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Bratislava, Slovakia

Abstract

This paper reports on an interactive computer method for producing K

indices. The method is based on the traditional hand-scaling methodology

that had been practised at Hurbanovo Geomagnetic Observatory till the end

of 1997. Here, the performance of the method was tested on the data of

the Kakioka Magnetic Observatory. We have found that in some ranges

of the K-index values our method might be a beneficial supplement to the

computer-based methods approved and endorsed by IAGA. This result was

achieved for both very low (K=0) and high (K≥5) levels of the geomagnetic

activity. The method incorporated an interactive procedure of selecting quiet

days by a human operator (observer). This introduces a certain amount of

subjectivity, similarly as the traditional hand-scaling method.
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(Magdaléna Váczyová), geofmire@savba.sk (Miloš Revallo)
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geomagnetic activity

1. Introduction

Space weather nowadays is a very challenging research topic. The interest

of the scientific community in space weather has grown along with increasing

vulnerability of sensitive technological systems, which modern society has

built both on the Earth’s surface and in the Earth’s space environment.

For instance, respect for space weather is vital when dealing with safety of

astronauts and equipment aboard spaceships (e.g. Valdés et al., 2012).

Much of manifestation of space weather can be observed in the Earth’s

geomagnetic field by ground-based magnetic observatories. The manifesta-

tion of geomagnetic activity is called geoeffectivity. It can be quantified. The

most famous concept for the quantification of the geomagnetic activity was

surely introduced by Bartels et al. (1939). They sorted the magnetic dis-

turbances into a ten-degree scale. This scale is a logarithmic one. Thus the

geomagnetic indices are expressed in K units. A generally accepted verbal

designation for grading the geomagnetic activity makes some sense of the

meaning of the K indices: If K is 0, 1 or 2, then the geomagnetic field is

quiet. Values 3, 4 and 5 stand for moderate geomagnetic activity. Finally,

intense to very intense activity is marked with 6–9 (Menvielle et al., 2011).

Since that time, many magnetic observatories at mid-latitudes have pro-

duced the K indices. At the beginning, the K indices were produced according

to relatively loosely formulated rules given by Bartels et al. (1939) and Bar-

tels (1957). Later, in 1967, Mayaud put together more rigorous instructions,

according to which K indices had to be produced (Mayaud, 1967). The new
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rules concerned the estimation of the so-called non-K variations in the geo-

magnetic field, which had to be omitted when the K indices were produced.

They are well-known as the so-called Mayaud rules.

The K indices describe the local geomagnetic activity that is related to the

localities of each individual magnetic observatory. Combining the K indices

from different observatories, some planetary or hemispheric geomagnetic in-

dices can be derived. The most widely used K-derived geomagnetic index

is Kp1, and some other planetary indices are am (hemispheric counterparts:

an, as) and aa, their corresponding indices in K units being respectively Kpm

and Kpa (Menvielle and Berthelier, 1991; Menvielle et al., 1995).

For about a half of a century, the K indices were hand-scaled from ana-

logue magnetograms following the Mayaud rules. However, in the 1980s and

1990s many observatories replaced the old analogue magnetograms by digi-

tal recordings of the geomagnetic field. This change in equipment demanded

the reappraisal of the procedure in that the K indices were produced (e.g.

Hopgood, 1986).

The series of the K indices that were gathered during the first 50 years

were considered very valuable. Therefore, the new situation had to be so

resolved that the K-index series of long duration held their homogenity. The

IAGA Working Group ‘V-DAT: Geomagnetic Data and Indices’ agreed on

testing the algorithms that had been designed for the production of K indices

by computer (Menvielle et al., 1995; Bitterly et al., 1997).

There were two important questions that had to be answered by these

1http://www.gfz-potsdam.de/en/section/earths-magnetic-field/services/kp-index/
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tests: Should the IAGA Working Group V-DAT insist on hand-scaling the

K indices or should some computer code be recommended for usage? If a

computer code can be recommended, which one should be selected?

The testing was carried out by Menvielle et al. (1995). In their extensive

study, hand-scaled K indices were compared with the computer produced K

indices. Four computer algorithms for producing K indices had been available

at that date: Finnish Meteorological Institute (FMI) method (Sucksdorff et

al., 1991), Adaptive Smoothing (AS) method (Nowozynski et al., 1991), US

Geological Survey (USGS) method (Wilson, 1987), and linear-phase robust

non-linear smoothing (LRNS) method (Hattingh et al., 1989). Menvielle et

al. showed that only two of the methods (FMI and AS) provided K indices

that fitted well with hand-scaled K indices. Subsequently, Bitterly et al.

