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Abstract. Despite the existing variety of approaches
to monitoring space weather and geophysical parame-
ters in the auroral oval region, the issue of effective pre-
diction and diagnostics of auroras as a special state of
the upper ionosphere at high latitudes remains virtually
unresolved.

In this paper, we explore the possibility of local diag-
nostics of auroras through mining of geomagnetic data
from ground-based sources. We assess the significance of
indicative variables and their statistical relationship.

So, for example, the application of Bayesian infer-
ence to the data from the Lovozero geophysical station
for 20122020 has shown that the dependence of a pos-
teriori probability of observing auroras in the optical
range on the state of geomagnetic parameters is loga-
rithmic, and the degree of its significance is inversely
proportional to the discrepancy between empirical data
and approximating function.

The accuracy of the approach to diagnostics of auro-
ra presence based on the random forest method is at
least 86 % when using several local predictors and ~80
% when using several global geomagnetic activity indi-
ces characterizing the geomagnetic field disturbance in
the auroral zone.

In conclusion, we discuss promising ways to im-
prove the quality metrics of diagnostic models and their
scope.

Keywords: auroras, geomagnetic variations, geo-
magnetic data, ascaplots, machine learning, data mining,
Bayesian inference, random forest.

INTRODUCTION

As is known, the highest risks in decreasing the level
of technosphere safety associated with the effects of
space weather on high-latitude infrastructure facilities
(failures in HF radio communication systems and rail-
way automation, additional errors in magnetic incli-
nometers, failures in power systems, reduction of life of
main pipelines due to an increase in their corrosion rate,
etc. [Sokolova et al., 2019; Ptitsyna et al., 2008; Voro-
bev et al., 2022a; Soloviev et al., 2022; Pilipenko, 2021])
are assessed in the auroral oval region — a belt of intense

aurora created by electron precipitation from near-Earth
space into the atmosphere. It is in this region that, due to
its characteristic sharp gradients and a high level of tur-
bulence of ionospheric plasma, the most frequent navi-
gation signal phase failures and extreme positioning
errors are recorded [Zakharov et al., 2020]. As a result,
the error in high-precision navigation of GPS receivers
in PPP mode (Precise Point Positioning), operated in the
region of auroral electron precipitation into the iono-
sphere, can increase up to five times relative to the
background level [Yasyukevich et al., 2018, 2020].
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There are periodic reports from NATO and the Rus-
sian Aerospace Defense Forces on global failures in
GPS signal receiving systems emoloyed in the auroral
oval zone [https://www.gpsworld.com/norway-finland-
suspect-russia-of-jamming-gps]. For one, test-pilot To-
karev V.I. reports that the functional failure in standard
onboard navigators when flying at low altitudes (200—
500 m) in high-latitude regions is a characteristic re-
sponse of onboard navigation equipment to disturbed
space weather conditions decreasing the safety of opera-
tion of military, civilian, and unmanned vehicles in the
Arctic region.

Note that during extreme geomagnetic activity
(GMA) due to the shift of the auroral oval to lower lati-
tudes the risks become real also for mid-latitude tech-
nical facilities.

Thus, considering the auroras as a natural and in
some cases the only available indicator of space weather
conditions, it is logical to assume that the reliability of
the forecast of this phenomenon correlates with the level
of technosphere safety beyond the Arctic Circle. For
this and other reasons, in recent decades specialists have
been actively developing and improving auroral oval
models built, as a rule, on the basis of long-term obser-
vations of spatial and energy characteristics of the upper
ionosphere at high latitudes.

For instance, the best known model of this kind is
the OVATION-Prime (OP) model [Newell et al., 2014],
which is based on 21-year DMSP observations of elec-
tron and proton fluxes of different energies, takes solar
wind and interplanetary magnetic field parameters, rec-
orded at the first Lagrange point, as input, and predicts
the probability of occurrence of auroras up to ~77 %
[Vorobev et al., 2022b; Machol et al., 2012]. Also well-
known are the predictive model NORUSCA
[http://kho.unis.no/AuroraForecast.html; Breedveld,
2020], developed at the Norwegian Kjell Henriksen
Observatory (KHO), and the diagnostic model of auro-
ral eruptions (APM), proposed at the Polar Geophysical
Institute (PGI) [Vorobjev, Yagodkina, 2005]. The latest
models take a set of geomagnetic indices as input, form-
ing an approximate geometry and location of the auroral
oval as output at the time of recording of input parame-
ters. One of the models of this type is the model devel-
oped at the University of Alaska Fairbanks, USA
[https://www.gi.alaska.edu/monitors/aurora-forecast].

