafogue +reconding and
those dendived using INTERMAGNET digital minute values give the {olLlowing

hesulls.

Total No. o4 {ntenvats compared ........ 2366
Total No. of intesavals with diffenence 0 ........ B0 et s v 55%

TOTAL NO. OF INTERVALS SHOWING CLOSE COMPARISON

e UITE., when K=0,1,7, by digetal. /. ... <o 391

£ 1D DIEE., when K=3,4,5,6 by digital............ 384

3. s DIEE - Bt CROBC. o5 s i imiiis vn sae s s s s s o
TOTAL ©osins §26...55%
No. of 4ntenvals showing significant differences?237...10%

In conclusion, it may be stated that employing finern nesofution
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digital fiefd values {rom INTERMAGNET Sysiem, +the geomagnetic 3 hounty
activity 4index K, can be denived with ease and accuracy with negligible
subjectivity (with 90 % closeness). Efforts ane Lo {olfow zthe detailed
procedures that have been appeaning 4in the fiferatune to dexnive kR-Index 4in
more and mone nefined way and the method detailfed above would be used to
connect/scale the K-indices grom Alibag tilf that time on a roufine basdis.
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DIFFERENCES IN K-INDICES

: Histogram plot of differences in the K-indices derived
from computer routine and hand scaling .The difference
upto * 4 against the occurrence occasions are shown .
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F1g.2 : Histogram showing the number of occasiens of K-indices

for ten months derived by hand scaling {(solid hatched
portion ) and the occassions in which the same are !
matching or closely matching with those derived by
computer calculations (hollow boxes).