(1997) confirmed the results of Menvielle et al. for the FMI method with

more extensive data sets.

Here we cite the key idea from the conclusions of Menvielle et al. (1995),

which is of great importance: “One cannot expect to obtain computer-derived

K indices that are as good as those hand-scaled by a real specialist. How-

ever, such specialists are becoming more and more scarce [. . .], which means

that some computer methods may follow the Mayaud rules better than the

observers do at many observatories.”

In addition to the above mentioned conclusion, Menvielle and his co-

workers designated the FMI method to be the best computer method for

producing K indices. They stated that this method seemed to be “good

enough for the continuation of the long tradition of producing K indices”

(Menvielle et al., 1995). However, they noted that some biases exist even
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between the two best computer methods. It is consistent with Zain et al.

(2013), who compared the statistical distributions of K indices that were

produced by both the FMI and AS methods. They found that the FMI

algorithm produced slightly higher K indices than did the AS algorithm.

In the years that followed the comparison of Menvielle et al., some new

methods for producing K indices were presented or some old methods were

improved. A few examples were as follows: Acebal (2000) examined an up-

dated version of the USGS code; in his tests the new USGS program fitted

the hand-scaled K indices better than the older code of Wilson. Mandrikova

et al. (2012) proposed a new method based on wavelet packets. Australian

magnetic observatories Canberra and Gnangara have used a computer as-

sisted method since December 2002 (Hopgood et al., 2004). Their method

partly incorporated the LRNS smoothing algorithm of Hattingh et al. (1989).

Despite the development of the new methods, the FMI and AS algorithms

have remained the most widespread methods for producing K indices. In

addition, some observatories continue with hand-scaling, and they apply a

computer-based method to only rapid estimation; such an approach is used at

Kakioka Magnetic Observatory (Nagamachi, 2015, Shingo Nagamachi, per-

sonal communication, April 22, 2015).

Using only few selected algorithms may have, however, an unlooked-for

disadvantage. Menvielle et al. (1995) emphasised that while bias could be sta-

tistically averaged out in hand-scaled indices (Mayaud and Menvielle, 1980),

this was no more possible when the indices were produced by a few codes.

All in all, it therefore seems that using a variety of algorithms that emulate

the older hand-scaling method might be beneficial. It is commonly widely
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known and formally accepted that the “genetically different codes and al-

gorithms” to derive K indices allow a better definition of planetary indices.

The dubious K indices of one particular magnetic observatory are counter-

balanced by the other K indices of nearby magnetic observatories during the

procedure of K-derived planetary or hemispheric geomagnetic indices.

It must be explained that the main challenge in computing K indices has

still remained to be the estimation of the non-K variations. This challenge,

which Bartels et al. (1939), Bartels (1957) and Mayaud (1967) sought to

solve for hand-scaling purposes, has not been automatically solved by the

arrival of computers. Bartels et al. (1939) defined it as “a smooth curve to

be expected for that element on the magnetically quiet day, according to

the season, the sunspot cycle and, in some cases, the phase of the Moon.”

With respect to the method of estimation of the non-K variations, Hopgood

(1986) distinguished between two categories of algorithms: (1) those that

construct the non-K variation as a mean curve from quiet magnetograms

of selected nearby days, and (2) those that construct the non-K variation

from the magnetogram of the current day; in this case the high-frequency

variations with periods beneath 4–6 hours are eliminated from the curve.

The above mentioned two categories may also be combined.

An example of the category (1) algorithm is the method described by

Rangarajan and Murty (1980). They constructed the non-K variation in a

two-step procedure: First they computed a mean diurnal variation from a

selection of quiet days in the current month. Then they combined the first six

harmonics, which they obtained from the harmonic analysis, to create their

non-K variation. Since there was a subjectivity in the process of selecting

6

__
_T

hi
s 

is
 t

he
 a

ut
ho

r'
s 

ve
rs

io
n 

of
 a

 m
an

us
cr

ip
t 

th
at

 w
as

 a
cc

ep
te

d 
fo

r 
pu

bl
ic

at
io

n 
in

 J
ou

rn
al

 o
f 

At
mo

sp
he

ri
c 

an
d 

So
la

r-
Te

rr
es

tr
ia

l 
Ph

ys
ic

s.
 T

he
 d

ef
in

it
iv

e 
ve

rs
io

n 
wa

s 
su

bs
eq

ue
nt

ly
 p

ub
li

sh
ed

 i
n:

__
Fr

id
ri

ch
 V

al
ac

h 
– 

Ma
gd

al
én

a 
Vá

cz
yo

vá
 –

 M
il

oš
 R

ev
al

lo
: 

Pr
od

uc
in

g 
K 

in
di

ce
s 

by
 t

he
 i

nt
er

ac
ti

ve
 m

et
ho

d 
ba

se
d 

on
 t

he
 t

ra
di

ti
on

al
 h

an
d-

sc
al

in
g 

me
th

od
ol

og
y 

– 
pr

el
im

in
ar

y 
re

su
lt

s.
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_J

ou
rn

al
 o

f 
At

mo
sp

he
ri

c 
an

d 
So

la
r-

Te
rr

es
tr

ia
l 

Ph
ys

ic
s

 
 ,

  
Vo

lu
me

: 
13

7,
 P

ag
es

: 
10

–1
6,

 P
ub

li
sh

ed
: 

Ja
nu

ar
y 

01
, 

20
16

. 
do

i:
10

.1
01

6/
j.

ja
st

p.
20

15
.1

1.
00

9_
__

__
__

__
__

__
__

__
__

__
__

_
 

 
© 

20
16

  
 T

hi
s 

ma
nu

sc
ri

pt
 v

er
si

on
 i

s 
ma

de
 a

va
il

ab
le

 u
nd

er
 t

he
 C

C-
BY

-N
C-

ND
 4

.0
 l

ic
en

se
 h

tt
p:

//
cr

ea
ti

ve
co

mm
on

s.
or

g/
li

ce
ns

es
/b

y-
nc

-n
d/

4.
0/

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  



quiet days, this algorithm was not accepted. Moreover, the method was also

classified as a reversion to the “iron-curve” method, which was introduced

by Bartels in 1957 (Menvielle, 1981).

Hopgood favoured the algorithms of category (2), because he believed that

these algorithms were promising as they could suppress the subjectivity that

may occur when selecting quiet days. Both of the widely used present-day

methods, FMI and AS, represent this category.

The purpose of this study is to describe and examine our semi-automatic

method for producing K indices. Our method is based on the hand-scaling

methodology that had been practised at Hurbanovo Geomagnetic Observa-

tory, Slovakia, Central Europe, till the end of 1997. We compared its perfor-

mance with the FMI and AS methods, as well as with hand-scaled K indices.

We intend the method to be usable for Hurbanovo, which is a subauroral

observatory. Nevertheless, we tested the performance of our method on the

data of the Kakioka Magnetic Observatory, Japan, whose geomagnetic lati-

tude is 26.9◦N (Report of The Kakioka Magnetic Observatory, 1998). The

reason for selecting this observatory was that for Kakioka the authentic hand-

scaled K indices are available together with digital records of the geomagnetic

field. These data are available for long periods, which enabled us to examine

different parts of the solar magnetic activity cycle.

2. Methodology

This section consists of two parts: In the first part, we describe the hand-

scaling method that had been used for producing K indices at the Hurbanovo

Geomagnetic Observatory till the end of 1997. The core of this section is its
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second part, where the implementation of the hand-scaling method by com-

puter is described. Here the method was realized as an interactive algorithm.

2.1. Hand-scaling at the Hurbanovo Observatory

In general, hand-scaling K indices involves two consecutive procedures.

First, the non-K variation has to be determined somehow. This is the difficult

procedure, for which Bartels and Mayaud developed their rules (see Section

1). This procedure has to be done with the magnetograms of two horizontal

components (H and D, or X and Y).

The second procedure is then straightforward. It starts with the subtrac-

tion of the non-K variation from the real magnetogram. Having the magne-

togram rid of the non-K variation, the differences between the largest and

smallest values are taken for every three-hour period of the current day (i.e.

0 h – 3h, 3 h – 6 h, . . . , 21 h – 24 h, according to universal time). These dif-

ferences are compared with a quasi-logarithmic scale given in Table 1. Each

individual magnetic observatory has its own specific scale2; for example, K9

lower limit for Hurbanovo is 420 nT, while this limit for Kakioka is 296 nT3.

