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The globe gets divided into the following major zones (i) polar cap
(11) auroral zone (iii) sub auroral and mid latitude (iv) Low Latitude
(v} Equatorial zone. Geomagnetic field variations following solar-wind
magnetosphere interaction and magnetosphere-ionosphere coupling manifest
in radically different forms at these regicns. In addition there exists
day/night dawn/dusk differences in the intensity of variations.

1t is very difficult to characterise the eatire range of geomagnetic
field changes by any single or salect few indices of activity. Tnhere is,
therefore, the necessity of devising su<tatle indices serving specific needs,
defining a chosen parameter.

It should pe borne in mind <hat 'indices' do not replace actual data
but only provide a 'surmary'. The derivation should take into account the
‘physics' the index is expected =o represent and should not as far as
possible be changed with time. .f the index is homogeneous in time, one
can pertorm useful statistical analyses.

Geomagnetism dates back to more than faur centuries but geomagnetic
indices are available only trom 1868.

C - Ci - CY indices

First steps in 1905 confererce of the zommission of lerrestrial
Magnetism & Atmospheric Electricity. The simplest index.

C - assigned by each observatory for each day from inspection of
magnetograms - 0 - quiet 1 - ordinary and 2 - disturbed.

C1 - Mean of the C values supplied oy all cocperating observations
at the central Bureau in De Bilt, N2therlands.

More delicate classification 0.0, 0.1 ----= 1.9, 2.0.15 obs, in
1906 reached 100 during 1GY and latzr decreased to about 40,
Extended backwards upto 1884.

C9 - In 10 steps from 0 to 9 derived from Ci. Main purpose to
graphically display 27-day recurrence tendeacy. The C9 digits are
used in varying size and thizkness o preseqt a visual picture of
the activity on several consacutive days. With the availability
of 99 index, Ci computations were disccntinued from 1975,
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Disadvantages (i) subjective codirg (ii) Non-global representation
{too many European ots.) (iii) use of UT day not ideal (iv) combination
of effects - auroral zone, ring current.

K-index

Bartels is the main initiator. He suggested clear identification of
regular and irregular variations n the records anc that the time span
for the index definition should be sufficiently less than a day. K - stands
for Kennzifter' (character in German language). Introduced in 1938 at
Niemegk Observatory,

H and D component examined for every 3 hour UT interval (0-3, 3-6,
~-- 21-24 of B8 1intervals each day). tstimate of the range in the
interval after elimination of tre change due to regular variations like
5S¢, L. Largest of the two ranges taken as a basis of the index. The
scaling is for a class of -anges. 10 classes are defined with symbols
0 to 9. ,

As the activity leve® changes with latitud= the class of amplitude
should change so that the frequency distributio? is same at all latitudes.

Some of the lower 1imit of ranges for defiting K index

0 1 2 3 4 5 6 7 B 9

Honolulu (21.30) 3 6 12 26 40 70 120 200 300
Tucson (32.3) 4 8 16 30 50 85 140 230 350
Fredriksberg (38.2) 5 10 20 40 70 120 200 330 500
Setka (57.1) 1 20 40 80 140 240 400 660 1000
Godhavn (69.2) 1 30 60 120 200 350 600 1000 1500

The figures in bracket give the geographic latitude of the station.
Note that the lower 1imit for K = 9 is 100 timec the upper limit for K = 0.

In principle K-index can be derived for any station. However, elimination
of regular dajly variation (SR) is more difficult ir equatorial zone and
polar caps. K-index best suited for subauroral zone between 40 and 55°
corrected geomagnetic latitude.

Note that in K scaling there is no reference to any zero level
(unlike Dgy index).

Scaling a class of ranje sutstantially reduces uncertainty in
elimination of SR. For greater wagnitudes SR plays insignificant part.
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The K scale choice is such that the frequency distribution of different
magnitudes closely reflect the zctual magnitude of disturbances i.e. the
distribution is asymmetric with rare oocur+ence of intense storms and
corresponding K = 7,8,9.

K-index scaling is "subjective" due to the need of elimination of the
correct SR. The observer shoJlc have true knowledge of day-to-day variability
of SR and seasonal change in SR pattern.

Recent attempts at computer-scaling o< "K-indices" are summarised in
paper by Hopgood (1986). To juate Mayaud "Is science made for computer or
computer for science" can we -hange the de“initicn of K-indices to scale them
with computer? The variability of SR can never ke approximated accurately
by any machine generated quiet day curve. IAGA meeting at Vancouver,

Canada in August 1987 will desote suffizient time to look into this aspect.

Ks and Kp index: To derive a 'planetary' index, we svould aim to average K-indices
of well distributed and suitasly located global station. However 3-hr. intervals
near geomagnetic midnight are substantially more disturbed than at local noon.

his diurnal variation changes with season (see fcﬁ% .K. Rangarajan, RIVISTA,
Italiana di Geofisica, IV, 80, 1977). The standardisation process is evolved

to overcome this problem., From a given sample of K-indices from participating
observations for Kp a frequency distribution of reference is made. Conversion
tablies for each observation for each season for each 3 UT interval is prepared.
giving Ks value in the ranges as below:

0-1/6 1/6 - 3/6 3/6 - 5/6 5/6 - 7/6 7/6 - 9/6
0

0 1- 1 1 etc.

o + 0 +

Each K-index is converted into Ks index using the tables and averaged to
get Kp. Ks and Kp are aimost coatinuous variables between 0.0 and 9.0.
symbols O, and @, comprise only 1/6 the full irterval.

It is to be noted that the convers-on tables are weighted greatly in favour of
night time which is expected 1o vepresent tetter the effect of irregular variation
due to corpuscular radiation.

Stations contributing to Kp-index zre 1isted in Table. Note that there
is only one southern hemisphere station and most of the other are in Europe.

ap and Ap index : K has a quesi-loganthmic relation with the range. It,

therefore, becomes difficult to compare two days with same £ K,. For e.g. a
1111 1111 and Q000 0008. A linear indes directly in terms of Ehe magnitude
corresponding to mid-class rarge was defined with the following conversion
table:

p 0 2 3 4 5 6 7 9 12 15 18 22 27 32 39 48 56

Ko b= B 6 T- 7.7, B- 8 3, 9 9

67 80 94 111 132 154 179 207 235 300 400
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Unlike different lower limits for < = 9 for individual K-indices the
conversion table for ap from K, is unique. There is no documented reason for
the choice of 400 for 'the higRest value except it corresponds to the first
proposed value for Niemegk by the originator of the index.

The average range of the most disturbed component is given by 2 ap i.e.
ap index is in units of 2 nT,

The average of the 8 ap values for a day givas the daily equivalent
amplitude index Ap .

Cp index : It is similar to C; incex based on 2y values. Ranges from

0.0 to 2.5. Let Z23p = u. Then the following conversion table gives the
Cp index:

u 22 34 44 55 66 78 90 ~04 120 139 164
Cp 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
u 180 228 273 320 379 453 561 729 1119 1399

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
u 1699 1999 2399 3199

2.1 2.2 2.3 2.4 2.5

Cp is so defined that the frequency distribution of C; and ¢, are
nearly same (based on 10 yr. sample 1940-49). Note that Cy index can also

be represented in termms of Cp index as shown earlier for Ci.

Classification of International Quiet and Disturbed Days

The days of each month are ordered éccording to three criteria (i} value
of ZKp (i1) € Kp2 and (iii) greatest of the 8 < velues. The average of
these orders are taken. The five days with highest mean order number are
the most disturbed days and the days witk the lowest mean order numbers are
the five quietest days in the month. These are called International Quiet
and Disturbed Days (IQ and ID).

Ihe major drawback in this scheme is that they will not represent equal
disturbance or cala in different months since they depend on the actual
percentage of disturbance or quietness within the month. A day is considered
as not being really quiet if Ap 6 or if one Kp 2 30 or 2Ky 2 3-. When
Ap < 20, the I.D. day is not really disturbed, .

am) an! aS’ Km: Kns KSI 'indices

In view of the nocturnal bias and weightage in favour of northern
hemisphere and particularly turopean zone of the K, index Mayaud defined
these indices representing global (m}, northern (n? and southernz emispheres.
As with a, and Kps» they represent eguivalent amplitude and quasilogarithmic
scales reEpective]y.

A careful choice of groups of observet$ZRE in different longitude sectors
in each hemisphere close to 50° corrected geomagnetic latitude is made. Present
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set up has 5 groups in northe~n and 3 in southerr hemisphere. Scheme of conversion
from the observed amplitude t» equivaleat a ag 8y and derived Kp Kg and Ky,
are shown in the figure.

The scale chosen for deriving Kp, {g and K, from equivalent amplitude is
also based on the Niemegk scale used fo- Kp to 3 conversion.

Ay index :

Longest available index has been Cj from 1884. There was suggestion to
go back in time but only 3 observations were available. Instead of extending
Ci Mayaud suggested using K-imdizes of just two stations one in each hemisphere
at nearly the same geomagnetic latitude anc separated by about 12 hours in
Tongitude such a pair is called 'Anti-Podal'. Greenwich and Melbourne constitute
such a pair (though the longitud2 separaticn is only about 10 hours). Both are
close to the ideal subauroral zo4e locatior of 507,

From the K-index of each station, converted to mic-class range we get
the average which is denoted zs A,. Th-s index is highly reliable when Tonger
duration averages are considered ? 24 hr, 48 hr. etc.).

Truly quiet days as derived from az index are available in IAGA Bull.
No. 33 and 39, '

AE, AL, AU and AD indices

These are designed to prcvide quantitative estimate of geomagnetic
activity in the auroral zone due to enhanced ionospheric currents along the
auroral oval. These were designed and developed by Davis and Suguira
(JGR 71, 785, 1966).

The index is ideally the total range at any instant of time of the
deviations from quiet day values of H avound auroral oval.

Definition and computation

Digital magnetic data (1 or 2.5 min averages} of H at several chosen
Tocations in the auroral zone well distributed in longitude 1is the input.
A base level, calculated by avaraging all tne 1.Q. days data for a station,
is substracted from each instattaneous value. For a given UT, the largest
of these departures gives AU and least of them give AL index.

The difference (Au-AL) gives the AE index anc the mean value (AU + AL)/2
giving the A0 index. It is prasumed that AU is irdicative of the strength
of the eastward electrojet and AL that of the westward electrojet. AE
represent the overall activity of the el=2ctrojet and AD as a measure of the
equivalent zonal current. :

ihe stations should ideally 1ie just below the instantaneous auroral
oveal around local geomagnetic midnight.
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The Eastward electroiet strengther® during local afterncon and evening
hours and westward jet during local late evening/early morning. The
auroral indices are very tseful in follcwing development of magnetospheric
disturbances especially tte substorms, which are significantly local-time
dependent..

The AU, AL and AE data can be grapFically presented by superposing
al) the magnetograms of the neiwork {(coincident in UT with same ordinate
scale) and drawing the upper and lTower envelopss of the superposed curves.

In contrast to K-index, AE sampling rate nas to be much higher and
is therefore basically not a code but data its21f.

AE indices have been used in several corralative studies with IMF
and solar wind parameters. However the derived index is not really ideal
for the following reasons:

(i) Unless #ae one cf the stations is located just below the
strongest segmert of either electrojets the derived data
Au or AL will be under estimated.

(i1) The auroral oval moves dyramizally and it is not possible
to distinguish between movement away from (toward) a
station or weakening (strengtaening, of the electrojet.

