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ABSTRACT

BACKGROUND: Some medical weather classifications identify reduced partial oxygen density in the air as a key parameter
affecting human well-being. This parameter can be modulated not only by meteorological factors but also by the helio-
geophysical environment. It should be noted that synoptic combinations with elevated oxygen content are not considered
among the weather types, although several studies have shown that hyperoxia can have adverse effects on health.

AIM: To assess the influence of circannual variations in solar activity on the changes of atmospheric partial oxygen density in
subarctic and subtropical regions.

METHODS: Calculations of partial oxygen density were based on daily average values of air temperature, atmospheric pressure,
and relative humidity of the ambient air. Sunspot number data were obtained from publicly available sources provided by the
Royal Observatory of Belgium. Data from 2007 (a year of low solar activity in the 23rd solar cycle) and 2001 (a year of high solar
activity) were compared. Wavelet analysis was used for mathematical processing.

RESULTS: The mesor, amplitude, coefficient of variation, and rhythm spectrum of sunspot numbers differed significantly
between the years of low (2007) and high (2001) solar activity. In 2001, the dominant rhythm was close to a semiannual cycle.
In 2007, the rhythm of sunspot numbers was 27.27 days. In Khanty-Mansiysk, the seasonal range of partial oxygen density
was ~147 g/m?in 2001 and ~70 g/m® in 2007. The annual cycle was characterized by prevailing hyperoxia, with upper values
reaching 395 g/m? (normal: 285 g/m?). In Polokwane, the winter—summer variation in partial oxygen density in 2001 was
approximately 24 g/m? (virtually the same as in 2007, 30 g/m?), which falls into the category of unfavorable hypoxic weather. In
the year of high solar activity (2001), a polyrhythmic pattern of both stable and transient rhythms of partial oxygen density was
observed in both subarctic and subtropical regions.

CONCLUSION: In the subarctic region, wintertime values of partial oxygen density were high in the year of low solar activity
and very high in the year of high activity. Seasonal fluctuations between hyperoxia and hypoxia extended far beyond the range of
favorable weather types. Fluctuations in partial oxygen density characteristic of the subtropical climate consistently remained
within hypoxic ranges, regardless of solar activity levels. During the year of elevated solar activity, both examined regions
exhibited polyrhythmic patterns of partial oxygen density, indicative of desynchronosis. It is recommended that medical weather
classifications be expanded to include “hyperoxic day” and “hyperoxic weather type.”
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AHHOTALMUA

06ocHoBaHue. CyLeCTBYIOT MeIULMHCKUE KilacCMbMKaLmMM NOroAbl, roe onpeaensowmM napaMeTpoM, BIUAIOLWMM Ha Ca-
MOYYBCTBUE YESIOBEKA, ABNSAETCS CHUKEHWUE B BO3AYXE NapLManbHON NAOTHOCTM KUCOPOa, KOTOPas MOXET MOLY/IMPOBaTh-
€A He TONIbKO MeTeodaKTopaMu, Ho M renioreodusnyeckon obctaHoBKoii. Heobxoaumo oTMETUTD, YTO CPeauM TUMOB NOrof,
He paccMaTpuBalOTCA CUHOMTUYECKUE KOMBMHALMM C NOBbILLEHHBIM COEPXaHWeM KUCIIOPOAa, X0Ts B pAfe McCnefoBaHWi
YCTaHOBJIEHO HEraTUBHOE BO3LENCTBUE TMNEPOKCUM Ha 3[0POBLE.

Llenb. OueHUTb BNUSAHME OKONOrOA0BbIX BApUaLMin CONTHEYHOW aKTUBHOCTW Ha AVHAMMKY NapLuManbHOM MIOTHOCTM KUCTIOpO-
Aa aTMocdepHOro Bo3ayxa B CybapKTUYeCKOM W CybTpONUYECcKOM permoHax.