Like the previous procedure, this one is also executed for the two horizontal

components; the higher of the obtained K is then designated the resultant K

index.

Operators at different observatories were often trained for producing K

indices in different ways (Love, 2011). This is why the description of the

hand-scaling process at Hurbanovo Observatory needs to be presented here in

2http://isgi.unistra.fr, the International Service of Geomagnetic Indices
3In this study we use this value rounded to 300 nT, which is standard practice.
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more deatail. In the further description we confine ourselves to the procedure

of determining the non-K variation, which is not straightforward.

As we learned, the operator in charge at Hurbanovo had implemented

the Mayaud rules in the way that can be described with the help of three

modules. Here we named these Modules A, B and C:

• Module A: This was the first module, in which the sought non-K vari-

ation was identified with the Sq variation. It should be noted that the

Sq variation is not the only phenomenon that would be identified and

it is generally not satisfactory to identify the sought non-K variation

with Sq variation. This is why the Module A had to be followed by

additional modules. Estimating the Sq curve consisted of two steps:

– Firstly, the operator saw over the magnetograms of the current

month and chose five days considered to be most resembling the

quiet diurnal variation.

– These five selected magnetograms were then used for constructing

an ersatz Sq curve: Every individual hour, the average value of the

geomagnetic component (H or D) was plotted to a graph. Lastly,

the Sq curve was drawn by hand.

• Module B: When the current magnetogram strongly resembled the Sq

curve, the operator in charge did not use the Sq curve from Module

A for producing K indices. Instead, the operator drew the expected

quiet curve on the base of the magnetogram of this current day. Like

the curve in Module A, this curve was also drawn by hand. The same

procedure could be executed for a part of a day, provided only a part
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of the day was assumed to be resembling the Sq variation. The cases

when the Module B were used occurred when the resulting K indices

were typically K≤4. In these cases, the magnetogram, or its part, does

not display any noticeable manifestation of a magnetic storm or a bay.

• Module C: For the quiet geomagnetic field and sometimes also when the

geomagnetic activity was moderate (K≤4) occasionally happened that

the quiet curve within the three-hour period was virtually a straight

line. For drawing this part of the curve the operator in charge could

use a ruler.

The following subsection describes how the essential features of the above-

mentioned method for producing K indices were adapted for computer. Of

course, we were not able to follow the original method in detail. There were

two aspects in particular that were difficult to be imitated by computer: (1)

drawing the curve by hand and (2) deciding whether the current magne-

togram resembles the Sq variation. Hence we have to admit that we were

not able to avoid introducing some subjectivity into our method.

2.2. Computer simulation of the hand-scaling method

The main part of this subsection is devoted to computer simulation of

obtaining the non-K variation for a particular day. Here the Modules A,

B and C, which were described above, are modified for using on computer.

An additional procedure, Module D, is also introduced, which we needed to

put here in order to compensate for our inability to fully emulate by-hand

drawing. Moreover, some “if-then” rules are brought here, which are designed
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to help with the decision of whether the current magnetogram resembled the

expected Sq variation.

The presented method is an interactive computer algorithm. It has to be

separately used for the magnetograms of the two horizontal components (X

and Y, or H and D); however, for each of the horizontal components the same

K-value range is used. The modules were designed as follows:

• Module A: This was an interactive part of the method. The expected Sq

variation was estimated by it. It should be stressed yet again that the

Sq variation is not the only phenomenon that would be identified and

the Module A must be followed by additional modules. The individual

steps of this module are listed below:

– Firstly, the authors (as if trained operators) saw over the magne-

tograms of the month in question and they chose five days that

they considered to be most resembling the quiet diurnal variation.

The traditional routine was that the K indices were determined

after the end of the given month. In our simulation we adopted

this routine though it was obvious that such an approach was not

suitable for now-casting purposes. Indeed, this approach could be

applied only to preparing K indices for “after the fact” studies of

space weather events.

– The selected five magnetograms were then averaged; the average

value was calculated for each individual one-minute value.

– Finally, the average magnetogram was fitted with the curve Sq(T )
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given by

Sq(T ) =
6∑

m=1

Am cos (mT + αm) (1)

where T stands for time (i.e. the number of one-minute value in

the series – it is a dimensionless number) and the amplitudes Am

and phases αm were found by least-square method.

