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Bratislava, Slovakia

Abstract

It is generally accepted that the geomagnetic K indices derived by experi-

enced observers are of great value. The interactive method (IM) based on the

traditional hand-scaling methodology is tested in this study. The tests are

performed utilising the data from the Hurbanovo and Budkov magnetic ob-

servatories. These data include both digital records of the geomagnetic field

and hand-scaled K indices that had been derived by experienced observers.

The authentic K indices from Hurbanovo cover the year 1997 and the same

kind of data from Budkov cover the years 1994-1999. In addition to these

data, hand-scaled K indices are used which were derived by the experienced

observer from printed digital magnetograms for both of the observatories for
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the years 2000-2003. The results of this study indicate that for high values

of K indices (the values being at least 5) the tested method follows the tradi-

tional hand-scaling better than the widely used computer methods FMI and

AS. On the other hand, for the K indices less than 5 the tested method turns

out to be the worst when compared with the FMI and AS methods. For very

low geomagnetic activity (K-index values equal to 0) the performance of the

tested method is comparable to the two computer methods.

Keywords: K index; hand-scaled K index; computer produced K index;

geomagnetic activity

1. Introduction1

Long homogeneous series of observations are highly valued by researchers2

in geophysics and similar observational science. Naturally, this also concerns3

the observations of the geomagnetic activity. This is so despite the fact that4

the topic of space weather, where the geomagnetic activity belongs, is often5

perceived as a matter of the era of space probes. However, long time series6

can contribute to this modern topic by a great amount. For instance, the7

space age covers only few solar cycles, but to obtain a reliable general picture8

of the solar magnetic activity cycles, many of them need to be explored.9

This paper deals with the K index, which is a measure of the geomagnetic10

activity that has been widely used for a long time – for more than seven11

decades. This index was introduced by Bartels and his co-workers in 193912

(Bartels et al., 1939). According to the rules that they described for produc-13

ing K indices, the levels of the geomagnetic activity were classed on a scale14

of 0 to 9. The meaning of the individual values of K indices is explained in15
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Table 1 (Menvielle et al., 2011). Each K index describes the geomagnetic16

activity during a three-hour period. Thus there are eight K indices per day,17

with the first period of a day starting at midnight of Universal Time.18

In the beginning, the magnetograms that were used for determination of19

the K indices were recorded on photographic paper with analogue technology.20

The procedure for the determination of these indices was hand-scaling. This21

classical method required elimination of the so-called ’non-K variation’ from22

the magnetograms. This was a demanding task, which could be handled23

only by skilled and experienced observers – human operators. The guiding24

instructions for the construction of a smooth non-K variation curve, which25

were introduced by Bartels et al. (1939), were subsequently stated more26

precisely in (Bartels, 1957). Codification of these guiding instructions was27

completed by Mayaud (1967); the instructions have became known as the28

Mayaud rules.29

Later on, in the 1980s, at many magnetic observatories the analogue tech-30

nology got to be replaced with digital registration stations. The digital mag-31

netic observatories started to produce K indices by means of computer-based32

methods. At the present time most of the observatories use one of the two33

methods, Finnish Meteorological Institute method (FMI) of Sucksdorff et34

al. (1991) or Adaptive Smoothing method (AS) of Nowozynski et al. (1991),35

that have been endorsed by the IAGA (Menvielle et al., 1995; Bitterly et36

al., 1997). These methods were approved because of their ability to hold the37

homogeneity of the long-lasting series of K indices. At most observatories the38

first part of the K-index series are hand-scaled while the currently produced39

K indices are computer produced.40
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In general, the computer-based methods have different usages in geomag-41