Among the means of direct ground-based observa-
tion of auroras, all-sky cameras due to their availability
have become widespread [Lebedinsky, 1961; Sigernes
et al., 2014]. However, the effectiveness of such obser-
vations strongly depends on environmental conditions
(illumination of the sky, cloud cover, fog, etc.) and,
according to the most optimistic estimates, does not
exceed 35-37 %. There are also attempts to make satel-
lite optical observations of the auroral oval, but in most
cases the data is fragmentary, heterogeneous, poorly
structured or unavailable.

Summing up, we note that the currently known
models of auroral oval parameters are far from perfect
and are in the testing phase. Thus, it is of some theoreti-
cal interest to clarify and formalize the relationship be-
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tween geomagnetic field (GMF) variations and auroras.
At the same time, solutions in the field of development
and modernization of approaches to diagnosing proper-
ties of the upper ionosphere at high latitudes are of an
applicable nature.
1. INITIAL DATA,

THEIR ANALYSIS
AND PREPROCESSING

In this work, the Lovozero Observatory (LOZ) is
used as the main source of data on the presence of auro-
ras, which is part of PGI and is practically the only sta-
tion on the territory of the Russian Federation that con-
tinuously and for a long time has been conducting ob-
servations and recording of auroras, magnetic field vari-
ations, and other high-latitude geophysical effects,
which are caused by processes in Earth's magneto-
sphere, ionosphere, and atmosphere. We have used
nine-year data collected between 2012 and 2020 — the
maximum period of openly published results of syn-
chronous observations of auroras and GMF variations at
the geographical space point considered: 67.97° N,
35.02° E (Lovozero village, Murmansk Region, Russia).

For example, the results of optical observations of
auroras in the vicinity of LOZ are traditionally present-
ed as sets of ascaplots (Figure 1) [Yagodkina, etc.,
2019], published on the website of PGI since 2009
[http://pgia.ru/lang/ru/archive_pgi].

Experience indicates that the format, established
since the 1970s, of presenting results of auroral observa-
tions (see Figure 1) is practically unusable in its original
form in problems of mining large amounts of such data.
For this reason, traditional ascaplots were previously
converted into spreadsheets as in Table 1.

As a result of digitization of 1035 ascaplots for
2012-2020 (49680 episodes of 30-min observations), it has
been found that only due to cloud cover the percentage
of time intervals unsuitable for observing auroras signif-
icantly exceeds that of favorable periods. For instance,
during the nine years of observations, complete or par-
tial cloud cover at the zenith relative to the LOZ obser-
vatory hindered the observation of the sky in ~38.5 %

Feb. 17 2015]
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Figure 1. Format of data representation in the form of
ascaplot: 1 — no aurora observed; 2 — aurora in a northern
region; 3 — aurora at the zenith; 4 — aurora in the south; 5 —
aurora at the zenith, in northern and southern regions; 6 —
moderate aurora at the zenith; there is also a glow in the
northern and southern regions; 7 — strong aurora at the zenith;
there is also a glow in the northern and southern regions; 8 —
partial cloud cover; 9 — complete cloud cover; 10 — no re-
cording (a); ascaplot from the LOZ observatory on February
17, 2015 [PGI Geophysical data, 2015] (b)
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of cases, while the percentage of observable fragments
was ~21.85 %.

Geomagnetic variations (GMV) at the site of obser-
vation of auroras (Lovozero village) were recorded by a
magnetometer of another LOZ station, located in the
same geographic coordinates, but belonging to the
Murmansk Department for Hydrometeorology and En-
vironmental Monitoring (Murmansk UGMS). Geomag-
netic data from the LOZ station of Murmansk UGMS is
available on the SuperMag website [https://supermag
Jhuapl.edu/mag ], which in addition to collecting and
storing geomagnetic data also implements some proce-
dures for their preprocessing, for example, excludes the
daily component of GMF variations, the annual trend,
and the shift constant [Gjerloev, 2012]. We indicate the
data thus prepared by the symbol A (e.g., AZ oz) and
examine them relative to the local magnetic coordinate
system NEZ proposed by SuperMag [Gjerloev, 2012].