Martepuanbl M MeTogbl. [Ins pacyéTta mapumasnbHol MOTHOCTW KMCIOPOAA MCMOJb30BaNy eXefJHEBHbIE CPEAHECYTOYHbIE
3HaueHus TeMnepaTtypbl, aTMochepHOro [aBeHNs U OTHOCUTENTbHOW BAAYXKHOCTW OKpYalollero Bo3ayxa. [laHHble 0 uucne
CONTHEYHBIX NATEH MOMyYeHbl M3 0bLieaocTynHbIX MaTepuanoB KoponeBckoi obcepBatopumn benbrin. CpaBHMBaNK aaHHble
3a 2007 r., KaKk Haubonee CMOKOMHbIN rof, 23-ro LMKNa CONHEYHO akTuBHOCTH, M 3a 2001 r., Koraa aKTMBHOCTb COHLA bbina
BbICOKOM. [lnA MaTeMaTuyeckoi 00paboTKM NPUMEHSW BeMBNET-aHanms.

Pesynbrartbl. B rogbl cnokoiHoro (2007 r.) u aktueHoro (2001 r.) conHUa 3HaYMMO OTAMYAKOTCS Me30pPbl YUC/A CONTHEYHBIX
MATEH, aMMINTYAA UX KonebaHui, Ko3dduumeHT Bapuaumm u cnektp putMoB. B 2001 r. Hanbonee MOLLHBIM SBRANCA pUTM,
6nm3kui K nonyrogosoMy. B 2007 r. aMHaMmMKa umMcna CosHeYHbIX NATeH cocTasnsna 27,27 cyt. B XaHTbl-MaHcuitcke pas-
Max Ce30HHBIX KoylebaHmii napumasnbHoi nnoTHocTy kuciopoaa B 2001 r. 6bin ~147 r/m3, B 2007 ~70 r/m3. B rogosom umkne
rpeBasMpyeT rMNepoKcua ¢ BepxHeil rpaHuuen 395 r/m® (Hopma 285 r/m®). B Monoksare B 2001 r. 3uMHe-neTHAA BapuaLys
napumanbHoi NIOTHOCTU KMCIOpoAa cocTaensieT ~24 r/m3 (npakTndecku He otimyaetcs ot 2007 r. — 30 /M%), uto nona-
[aeT B pa3psAf HebnaronpusaTHOM runokcuyeckon noroael. B roa aktueHoro conHua (2001 r.) obHapyxuBaeTcs NOAMPUTMUS
MOCTOSIHHBIX M BCTABOYHbIX PUTMOB MapLManbHOM MAOTHOCTM KUCIOPOLA KaK B CybapKTUYECKOM, TaK U B cybTponuyecKom
peruoHax.

3akniouenue. B cybapKTUHeCKOM perMoHe B 3UMHMIA Nepuop, HabMioaalTCA BLICOKWME 3HAYEHWS NapUManbHOW MOTHOCTH
KMC/IOPOAA B FOA CMOKOMHOMO COJHLA M 04YEHb BbICOKME — B FOf, aKTMBHOMO cosiHLA. Ce30HHas BapUaTMBHOCTb COCTOSHUSA
«TUMEePOKCUS/TUNOKCUS» BbIXOAUT AANeKo 3a paMKku bnaronpuatHoro Tvna norogbl. [lns cybTponuyeckoro KMMara xapak-
TEpHbI KoniebaHus napumManbHoi NAOTHOCTM KUCNOPOAa B MPeAenax rmnoKCMYecKoro cTatyca BHe 3aBUCMMOCTU OT YPOBHA
COJIHEYHOM aKTUBHOCTU. B ro, BbICOKOW COMHEYHOM aKTUBHOCTU B 000MX UCCNEAOBAHHbLIX PErMOHaX BbISBMIEHA NOSMPUTMUA
napuuanbHoOi MAOTHOCTM KUCNOPOAA KaK NPpU3HaK [LecuHXpoHo3a. MeauumHckue Knaccudukaumm norof, peKoMeHayem [o-
MOJHUTb TaKUMU NMYHKTaMU, KaK «TUNepPOKCUYECKUA JeHb» W «TUMEPOKCUYECKUIA TUN NOTOAbI».