netic observatory practice. For instance, the Kakioka Magnetic Observatory42

(KAK) only employs the methods for rapid estimation of K indices; for ob-43

taining definitive K indices they use hand scaling (Shingo Nagamachi, per-44

sonal communication, April 22, 2015; Nagamachi, 2015). It was decided to45

follow this practice because computer-based K indices have not yet satis-46

factorily agreed with those that have been hand-scaled for this observatory.47

There are also magnetic observatories (namely Canberra, CNB, and Gnan-48

gara, GNA) that use a computer assisted method to produce their K indices49

(Hopgood et al., 2004). In our opinion, this method can be viewed as a kind50

of compromise between hand-scaling and computer producing of K indices.51

The methods applied at the above mentioned observatories follow the52

recommendations of Menvielle et al. (1995). Therein, the authors stated53

that computer-produced K indices could never be as good as hand-scaled K54

indices that have been derived by a real specialist.55

The conclusion of Menvielle and his co-workers can be summarised in the56

following way:57

1. The most valuable K indices are those that have been hand-scaled by58

a real expert, that means by an experienced human operator, from59

analogue magnetograms. These K indices are the authentic K indices1.60

2. K indices produced by one of the endorsed computer methods, FMI61

1Throughout this paper, the term ’hand-scaled K indices’ is used for K indices which

were hand-scaled by experienced human operators from either analogue or printed digital

magnetograms. The expression ’authentic K indices’ is reserved for those hand-scaled K

indices that were derived exclusively from analogue magnetograms.
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or AS, could be considered to be less authentic. Nevertheless, these K62

indices have been approved by IAGA because of the following argument:63

K indices that are produced by inexperienced human operators differ64

from the authentic K indices more than do the K indices produced by65

the endorsed computer methods.66

For all that, it is generally accepted that the human operators that are ex-67

perienced enough in hand-scaling are becoming rarer and rarer at magnetic68

observatories. On the basis of these facts, the methods FMI and AS have69

been approved as producing good enough results when compared to hand-70

scaling performed by experienced human operators.71

More recently, the abilities of modern computers likely encouraged sev-72

eral authors to develop some new computer-based methods for producing K73

indices. An example of such a method is one that utilises wavelet packets74

(Mandrikova et al., 2012). On the other side, some older methods could be75

improved (e.g. Acebal, 2000), too. Another attempt to contribute to this76

trend was made by Valach et al. (2016), who proposed their interactive com-77

puter method (IM).78

The IM method attempted to simulate the hand-scaling procedure that79

was in practice by the observers (human operators) at the Hurbanovo Ge-80

omagnetic Observatory (HRB). The authors did not have enough reliable81

HRB data for testing their model. Moreover, the data at their disposal cov-82

ered just the single year 1997. Unfortunately, the geomagnetic activity was83

very low that year, thus the higher values of K indices were not presented in84

the data set.85

Therefore, in (Valach et al., 2016) the IM method was tested on the data86
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of a different observatory. Since the Kakioka Magnetic Observatory (KAK)87

possesses many years of hand-scaled K indices of high quality, the tests of88

the method were accomplished using their data. What is important here,89

the digital records of the geomagnetic field are available together with hand-90

scaled K indices at KAK. The preliminary results which they presented in91

their study showed that the IM method could be promising for producing92

indices in two specific ranges of the geomagnetic activity, namely: (1) during93

very low geomagnetic activity, when K is 0, and (2) during periods when the94

level of the geomagnetic activity is high, namely when the values of K indices95

are 5 or more.96

The IM method consisted of four steps, which were successively applied97

to a magnetogram of a day in question. Here, the following feature of the98

IM method is worthy of mention: The first step involved the use of a non-K99

variation curve that was determined from the magnetograms of the five most100

quiet days of the current month. There were two problems connected with101

this particular step:102

• The method introduced some subjectivity because the five most quiet103

days were selected by a human operator. In doing so, the operator104

wholly relied on his own experience.105

• The method incorporated an “iron-curve” concept for constructing the106

non-K variation, which is very similar to the concept presented by107

Rangarajan and Murty (1980). However, in the 1980s many authors108

(e.g. Menvielle, 1981) disapproved such a concept.109

Nevertheless, Valach and his co-authors argued that this kind of subjectiv-110
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ity is indeed also present in the authentic hand-scaled K indices. In addition,111

the Mayaud rules demand that the non-K variation should always be con-112

sidered, even if the non-K variation curve can scarcely be identified. The IM113

method does provide some sort of reasonable curves for those days when the114

non-K variation cannot be easily made out from the magnetograms recorded115

during high geomagnetic activity. The authors stated their belief that during116

the periods of high activity their method thus truly reproduced the practice117

of human operators.118

As mentioned above, Valach et al. (2016) did not have enough data for119

testing their method on the data of the HRB observatory. Fortunately, it120

was learned that the Geomagnetic Observatory Budkov (BDV) preserved121

relatively long series of their authentic K indices that were hand-scaled from122