{ii1) The magnetic meridian along wiich H is recorded is not
necessarily normal to the diraction of auroral electrojet
which are on th2 average parallel to lines of equal
corrected geomajnetic latituda,

' (iv) The average 1atitude of eastward electrojet is a few degrees
lower than that of westward electroet.

{v) The quiet-day base level is derived on a month-to-month
basis Teading to possible discontinuity.

{vi) By definition Au should not be negative but if equatorial
ring current is intense we may have negative Au.

(vii} During quiet conditions, cantamination of the indices by
regular daily variation possible.

(viii)Large gaps in the longitudina™ distribution of the present network.

When substorm currents are highly localised, the AE indices may
not show them. [n other words, low AE does not rule out
presence of substorm while large AE is definite indication

of substorm.

However, the advantages fﬁ% outweigh the disadvantages:

(1) It can be derived for any selected interval for any specified
sampling rate



(i1) A gquantitative index almost cirectly related to the physical
processes producing the observed variations

(131} Relatively simple to derive, is objective and suitable for computer
processing

(iv) Can be used for individual events or on a statistical basis,

(v) By definition Au should not bz negative but if equatorial ring
current is intense, we may have negative Au

(vi) During quiet conditions, contamination of the indices by regular
variation is possible

(vii) Large gaps in the Tongitudinal distribution of the present network
when substorm currents are highly localized, the AE indices may not
show them, In other words, low AE does not rule out presence of
substorm while large AZ is de<inite indication of substorms,

Dst index

One of the most systematic feztures of Jeomagnetic disturbance is the
depression below quiet levels m following 3 storm sudden commencement
at low latitudes, This is brought zbout by the zonal equatorial ring
current and Dst index is a measure cf the intensity of this zonal current,
The axialls symmetric part of the ring curren+ is independent of local time,

The total disturbance field D can be considered as a sum of the
symmetric (UT dependent) part and a local time dependent part,

D = Dst + Ds

If one has a uniform distribution of stations in longitude all approximately
Tocated at the same dipole latitude, the averzge magnetic field values
(coincident in UT) will not have any local time component. It is not
necessary to have a cla¥se network as for AE index, The Dst index can be
derived from f£&% Jow latitude stations, However, if we need continuous

data of Dst then base level will have to be critically maintained, unlike
K-index where reference level is immaterial,

Derivation of the Index

The station chosen should be at low latitude away from the dip equator
and the influence of auroral electrojet currents, Tab gives present
network used in deriving Dst index. The gap batween Hgmanus and Kakoka
is filled by Alibag in recent times,

In deriving the index, the Tonc term secular variation is eliminated
from the data by suitable polynomial fit to annual mean values on quiet
days of the observatory data, The quiet-day variation Sp is eliminated
computing a statistical Sq for each station for each month,
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From a series of monthly Sq for a civen year a Fcurier series Expansion
is computed as

6 6
AE; 1 Ef

" Cos (mT + olm) Cos (nM + Bn)

m=1

where T is local time and M is the month. The 48 unknowns are derived by least
squares fit to the 12 x 24 hou™ly value data.

From this expression one can now sy1thesize Sq variation which can then
be subtracted from original observed value,

The Dst cannot describe quantitatively the strength of the equatorial
ring current. This is due to paucity of station from which it is computed
coupled with the tendency of the ring currents te be asymmetric during all but
recovery phase of negative storm,

Dst detect ali magnetic storms, Wizhin about 2 hour Dst should be abte

to identify the onset and termination of the main phase of-a magnetic storm,
It cannot reveal the presence c¢f individual substorms,

Present Dst Computation

The reference level is obtained by expanding the baseline value in a power
series in time where coefficient for the term upt> quadratic are tetermined by
method of least square and annual mean of H for I Q days of each month are
used, In this manner secular variation is rel3%%d. Sq contribution is now
determined for each station as described in the IGY method, However subtraction
of Sq is made for each station, Non-cyclic change in Sq is removed by assuFing
it to be linear from }ocal midnight to local midnight, (During IGY UT was used).

For station j,
Dstj = Hobs, j - Sqj - Ho, j

where first term on right is the observed data, second is the corresponding quiet
day field and third is the secular variation correction,

The Dstj values are then averaged, As Dst magnitude varies with latitude,
the values are normalized to obtain the value of the ring current effect at the
dipole equator. This is done by multiplying each value by'Se® 8m' where Gm is
the mean geomagnetic latitude of th= stations. The normalised values are called
'Equatorial Dst values',

Advantages:

The index can be computed almost as a continuous variable, even during
quiet conditions,

Provides a good manner to elininate irregular fluctuation in regular daily
variation,
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Graph of Dst values enablefone to identify significant disturbances,

Disadvantaqges:

Though it is meant as a measure of equatoria” ring current, all UT
dependent effects such as magnetospheric comaression effect (SSC, Initial phase)
and any variation with zonal component will zontribute to the index,

The need for maintenance of base level makes *t difficult to alter the network
of stations even if considered necessary w~ithout breaking continuity,

Day-to-day variability in Sp can never be approximated by the fourier
Expansion for quiet day variation, Howevar, when disturbance is Targe Sp
contamination is minimizzd,

By definition Dst stould not have positive values. However SR contamination
and compressional effects do produce positive Dst,

The ring current is known to be asymrvetric anc strength of the asymmetry
increases with enhanced disturbance., It is difficLit to completely eliminate
this local time contamination by the few stations chosen for Dst,

The present networks are dominantly in northern hemisphere. Due to the known
annual variation in the mean latitude of ~ing current, an ideal network should
have equal representation in N and S hemispheres.

Note : In contrast to AE index, Dst is usually given as hourly values, as the ring
current changes are slower in comparison *o substorm features,

IMF polarity index (A/T Zndex)

The weak solar phozospheric magnetic field is carried away by the expanding
solar corona, The magne=ic field 1ines are frozen into the solar wind plasma
and move with it. Near -he earth, the obsarived magretic field appea’® to be well
organised either being d-rected away from or toward the Sun along the Archemedian
spiral, The average direction remains same for several days and changes abruptly
to be constant again for several days, These patterns define the sector structure
of the Interplanetary Magnetic Field. )

In sités observatior of IMF could provide the direction of the IMF Bx and
By component (X directed along Earth-Sun line and Y the E-W component in the
ecliptic plane), However, there are two disadvantages (i) Spacecraft observations are
available only from 1963 (ii) whenever the spacecraft erters the magnetosphere
there could be no IMF data.

Svalgaard and Mansurov independently discovered that the diurnal variation
of the vertical component of the magnetic field in polar cap responded systematically
to the azimuthal (E-W) ccmponent of the IMF,
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Comparing in situ IMF data and polar zap magnetograms, it was found that
when the Earth lies in an 'Away (forward) sector Z perturbation is directed
away from (forward) the Earth, It became tierefore rossible to infer the polarity
of IMF from the following thums rule, If 7 magnetogram near the invariant pole
for a day shows a broad positive (negative) perturbation particularly between
local and magnetic noon then the day can be inferred to have an associated Toward
(Away) polarity of IMF,

Since magnetograms from pclar cap stazion like Thule, Vastok and Resolutes
Bay are available from 1947 onwards, the polarity of IMF could be inferred and
indexed as below:

A - when associated with 'Away' sector (By > 0)
Mixed -~ when no clear signature (By < 0),

Svalgaard (1972) showed that at 1ittle Tower latitudes, the H component appears
to show the polarity effect and used magnercgrams of Godhavnt H to derive the
polarity backwards from 1926, However, the accuracy was far less.

The success rate of inference is very high but has a significant seasonal
dependence, Inference of polarity is more accurate in summer { > 90%).

By choosing two polar cap stations one in each Femisphere the success rate
is increased, Presently the Inferred IMF polarity is deriven from Vostok
Antarctic station and Thule. The effect is visible at Vostok in the first half
of the universal day and at Thule in the second half cf the day and is published
regularly in PROMPT REPORTS of “"Solar Geophysical Data",

Acknowledgement:

These notes have drawn heavily from the monograph “"Derivation, Meaning and
use of Geomagnetic Indices" by P.N, Mayaud and from article entitled "Auroral
electrojet Magnetic Activity Indices 'AE) for 1570" by J.H,Allen,

In addition several reviews and papers on the tocic have been copiously
utilised,
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Grographica)

~ocation
Latituce  Longitude A A [ L i
(1} Meanook 54°33 246°40° €1.8° 62.5° . 6.2° 1360 1500
(2) Sitka 57°08° 224°40° 60.0° 59.8° 8.4° 1020 1000
(3) Lerwick 60°03’ 158°49° 62.5* 58.9° 9.5° 920 1000
{4) Agincourt 43°47" 280°44" 55.1* 7.2 12.8° 700 600
(Ottawa, 1968) 45%24° 284°27° 56.8* 8.7 11.3* 790 750
(3} Eskdalemuir 55°18" 35648 58.5¢ 343 A7 650 750
(6) Rude-Skov 5580 120271 55.8° Ji8°  15.2° 600 600
Lovt, 1954 592 17°50" 58.1° 52.9°  12.4* 20 600
(7) Chelienham 38%a 283°10° sD.1° Sa.1®  11.8° 530 500
(Fredericksburg, 1956)  38°)2¢ 282°38° 49.6° 51.8° 18.4° 520 500
(8) Wingst 53°4: 9°04° 54.5° 5C.9°  16.9° 550 500
(9} Witteveen 52%4% 6°40" 54.1° C.2° 175 540 500
(10} Abinger 5111 159°57° 54.0* 45.7*  18.2° 520 500
{Hartland, 1957) S1°0C” 35531 54.6° 5.0t 17.7° 530 500
(11} Amberley —-43°0%" 172°43°  —417* 500 179 530 500
(Eyrewell, 1978) —43°28° 72 —47.8° -sQ2°  17.3* 540 500
Toolangi, 1970 -37°32° 145°28"  —46,7° _—4g0°  1gs* 510 500
(Canberra, 19797) -32°3G" 149°30° -43.8° —-452°* 24.0° 420 450

A change of site is indicaled by listing the new obscrvatory ta parentheses. For Rude-Skov and
Amberley another observatory was associated from the date given wi:h the original station. It is indicated
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Fig. 19. Scheme of the am range index cotrputation. The symbols surrourded by a circle are those
which are tabulated in the IAGA yearly bulletins [af .er Mayaud, 1968). Let usno e that, afler consulta-
tion of the Working Group on Geophysical Indices, the group G,’ was split p into two groups as of
January 1, 1979; see the text p. 65. y




Table 1. List of AE(12) statlons.

Observatory Abbreviations | Ceographic Ceomagnetic
LAGA WDC~A .[ Lat. ("H) Long.4°E)[Lat. (*N) Long.(“E)

Abisko ABK  AI 68.36 18.82 66.04 115.08
Dixon Island DIX DI 73.55 80.57 63.02 161.57
Cape Chelyuskin €¢s c¢cc  |77.72 104.28 66.26 176.46
Tixie Bay TIK 11 71.58 129.00 60.44 191.41
(Cape Wellen) CWE UE 66.1% 190.17 €1.79 237.10
Barrow BRW BW 71.3¢C 203.25 68.54 241.15
College 0 co 64.83 212,17 64.63 256.52
Yellowknife YRC  YEK 62.4C 245,60 69.00 292,80
Fort Churchill FCC  FC 58.80C 265.90 68.70 322.77
Creat Whale River{ GWC GWR 55.27 282,22 65,58 347.36
Marssarssuaq NAQ  NAS 61,20 J14.16 71.21 36.79
Leirvogur LRV LR 64,18 338.30 70.22 71.04

Fig. 1. Distribition of AE()2) statiens.