Table 2 in terms of the reliability theory [Vorobev et
al., 2022a], presents the results of estimated complete-
ness of time series of geomagnetic data from the LOZ
station for the period under study.

Analysis of missing fragments in the geomagnetic
data has shown that short-term (to 5 min) failures in the
LOZ magnetometer with its subsequent recovery ac-
count for ~81.5 % of the total number of system failures
and ~0.27 % of the total time of failure state. The gaps
resulting from such failures were filled here by linear

interpolation without appreciable loss of data signal
accuracy. The information lost due to longer episodes of
failure state of the system was excluded from the gen-
eral population and was not dealt with. We also exclud-
ed the values that had a clearly anomalous character
against the background of their respective samples.

Thus, as a result of preprocessing for observing au-
roras at the zenith relative to the LOZ station, we have
9408 events that make up the set GEN 2 (CamN Mag),
where Cam and Mag are subsets of all-sky camera and
magnetometer observations respectively, 5430 of which
correspond to the absence of auroras (NEG subset); and
3978, to their presence (POS subset), i.e. GEN 2 (NEG
U POS).

In addition to the LOZ magnetometer data, we pro-
pose to consider the GMA indices (SME, SML, SMU,
SMR, PCN, etc.), published with a sampling period of at
least 30 min (sampling period of ascaplots), as indica-
tors with nonzero significance, as well as the integral
aurora intensity, parameterized to the SME index, in the
auroral zone [Newell, Gjerloev, 2011]:

AP ~ AP, =0.048-SME +0.241/SME, (1)

where AP is the integral aurora intensity in the auroral
zone, combining auroras of four types [Newell et al.,
2010].

Table 1
Fragment of a digitized ascaplot for February 17, 2015 (see Figure 1, b)
Region of auroras relative to the observation
Aurora at the zenith, as well as in the north
Date utc north | zenith | south and south
zenith (moderate) zenith (intense)

February 17, .

2015 00:00 X 1 X 0 0
February 17, .

2015 00:30 X 1 X 0 0
February 17, .

2015 01:00 X 1 X 0 0
February 17, .

2015 01:30 1 1 1 0 0
February 17, .

2015 22:30 0 1 1 0 0
February 17, .

2015 23:00 0 1 0 0 0
February 17, .

2015 23:30 0 1 0 0 0

Note: 1 — aurora was observed; 0 — no aurora was observed; x — complete or partial cloud cover
Table 2
Reliability indicators of the LOZ magnetometer according to the data for 2012-2020
T, min Tw, Min Tw, % Te, mMin Te, % Ng <T2R>, min <T2F>, min
4734720 | 4104638 | 86.692 | 630082 13.308 632 996.97 6494.68

Note: T is the operating time of the LOZ magnetometer; T,y and T are the number of informative (total operating time) and
missing (total failure time) values at the output of the LOZ magnetometer for the period T; <T2R> and <T2F> are the mean time
before recovery and failure in the LOZ magnetometer respectively; Ng is the number of failures in the LOZ magnetometer.

24


https://supermag.jhuapl.edu/mag
https://supermag.jhuapl.edu/mag

A.V. Vorobev, A.A. Soloviev, V.A. Pilipenko, G.R. Vorobeva, A.A. Gainetdinova, A.N. Lapin, V.B. Belakhovsky, A.V. Roldugin

STATISTICAL
RELATIONSHIPS BETWEEN
AURORAS OBSERVED

IN THE VISIBLE SPECTRUM
AND GEOMAGNETIC
CONDITIONS

Analysis of the significance of feature variables has
shown that the modulus of the first time derivative of
the disturbed GMF component has the strongest connec-
tion with the objective function (observation/absence of
auroras at the zenith): |dAN o/ /dt|, |dAZ oz/dt| and
|dAF oz/dt|, where F=(N %+E ?+Z %)2. The current situa-
tion seems to indicate that the relationship of auroras
with medium-scale turbulent and wave processes in the
polar ionosphere is decisive, which is reflected in these
features. Especially noticeable among the significant
second-order features is |AN oz| obviously characteriz-
ing the relationship between auroras and the auroral
electrojet intensity. Of global predictors, substorm activ-
ity indices such as SME and its derivative APgye
demonstrate a quite close correlation with observations
of auroras.

Figure 2 illustrates distributions of the most signifi-
cant local features. We can see that in terms of the gen-
eral population (GEN) the statistics of 30-min averaged
values corresponds to lognormal law (2) and general-
ized Pareto distribution (3) characterizing heavy tails
defined within ~85.8 percentile (a).