• Module B: In this module the quiet curve was also obtained by means of

the least-square method. However, in this case the fitted curve, which

was again given by Equation (1), was computed from the magnetogram

of the current day. Furthermore, linear trend between 0 UT and 24

UT had been removed from the magnetogram before the least-square

method was applied. After the values Am and αm were computed, the

linear trend was given back to the Sq(T ) curve.4

• Module C: In this case, the “quiet curve” was a discontinuous curve

that was composed of eight straight segments. Here the discontinuous

curve means that there can even be offsets between segments. For each

of the three-hour periods the straight line was found through the use

of linear least-square method.

• Module D: Introducing this module reflected our practical experience

gained by fitting curves to magnetograms, especially when the magne-

4This procedure with the linear trend was not executed in Module A. It was so because

the differences between the 0 UT and 24 UT values were found to be very small there.

They were much smaller than the deviations between the five values of the five original

most quiet magnetograms at 0 UT or 24 UT. In Module A, the linear trend was thus

considered to be negligible.

12

__
_T

hi
s 

is
 t

he
 a

ut
ho

r'
s 

ve
rs

io
n 

of
 a

 m
an

us
cr

ip
t 

th
at

 w
as

 a
cc

ep
te

d 
fo

r 
pu

bl
ic

at
io

n 
in

 J
ou

rn
al

 o
f 

At
mo

sp
he

ri
c 

an
d 

So
la

r-
Te

rr
es

tr
ia

l 
Ph

ys
ic

s.
 T

he
 d

ef
in

it
iv

e 
ve

rs
io

n 
wa

s 
su

bs
eq

ue
nt

ly
 p

ub
li

sh
ed

 i
n:

__
Fr

id
ri

ch
 V

al
ac

h 
– 

Ma
gd

al
én

a 
Vá

cz
yo

vá
 –

 M
il

oš
 R

ev
al

lo
: 

Pr
od

uc
in

g 
K 

in
di

ce
s 

by
 t

he
 i

nt
er

ac
ti

ve
 m

et
ho

d 
ba

se
d 

on
 t

he
 t

ra
di

ti
on

al
 h

an
d-

sc
al

in
g 

me
th

od
ol

og
y 

– 
pr

el
im

in
ar

y 
re

su
lt

s.
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_J

ou
rn

al
 o

f 
At

mo
sp

he
ri

c 
an

d 
So

la
r-

Te
rr

es
tr

ia
l 

Ph
ys

ic
s

 
 ,

  
Vo

lu
me

: 
13

7,
 P

ag
es

: 
10

–1
6,

 P
ub

li
sh

ed
: 

Ja
nu

ar
y 

01
, 

20
16

. 
do

i:
10

.1
01

6/
j.

ja
st

p.
20

15
.1

1.
00

9_
__

__
__

__
__

__
__

__
__

__
__

_
 

 
© 

20
16

  
 T

hi
s 

ma
nu

sc
ri

pt
 v

er
si

on
 i

s 
ma

de
 a

va
il

ab
le

 u
nd

er
 t

he
 C

C-
BY

-N
C-

ND
 4

.0
 l

ic
en

se
 h

tt
p:

//
cr

ea
ti

ve
co

mm
on

s.
or

g/
li

ce
ns

es
/b

y-
nc

-n
d/

4.
0/

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  



tograms represented quiet periods. The curve that put together cosines

in Module B sometimes seemed to be a little bumpy in the parts of mag-

netogram that we expected to be relatively plain. On the other hand,

the straight lines produced in Module C were often much more plain

than we wished to have. In Module D, smoothing was used rather than

fitting. Here this procedure is described in detail:

– For every hour on the hour, the momentary value of the horizontal

geomagnetic component was calculated averaging the five closest

one-minute values. The time series consisting of 25 values (0 UT,

1 UT, 2 UT, . . . , 24 UT) was prepared in this step, which was

then used in the following step.

– In the following step, cubic spline interpolation was used to obtain

the smooth Sq curve.

In principle, the Module A in our method did the same as did the method

of Rangarajan and Murty (1980) — the method which was refused by Men-

vielle (1981)) (see Section 1). Here, however, we only use this criticized

method for the production of K indices for the periods with high geomag-

netic activity. Because the Mayaud rules always demanded to present a non-

K variation, we believe that the “iron curve” method should handle those

days for which the non-K variation could hardly be identified.