Geographic latitude is incicated by the concentric ¢ rcles of solid
lines, Geomagnetic latitude is Indicated 3y the numtered concentric
circles formed by + signs, Geographi= lorgitude is civen by the
outer circle of numericd] values with meridians showr 4% solid Vtines
every 30°. Geomagnetic longitude 1s given by the fnner circle of
aumbers and the border of hash-marks at 10° {atervals.
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TABLE 35. Dipole Coordinates, Cosine of the Latitude A, Diglance 4 Between Two Consecaltive Stations, and
UT Hour 4 Corresponding :0 1800 i1 Local Dipok Fime

Dipole Coordinates

¢ A cos A 4 (long), h h

HO 266.4° 21.0°N 0.93 . 4.9
6.5 .
5J 3.2° 29.9°N 0.87 224
51
HR 80.3° 13.3°8 0.84 17.3
. B.4
KA 206.0° 26.0°N 0.90 8.9
4.0

HO 266.4° 21.0°N 0.93 49

THE AZ180 THAL COMIMINENT ARD THE GEOMAGNETIC FIEL

IN THE POLAR CaPs (5]
=61700
Zy VOSTOK
~61600
-
10 MAR. I 1
, 1959 our ! 1958 0|UT
+ 56000 THULE
V_AL_ d ‘7
Zy
OLT T
*55900'1 10 MAR. 1" MAR, ¢
1559 1959
Sampie magnetlograms trom away sector
9 SeP
R 1C_SEP VOSTOK

1959 . 1359
|

—_ ]

Zy Mﬂ“ﬂ ~
= 61450 ou-

our

+ 56100
Z T /\/\f‘l\ THULE
e e { > |
+ 56000~ VT AVL] -
5 SEP i 10 SEP -
1859 out 1959 O uT

Sampie magnelograms from toward sector
Fig.2. Sample Z magnetograms rom (a) away ;
- 2. _ ¥ seclor ard {b) toward seztor showing typicul d;
variations of the polar geomugnen; field observed at Vosiok (34.95) and Thulz (862 N} Tl;ge a)r:-):\\li :;Illll-‘;.
1o the quiet undisturbed le s¢], {Alte- Svalpaard, 1977).







GEOPHYSICAL INDICES -- PAST, PRESENT AND PROPOSED

by

J. Virginia Linculn, Dircector
World Data Center A for Sclar~Terrestrial Physics
ROAA, Boulder, Colorade 80302, U.S.A.

The tables in the following pages are an attempt to list geophysical indices
with their sources and availability. Thesa indices serve different purposes.
Undoubtedly, the List is not comprehensive. Only indices have been given that
are or could be prepared on a continuing basis, Another restriction in their
selection was that the publication scurce should be reasonably available, The
IAGA Working Group V-6 on Geephveical Indices teaurated rheir mihliration in rha
IACA News.

In the following tables these abbreviations have been used:

AFCRL Alr Forca Cambridge Research Laboratories
(now Air Force Geophysica Laboratory),
Hanacom AFB, MA 01731, U.5.A.

1AGA $12 or $32 IAGA Pulletins

IAU OB International Astronomical Union Quarterly
Bulletin on Solar Activity

JATP Journal of Atmospheric and Terrestrial Physics
JGR Journal of Geophysicsl Research

HASA/GSFC NASA Goddard Space Flight Center

NGSDC National Geophysical and Solar-Tarrestrial

Data Center, NOARA

NRC Natiopal Research Council, Ottawa, Canada
TERR, MAG. Terrestrial Magnectism and Atmospheric
Eleccricity

wWoC World Data Center

J21—




PAST GEOPHYSICAL “NLICES

=70t -

el

Time Delay
Time Years from Cbeervarory Sponsor
ircex Purpose Resolution | Available to Indes Eamed_upon Or Source Published
5.1, Use in solar-weather/climate Baily 1874-1964 Gremnwich faculae Aaur "Climate, Present,
atndies and sunapots Past & Future”
by H.B. Lawh
c Gives geomsgnetic character Laily 18B4-1975 day Appusrance of magnecogran]LAGA IAGA #12 or #32
of day at individual at sbaervatory IsGD
abservatory [JGR
ci Gives {nternational mean of Taily 1B84~1575 kecond month Meas of daily C-indicas [LaGa TACA #12 and #32
geomagneric character sof follewing . 15GD
gy GR
1y Measures intensity of Monthly 1922-193% Buancayo daily range of [Bartels [Terr. Mag. 1946,
equatorial electrojet 5q .n H-component S, 187
u Measures ring current Monthly 1872-1949 Bexx value of H for one |Rartels ["Handbosk of
St equatorial geomagnetic day subtracted from Geophysice™, 1965,
observatories walse of preceding day P 11-46
withour regard to sign
uy Measures ring current at equa- Wenchly 1872-19130 Same an u Bartels 'Chapman & Rartels"
torial stations with compen- (first edition)
satigp for severe srorms
HR,. ZR, : Experimental measuvre of Daily 1930-1939 Daily absoclute ranges Crichtor LATME "Clnc:'cr_e
N = | geomagnetic metivity chatr tllu. Rz) and average Mitchell jagndt ique Bumér-
;would hopefully be propor- waloes (H, 2) of ¥ and {Chapmar & ique des jours",
'tional to energy of the . Bartels, Vol. 1, fTomes 1-10, De Bilc
| disturba Z compopents at pelected p. 361}
| Cisturbance statdons, 5q rot removed |P°
I1:H Messures geomagnetic Daily 1933-1944 Differences of consecu- |AFCRL *'Ihndbook of
activity tive bourly walues of (Chernosiky) Geophysics", 1965,
3in ¢/hr, Busnzaye p._11-55 ;
-
»
PRESENT GEOPHYSICAL INDLCES
—— e Tl LA IRDECES
Time Delay Tine Delay froz
Time Years from Dbservatory Sponsor Published |Observation to
index __Furpose Resoluzlon Availsble 1o Index Baged vpon or_Source Currently [Publications
Rz Measures level of solar 1. bafly Since 1610 [1. Same day Zurich sunspot Waldmeier, 5GD 1 month
activity 2. Monthly 2. Fifth of montd cbasrvetions Zurich, JGR 4 months
3. Yearly followiag Switrerland {1AU QB > 1 year
3. Within wmonth cf
and of yamr
5 or 5, Measures level of solar 1. Daily Siace 1947 |1. Same day Solsr radic emis- INRC SCD 1 month
{10 co' or activity 2. Montkly 2. Tenth of wounth slons, sdjusted to IOt tava, JGR 4 wonths
2800 MHz following LA 57 madjusced, Canada 14D QB > 1 year
solar flux) from Alzonquin Do- (Covingron)
Servatosy, Capads
B'A Measures level of solar Daily Since Testh of mmch Mmecican Associ- GSDC, NOAA |SCD 1 month
activity July 1957 following atiom o° Variable Boulder, CO
Star Observers
Sunspot observa-
tioms
Inferred Delineates sector atruc- Half daity Since 1957 | Tenth of month Vostok and Thule S5R Aretic |scD 1 month
Inter- ture of soler wing- following HMagnetograms d Astaretic]JGR 4 months
Planetary pelarity sway from or Resesrch
Magnetic tovard the Sun Institute
Field {(Mansurov)
{Sector Danish
Croseings) teorologi-
al Instituce
(L.Svalgaard
Mean solar | Gives weighted average Daily Since Yaoth of monta Suo—es-a-star ince- [Scanford 56D 1 month
magnetic of the ner magnetic May 16,1975 |following prated lizht meag- Universicy
field field on the visible urkmtnts at Stanford |(Wileox)
disk of the Sun Solar Obiervatory
Caleium Measures molar disk Daily Since Tenth of sacoad Area and intens{:y GSDC, WOAA |scp Z months
Plage activity Jan 1,1958 |month followiag of calciwm plages
index,
CAIl
Solar flare | Measures solar disk Daily Since Six monthg Ha solar flares, kcsbc. KOAA |scD & months
index activiry Sep 1969 following based on ares and
hours cf patrol
Regicn Measures solar region One per Since Sevey months All B= scler flares WNGSDC, NOAA |scp 7 wonths
solar flare |activity solar Sep 1970 following reported in a giver
index region regicr
Ip Gives ilonospheric index Daily Since 1969 |Seven monthe fuin data MCGSDC, MoAA  |SGD 7 months
for polar cap blackeut follewing Resolute Bay
1a Cives lonospheric index Daily Since 1968 |(Seven wonths fuin deta from G5DC, NOAA  Isep 7 months
for muroral bisckout following Kiruna and
Fort Churchiil
B Heasures interplacetary HBourly (fer | Since 1970 |about 21 year Borok wicropulsations llorok. USSR |ussk About 1 year
magnetic field from 6-12 UT) Bfter observatdon | g, 7 4 0,285 4 -16Kp [Academy of  [Cosmic Data
F hourly mean freq. of Science
Pulsations in milliberts
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-petl-