2
exp[— log XJ,

2s?
1
PDF (x,¢)=(1+ cx)_l_E,

PDF(x,s)= )

SX/ 27

©)

where s and ¢ are shape parameters.

During auroral observations (POS subset data), the
features exhibit a similar statistical behavior. The abso-
lute heavy-tail boundaries (6.3+1.1 nT/min) remain un-
changed such that the boundaries in relative values de-
crease from ~85.8 to ~67.5 percentile (Figure 2, a, b).
Without auroras (NEG data), distribution of the features
becomes almost homogeneous and is described exclu-
sively by a lognormal law (Figure 2, c).

Moreover, the statistics of features in the absence of
auroras have maximum asymmetry and kurtosis, which
correspond to the heaviest tails, whereas the asymmetry
and kurtosis of the same feature in the POS subset are
minimum. The current situation indicates that in the
case of NEG samples the features are most densely con-
centrated in the vicinity of the mean value; therefore,
even with small increments of the feature variables the
probability of observing auroras increases sharply.

From this we can deduce that the geomagnetic con-
ditions when there are no auroras observed are more
deterministic than when auroras occur, i.e. the condi-
tions are less uncertain. In other words, extreme GMDs
can in fact ensure observations of auroras, yet the fact of
observing auroras does not guarantee strong GMF varia-
tions and is statistically due to the disturbances only in
~1/3 of cases (Figure 2, b).
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Figure 3 displays auroras observed at the zenith of
the LOZ station at different GMA levels relative to the
boundary of heavy-tail detection (see Figure 2, b). Thus,
at |dAN|_oz/dt|, |dAZ|_Qz/dt|, |dAF|_oz/dt|<<5 nT/min, faint
northward auroras are observed (Figure 3, a); at
|[dANoz/dt], |[dAZ, oz/dt|, |dAF oz/dt|~7 nT/min, a character-
istic arc is likely to exist (Figure 3, b), which is trans-
formed into an active arc, spiral or vortex at [dAN,_o /dt],
|[dAZ, oz/dt], [dAF oz/dt|>>7 nT/min (Figure 3, c).

Interestingly, the statistics of the most significant
global features (Figure 4) structurally repeats the distri-
bution of local predictors, and the distribution of APgye
does not contradict the known interpretation of AP in
the auroral zone: at AP<20 GW, a weak or faint aurora
is observed; at 20<AP<50 GW, an aurora can be seen,
but at a short distance from it; at 50<AP<100 GW, an
aurora can be seen with the naked eye; AP>100 GW
corresponds to extreme auroral activity and a significant
expansion of the auroral oval [Vorobev et al., 2022b]

3. SYNTHESIS AND VERIFICATION
OF DIAGNOSIS MODELS

As follows from Figures 2, 4, the probability of ob-
serving auroras is maximum when features exceed some
reference  values: APgue>70 GW; |dANoZ/dt],
|[dAZ oz/dt], [dAF oZ/dt|>13 nT/min. In general, the ful-
fillment of this condition at the interval of probable ob-
servation of auroras (Figure 5) makes it possible to ef-
fectively identify their presence, for instance, under
conditions of complete or partial cloud cover.

However, the same Figures suggest that most auro-
ras recorded correspond to the predictor values lower
than the reference ones, thereby adding uncertainty to
the diagnostic result and affecting the quality of the re-
sults thus obtained. A way out of this situation can be
the use of more advanced binary classification methods
such as the Bayesian classifier, the logistic regression,
the random forest method, etc.

3.1. Diagnostics of aurora presence based on
Bayesian inference

Let us analyze the basic approach to identifying au-
roras from ground magnetic station data, using Bayes'
theorem:

P(B|A)P(A
P(B)

where P(A) is an a priori probability of hypothesis A or
an a priori distribution; P(A|B) is a probability of hy-
pothesis A upon occurrence of event B (a posteriori
probability); P(BJA) is a probability of occurrence of
event B if hypothesis A is true; P(B) is the total proba-
bility of occurrence of event B, defined according to
Expression (5).