The non-K variations that resulted from Modules A, B, C and D were

then used for producing special versions of K indices. These K indices were

correspondingly designated by subscripts: KA, KB, KC and KD. The straight-

forward procedure that is described in Section 2.1 was used for this purpose.
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The resulting values of K indices were eventually obtained from some “if-

then” rules. These rules were carefully arranged in order to obtain reasonable

statistical distribution of the resulting K indices. They were set up as follows:

• In the first step the K index was defined to be equal to KA.

• In the second step the K index was modified according to the values of

KB and KC:

– If KA = 5 along with [(KB < 5 and KC < 4) or (KC < 5 and

KB < 4)], then the higher of KB and KC became the new value of

K index.

– If (KA = 3 or KA = 4) and at the same time (KB < 4 and KC < 4),

then the lower of KB and KC became the new value of K index.

– If KA = 2 and at the same time (KB ≤ 2 and KC ≤ 2), then the

lower of KB and KC became the new value of K index.

– If KA = 1 and at the same time (KB ≤ 1 and KC ≤ 1), then the

lower of KB and KC became the new value of K index.

• In the third step the value of K index was “softened” according to KD:

– If the hitherto produced K index was 2 and at the same time

KD < 2, then KD became the new value of K index.

– If the hitherto produced K index was 1 and at the same time

KD = 0, then the new value of K index was 0.

To assess performance of our interactive computer method, tests were

performed. The data that were used for this testing are described in the

following section.
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3. Data used

The hand-scaled K indices and one-minute digital records of the geomag-

netic field that were observed at the Kakioka Magnetic Observatory were

used in this study. The data covered the following periods:

• year 2003, which was a period characterized by a pronounced maximum

of the geomagnetic activity,

• year 2005; during which the geomagnetic activity was at a medium

level,

• year 2009; which was the period of very low geomagnetic activity.

These data were taken from the website of the Kakioka Magnetic Observa-

tory5 and from the web page of INTERMAGNET6. The data sets that we

used did not contain any periods of missing data.

Besides the hand-scaled K indices that were produced by the staff of the

Kakioka Observatory, the data produced by the FMI and AS methods were

also used. The codes for these algorithms are available on the website of

International Service of Geomagnetic Indices7. This website of ISGI is the

official Web portal of the Reference Service for validation, dissemination and

stewardship of geomagnetic indices. ISGI-headquarters are in charge of the

computation of L9 (K=9 lower limit) value for each magnetic observatory.

5http://www.kakioka-jma.go.jp/obsdata/dataviewer?locale=en
6http://www.intermagnet.com
7http://isgi.unistra.fr/
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The code “Kasm”, which is an implementation of the AS algorithm, is also

available on the INTERMAGNET web page8.

The results of the test of our algorithm are summed up and discussed in

the following section.

4. Results

In this section the hand-scaled K indices of Kakioka are compared with

the K indices of Kakioka produced by the FMI and AS algorithms, as well as

by our new algorithm. In doing this comparison, we considered the correct

values as those obtained by hand scaling of K indices.

Our method did not work perfectly for all ranges of K indices. In fact,

its performance was disappointing for the K indices between 1 and 4. Here

the performance of our model proved not to be better than the FMI and AS

methods (data not shown).

However, for the extremely low geomagnetic activity (K=0) our method

provided satisfactory results. The comparison with the FMI and AS methods

showed the following findings: as much as 1512 events were correctly assessed

by our method while the AS method correctly assessed 1243 events and the

FMI method even only 592 events.

Figure 1 displays how the K indices produced by our method and by

the AS method corresponded to the hand-scaled indices in this range of the

extremely low activity. Here our method provided K indices which agreed

with the hand-scaled indices very well. The figure also revealed that the

8http://www.intermagnet.org/publication-software/software-eng.php
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percentage of the K indices produced by our method that were in agreement

with the hand-scaled indices depends on the phase of the solar cycle. In

the year of the high solar activity (2003) the performance of our method is

worse than in the year of weak solar activity (2009). Such a dependence was

expected and Figure 1 proves that it is also present in the comparison made

for the AS method.

Comparing the overall number of discrepancies between our method and

the AS method also seems hopeful: 838 differences by our method and 956

differences by the AS method. The ratio of the overall number of discrepan-

cies to the correctly identified value K=0 was even more satisfying: 0.57 for

our method and 0.78 for the AS.

The seasonal variation of the performance of our method (bottom panel

in Figure 1) appeared to be less distinct than was the above mentioned

variation in the course of the solar cycle. Months of equinoxes and solstices

were compared: as expected, the results of our method tended to be in more

agreement in winter (referred to the northern hemisphere).