e

4 WD

- —_— 1ESLF 170w Ubservatory } Sponsor Published |Observation to
Index Purpose Resclutior Availeble to Index Based uon or Source Currently {Publications
Vorticity Used in solar-weather Twice daily | Since 1946 | About § son:ha Nationa. Metecrologi-JU. of Colorad Solar- —_
Ares [ndex | studies Following cal Cewcer 500 mb (¥.0.Roberts) [Terrestrinl
VAL grids ~ morthers Physice and
bamizpbare > 20N teorology
AE Muasures gecmagheric 2.5 min, or |Sioce 1957 |About 2 years Bortbero auroral WOC-A for AG Raports Bhout 2 years
substores hourly, or s00¢ e petograns, lar=
1 min since (Leievogar, Mars- errestrial
1976 sarassag, GUreat bysics
Whaie River, Tort (J.H.Allen)
Chyrziil., College,
Barrow, Cape Wellen,
Tizie Ra=, Cape
Chelyssk-n, iz
Island, abisko,
i Sodankyla)
Dst Heasures gecmagnetic Bourly Siace E957 | Second month Maguetograms from /GsrPe AJCSFC —_
ring current fellowing Bermarus, Houolulu, J(M.Sugiurs) )] P months
5an Juan and Rakioka AGA out 1 year
[ 4 Measures Fhr reomsgnetic 3hourly Sfnce 2932 {EBad of month Magnetograms at LAGA til 1975 -
varistion at individual alwposc all geomag- LAGA #32
observatory, regular dafly netic observarories pvailable
varistions eliminated t WDC
Kp Used aa 3-hr planetary 3hourly Since 1932 | Two waeks after Magnetogmams from F&itting!n BCD months
index of solar wind and of month Meanook, Sitka, (M.Siebert) DCR months
particles Larwick, Eskdalemuiy, KACA #32 ut 1 year
Lowi, Rude Ghov,
Wingst, Witteveen,
Bartland, dgincourt,
Predariciwburg,
Amberley
En Measures vorthern hegi- M-hourly Since 1939 | Manch followmng Magnetogrmms from Institut de [BGD meoths
sphere peomagnetic Magadas, Petropav— hysique du pick wonths
sctivity lovsk, Memambetsu, Clobe, Prance ACA 732 out 1 yesr
Sverdlowsa, Tunguska, |(Mayaud) #39)
Niewegc, ditteveen,
Hartland, Ottawa,
Fraderickaburg,
Victoria, Mewpore,
Tucgen
ks Measures southern 3hourly Since 1959 { Month followiag Magnetograms from Institut de [BGD Z months
hemisphere geomsgnetic Amberley, Toolangli, |Physique du  [IGR 4 months
activity Coangara, Karguelen, {Globe, France JAGA #32 About 1 year
Herminus, Port (F39)
Alfred, Argentine
Island, Seuth Geosgia
Ireles
PRESENT GEOFPRYSICAL ENDICES
Time Delay Time Delay froc ;
Time Years froem Observatory Spotuor Published {Observation tc i
Indes Purpose Resclution Available te Index Based usor or_Source Currently iPublicatiens i
K Measures peomagnetic }-hourly Since 195¢ [Second wonth Averaging K snc K- [Iostitut de [SCD 2 months H
activity fcllowing Physique du }JGR 4« months '
Globe, France|Xaca #32 About 1 year :
{Mavaud)
Q Meagures high lavitude 15min Since 1937 * Magoetegrams froe Individual Sse IAGA -
geomagnetic activity Sodankre currently, chservatories|Bull. 32f, 1
27 observarories p. 50, for [
have prepased avail=
ability at
Do
lk Neasures individual hourly Since 1832 [IMonth following Magnetcgrams of TAGA Available —
station geomapgneric obatrvatory at WDC
activity
Ak Heasures Individual Daily Simce 1932 [Monch following Rased an 8 daily ar  {1AGA Available -
Etation geomagnetic at observatory at wnC
activity
a Measures worldwide Daily Since 1868 1lhnth following Msgnetograms from lnstitut de |SGD 2 monthe
gromagnetic activity tipodel s:ations Physique du |JGR 4 monzhs
oclangd an3 Globe IAGA #32 About 1 year
Hartland (Mayaud
ap Measures worldvide 3-hourly Since 19X |Second month Kp 1AGA TAGA #32 About 1 year
Kromagrieric activity following
Ap Measures worldwide Daily Since 1932 [Second month 8 daily ak TAGA 56D 2 wonths
geomagneric activity following JGR 4 months
I1AGA #32 About 1 year
an, An Measures northemn 3-hr, daily |Since 1957 Secend month o Insticut de [1AGA €32 About 1 year
hamisphere geomagnetic follewing Physique du {(#39)
activity Globe
[(Meyaud)
a8, As Hezsures mouthern 3-hr, daily {Simce 1959 |Second wonth Ks Ingtitut da  |1AGA #32 About 1 year |
hemigphere geomagnetic following Physique du J(139)
activity Globe
(Mayaud)
m, Az, An} |Measures worldwide 3-hr, dafly, }S5ince 195t Secord month m Institur de (IACA #32 About I yesr
geomagnetic activity 48 hr mean after observation Physique du (#39)
centered Globe |
oo _day (Meyaud) :
Cp Mepsures worldwide Daily Since 1932 iMonth fo]llowing Based on Kp Gortingen SGD (2 months
gecmagnetic activity (Siebert) LJGR ili wnths i
TAGA #32 About 1 yesr .
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Time Delay Time Delay from
Time Yaers from Observatory Sponiwor Published | Quservation o
Index Purpose Resoly:ion Available to Index Bared upon or Source Currently | Publjications
€9 Measures worldwide Daily Since 1931 [Month following Cp Gértingen SGD About 1 year
omagnetic activity (Seibert)
R Measures high-latitude Bourly Varims, At least a year Bovtly range of 1. Canada See YAGA USSE in "Aurcral
geomagnetic variarioos moatly sicce B-component from 2. Deumark 432, ¢.51,| Phenomena™,
Iey mMgpeogTans in 3. DSSH for avail-| Polar Ceophys.
MEuTCNS: abiliry Ipst. (aince 1970)
1. Camdism yearbooks
1 2. Thade &ad Godhavo
3. 12 Arcic and Ant-
arckic statioms,
USSR
Footnotes

1. loternaticnal quiet days (10 per month) and Jisturbed days (5 per month)

and published o SCD, JGR, and IAGA No. 32,

2, Dets ot rapid varlations, sac, sfe, very inusual ewests sre provided by Observatorio del Ebyo,

and IAGA No. 32.

3. Dats on a nusber of selected special {ntarvals with diagmws of indices,
magnetograms, provisional Ak-indices at 2.5 min.

Monthly Bulletins

1. Intercational Service of Geowagretic Indices, De Bt

Daily aa-indices
Internationsl quiet sad disturbed days

Preliminary report on rapid wagnetic variarions

Provisional hourly Dmt
2. International Servite of feomagnetic Indices, Gottingen

Ioternazional quist and disturbed days
Three=hourly Kp

Daily Ap and Cp

Freliminary esc

"Musical Notes" 27-day rotation Kp chart
R9 and C9 - 27-day rotation chart

3. Imstitut de Physique du Clobe de Paris

Three hourly ¥m, Kn, Ks, an, an, as
Daily Am, An, As

intervals are published sonually fp LAGA Bwiletin Mo, 37,

(ssc, sfe, wery mnusual events)

PROPDSED GEOPHYSICAL INDICES

are selectad by Inaritut far Geophysik, Gottingeo (Prof. M. Siebert),
Spain (Dr. A. Romana), published {n SCD, JGH,

sse and other storm—dats from individual oheervatories, common-scale

Time Delay 1
Time Yzars from Observatory ! Spousor i
1ndex Purpose Resplution [Avaliable ltc Index 1lned upon or Scurce : Published
Contour map Heasures geomagnetic storminess Hourly Samoles As moon as data 4H, AD and AZ frow TIMTRAN { Report 70-34
Ceonmagnetic with time, of longitudinal extent 1957 and svailable at WDC se_ected MAEELOgTARS {A.N.Zaitsev) | Electron and
Activity and intengity of the aureral 1963 and Reyal | Plasma Physics.
electrojets to study polar Institute of Boyal Inctitute
magnetic disturbances Technclogy of Technology
Sweden Sweden, Nov 1970
(R.Bostrdm)
IKe3 Indicator of solar wind Daily Feb 1962- ? 20 win double maximug Tohoku Report of lono—
Jua 1964 yamplitudes of ped dn v Univ. Japan ephere and Space
> 0.28) from 19F 1o (T.Saito) Research ir
4D LT on Onagawa induc- Japan 3964,
tico magnetograms—- XVI1I, 260
mmned for 4@ inrervals
jof UT day
AR Auroral setivity Each Jul 1973 |2 months following Aurorsl imsgery AFGL AFCRL-TR-75-0556
imepge=-- Jun 1975 bed : {Carvillano)
every ~mo judgment
102 min oo AuToTa
Q-guiet M-mnderate
[A-active
Pl-Pi2 Measures solar wind Daily Sinoe 1966 [Avallable free of Nagycenk Obaervatery Geodetical JATF 1975, 37, 561
charge upan pulsation indices and Geophys.
request to Verd —ocrurrences in the Res. Inst.,
12 frequency bands Soprea,
|Hungery
(J,Vers)
Auraral Index (veasures suroral activity Daily ? ? Iprical spectyograph Ceophysical JGR 1977, 82, 2842
on scale: T tenith at Institute,
i-noc aurora to S=gstrong ‘_'plugg, AX College, AK
aurora all night, for
optical observations of
aurora wnaf{fected by
scattered moonlight
Interplanetary |tses F, -y K\’J(erg :n"z:—lj Daily Jun 1965- ? Begee of activity of Geophysical Acts Gecdartice
s for so:::e:vi;d e::tihau June 1968 the interplanetary Institute of  |Geophysica et
plazma near Earth for Slovak Acad. Bontanistica,
metsuresents of solar Sciences Acad Sci Hunp.
1 vwird on Vela 3, Explorers [(5.Pinter) 1676, 11, 321
33, 3, 35 and HEQS-1 Lab. per 11
plasmo nello
spazio,
; Frascati
J {GC.Morens)
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FIOPOSED CEOFEYSICAL INDICES

Fime Telay -
Time Tears from Observatory Spousor
Index Purpose Rewolution jAvailable [to Index Based upon oI Source Publighed
EUV, or VY [Abaclute solar energy fluxes used Datly 1973 H Measurements Institut fir Geaphys. Bas.
b4 as solar index in place of sunspot from Asros Physikalische Letters 1976,
(r=vavelength |oumber or 10 cm solar fluz-units of zatellites, Weltrauaforschung 3, 573
in nm and y=z  {10'we=? (20~} erg cn~Zaoe)) med der Praunhofer -
wavelength v, Gesellechaft
raage from y v B0 G sehmidthe)
to £ in ne) 80-1%
EUV flux Heasures true long-term variations Dafly 1974- 1 Maasuremsnts for |AFCL s-?,ip‘\;la: s:;;:-lt;:;
of solar EUV flux (0ct 1978) Satellite AE-T {Binteregger) Ph)'.l- n'“_ I_;r_““
in lives Fel, 1977, 4,231
. Bel, Ly-8 =
178 hkz Measures auroral kilomerric 10 min lAug 31 to r ragl-time Sacellite low Univ, of Iowva JGR 1977, B2,
radiation radiation assoclated with Dec 13, 1971; frequency radlo |(G.X.Voots and 2259
auraral and magnetic Dec 1,1972 ERARUrEmDL S D.A.Gurnett) N
disturbances to from IMPE Geophys. Inst.
]u.z 11,1973 (power flux i (Alaska
v Y (5.1.Akasofu) :
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On the Computer Generation of Geomagnetic K-Indices
from Digital Data

P. A. HorGooDn

Bureau of Mineral Resources, Geology and Geophysics, G.P.O. Box J78, Canberra, A.C.T., 2601,
Ausiralia

(Received Oclober 22, 1985; Revised May 28, 1986)

Since the advent of digitally recording magnetic variometers and the ready
accessibility of computers, there has been a scarch for # techmgue to produce
K-indices of geamagaetic activity by machine,

The principal difficuity in the determination of K-indices is the estimation of the
tegular solar diurnal variation (SR) lor each day, which is used as a reference from
which the K-Variations are scaled. A number of methods (ur the machine estimanon
of the daily SR are reviewed. These fall into two calegories: (i) by use of neighbouring
quiet days, or (ii) filiering out the high frequency harmonics. Of the techniques
proposcd to dale, those which are daia adaptive are considered preferable,

A data adaptive method which divides a magnetogram (race into high and low
ftequency harmonics is presented. It is found that there is no particular frequency
below which can be considered all the SR variations and above which are all the
K-variations,

The latitude dependence of the tolerace 10 differences between estimation of the
SR by machine and that manually is alse discussed,

I. Introduction |

The K-index to classify the range of geomagnetic activity was proposed in 1939
' BARTELS et al. and was soon adopted internationally to become the most widely
¢d of all gcomagnetic indices. The index is derived from the largest range over each
hour U.T. interval, of the variations in and D after removal of the regular
nations. According to MAYAUD (1967): “the purpose of the K-index is to measure
the effects of the solar corpuscular radiation on the terrestrial magnetic field, as
stinct from the effects of the wave radiation and posi-perturbation®. Although the
index is now recognized as poorly suited for this purpose, it still serves as a

nvenient indicator of geomagnetic activity. )