analogue records. There is a period of six years of parallel production of hand-123

scaled and digital-derived indices there. The distance between the HRB and124

BDV observatories is only 336 km. As such, the two observatories can be125

assumed to be close to each other so that the results of testing the IM method126

should be similar for both of them.127

Unfortunately, the above mentioned data sets contain no authentic K-128

index value 9, nor 8. There were also few cases of K-index value 7: two cases129

for HRB and one case for BDV. For testing the IM method for such high levels130

of geomagnetic activity, the absent authentic K indices need to be substituted131

for. These alternative indices can be the K indices which were hand-scaled132

by experienced observers using magnetograms that were printed from digital133

data. Riddick and Stuart (1984) found that such indices can be used as a134

satisfactory equivalent of K indices for most research purposes. Niblett et135
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al. (1984) also investigated the derivation of K indices using magnetograms136

constructed from digital data. Nevertheless, they revealed that the K indices137

that were derived from one-minute data tend to be biased downward when138

compared with those derived from one-second data. Luckily for this paper,139

Bernard et al. (2011) showed that an overwhelming majority of the cases in140

which this bias occurred were for low values of K index (K = 0, 1, 2).141

Hence the aim of this paper is to test the IM method on the data of the142

HRB and BDV observatories. The results of the tests are then presented and143

their interpretation outlined. We believe that the proposed study could be144

particularly beneficial for treating those sets of K indices that started before145

the commencement of digital observatories.146

2. Methodology147

This section briefly describes the IM method, which is tested in this paper.148

Only the main features of the method are presented here as its full description149

can be found in (Valach et al., 2016).150

The IM method follows four steps, which are called Modules A, B, C and151

D. In each of the modules specific values of quasi-indices are computed and152

marked as KA, KB, KC and KD. They differ about how the non-K variation153

curve is constructed.154

Quasi-index KA is based on the curve that is computed from the five155

quietest magnetograms within a month in question. The five quietest mag-156

netograms are selected by the human operator. The magnetograms are then157

averaged and subsequently fitted with the smooth curve given as a function158

8

__
_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:

__
F.

 V
al

ac
h,

 P
. 

He
jd

a,
 M

. 
Re

va
ll

o,
 J

. 
Bo

ch
ní

če
k,

 M
. 

Vá
cz

yo
vá

: 
Te

st
in

g 
th

e 
in

te
ra

ct
iv

e 
co

mp
ut

er
 m

et
ho

d 
(I

M)
 f

or
 p

ro
du

ci
ng

 K
 i

nd
ic

es
 w

it
h 

th
e 

da
ta

 o
f 

th
e 

Hu
rb

an
ov

o 
an

d 
Bu

dk
ov

 m
ag

ne
ti

c 
ob

se
rv

at
or

ie
s.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
Jo

ur
na

l 
of

 A
tm

os
ph

er
ic

 a
nd

 S
ol

ar
-T

er
re

st
ri

al
 P

hy
si

cs
 

 ,
  

Vo
lu

me
: 

14
7,

 P
ag

es
: 

90
-9

7,
 2

01
6.

 d
oi

:1
0.

10
16

/j
.j

as
tp

.2
01

6.
07

.0
10

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_
 

 
© 

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/

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  



of time T159
6∑

m=1

Am cos(mT + Bm) (1)

Here the coefficients Am and Bm are calculated using the least-square160

method.161

Quasi-indices KB, KC and KD are based on the non-K variation curves162

that are computed from the magnetogram of the day in question. In com-163

puting KB, the formula (1) is again employed for constructing the curve.164

In computing KC , the curve is non-continuous; it consists of straight seg-165

ments. Finally, quasi-index KD is obtained with the help of a curve that is166

constructed by means of cubic splines.167

The resulting K indices are obtained from quasi-indices KA, KB, KC and168

KD. For this purpose a set of “if–then” rules was arranged. In accordance169

with these rules, the highest values of the resulting K indices are equal to170

KA. Conversely, the lesser values of the resulting K indices match the values171

KB or KC . Furthermore, the lowest value of the resulting K index (i.e., 0) is172

in some cases due to the zero value of quasi-index KD.173

The above-mentioned sequence of modules A-D is executed independently174

for two horizontal components of the geomagnetic field. The higher of the175

obtained K is then considered to be the resultant K index. In this study the176

north component (X) and the east component (Y) were used.177

In this paper, we also used K indices that were computed by the FMI and178

AS methods. Computer codes for these methods are freely available on the179

webpage of ISGI2, which is the International Service of Geomagnetic Indices.180

2http://isgi.unistra.fr/
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3. Data used181