For the high geomagnetic activity (hand-scaled K≥5) our method ap-

peared to show hopeful performance too. As can be identified from Figure

2, more than 80% of the events were correctly assessed by our method (left

bottom panel). On comparison, the AS method correctly assessed fewer than

60% (right bottom panel). In 2009, which was the year of the quietest mean

activity ever recorded, the statistics showed worse results for both our and

the AS methods; however this result arose from only six events and thus

it is not decisive. The FMI method was not employed in this part of our

study since its results seemed to be too inaccurate for moderate and higher
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geomagnetic activity at Kakioka.

We also examined the distributions of the differences when the K indices

were distributed according the computer derived K indices. Data on the

right-hand side of Figure 2 show a slight tendency for our method to over-

estimate the geomagnetic activity. In spite of that, considering both parts

of Figure 2 (left-hand side and right-hand side, respectively), it seems that

for the selected three years 2003, 2005 and 2009 for the K indices of Kakioka

that were at least 5, our method performed better than the AS method.

5. Discussion

Prior work has tested the performance of computer algorithms for produc-

ing K indices (Menvielle et al., 1995; Bitterly et al., 1997). Confronting the

computer produced K indices with hand-scaled indices, two best codes were

recommended to use: the FMI (Sucksdorff et al., 1991) and AS (Nowozyn-

ski et al., 1991) algorithms. At the same time, however, the hand-scaled

K indices were affirmed to be the most authentic. Moreover, using only

few selected algorithms disables averaging out biases (Menvielle et al., 1995;

Mayaud and Menvielle, 1980) when deriving planetary indices. It therefore

seems that using broader variety of algorithms that emulate the older hand-

scaling method might be beneficial.

In this study our semi-automatic interactive computer method for pro-

ducing K indices was described (Section 2.2) and tested (Section 4). Our

method was based on the hand-scaling methodology that had been practised

at Hurbanovo Geomagnetic Observatory till the end of 1997. Its performance

was compared with the FMI and AS methods, as well as with hand-scaled
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K indices. This comparison showed that our method provided reasonable

results for both very low (K=0) and high (K≥5) levels of the geomagnetic

activity. These results were achieved employing the data of the Kakioka

Magnetic Observatory.

Unfortunately, the performance of our method was slightly disappoint-

ing for the indices between 1 and 4. Here the results of our method pro-

vided results which were worse than the results of the FMI and AS methods.

However, since for space weather studies extreme ranges of the geomagnetic

activity are also important, our method might be still worthwhile.

The fact that our method provided satisfactory results for K≥5 might

seem to go against Menvielle (1981), who refused the “iron curve” method

of Rangarajan and Murty (1980). Such high values of K indices were indeed

the results of a part of our method that was based on the “iron curve”.

Nevertheless, here it seems that this method might be used for producing K

indices if the level of the geomagnetic activity is high enough.

Notice that we brought a certain amount of subjectivity in the process of

constructing the curve for non-K variation. However, we believe that this

amount does not exceed the amount of subjectivity that has been typical for

the hand-scale method.

6. Conclusions

We proposed a method for producing K indices, about which we indicated

that for both K ≥ 5 and K = 0 it might approximate to hand-scaled indices

better than the computer-based methods approved and endorsed by IAGA.

At the same time, our method does not require so experienced human op-
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erator as requires the classical hand-scaling. We believe that our approach

might have some merit in preparing K indices for “after the fact” studies of

space weather events.

Future work ought to focus on the ranges of K indices between 1 and 4,

where our method could not provide satisfactory results. This likely should

not be based on only a simple simulation of the hand-scaling routine that

was described in this paper; possibly also some features of the FMI or AS al-

gorithms should be incorporated. At the present stage, however, our method

possibly could be recommended to use in combination with another computer

method, e.g. with the AS or FMI method.

Our method is intended primarily for using at the Hurbanovo observatory.

Therefore, the other task for future work has to be preparing sufficient sets

of Hurbanovo data for testing the method in various parts of the solar cycle.

For this purpose old analogue magnetograms could be digitalized for periods

when the K indices have been hand-scaled by the experienced operator9.

Another possible way of obtaining the sets for testing could be hand-scaling

from the printed digital magnetograms by an expert10.