The principal difficulty in the determination of K-indices is identification of the
n-K variations, in particular the regular solar diurnal variation or SR, and much
s been written on the subject ¢.g. BARTELS (1957), MAYAUD (1967), MAYAUD
150). Many claims have been made that the manual scaling of K-indices introduces
omponent of subjectivity and that there is much to be said in favour of producing a
index or a quasi-K-index by computer using an agreed upon algorithm. Since the
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introduction and proliferation of digitally recording magnetic variometers and the
ready accessibility of fust digital computers to most sromagnelic observatories, the
trend 1owards machine preduced indices has grown,

There are 1two schools of thought on the viahility of scaling a Beomagnelic
‘K-index® by computer. (The 1erm in_apostrophes is used 1o denote a nachine
produced index). The traditional view insists that the K-index, by definition, is scaled
by hand by in experienced observer, therehy vinually climinating subechivity und
resulting o as linde as 5, varibility between experienced observers {MENVIELLE,
1981). Although MAYAUR { 19K0) conceded that se; ling K-indices by compuler may
cventhmlly becone s, MiNviL (IR 1) states i Why such alteinp st
tollaw the very same rules apphied in hand scaling (to avoid a discontinuity in the
K-index series),

The ditticuhy in producing muchine *A-indices', as with the hand-scaling
method, is the separation of the K-variations lrom the SR-variations. When hapd-
scaling is perlormed by an expericnced observer, he draws upon his knowledge of the
form of the quict vanations as well a8 the dauy 10 day and scasonal variability which
can occur therein, at a station where he has had many years of experience. For 4
machine to yield an identical result it must apply the same rules to identify the SR as
would the observer. The problem then is how (o Program into a machine the
equivalent of the observer’s experience!

~ Those wha favuu nachine scaled *K-indices' would argue on the grounds of time
savings, the climination of the necd oy anexpericaced ubserver and e cunsisteney
and vbjectivity of such methods, Although conceding 1hat machine methods o date
have not followed the Very same rules as for ha nd-scaling, it has been argued that this
in itself is unimportant since the resulling consistency with hand-scaling is on a par
with the consistency between two observers performing hand-scaling. Some would
further argue that the machine produced ‘K-indices be given another name to
distinguish them from their hand-scaled predecessor. LUNDBACK (1984) has £onc so
far s to propose an alicenative (o the A-index called w A, which, although contorming
1o the A-index 1o sonw exient, docs no Attempt to remaove the SR vaniation o all.
Such a notion is abhorred by the waditionalists, drawing the response: “is science
made for compaters or computers for scicnce?” (Mayaun, 19%L). But the notion iy
not without its merits. As well g eliminating the requirement of having ta idenlify the
SR variations exactly (it is dehaahle whether this can be achieved by any mcans) 2
delinition could be proposed which is not only simple to pecform and therefore easy lo
standardize, but the resulling index could be made to have a precise meaning, unlike
the K-index which is a rather nebulous parameter in physical terms., (see MAYAID,
1R} .

2. lechuiyues tor Computer Scaling
Over the past 25 years there have been a number of techniques suggested for the

machine production of * K-indices”. In 1960 ALLDREDGE put forward the method of
applying & ranning mean w estimate the SX viriitions, which was then subtrted
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from the original data to leave the *K-variations’. MAYAUD (1980) raised the
possibility of this method climinating, at lcast to some extent, some of the longer
period K-variations.

Another technique of approximating the SR variations was suggested by VAN
WK and NAGTEGAAL (1977), invalving the selection of 7 nearby quiet days which
were smoathed by climinating all harmonics with periods less than 6 hours and
comparing each in tura with the day to be scaled. The smoothed quiet day which most
closely matched, was deemed to be the SR for the day, and the* K-indices’scaled :d..:
that reference. The difficulty with this method as pointed out by MAYAUD (1980) is
the limited number of quict days from which the appropriate SR is selected. The
probability of having an entirely appropriate SR in the nearby quiet days is small.
This may he contrasted with the knowledge of the expericnced obscrver whao has an
appeeciation of the day 1o day variability and limits of the SR variations. .

RANGARAJAN and MURTY (1980) described a method of scaling K-indices
claimed 1o climinate all subjectivity which is inherent in hand-scaling. Their technique
used the ‘Method of Orthogonal Natural Components’ to identify the mean diurnal
variations from a set of selected quiet days in a month. From an harmanic analysis of
this mean diurnal variation the {irst six harmonics were used (o synthesize the average
5q. the deviations (rom which were regarded as K-variations and scaled accordingly.
Thic muethad wuo sritisined by MECNVIELLE (1201} who wuled Lhat subjuitivity eaisied
in the choice of yuict days and condemned the method as a failure. He further stated
the methud was nut cunsistent with the definidon of the X-{ndex, having reverted to
“iron-curve™ method as coined by BARTELS (1957),

A comparison of various techniques for deriving “quasi- K-indices” by computer
by RIDDICK and STUART (1984) concluded shat it docs not seem possible toderive an
algorithm to accomodate the Sg variations at all Jatitudes. A comparison was made
between hand scaled and machine generated K-indices from hath analague 1.a Cour
magnctographs and digitally produced magnetograms. Various automatic methods
were used including: a simpie min-max technique where no attempt is made to remove
the diurnal variations; approximation of the diurnal variation by a straight line; and
estimation of the diurnal variation from a selection of quiet days during the month by
tuking either their mean or the first 4 harmonics of the mean, The extent of agrecment
between hand-scaled analogue magnetograms and hand-scaled digital magnetograms
was found to be 80%-90%. This would serve to demonstrate that care must be 1aken
when dealing at all with discrete digital data, as pointed out by LOOMER et al. (1984).
However these authors concluded that, at least for Ottawa, digital duta recorded at 30
seconds or shorter intervals are adequate for the derivation of K-indices by hand.

Of the methods of producing K-indices by computer investigated by RIDDICK
and STUART (1984), the method of harmonically synthesizing the diurnal variations
from quiet days was only marginally better than the direct min-max method, when
compared to hand scaling the same record. All their methods yielded an agreement
around 75% compared to hand scaling,

_
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3. Discussion of Methods

The methods of estimating the SR which have been proposed to date (with the
exception of approximating it with a least-squares straight line) fall into twa
Cilegores:

1) Use of a selection of neighbouring quiel days (o give a mean SK;

2) Filtering out the high frequency variations (4-6 hour periods);

Or & combination of both methods.

Although the various methods proposed for machine scaling are all only
moderately successful, achieving about the same degree of agreement with hand-
scaling of the same Mughciopram traces of 707, R0%,. the imethuly utilizinng
ncighbouring quict days seem, in principle, the leys satisfactory; bringing with tens
vestiges of the “iron curve” method. Nor can these methods take into account the full
range of variability that the form of the SR may take. Furthermore, the element of
subjectivity which ideally should be eliminated by machine scaling, is introduced via
the selection of quiet days for use in the analysis.

On the other hand, the technique of filtering the data on the particular day to be
scaled and retaining the first 4-6 harmonics 1n sgtimate the &R, while not ‘gaiuing
experience’ from nearby quict days, is not misled by them either. Neither is there any
tlement of suhjectivity in the method. With the filtering o harmonic analysls method,
it does not matter what form the SR variations may take, nor whether they are
anomalous, nor whether nearby guiet days have a similar form (or even if there are
any ncarby quict days!). The method does implicity assume that the frequency specira
of the §R and K-variations do not overlap. Methods which do not rely on a limited
selection of nearby quiet days with which to estimate the SR, scem {0 have more
putentlal 10 eiimlnate subjectivity in machine scaling.

The importance of the precision 1o which the SR must be identified is inversely
proportional 1o magnetic activity (MAYAUD, 1980). If a machine method is to work
well, on a very quiet day it must be able to identif y virtually all the variations as SR.
To this end any proposed algorithm for the machine production of K-indices must
obey the (hand-scaling) rules at least as well as an experienced observer scaling by
hand, and thercfore cstimate the SR from only the data of the day being scaled.

4. Application of an Harmonic Analysis Method

In view of the considered superior features of data adaptive computer scaling
techniques described in the previous section, an harmonic analysis method has been
applied to both magnetically quiet and disturbed conditions at the new digital
magnetic observatory at Charters Towers, Australia(CTA): geographic co-ordinates
20° 05°.3 S, 146° 15°.2 E. The procedure to produce 'K-indices’ for a day was 10;

1) Make the data up to 2048 values by adding 304 values 1o the beginning and
end of the day's data (1440 minutes) from the previous and nexi days' data
respectively,
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2) Fill any gaps in the data by interpolation using a cubic polynomial.

3) Detread the data by removal of the least-squares straight linc of best fit and
aper the data by the application of 4 splitcosine bell affecting 159 of the dala at each
nd.

4) Applyaradix-2 FFT algorithm to the dala, set to zero those harmonics with
eriods greater than the desired cut-off (of the order of 300 minutes), and then
erform an inverse FFT,

5) Theresulting high passed data are divided into 3-hour U.T. intervals and the
nge of the variations within cach interval compared with the appropriate quasi-
garithmic scale and an jndex allotted.

6) The‘X-index"is the larger of the individual # and D indices,

Figure i shows the Power spectra of the K and Dcomponentsona magnetically

inules in either spectrum. This period may thus serve as convenient cut-off, above
d inclnding which may be dcfhiucd as the SR vanation spectrum. Figure 2 shows the
ignetogram of the same day decomposed inte *SR” and ‘'K variations using the
ove criterion. Of course the estimated SR very aloscly apprvaches the lotal
nations although the fit is not as close in some places as perhaps an ‘expericnced
scrver® would choose.

The spectra of a disturbed day are shown in F ig. 3. Inspection of the
gnelogram filtered at 293 minutes (Fig. 4) clearly indicates that the SR estimated
longer resembles the SR on a quiel day nor that which would be estimated by an
perienced’ observer. Removal of the long period harmonics clearly distorts the
‘afiations and so leads 10 incorrect ‘K-indices',

The method has also been appliced to a wide selection of days using values of the
-off period ranging from 180 minutes to 400 minutes, The results were similar to
s¢ cited above,

Clearly itis not satisfactory to simply apply asharpfilterio a magnetogram trace

to expect all the SR 10 be contained in harmonics with periods longer than some
-off value and all the K-variations to be contained in the shorter period harmonics
ch remain. The foregoing examples are sufficient to demonstrate that the SR and
ariations may have nverlapping speotra. It is (Licrefore Obvious that the method
ribed is too simplistic to be applied 10 any magnetogram and expect 1o derive
ndices® which always agree with truc, hand-scaled K-indices.

Being at a low latitude, the lower limit for a K-index of 9 a1 Charters Towers is

Indeed, at 300 nT no station has one lower. [t follows that at this station any
epancy between a machine identification of the SR and that determined
ually will result in the greatest possible discrepancy between respective K-indices.
e U.K. stations which RIDDICK and STUART (1984) used to test their algorithms,
9 low limits range between 500-1000nT, giving a tolerance of around 2-3times

at Charters Towers. Inspection of the mean quiet day horizontal intensity
‘logram traces presented for the U.K. stations show that no 3-hour K-index °
12 interval has a range of more than about 40 nT which is similar (or the quiet
viour at Charters Towers. It follows that the ratio of the rangeofthe SRinany )
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CHARTERS TOWERS 09 March 1985
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Fig. |. Power spectra for 4 and D on a magnetically quict day, 09 March (985 a1 Chariers Towers.

hour interval to the K9 low limit is relatively small for the c.._n. mE:oE..:_ﬂ.___”.. E_”.M“_ohm
H ions the simple maximum-mini :
surprising that at the U.K. stauons : ‘
H_%x.pzm _m, wnnw:_: of the SRyielded results only marginally worse than the harmonic
method.