In this paper the data from the Hurbanovo (HRB) and Budkov (BDV) ob-182

servatories were used. Both the observatories are mid-latitude observatories183

and they are located in Central Europe; in Slovakia and the Czech Republic,184

respectively. Basic information about them are given in Table 2. The listed185

information can also be found on the website of ISGI3,4; the exceptions from186

that are the traditionally used K=9 lower limits and the years for which the187

data were studied here.188

For the purpose of this study some periods of time had to be identified189

for which two kinds of data were simultaneously available: (1) authentic190

K indices that had been hand-scaled by experienced human operators from191

analogue magnetograms and (2) digital records of the geomagnetic field.192

At HRB such data were found only for the year 1997 whereas at BDV there193

was much more of such data, from 1994 to 1999. Unfortunately, the year194

1997, for which the data of HRB were available, was characterised by rather195

low geomagnetic activity. Furthermore, even the data of BDV contained no196

cases of the highest K-index values. Indeed, according to Hathaway (2010)197

the sunspot cycle minimum for cycle 23 occurred in 1996 and the consequent198

sunspot cycle maximum did not occur until 2000.199

As was mentioned above (Section 1), for the higher levels of geomagnetic200

activity the IM method can be tested employing alternative hand-scaled K201

indices that may be derived from printed digital magnetograms. In this202

paper such indices were derived for years 2000-2003, which involves the 23rd203

3http://isgi.unistra.fr/observatory.php?obs=HRB
4http://isgi.unistra.fr/observatory.php?obs=BDV
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maximum of the solar activity cycle as well as the well-known Halloween204

storm of October 2003.205

3.1. Digital records of the geomagnetic field206

One-minute values of the geomagnetic field were used. These data are207

available on the INTERMAGNET (International Real-time Magnetic Ob-208

servatory Network) webpage5.209

The data from BDV observatory contained sporadic data gaps. All told,210

356 days have to be excluded from the analysis due to the gaps. The over-211

whelming majority (99.2%) of the excluded days appeared in the years 1994-212

1996. On the other hand, there was not any day dropped out in the case of213

the HRB data.214

Occasionally, some short data gaps occurred in the registrations of the215

geomagnetic field. In the cases when only several data were missed, the216

missing values were interpolated manually by the human operator. The K217

indices were then calculated and involved in analysis. However, if the gaps218

lasted a longer time, typically from 20 to 40 minutes, the records were treated219

as defective. The operator still filled the gaps with interpolated values, but220

this time the K indices from the corrupted periods and their surroundings221

were excluded from analysis. The amount of K indices to be excluded from222

the analysis was decided by the human operator.223

3.2. Authentic K indices224

As mentioned above, together with digital records of the geomagnetic field225

the series of the authentic K indices needed to be available for the purpose226

5http://www.intermagnet.org/
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of this study. During the periods listed in Table 2, the K indices were hand-227

scaled by human operators from records that were made on photographic228

paper. These human operators were long-standing members of the observa-229

tories considered in this study, HRB and BDV. The K indices produced by230

them are considered to be authentic throughout this paper. In that way, a231

computer program for producing K indices is working properly if its outputs232

accord with these authentic indices.233

Regarding the traditional hand-scaling, there is an issue that may seem as234

inconsistency, namely the two different values of K=9 lower limits for each235

of the observatories, as shown in Table 2. The traditional values of the K=9236

lower limits are those that observatories HRB and BDV have used for hand-237

scaling K indices since the very beginning of producing the indices. These238

values were likely determined by the members of the observatories. For this239

purpose they probably compared the statistical distributions of the K indices240

at their observatories with the statistical distribution of the indices produced241