P(B)-2P(BIA)P(A)

where the probabilities under the summation sign are
known or allow an experimental estimate.
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where P(A|B) is the probability that auroras at the
zenith are observed in the vicinity of the LOZ station
when the characteristic variable reaches a certain val-
ue, i.e., for example, at [dAN_oz/dtj>const; P(B|A) is
0 10 20 30 40 50 60 70 the probability that when auroras are observed at the

|dAZ,0z/dt], nT/min zenith in the vicinity of LOZ |dAN_oZ/dtj>const; P(A)
101 is the probability of observing auroras at the zenith
100h s 373 % (326 Timin relative to LOZ; P(B|~A) is the probability that in the

absence of auroras at the zenith in the vicinity of the
LOZ station |dAN_oz/dt[>const; P(~A) is the probability
that there are no auroras at the zenith in the vicinity of
the LOZ station.

Table 3 exemplifies the result of estimated a pos-
teriori probability of observing auroras at the zenith
0 10 20 30 40 50 60 70 of LOZ relative to the reference values of the pa-

|dFLoz/dt], nT/min rameter |dAN|_oz/dt|
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Figure 3. All-sky camera images from the LOZ observato-
ry at (JdAN_oz/dt], [dAZ, oz/dt], |dAF oZ/dt])<<5 nT/min (a);
(JdANLoz/dt], |dAZ | oZ/dt], [dAF oZ/dt)~7 nT/min (b);
(JdANLoZ/dt], [dAZ, oZ/dt], [dAF oZ/dt))>>7 nT/min (c)
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Figure 4. Statistics parameterized to the SME index of the
integral aurora intensity in the auroral zone: a — for the entire
observation period; b, ¢ — in the presence and absence of
auroras at the zenith relative to the LOZ station respectively

Figure 6 exhibits the functional dependence of the a
posteriori probability of observing auroras on the most
significant predictors. Such dependence has a clear log-
arithmic character and can generally be approximated
by function (7). In this case, the significance level of the
feature is inversely proportional to the discrepancy be-
tween the empirical data and the approximating function.

P(A[B)~P(X)=aln(bX +c), ©)

where X is a feature variable; a, b, c are its related shape
parameters; for |dN_oz/dt| a=7.04; b=1.32-10% c=—
1.14-10°.

3.2. Diagnostics of aurora presence by ma-
chine learning methods

A preliminary assessment of the quality metrics of
several classical approaches to binary classification in
the context of the problem being solved reveals an ad-
vantage of the random forest method. However, along
with the best diagnostic accuracy, this method is practi-
cally uninterpretable, i.e., if implemented, the diagnosis
model for the end user will be a "black box" generating
the state of the target function, without indicating in any
way the mechanisms that determine the diagnostic result.
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Figure 5. Daily variation in the probability of observing auroras at the zenith of the LOZ station, calculated from ascaplots,

using data published by PGI for 2012—2020.

Table 3
Estimated a posteriori probability of the presence of auroras at the zenith relative to the LOZ station
dANuoZ/dt, | o9 sy | 53 | 4 | 35 | 26 | 27 | =8 | 29 | =10
nT/min
P(BJA), % | 91.23 | 80.22 | 68.9 | 59.55 | 50.73 | 42.28 | 35.14 | 29.49 | 24.66 | 20.66
P(B|~A), % | 29.78 | 12.06 | 6.67 | 3.96 | 256 | 1.62 | 1.07 | 064 | 035 | 0.22
P(AB), % | 69.18 | 82.97 | 88.33 | 91.68 | 93.56 | 95.03 | 96.02 | 97.1 | 98.1 | 98.56
Note: P(A)=3978/9408~42.28 %; P(~A)=5430/9408~57.72 %.
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Figure 6. Type of the dependence of a posteriori probabil-
ity of observing auroras at the zenith relative to the LOZ sta-
tion on the most significant global (a) and local (b) feature
variables

Assessing the significance of predictors according to
the Gini criterion [Witlox, 2017] for the random forest
model made it possible to rank feature variables inde-
pendently of the previously obtained results and to iden-
tify parameters contributing to the reliability of diagnos-
tic results. The result obtained correlates well with the
already available data and mainly for the features that
have the highest significance.

Thus, when selecting the nine most significant pre-
dictors that are not related to each other by linear de-
pendence (Table 4) and optimizing hyperparameters of

85.7 %; the training time of the model in this case de-
creases ~4.1 times and is 12.6 s. If exclusively SME and
SMR are utilized as input parameters, the percentage of
model errors does not exceed 19.7 % (i.e. Accuracy>
>80.3 %), and the result may be relevant for the entire
set of points located at the geomagnetic latitude of the
LOZ station at night.