5. Discussion

imitation i ing of K-indices is the impossibility of

The limitation in even the manual mnn:um ° s : s

Eo::_._nnm:o: of the SR at ail Limes, nwnoﬁw:wn_.:.:mm Emwan:nm:.z n_m_.m_._&nm_oﬂﬁ”_nﬂ
Although the larger K-indices are more tolerant of improper SR identification,
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CHARTERS TOWERS 0% March 1985
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Fig. 2. Magneciogram for H and D on 09 March 1985 shown both raw and filicred at 293 minutes.

the rule “interpretation ... should always be the simpiest and least speculative™
{MAvauD, 1976} is applied, i.e. no interpretation at all in which case the SR is
implicitly assumed to be Z¢ro, the resulting K-indices wilj frequently be erroneous.
This limitation was noted by Mayaud, who recognised that the SR must be present
every day even though it could not always be identified.

That the SRis present cvery day regardless of magnetic disturbance has recently
been highlighted by HiBBERD (198]). By choosing pairs of stations having similar
longitudes but on opposite sides of the latitude of the path of the Sq locus, Hibberd
was able to identify a composite Sq variation, which was found to be more regular and
uniform than the H variations at either station. The analyses of Hibberd gives some
Justification once again to the “iron curve™ method of gaining K-indices. Without
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Fig. 3. Pawer spectca for Hand Don s magnetically active day,

condoning the technique for all days,

the SR cannot be estimated in any other way!
In view of the problems encountered with the manual identification of the SR itis
not surprising that hitherto it has not been achieved by machine methods.

Consider the harmonic method described
magnetically quiet conditions, Although the for
almost entircly be represented by the long perio
existence of virtually flat regions on the magneto
sharp variations, particularly in declination, during the day-time, nccessitate the
inclusion of shorter period harmonics to faithfully represent the SR. Aimost

in Section 4 when applied to
m of the magnetogram trace can
d harmonics as seen in Fig. |, the
gram traces during the night and the

13 July 1985 it Charters Towers,

itis suggested thal it may be useful on days when
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CHARTERS TOWERS
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Fig. 4. Magnetogram for # and D on 13 July 1985 shown both raw and filtered at 29) minutes,

ariably the result is over-estimation of most of the resulting * K-indices' throughout
day.

This is in contrast to the success achieved by the similar technique appliedto the
{.data by RIDDICK and STUART (1984). As well as being more tolerant to errors in
wlentification of the SR, as shown earlier, the form of the SR at the UK. stations
 shown to be quite smoothly varying and so more faithfuily represented by long
iod harmonics alone, in contrast 10 the SR form at Charters Towers.

Under magnetically disturbed conditions it is clear from Fig. 4. That k-
ations can have long period components which overlap with the dominant
monics in the spectrum of the SR under quiet conditions,

870 P. A. HorGoon

6. Conclusion

For a computer derivation of K-indices 1o work, without re-definition of the
K-index, we musi return more closely to the rules (MAvaup, 1967) applied when
manual scaling is performed by the ‘experienced observer’. The question 1o be
addressed is: how can a computer be given “experience™ so as 1o identif ¥ the SR like
the human eye? Although the filtering method gocs some way lowards this by
recognising cerlain periods, there is not enough experience buill in. No attention is
given to amplitude or phase of the periods selected as the SR and so it is possible Lo
come up with estimations of the SR which would never be obtained by hand scaling.

It is seen that the simple hai wunic unalysis method is inadequate to identify the
SR sufficiently well during buth magnetically quict and disturbed conditions at
Charters Towers. This is in contrast 1o the results of uther workers at higher latitudes,
This is sufficient to indicate the method isin general not suitable to use in the machine
production of K-indices.

On the basis that even the traditional rules for the manuat scaling of Kuindices do
uul always sdequately idennly the SR, the production of a sophisticated algorithm 10
imitate these rules may not be well justified. We may well be beuter served by a
qQuasi-K-index or an index which does not require the identification of the SR. It
would seem the present time is appropriate for the introduction of such a machine
produced index. This mighi be based on the range or variance, possibly of only certain
spectral components or hatmonics, within the same 3-hour intervals as the K-indices.
Any new index should be simple to produce and iteally have aclear physical meaning,
Harmonic analysis techniques achieve these goals as well as eliminating subjectivity,

This paper is published with the permission of the Director, Burcau of Mineral Resources,
Gealogy & Geophysics, Canberra,
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Some features of irregular geomagnetic activity
at low latitudes. - Part I: Mean diurnal trends

G. K. RANGARAJAN ("

Introducrion,

The K-index is designed to measure the irregular
variations observed on a standard magnetogram at a
station and is intended to be a measure of the solar
corpuscular radiation based on the intensity of geo-
magnetic activity. For a station, it represents regional
conditions and will include local features such as the
systematic diurnal variation at its location (LmcoLn,
1967). For Alibag the following are the three-hour
disturbance ranges in the horizontal component H,
corresponding to K indices o to g.

K=otz3456 7 8 9
3 6 12 2440 70 120 200 300v

From an analysis of the irregular variations in
middle and high latitudes extending upto the polar
regions, STAGG (1935) showed that a strong local time
dependence was observed over this range of latitudes
and the time of peak disturbance exhibited shift with
increasing latitude,

NicHorson & WuLr (1955; 1958; 1961 a, b; 1962)
studied the K-indices of six low latitude stations well
distributed in longitude and showed that apart from
a prominent local time variation at each observatory,
8 universal time component was also present. The
nocturnal prevalence of irregulat fluctuations were
explained in terms of atmospheric turbulence in the
ionosphere. They also showed that the LT component
was more pronounced at low values of activity but
the amplitude of the LT and UT components were
comparable at higher values of activity. The local
time component changed apparently with sunspot
cycle which was artributed to charges in the lower
ionosphere with solar cycle. McInTosH {1959) used
the longest available series of K-indices for the Pots-
dam-Seddin-Niemegk Observatory to examine the
characteristics of the diurnal and angual variations
at that station as a function of the sunspot epochs.
A progressive change in the form of the annual va-
riation with rise in level of disturbance was clearly
evident. From K-indices of 11 observatories dis-
tributed in latitude he also showed that the amplitude
of semiannual component did not exhibit any marked
latitude dependence. In actual force units however,
this latitudinal dependence would be implied in

(*)} Indian Institute of Geomagnetism, Colaba, Bombay
400005, India.

view of the contraction in K-scale at lower latitudes,
CJELLESTAD & DALESzIDE (1964) identified summer
day time and winter n-ght time maxima in the diurnz]
variation of geomagnctic activity at several stations
in and on cither side of the auroral zone. Earlier,
MAYAUD (1956) had noticed similar Jocal time fea-
tures at some high lat:tude stations.

Regular scaling an¢ reporting of K-indices from
Alibag Observatory (dipole lat. 9.5°N) began from
1¢46. In this communication we have reported
results of an extensive analysis of the K-indices from
a Jow latitude station, r=presentative of a region which
is well away from both auroral and equatorial elec-
trojet effects. The recults of analysis are presented
and discussed. It is shown (RANGARAJAN, 1976) that
the response of K-indices ar- Honolulu, San Juan and
Alibag 1o the passage of boundary of interplanetary
sector structure are quite alike, Results reported here
can, hence be taken to be representative of the geo-
magnetic activity changes at low latitudes.

The years 1946 to 1974 were classified into three
groups representative of .

1) Minimum solar activity with mean Annual
Rz = 22; 1953-1955, 1963-1966,

2) Declining solar activity with mean Annual
Rz = 60; 1950-1952, 1960-1962, 1971-1974 and

3) Maximum solar activity with mean Annual
Rz = 130; 1946-1949, 1956-1959, 1967-1970.

Since the increase of sunspot from minimum to
maximum is quicker than the rate of decline from
maximum and since th: years in ascending phase of
solar cycle were found to be usually less disturbed
than the years of solar maximum or minimum (BAg-
TELS, 1963), the few y=zars falling in the ascending
part have been assimilcted suitably in either of the
twe categories 1 or 3 zbove. It is fortuitous that the
number of years in category 3 are more than that in
oth:r two due 1o which disturbance effects caused by
sporadic solar flares during high activity are apprecia-
bly averaged out and persistent features are made
more prominent,

Mean diurnal trends.

K-indices for each 3 hour UT interval for each
month have been averaged for the corresponding
growps of years, according to the following scheme:

-K—m! = E [: Kmi,.,_;}.
F I ]

2
D



The left side signifies the mean K-index for the
UT interval §, for the month m.

The summation for n extends over the number
of days of the month rm, and that for 5 extends over the
number of years according to the classification listed
tarlier. D is the total number of days so added.

In Fig. 1 are depicted the mean diurnal variation
of magnetic activity for each month for the three
categorics of solar activity. The diurnal pattern is
similar for the six months January to March and Oc-
tober to December with maximum corresponding
to the 6th interval (15-17 UT). In contrast, for sum-
mer months a less well-defined maximum appears in
the Iocal day-light hours (2nd or 3rd UT interval),
Due to the tran:dory nature of the diurnal variation
between cquinoxes and summer, the patterns for
April, May and September are not well-defined and
the ranges of variation are also comparatively small.
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Fig. 1 ~ Mean diurnal wvariatien of irregular geomagneric
activity for each month during High, Declining and Minimum
phases of solar cycle.

While the epoch of maximum shows significant
change with season, the minimum occurs correspond-
ing to the first or the eighth UT interval always. This
is in conformity with the earlier finding of NARAYA-
NASWAMY (1941) and with the local time variation
at several stations shown by NicHorsoN & WCLF.

The amplitudes and phases of the diurnal and se-

midiurnal components of the variation for each month,
obtained through harmonic analysis, are given in Ta-
ble I. It can be seen that the phase of the solar ac-
tivity does not appreciably influence the time of maxi-
mum of either the diurnal component or the semi-
diurnal component, Anpother interesting feature is
that while th® epoch of maximum of the diurnal
component differs by about 6 hours between summer
and winter, the semidiurnal component has its maxima
at nearly the same time for all the 12 months, Ho-
wever, in comparison to the diurnal term, the am-
plitudes are less in most cascs.

J- and N-Effects in diurnal trends.

GJELLESTAD & DALESEIDE (1964) defined two pa-
rameters, called F-effect (¥ for « Jour ») and N-effect
(N for « Nuit »), to demarcate the two main types of
irregular magretic activity, one having its maximum
near local nocn in summer and the second having
maximum at local night in equinoxes and winter,
According to them, the semi logarithmic scale of the
K-indices are convenient for the study of these effects.
The mezn anrual variations of the ¥- and N-effects
can be computed using the definition given by them:

2y =2Kn—(Kn—2+ Kn + 2)
2Ne=2Kpn—(Km—2 4 Knm + 2)

where K., Km indicate the K-index for the mk and
mth 3-hour interval of the UT day. The two intervals
scparated by 6 hours on ether side can be considered
as the most nextral intervals and the effect is measured
with respect t¢ their mean as the base. For Alibag
(75° E} m shou.d correspond to interval 3 or 4 (near
local noon) and m should correspond to interval 6
or 7. With these values, ¥ and N were computed and
averaged separately for the three classes of solar ac-
tivity. The results correspondington = g and m = 6,
depicted in Fig. 2 show the smoothest annual varia-
tion in comparison to the other combinations of n
acd m (not shown here). The annual variation in the
parameter ¥ has 2 maximum in summer and that of
N has a prominent minimum, as is to be expected.