The next improvement of our method might be the complete elimination

of subjectivity from the determination of the non-K variation. This can be

attempted to fulfil, for instance, by selecting the five quiet days with the help

9The influence of the sampling rate of such digital data rather than 1 minute data for

the deriving K indices should be considered in this case. For the FMI method the influence

of 1 second data rather than 1 minute data were studied by Bernard et al. (2011).
10The comparison of analogue/hand-scaled and digital/hand-scaled K indices was stud-

ied by Niblett et al. (1984).
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of the AS or FMI methods.
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Menvielle, M., Papitashvili, N., Häkkinen, L., Sucksdorff, C., 1995. Computer

production of K indices: review and comparison of methods. Geophys. J.

Int., 123, 866-886.

23

__
_T

hi
s 

is
 t

he
 a

ut
ho

r'
s 

ve
rs

io
n 

of
 a

 m
an

us
cr

ip
t 

th
at

 w
as

 a
cc

ep
te

d 
fo

r 
pu

bl
ic

at
io

n 
in

 J
ou

rn
al

 o
f 

At
mo

sp
he

ri
c 

an
d 

So
la

r-
Te

rr
es

tr
ia

l 
Ph

ys
ic

s.
 T

he
 d

ef
in

it
iv

e 
ve

rs
io

n 
wa

s 
su

bs
eq

ue
nt

ly
 p

ub
li

sh
ed

 i
n:

__
Fr

id
ri

ch
 V

al
ac

h 
– 

Ma
gd

al
én

a 
Vá

cz
yo

vá
 –

 M
il

oš
 R

ev
al

lo
: 

Pr
od

uc
in

g 
K 

in
di

ce
s 

by
 t

he
 i

nt
er

ac
ti

ve
 m

et
ho

d 
ba

se
d 

on
 t

he
 t

ra
di

ti
on

al
 h

an
d-

sc
al

in
g 

me
th

od
ol

og
y 

– 
pr

el
im

in
ar

y 
re

su
lt

s.
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_J

ou
rn

al
 o

f 
At

mo
sp

he
ri

c 
an

d 
So

la
r-

Te
rr

es
tr

ia
l 

Ph
ys

ic
s

 
 ,

  
Vo

lu
me

: 
13

7,
 P

ag
es

: 
10

–1
6,

 P
ub

li
sh

ed
: 

Ja
nu

ar
y 

01
, 

20
16

. 
do

i:
10

.1
01

6/
j.

ja
st

p.
20

15
.1

1.
00

9_
__

__
__

__
__

__
__

__
__

__
__

_
 

 
© 

20
16

  
 T

hi
s 

ma
nu

sc
ri

pt
 v

er
si

on
 i

s 
ma

de
 a

va
il

ab
le

 u
nd

er
 t

he
 C

C-
BY

-N
C-

ND
 4

.0
 l

ic
en

se
 h

tt
p:

//
cr

ea
ti

ve
co

mm
on

s.
or

g/
li

ce
ns

es
/b

y-
nc

-n
d/

4.
0/

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  



Menvielle, M., Iyemori, T., Marchaudon, A., Nosé, M., 2011. Geomagnetic
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Table 1: The quasi-logarithmic scale of lower limits for K indices at the Hurbanovo Ob-

servatory

K index 0 1 2 3 4 5 6 7 8 9

Lower limit [nT] 0 4.2 8.4 17 34 59 100 170 250 420
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Figure 1: The performance of our method in the range of extremely low activity for the

data of the Kakioka Magnetic Observatory. The panels at the top of the figure compares

the hand-scaled K indices with the K indices produced by our method (left panel) and

with the K indices produced by the AS method (right panel). The data covered three

whole years 2003, 2005 and 2009. The left bottom panel displays the comparison between

the hand-scaled K indices and the K indices produced by our method for the months of

equinoxes and solstices in years 2003, 2005 and 2009. The percentage is calculated so that

100% corresponds to the number of events for which hand-scaled K was 0.
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Figure 2: The overall distribution of differences between the hand-scaled K indices and

the K indices produced by the AS method and our method. The data covered three whole

years 2003, 2005 and 2009. The graphs on the left-hand side of the figure present the

events when the values of the hand-scaled K indices were of at least 5. The right-hand

side of the figure displays those events for which the required K-index values of at least 5

were computer produced.
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Figure 1

K(comp.) = 0 and K(hand-scaled) > 0
K(comp.) = 0 and K(hand-scaled) = 0
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Figure 2
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