by the Niemegk Observatory (NGK). As far as we know, the HRB and BDV242

observatories have never used other K=9 lower limits than those traditional243

ones. This paper uses the traditional limits, which is done for the sake of244

keeping the series of K indices homogeneous.245

In order to minimise the inconsistency that was noted above, the uses of246

the traditional and corrected K=9 lower limits have to be specified in more247

detail. On the one hand, the traditional limits should be used when studying248

a long-continuing series of K indices for an isolated magnetic observatory.249

Thus the levels of the geomagnetic activity can be compared even if part250

of the studied period belongs to the digital era while another part belongs251
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to the analogue era. On the other hand, if the digital-era K indices from252

HRB or BDV need to be compared with the indices of other observatories,253

the situation might be different. This time the corrected K=9 lower limits254

should probably be the better choice.255

3.3. Additional hand-scaled K indices for the years 2000-2003256

For the years 2000-2003 the hand-scaled K indices were derived from257

printed digital magnetograms, for which one-minute digital values of the258

geomagnetic field were used. This was accomplished for both of the HRB259

and BDV observatories by an experienced observer. This observer was one of260

those who hand-scaled also the authentic K indices for HRB in the past. This261

part of the paper is limited to only K-index values 7, 8 and 9. The main262

reason for this limitation is the downward biasing of K values estimations263

when using one-minute data, instead of one-second data to compute K index264

(Bernard et al., 2011), which indicates that similar biasing might exist when265

using one-minute data instead of analogue magnetograms. The records of the266

geomagnetic field that were used here are available on the INTERMAGNET267

webpage (see Section 3.2).268

The comparison of the K-index values that were derived by the four meth-269

ods (hand-scaled, IM, FMI and AS) is presented in the following section.270

4. Results271

In this section the hand-scaled K indices of HRB and BDV are compared272

with the K indices that were produced by methods IM, FMI and AS. Here-273

after, in all the following text and figures, the items are grouped according to274
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the values of the hand-scaled K indices. This is because they are considered275

to be the reference values throughout this paper.276

4.1. The results of the tests for HRB277

Performance of the three computer methods for HRB is compared in Fig-278

ure 1. The comparison is based on the differences between the computer279

produced K indices and the hand-scaled ones. The performance appeared to280

be to some extent dependent on the level of the geomagnetic activity. This281

was observed for all of the tested methods, FMI, AS as well as IM. Regard-282

ing the IM method, it may be considered successful in some ranges of the283

geomagnetic activity. There are some other ranges, however, where the IM284

method after comparing with the FMI or AS methods does not seem to be285

successful.286

For the level of the geomagnetic activity when the authentic K index is 0,287

none of the computer methods seemed to be more advantageous than the288

others:289

• The results of the IM and AS methods were pretty alike at this level290

of the geomagnetic activity.291

• By contrast, the results of the FMI method for K = 0 noticeably differed292

from the results of the IM and AS methods. On the one hand, the293

proportion of accurately determined cases of K = 0 were much less for294

the FMI method than for the other methods. Along with that, there295

were many cases of overvalued indices. That means the cases when the296

FMI method produced K = 1 while the authentic index was 0. On297

the other hand, the merit of the FMI method appears to be that this298
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method provided value 0 instead of authentic 1 less frequently than the299

other methods. Indeed, this happened to FMI in only 8% of cases in300

which the authentic K indices were 1. On comparison, the percentages301

of this kind of imprecision for the IM and AS methods were as high as302

27% and 22%, respectively.303

For the authentic K indices that ranged from 1 to 4, the IM method304

provided disappointing results. Here its performance proved to be visibly305

worse than the performance of the FMI and AS methods.306

The strong point of the IM method seems to be its performance in the307

range of authentic indices that are greater than or equal to 5. In this range308

of the geomagnetic activity our tests found the following facts:309

• The first fact was for authentic K indices 5 and 6. Here the indices310

produced with the IM method matched the authentic indices better311

than those produced with the FMI and AS methods.312

• The set of hand-scaled K indices which were higher than 6 globally313

indicated the better performance of the IM method in comparison with314

the performances of the FMI and AS methods: Though for the K-index315

value 7 the IM method results are similar to the results of the FMI316

method, they appeared to be better than the results of the AS method.317

For the K-index values 8 and 9 the IM method showed to be more318

successful than both of the methods FMI and AS.319

4.2. The results of the tests for BDV320

In this section the results of the tests of the performance of the IM, FMI321

and AS methods are interpreted once again. However, this time the tests322
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utilised the data from the BDV observatory. The striking feature of these323