GJELLESTAD & DALESEIDE (1964) were able to
trace these effects from Bear Island (dipole lat, 71°)
through Troms (67.1°) and Dombas (62.3°) to Lovo
(53°). NicHoLsoN & WULF showed that the ¥ effect
was present between 18 and 36°N. The ¥ and N
effects observed for Alibag conclusively show that
these local time features of diurnal variation are global
in nature.

Following are some of the main features that can
bt observed in Fig. 2:

1) The amplitude of the annual variation in N is
coasiderably larger than that observed in ¥;

2) During mnimum and declining periods, a su-
perposed semiannual variation can be clearly seen
for the F-effect, which is absent during periods of
high activity;



TABLE I: Results of harmonic analysis of meam diurnal trends for sach month during three phases of solar activiry,
(Ampl rudes in 10! wnits of K).
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Fig. 2 — Mean annual variation of J-effect (bortom) end N-

effect (top) ar Alibag during High, Declining and Manimum
phases of solar cycle.

3) While the amplitudes of annual variation in N
1s not related to the phase of the solar cycle th: am-
plitude of ¥ shows an inverse correspondence with
solar activity.

Minimum | Accounted Decline | Accounted High Accounted
Month Amp, Phase variance Amp, Phase variance Amp. Phase variznce
hrs. per cent hrs. per cent hrs. per cent
Diarnal Comporen:
Jan 2058 16.0 [1: 299 14.9 64 268 15.5% 73
Feb 310 15.5 78 321 15. 82 228 15.1 78
Mar 229 14.6 45 323 14.% 82 201 14.5 63
Apr 134 13.6 40 188 13.9 69 140 13.8 60
May 96 B.5 44 150 12.1 63 106 10.3 75
Jun 137 10.5% 54 161 9.6 57 141 9.7 52
Jul 1Bo 9.5 8s 136 10.5 [1] 132 8.5 5%
Aug 95 12.1 37 117 11.4 29 128 10.6 40
Sep 159 14.8 56 122 14.7 46 161 13.7 65
Oct 229 14.4 72 321 15.4 79 230 14.9 81
Nov 227 15.0 76 300 15.2 = 316 14.6 84
Dec 236 15.5% 76 287 15.3 b 260 14.3 79 !
Semiciurnal Componen:
Jan 168 6.0 39 202 6.1 2¢ 153 6.2 24
Feb 161 6.7 21 123 6.5 12 116 5.8 20
Mar 246 7.3 %2 133 6.7 14 | 127 7.2 25
Apr 136 6.3 45 105 6.2 21 8¢ 6.4 24
May 69 6.2 24 104 7.8 3r - 40 6.9 II
Jun 85 7.0 21 I 6.0 27 116 7.3 35
Jul 57 6.7 9 70 5.7 13 103 6.6 34
Aug 79 6.3 25 172 5.9 62 121 6.2 36
Sep 124 5.6 35 114 6.2 40 113 4.5 32
Oct 138 5.5 26 152 5.9 17 106 5.9 17
Nov 93 5.5 13 12§ 6.3 14 129 5.7 14
Des 128 6.2 22 133 6.1 15 112 6.2 15
FeeT preeraas [Feare s This last featu-e is brought out clearly in Fig. 3

where the amplitude of annual variation of Jand N
defined as:

Ay = &0 +.?| + +.’u)"'(j] + 5% + T +.71:)
Ax = (N + N, + N, + Ny — N, + Ny + N, + Np)

are plotted as 2 function of mean annual Rz for the
correspording group. All the three points A; lie
very clos: to a straight line of best fit with 1nsignifi-
cant departures whereas the three points Ax do not
show any sensible relation with Rz. This strongly sug-
gests that the physical causes of the ¥ and N effects ob-
served at low latimdes are not the same. The night-
time magnetic activity was associated with the tur-
bulence :n ionospheric F layer by Nichorson &
WuLF, The day-time maximum in summer may have
its origin in the Universal . Time component depen-
dent on ¢, (section on UT component of this chapter
may pleate be seen) having maximum amplitude in
June solstce and minimum in December solstice, A
solar cycle variation in the local time component was
indicated by NIcHOLSON & WULF in data confined to
either quizt days or disturbed days. They also found
that the zmplitude of local time variation with day
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Fig. 3 = Relation of the amplitudes of J- and N-effects with
relative sunspor number, R,. The equation of straigh: line of
best fir given in the figure pertains o (R:, A2

time maximum increased with sumspot number whe-
1eas the night time maximum observed during di-
sturbed periods decreased with increasing suaspots.

Universal Time Component in Geomagnetic Activity,

Lewis & McINTosH (1953) first proposed a method
of deriving the universal time component of diurnal
variation in magnetic-activity taking into considera-
tion three parameters which are the angles between
dipole axis and

() the planc of the ecliptic ($,)

(71) the solar equatorial plane (y)

(17} the sun-earth line (3,).

Since the direction of the earth’s rotationzl axis
and of the ecliptic and solar equatorial planes are fixed
in space, ¢, and ¢, vary diurnally between limits
which are constant throughout the year. Any UT
variation depending on ¢, and ¢, can be obtained
significantly by considering the difference of the daily
variations for periods 6 months apart. ¢, and ¢, attain
their diurnal maximum at 1030 UT in March, at
2230 UT in September, o340 UT in June and 1630
UT in December respectively. In contrast, ¢, un-
dergoes seasonal change which could cause sign:ficant
changes in geomagnetic activity leading to tke se-
miannual variation in view of the fact that geoma-
goetic activity would be larger when the sun-earth
line is nearer normal to the dipole axis. ¢, is near
90° at 0430 UT in June and at 1630 UT in December.
At equinozes it attains go® both at 1030 and at 2230
UT. McINTosH (1959) has given in detail the m=thod
of evaluating the UT component in geomagnetic
activity depending on either of the three angles.
MaYAUD (1970) has shown that the g, index, devised
by him to characterise the daily magnetic activity,
cicarly exhibits the UT component depending on ¢,
with maximum at the predicted time,

ARORA (1974) analysed the long series of horizontal
intensity observations at two low latitude stations

6

and discussed the UT variations observable in the
disturbance field. He found that contrary to expec-
tation the ¢y dependent component was larger in
magnitude im September than in March. As the
analysis of MCINTOSH (1959) was based on only
short span of data and as discussed in previous sec-
tion we have computed the mean diurnal variation for
each month for three levels of solar activity, we derive
the universal time component at solstices and equi-
ooxes, compare with earlier results and discuss their
behaviour with change in phase of solar cycle,

Here we follow the scheme of analysis of Mc-
INTOSH to identify the UT components. It must be
ooted, howszver, that no direct method is available to
reveal a UT component, at a station, uncontaminated
9y LT effects. Only analysis of indices of magnetic
activity of several stations well distributed in longitude
rsuch that Xsinx =0) can reveal clearly such a
component. According to MCINTOSH (1959), ¢,- or
$s-dependent component would have a variation, in
« March minus September », with maximum either at
2030 or at 2220 UT. In the « June minus December »
curves, ¢,-, 5~ and ¢,-dependent components are all
additive bu: the main contribution would apparently
be from ¢, as the magnetic disturbance dependence
on the angles ¢, or ¢, would be small, The «June-
December » curve represents entirely residual LT
effects. The « March 4 September» curve is an
admixture of residual LT effect and a ¢s-component,
in UT variations at equinoxes. Their difference
should then correspond to a measure of the $,-com-
Fonent of disturbanze at equinoxes.

The diurnal variation in Beomagnetic activity, for
cach of the five cases, are depicted in figure for three
levels of solar activity, in Fig. 40, b, ¢, d and e,

Lt 11
o
I"" tn
:_',.f',,
IEEEEYEN It 1 41131
¢t & 7 W ©o 0 & B W ¢

Fiz. 4 ~ Universal Time component of geomagnetic activity

ar Alibag: a) « Yune-December » curve; b) « March-Sep-

terber v curve; b « June + December » curve; o) « March

+ Seprember » turve; €) « March + Sepiember » minys
wMune + December v curve.



(i) Yune-December curves.

For all the three categories representing minimum,
declining and maximum phases of solar activity, the
variational partern, as seen in Fig. 4a, is same with
maximum between 3 and 6 UT and minimum bet-
ween 15 and 18 UT. These times of extrema are in
close agreement with the prediction based on ¢y
variations and clearly indicate that the $;-dependent
UT component, although contamined by ¢, and ¢,
effects, is neither vitiated by sporadic flare activity
during solar maximum years nor it is missing during
quict sun years. The amplitude of the diurnal com-
ponent of this variation is found to be largest during
the declining phase of the solar cycle.

March-September curves.

McINTosH (1959) found that no significant UT
variation was detected in the K daily variation com-
puted as equinoctial differences for 12 observatcries
and concluded that there was no discernible depend-
ence of magnetic activity on ¢, or ¢,. In contrast,
ARorA (1974) found a distinct ¢,- or ¢.-dependent
component in low latitude disturbance field whase
diurnal component had maximum near the predicted
time of geomagnetic sunrise. He also indicated a
significant ¢g-dependent component with unequal
amplitudes in the two equinoxes.

Fig. 4b shows that when the data were divided
into three classes, according to solar activity, the
diurnal variation patterns are not comparable amoag
themselves both in amplitude and phase. This is
in striking contrast to the June-December variations
and leads to the conclusion that no systematic JT
variation dependent on ¢, or ¢, could be obtained
in the low latitude disturbance field. However, maxi-
mum near the predicted time corresponding to geo-
magnetic sunset (22 30 UT) could be seen during
low and declining phases of solar activity.

JYune 4 December curves.

For all the phases of solar cycle the residual _T
effects, depicted in the curves of Fig. 4¢, are quite
alike and are similar to that shown by McInTosy
(1959) (his Fig. 15a). The large amplitudes streng-
then the earlier remark that LT effects cannot be
efiectively eliminated at a single station. It may also
be seen that the change in solar activity has no ep-
preciable influence on the amplitude of the residual
LT variations at Alibag.

March + September curves.

The nature of the diurnal variation depicted in

Fig. 4d is again similar for all the three catcgories
and is comparable to that obtainsd by MclInTosH.
A suggestion of 2 solar activity dependence in ampli-
tude with maximum in declining phase can be no-
ticed. Similarly a slight displacement of the time of
maximum from low to high solar activity is also
noticed.

(March +- September) - (June + December) curve.