KnioueBbie cnoBa: 3KCTpeMalibHble NorogHble yCnoBua; KUCNopon,; runokCcud; runepoKkcus; CeBep.
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BACKGROUND

Extensive data have been accumulated on the effects
of geophysical and weather-related factors on human
health [1-3].

Russian researchers have made a significant contribution
to the study of heliometeorotropic responses of the human
body [4]. Meteorotropic reactions are observed in patients
with cardiovascular, bronchopulmonary, gastrointestinal,
dermatological, musculoskeletal, neurological, and psychi-
atric disorders [5, 6].

In northern regions, conditions arise that disrupt the tem-
poral organization of psychophysiological functions due to the
specific heliogeophysical conditions of circumpolar areas [7].

At present, the attention of specialists from various dis-
ciplines is increasingly focused on the influence of exoge-
nous factors on the changes of oxygen content in near-sur-
face air [8]. Several weather classifications identify partial
oxygen density (POD), or gravimetric oxygen content, as
the key factor affecting human health. These classifica-
tions distinguish hypoxic, spastic, indifferent, and hypoten-
sive weather types, which may or may not require medical
supervision [9, 10].

It should be noted that existing classifications do not
account for weather types associated with elevated oxygen
content, although several studies have demonstrated the
adverse effects of hyperoxia on human health and well-be-
ing [11-15]. It is therefore relevant to assess the impact of
solar activity levels—both high and low—on the formation
of circannual rhythms of POD in the near-surface air layer
across different climatic zones.

The work aimed to assess the influence of circannual
variations in solar activity on the seasonal changes of atmo-
spheric POD in subarctic and subtropical regions.

METHODS

To calculate POD (g/m?), daily average values of ambi-
ent air temperature (T, °C), atmospheric pressure (P, mm
Hg), and relative humidity (¢, %) were used. POD is direct-
ly proportional to atmospheric pressure minus the partial
pressure of water vapor and inversely proportional to air
temperature: 0, = 83 x (P — @)/T. A direct correlation has
been observed between POD and the partial pressure of
oxygen in inspired and alveolar air, depending on physical
characteristics [16].

Data on the daily relative sunspot number (Wolf number,
W) were obtained from publicly available materials provided
by the Royal Observatory of Belgium (Brussels)'. The year
2007, identified as the calmest year of the 23rd solar cycle
(smoothed monthly minimum W = 2.2), was compared with
2001, a year of active sun (W = 180.3).

! WDC-SILSO. Royal Observatory of Belgium, Brussels. Available at: http://
www.sidc.be/silso/datafiles Accessed on: December 7, 2024.
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Wavelet analysis was used to evaluate the time series”.
The results of the wavelet transformation show how the
spectral composition of the time series changes over time.

The following parameters of the analyzed time series
were determined: the average level (mesor, M = m), rhythm
amplitude (A, arbitrary units), periods of stable and tran-
sient (quantized) rhythms (days), and coefficient of variation
(c,, %). The statistical significance of the rhythms was as-
sessed by performing multiple (5000) random permutations
of the original time series levels. The reported p-value indi-
cates the proportion of cases in which the energy of the ex-
tracted frequency component in the original series exceeded
that in the permuted series.

Khanty-Mansiysk, the capital of the Khanty-Mansi Au-
tonomous Okrug-Yugra, is located at 61° N and 69° E. The
climate is sharply continental, with harsh, prolonged winters
featuring strong winds and blizzards, spring cold snaps, and
late spring and early autumn frosts. Pronounced changes
in photoperiod occur throughout the year: the shortest day-
light duration is recorded on December 22 and reaches 5 h
32 min, whereas in summer, during the “white nights,” day-
light reaches 19 h 17 min’.

Polokwane is the administrative center of the Polok-
wane Municipality, Capricorn District, Limpopo Province
(South Africa), located at 23° S and 29° E. Summer in Lim-
popo lasts from November to March (~5 months). During
this season most annual precipitation occurs. Winter spans
from June to August (~3 months) and is characterized by
little to no precipitation. The province receives abundant
sunshine throughout the year, especially in winter. Sea-
sonal variations in photoperiod are minor, with a gradient
of approximately 3 hours (10 h 39 min on June 22 and 13 h
36 min on December 22)*.