results (Figure 2) is that their interpretation is virtually identical with the324

interpretation obtained for the HRB data:325

• For the geomagnetic activity when the authentic K index is 0 each of326

the methods showed some weak points as well as strong points. None327

of the methods proved to be the most advantageous in general.328

• For the geomagnetic activity characterised by authentic K indices from329

1 to 4 the IM method did not show a good performance. Here the330

results of this method were obviously worse than the results of the331

other computer methods.332

• The range of authentic indices that are greater than or equal to 5 once333

again appeared to be the strong point of the IM method. Here our334

tests revealed the following facts:335

– For authentic K indices 5 and 6, the indices produced with the IM336

method matched the authentic indices better than those produced337

with the FMI and AS methods.338

– The set of the hand-scaled K indices which were higher than 6339

globally indicated satisfactory performance of the IM method: For340

the K-index value 7 the IM method results were exactly the same341

as the results of the FMI and AS methods For the K-index value 8342

the results of the IM method were the same as those from the FMI343

method and they were better than the results of the AS method.344

By contrast, for the K-index value 9 the results of the IM method345
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were the same as provided by the AS method and they were better346

than the results of the FMI method.347

5. Discussion348

The previous section presented analysis of the differences between the K349

indices produced with the IM, FMI and AS methods and the authentic K350

indices. It was found that the analyses for HRB and BDV led practically to351

the same interpretations. The IM method appeared to provide favourable352

results for the geomagnetic activity with K indices being at least 5. This353

fully agrees with the findings that for the IM method reported Valach et354

al. (2016); when the analysis was accomplished on the data from Kakioka355

(KAK).356

The computer methods were subsequently tested for some specific periods.357

For instance, the data from BDV involved the period of a sunspot cycle358

minimum in the year 1996. The BDV data set also included data from the359

year 1999, which was close to a sunspot cycle maximum. Therefore, the360

data from 1996 and 1999 were analysed separately. Figure 3 presents the361

results of this analysis restricted to authentic K indices 5 and 6. These are362

the K-index values for which the IM method showed to yield much more363

satisfactory results than methods FMI and AS.364

Comparing the results from 1996 with those from 1999 the following find-365

ings were revealed: The computer-based methods matched the authentic366

K indices of value 6 better during the period of the sunspot cycle minimum367

than they did during the maximum. This result was not surprising as the368

smooth non-K variation curve could obviously be more easily constructed369
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during quiet geomagnetic conditions. Unexpectedly, however, no significant370

difference between performance in the minimum and maximum was found371

for the K-index value 5.372

Seasonal dependence in performance of the three methods, FMI, AS and373

IM, was investigated too. Here the data of the months of equinoxes and374

solstices were analysed separately for both HRB and BDV, yet no distinct375

variation was revealed (data not shown).376

6. Conclusions377

The interactive computer method (IM) for producing K indices published378

in (Valach et al., 2016) was tested. The data from the Hurbanovo (HRB)379

and Budkov (BDV) magnetic observatories were utilised for this purpose.380

In the tests the IM method satisfactorily approximated the authentic381

hand-scaled K indices only in the cases when authentic K indices were at382

least 5. In that range of the geomagnetic activity the IM method performed383

better than did the endorsed FMI and AS methods.384

In these tests, the values 350 nT and 500 nT were adopted as the K=9385

lower limits for the HRB and BDV observatories, respectively. These values386

have been used for the hand-scaling of K indices since the indices started to be387

produced by the two observatories; it was indeed a long time before the digital388

era. This means that the combined method that is proposed here should389

be employed for producing K indices that might assure the homogeneity390

of the long-lasting series of K indices. The homogeneous series represents391

important material for studying how the local geomagnetic activity changed392

at a particular observatory in the past.393
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This study showed that the IM method still needs to be improved. The394

process of creating the non-K variation curve for K = 1, 2, 3 and 4 turned395

out to be imperfect. Possibly the strictly arranged “if–then” rules need to396

be brought closer to the human decision-taking process, which tries to be397

imitated in the IM method. It might be achieved by the use of fuzzy logic398

or artificial neural networks. Employing of such sophisticated and complex399

concepts should be investigated in future work.400
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Table 1: The meaning of the individual values of K indices described verbally (according

to Menvielle et al., 2011).