In contrast to the expected semidiurnal variation
which should be in phase with the daily variation of
$3 (McINTOSH 1959, Fig. 15d), diurnal variation with
different characteristics of phase are observed for the
three categories. Only during periods of low solar
activity there secems 2o be a semidiurnal variation,
nearly in phase with ¢, variation. A maximum of
geomagnetic activity, near the predicted time of
geomagnetic sunset is discernible,
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Summary — The local time variation of the frrepular
geomagnetic disturbances ar low latitudes exhibits marked
phase difference berween summer and winter. Day-time
maximum is significant in summer months while in equi-
nox and winter months, the maximum occurs at local
night hours. The semidiurnal component, on the other
hand, exhibits no phase difference. Incressed solar ac-
tivity does not modify the nature of the diurnal variation
of K-indices. ¥- and N-effects identified carlier ar some
high latitude stations are shown to exist at Alibag, con-
firming the effect to be global. From the dependence of
J-effect on phase of the sokar activity and the independence
of N-effect, it can be firmly concluded that the physical
causes for the two phenomena are different, A U.T.
component of disturbance diurnal varistion due to the
change in the angle ¢, is ciearly discernible ar solstices
but not evident in equinoxes, ‘$,- or d,-dependent com-
ponent of disturbance in UT diurnal variation is not
detectable,




Some features of irregular geomagnetic actioity
at low latitudes. - Part II: Mean seasonal trends
and power spectra

G. K. RANGARAJAN (%)

In Part I of this paper, the characteristics of mean
diurnal variation of the K-index at Alibag, represen-
tative of low latitude magnetic stations, was discussed.
In this note, we derive the mean seasonal trends in
irregular geomagnetic variations for individual 3-hour
UT intervals. The pericdic oscillations of the low
latitude K-indices are considered from a new approach
of spectral analysis of the equivalent daily amplitude
Ak, for conditions representative of low, declining and
high solur activity,

Mean Seasonal Trends.

For each of the eight 3-hour intervals of the UT
day, K-indices were averaged, for every month co-
vering the three categories of solar activity as shown
below:

< I

Kny = _[-)_ K"md

(Y]

where .

n: denotes one of the & intervals,

m: one of the 12 months and

D: the total number of days for all the years of a
class of solar activity.

In Fig. 1, the values of K", have been graphed for
cach of the eight intervals for the three phases. It
can be noticed that while all the intervals depict
similarity of annual variation, there exist sybstantial
differences in the amplitude of variation both with
change in local time during a particular phase of the
solar cycle and with change in phase of solar cycle
for a given local time. To bring out the charactesistics
of the annual variation, each of these curves has been
harmonically analyzed. The amplitudes, the times of
maximum computed from the phases and the per-
centage variance accounted for by the annual ard se-
miannual components are given in Table I. The am-
plitude of the semiannual component is larger than

- that of the annual component, a feature only to be

expected in seasonal variation of disturbance. However,
what is more striking is the fact that the amplitudes of
both components show local time variation with maxi-
mum near Jocal nights and minimum in day rime,
This feature is observable during all phases of the
solar activity. The amplitudes, however, change with

{*) Indian Instituze of Geomagnetism, Colaba, Bembay
400005, India,
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Fig. 1 ~ Mean seasonal trends in average magnitude of K-
index for eack 3 hour UT interval during High, Declining
" and Minimum phases of solar cycle.

increasing solar activity, with a corresponding increase
for the annual component and a decrease for the se-
miannual component. The epochs of maximum for
the annual component, indicate that the variation for
the intervals covering 17 to o1 LT are nearly in phase
opposition to the other intervals. In contrast, the
phase is independent of local time for the semiannual
component and interestingly the epoch of maximum
tends to shift to latter part of the equinactial months
with increased solar activity,

Local time variation of the amplitude of the annual
and semianaual components in horizontal intensity
of low latitudes during quiet and disturbed periods
has been examined in great detail by BHARGAVA
(1972 a, b) who showed that the semiannual compo-
nent of the field assumed large magnitude twice a day,
first between 7 and 10 hrs LT and again during
evening-nigkt sector. During quiet periods, the night-
time comporent vanished. BHARGAVA er al. (1973)
concluded that in low latitudes the day-time compo-



TABLE I: Results of harmonic analsis of mean seasonal trends Jor eack UT ing
s {Amplitudes in 10-? unjrs of K)

erval for three phases of solar actvity,

g § Accounted | g £ Accounted | o Y Accounted
) [ ¥} . -, 9 - .
UT int. | E E2 variance ~E: $ 8 varianee | E & variance
< =£F per cent IS per cent | < oA per cent
Annual Componen:
I 136 | Aug 10 39 133 ¢ Aug 3 41 51} Jul 25 8
2 156 | Jul 11 52 113 | Aug 31 18 86 ] Jul 23 33
3 %0 | Jun  $1 14 76 | Aug 2 27 47 Jun 28 10
4 86 | Ju 17 20 16 Sep 27 1 29 | Nov 19 3
5 66 | Oct 22 I3 123 | Jan 3 40 163 | Dec 16 38
6 201 Dec 12 41 248 | Dec 17 62 248 | Dec 12 64
7 119 | Jan 4 C 17 182 Dec 15 45 186 | Dec 31 48
B 12 | Mar 31 1 73 | Dec 23 23 36 | Feb 14 L1
Semiannual Componen:
1 130 | Mar 21 36 133 ] Mar 26 '3 | 145 | Apr 6 61
2 94 | Mar 15 20 70 Mar s 15 83 | Apr 5 31
3 182 | Mar 8 60 94 | Mar 29 41 9c | Apr 11 38
4 149 Mar 17 6o 132 Mar 28 3o 17 Apr 17 51
L1 156 | Mar 10 74 137 Mar 31 50 182 | Apr 10 47
6 216 Mar 14 47 172 Mar 23 0 157 | Apr 8 26
7 235 | Mar 13 67 195 | Mar 24 52 151 | Apr 5 32
8 146 | Mar 3 74 109 | Mar 27 50 125 | Apr 10 6c
nent is largely associated with modulation of Sg year was ther spectrally apalyzed using Maximum

currents and the amplitudes show significant equa-
torial enhancement. The secondary component ob-
served in the night hours is associated with the mo-
dulation of ring current by disturbaace, Considering
only the disturbance component of horizontal in-
tensity at each local hour, Arora & RANGARAJAN
(1974) showed that the local time variation of ampli-
tudes of semiannual variation exhibited only a late-
evening maximum and they explained the features
observed by BHARGAVA as due to the Phase opposition
of the asymmetric (SD) and symmztric (DR) parts
of the disturbance in the morning hours and phase
coherence in the evening hours. Ia regard to the
annual component of horizontal intensity variations,
BHARGAVA (1972¢) established that the day-time
component with peak amplitude near 13 hours LT was
purely of ionospheric origin and that the component
observed during late evening hours was likely to be
of magnetospheric origin,

Since, in derivation of the K-indices, the Sg va-
riations are nearly eliminated, the semiannual va-
riation in K-indices as a function of Jocal time should
exhibit only the features associated with disturbance
as is observed here. The results, shcwn in Table I,
arc in close conformity with the resclts and sugges-
tions above,

Power Spectra of K-indices.

To ascertain the nature of periodiz oscillations of
K-indices and the changes with solar activity we
have computed power spectra for the three classes as
outlined below:

Each 3-hour K-index was converted into its equi-
valent amplitude using the standard table for con-
version of Kp to Ap. The mean daily A: for each

Entropy Method. This is a radically different mathod
and is a relatively novel technique of spectral esti-
mation. Basically, this approach generates a filter
based only on the information contained within the
available data sample which serves to « whiten » the
input data, so that the spectrum of the input data is
proportional to the rec.procal of the power response
of the filter. In recent Years, application of MEM to
geophysics has  been eminently successful, While
there is no defined criterion for the number of pre-
diction error cozficients (PECs), an upper limit of
half the data lenght has been recommended by Ut-
RYCH & BISHaP (1975). The Akaike criterion for
choosing the number of PECs, recommended by
them, fails to be helpful when data contain strong
periodic oscillations. Few trials with different PECs
revealed that about 309, of the data string provided
adequate resolution without introducing many spu-
rious peaks, Hence, for each sample covering one year,
100 PECs were computed and spectral estimates were
obtained adopting a bandwidth of (1/1080) cpd (cycles
per day). Amplitudes were computed by multiplying
the power with the bandwidth and taking the square
root (Lacoss, 1971), Amplitude spectra for the dif-
ferent years representing a particular class were then
suitably stacked to obtain the mean spectra repre-
sentative of three phases, low, declining and maxi-
mum, of solar activity. The spectra are depicted in
Fig. 2. Significant periodicities are indicated in the
figure. Significant results emerging from a close
examination of the spectra can be summarised as
below:

1) A peak corresponding to the semiannual va-
riation is seen for all the three categories {due to less
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resolution in the low frequency part the period ap-
pears shifted from the expected 183 days). it is most
weli-defined during minimum phase.

2) Peaks corresponding to the solar syrodic rota-
tion period appears as a doublet during high solar
activity conditions, is well resolved during dedlining
phase and is sharp and spike-like during minimum
activity.

3) The period of oscillation changes from about
31.8 days to 27.0 days from high to low solar activity.
This conforms to the known migration of the active
centres of the Sun from higher to lower h=liographic
latitudes with decreasing solar activity.

4) A significant oscillation with period orrespond-
ing to 13.7 days is detected in all the three spectra.
Even 2s the period near 27 days varies with ckanging
solar activity, the consistency of the peak at 13.7
days leads to the conclusion of equidistant spacing
of active centres on the Sun,

5} While the spectra for declining and miaimum
phases have significant peaks corresponding only to
semiannual oscillation, 27, 13.7 and 9.0 davs, the
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Fig. 2 ~ Stacked amplitude specira of equivalent amplitude
Ax of irregular magneric activity at Alibag, during High,
Declining and Minimum phases of 1he solar cycie.

stacked specrum during high solar activity appears
very ragged ind depicts many peaks. These features
were shown to exist in spectra of individual years’
data earlier Dy Yacos & RANGARAJAN (1969), who
used Blackmzn-Tukey approach,

6) Among the spectral peaks with periods less
than 9 days, the ons near 7 days appears consistently
:n all the three. This is probably associated with the
geophysical effect of the basic four sector structure
of the interplanetary field, as suggested by ABDEL-
WaHAB & GowEeD (1974). If this period is considered
as the third harmonic of the basic synodic rotation
signal, the change from 7 days during low solar ac-
tivity to about 6.5 days during high activity would
mdicate that the heliographic latitude of the solar
source of IMF observed near Earth changes with
solar activity. This #s in agreement with WiLcox &
COLBURN [1959) who, from autocorrelation analysis
of IMF direction for three years, suggested that the
solar source may have been at a higher heliographic
Iatitude near the start of a solar cycle and then de-
clined as the cycle progressed.
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Summary — Study of seasonal variation in K-indices
as @ funcrion of local time indicares
plitudes of acnual ead semiannual components are
largest during local zight hours. Phases of the annual
component between day and night hours are in opposi-
tionn while the phase of the semiannual component is
¢anstant throughout the day. With increasing solar ac-
uvity a phase shift to the larter part of the eguinoctial
months in poticed. Results regarding amplitude variation
of the annual and semiannual components in irregular
g=omagnetic acivity are in good agreement with those
derived from horizonta. intensity observations by other
researchers. Stacked power spectra for three phases of
selar cycle show that the period (in days) of the recurrent
dsturbance decreases from high to low solar activity. The
recurrence is best dedned during the minimum of the
selar cycle. Equidistant spacing in longitude of active
centres is evidenced by consistency of the spectral line at
13.7 days. Periodic oscillation associated with four-sector
pattern of the IMF can be inferred from the correspond-
icg periodicity «f about 7 days.
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that the am-