4, DISCUSSION

The studies conducted strongly suggest that it is pos-
sible to effectively identify the presence of auroras by
machine learning methods, statistical and intelligent anal-
yses of geomagnetic data from ground sources. At the
same time, the results are of practical significance for
problems of organizing decision-making support for the
identification of auroras by non-automated analysis of
keograms and/or all-sky camera data. In the future, the
scope of application of the results can be expanded to
near real-time diagnostics of the upper ionosphere condi-
tions at high latitudes, assessments of the risks of failure in
HF radio communication systems and extreme errors in
global navigation satellite systems operated in the Arctic.
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Table 4
Quality metrics of diagnosis models for different sets of input features
Metrics * o
Input features AUC | Accuracy
|[dAN| oZ/dt], |dAE oZ/dt|, [dAZ, oZ/dt|, [AAF oZ/dt], ]AN oz, |AE L 0z], IAZLoz|, SME, SMR | 0.927 0.863
|[dAN| oZ/dt], |[dAZ oZ/dt|, [dAF oZ/dt|, AN, oz 0.924 0.857
SME, SMR 0.879 0.803

Note: "AUC (Area Under Curve) — the area under the ROC curve [Hand, Till, 2001] and the axis of the percentage of false
positive classifications; “Accuracy is determined by Expression (8).

Table 5

Estimated quality of diagnostics of aurora presence in test data
(25 % of GEN), when using nine most significant feature variables as input

. : Aurora at the zenith Observed Not observed
Aurora diagnosis
positive 1227 140
negative 182 803

Due to the initially rather weak features, the accura-
cy of the obtained models is relatively low, ~86 %. In
this regard, the issues that especially require further
research are those relating to the identification of more
complex and strong synthetic predictors, whose exist-
ence is clearly evident from the results of the analysis of
the main components [Jolliffe, 2002]. It also makes
sense to address the questions of systematization and
complex processing of data from several high-latitude
magnetometers and all-sky cameras in a small subregion
(for example, a subregion bounded by the observatories
Lovozero, Apatity, and Verkhnetulomsky).

CONCLUSIONS

The existing variety of approaches to monitoring
space weather and geophysical parameters in the auroral
oval do not solve the problem of effective forecasting
and diagnostics of auroras as a special state of the upper
ionosphere at high latitudes. The format of presenting
data from all-sky cameras in the form of ascaplots, un-
changed since the 1970s, has practically lost its rele-
vance today and needs in-depth modernization, for ex-
ample, by organizing automated data separation, reduc-
ing the sampling increment, and modifying the approach
to classifying observable events.

The recursive feature elimination method [Kuhn,
Johnson, 2019] and the estimated mutual information
criterion [Baudot et al., 2019] indicate that the first time
derivative of the northward and vertical components of
GMF variations most closely related to the occurrence
of auroras in the optical range, which is likely sugges-
tive of an essential relationship of auroras with medium-
scale turbulent and wave processes in the polar iono-
sphere. Of the significant second-order features, |AN o]
and the SME index stand out as characterizing the rela-
tionship of auroras with the auroral electrojet intensity
and the substorm activity level in general.

Statistical analysis of geomagnetic data for nine
years (2012-2020) suggests that the geomagnetic condi-
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tions in the absence of auroras have a lower degree of
uncertainty than when auroras occur. In other words,
extreme GMDs cause auroras in the optical range, yet
the fact of observing auroras does not guarantee the
occurrence of strong GMF variations and is statistically
due to the disturbances only in ~1/3 of cases.

The dependence of the a posteriori probability of ob-
serving auroras on observable features has a clear loga-
rithmic character and can generally be approximated by
a function of the type P(A|B)=P(X)=a In(bX+c), where X
is a feature variable; a, b, ¢ are its related shape parame-
ters (for |[dN_oz/dt| a=7.04; b=1.32x10° c=-1.14x10°).
In this case, the degree of significance of the feature is
inversely proportional to the discrepancy between em-
pirical data and the approximating function.

The accuracy of local identification of auroras from
geomagnetic data based on the random forest method
and a number of the most significant feature variables is
~86 %. The diagnosis model based on global geomagnetic
indices has the expected lower accuracy of ~80.3 %; how-
ever, the data obtained from it can be used to verify known
global diagnosis models of the auroral oval with a similar
set of input parameters (for example, the auroral precipita-
tion model [VVorobjev, Yagodkina, 2005]).
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