K indices Verbally described level of activity

0, 1, 2 Quiet geomagnetic field

3, 4, 5 Moderate geomagnetic activity

6, 7, 8, 9 Intense / very intense activity

Table 2: Basic information about the magnetic observatories whose data were used in this

paper.

Observatory Name Hurbanovo Budkov

IAGA Code HRB BDV

Period (years) for which the authentic K indices were studied 1997 1994-1999

Period with K indices 7, 8 and 9 hand-scaled from digital data 2000-2003 2000-2003

Geographical coordinates:

Latitude 47.874◦N 49.065◦N

Longitude 18.188◦E 14.017◦E

Geomagnetic coordinates:

Latitude 46.67◦N 48.53◦N

Longitude 101.18◦E 97.65◦E

K=9 lower limit:

Traditionally used 350 nT 500 nT

Corrected according to ISGI 420 nT 443 nT
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Figure 1: Differences between computer produced K indices and hand-scaled K indices

for the Hurbanovo Geomagnetic Observatory (HRB). Here the computer methods are (a)

IM, (b) FMI and (c) AS. The items are grouped according to the values of the hand-

scaled K indices. The amounts of the differences are coded with a grey scale. The legend

“Diff.< −1” means the difference that is equal to −2. There is only one exception from

that; in one case the IM method provided K index 1 while the authentic index was 4. The

numbers that are written above the columns give the total number of analysed events for

the particular hand-scaled K indices.

Figure 2: Differences between computer produced K indices and hand-scaled K indices for

the Budkov Geomagnetic Observatory (BDV). Here the computer methods are (a) IM,

(b) FMI and (c) AS. The items are grouped according to the values of the hand-scaled K

indices. The amounts of the differences are coded with a grey scale. The numbers that

are written above the columns give the total number of analysed events for the particular

hand-scaled K indices.

Figure 3: Differences between the K indices produced by computer methods and the

authentic K indices for the BDV observatory. The computer methods are IM, FMI and

AS. The differences for the years 1996 (sunspot cycle minimum) and 1999 (next to sunspot

cycle maximum) are shown. Only the events when the authentic K indices were 5 or 6 are

displayed. The amounts of the differences are coded with a grey scale. The numbers that

are written above the columns give the total number of analysed events for the particular

authentic K indices. The numbers in parentheses refer to the numbers of cases when the

computer produced index was 5 while the authentic index was 4. The legend “Diff.< 0”

means the difference is equal to -1. There is only one exception from that; in one case the

IM method provided K index 3 while the authentic index was 5.
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Figure 1
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(b) Method FMI - Hurbanovo (HRB) - all data
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156

961 1003 506
188 86

18

46
17

8

__
_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:

__
F.

 V
al

ac
h,

 P
. 

He
jd

a,
 M

. 
Re

va
ll

o,
 J

. 
Bo

ch
ní

če
k,

 M
. 

Vá
cz

yo
vá

: 
Te

st
in

g 
th

e 
in

te
ra

ct
iv

e 
co

mp
ut

er
 m

et
ho

d 
(I

M)
 f

or
 p

ro
du

ci
ng

 K
 i

nd
ic

es
 w

it
h 

th
e 

da
ta

 o
f 

th
e 

Hu
rb

an
ov

o 
an

d 
Bu

dk
ov

 m
ag

ne
ti

c 
ob

se
rv

at
or

ie
s.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
Jo

ur
na

l 
of

 A
tm

os
ph

er
ic

 a
nd

 S
ol

ar
-T

er
re

st
ri

al
 P

hy
si

cs
 

 ,
  

Vo
lu

me
: 

14
7,

 P
ag

es
: 

90
-9

7,
 2

01
6.

 d
oi

:1
0.

10
16

/j
.j

as
tp

.2
01

6.
07

.0
10

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_
 

 
© 

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/

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  



Figure 2
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Figure 3
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