RESULTS

Descriptive statistics of the Wolf number (arbitrary units)
and intra-annual rhythms of solar activity for 2001 and 2007
are presented in Table 1 and Fig. 1.

Mean annual levels of W (arbitrary units), A (arhitrary
units), and c, (%) significantly differed between the years of
low (2007) and high (2001) solar activity (see Fig. 1). The
rhythm spectra also varied (see Table 1).

In 2001, the most prominent rhythm was close to a semi-
annual cycle (165.3 days), as well as rhythms with periods
of approximately three months, two months, and one week
(Table 1, Fig. 2). In 2007, the dynamics of W followed a 27.0-
day rhythm, with the highest amplitude in spring and autumn

2 Software for Studying Biological Rhythms Using Wavelet Analysis.
Certificate of state registration of computer software No. 2014611398 of
February 3, 2014.

3 Khanty-Mansiysk Center for Hydrometeorology and Environmental
Monitoring. Available at: http://www.ugrameteo.ru. Accessed on:
November 07, 2024.

4 Green Book: Adapting South African Settlements to Climate Change.
Available at: https://greenbook.co.za. Accessed on: November 7, 2024.
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Table 1. Intra-annual rhythms of solar activity in 2001 and 2007

Year Period, days Rhythm energy, arb. units p
2001 165.3 4.55 0.001
105.1 233 0.001
59.7 1.08 0.024
9.8 0.87 0.012
2007 27.0 4.08 0.001
13.7 1.43 0.001
8.7 1.04 0.001

and low-amplitude biweekly and near-weekly peaks in win-
ter (see Table 1, Fig. 2).

No statistically significant differences in mean annual
POD values or in the amplitude of circannual fluctuations
were found across the examined climatic zones for different
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years of the solar cycle. However, significant differences
were observed in the coefficient of variation of POD in the
subarctic region between years of differing solar activity
(Table 2, Fig. 3). There was also a marked trend toward
differences in the POD coefficient of variation between the
subarctic and subtropical regions during the year of low so-
lar activity. In Khanty-Mansiysk, seasonal POD fluctuations
in 2001 were more pronounced, ranging from 148 g/m? in
summer to 395 g/m® in winter (compared with 260 g/m® in
summer and 330 g/m?® in winter in 2007). The variability of
the hyperoxia/hypoxia state extends far beyond the scope of
current medical weather classifications.

In Polokwane, the winter—summer variation in POD in 2001
(see Table 2) ranged from 262 g/m® in summer to 286 g/m®
in winter and was virtually the same as in 2007 (260 g/m? in
summer, 290 g/m® in winter), although the values fell within
the range of unfavorable oxygen-related weather [17].

In the year of high solar activity (2001), polyrhythmic
patterns of both stable and transient POD rhythms were

2001
200
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100 ']
50
oottt bR anfen JAVFL NUAL A AN e s AR A IV e d LM L s a
mesor (M £ m) A (arb. units) cv (%)
2007
35
30
25— - L 7 I 3
20 + '. . - [ 1 ] k
15 b g 1 sell o o 1 | S— - 1 . _
o4 LI slire e ] A - 1,. — i — g
s - 4 ) . |l 'RAP. TN i 1 | o PR 'y \
o 4 ~F i W BT o AN I N B ~ CRATUIYW A 'R YRR
5
mesor (M £ m) A (arb. units) cv (%)

Fig. 1. Descriptive statistics of sunspot numbers (arb. units), 2001 and 2007: A, amplitude; c,, coefficient of variation.

Rhythm of 165.3 days (semiannual rhythm)

Fig. 2. Wavelet spectrograms of solar activity variations: A, 2001; B, 2007
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Rhythm of 27.27 days (rotation period of the Sun
according to the Carrington model)

36



37

OPUIMHATTIBHOE VICCIEOOBAHME

T.32 N2 1, 2025

JKoNorna HenoBeka

Table 2. Descriptive statistics of partial oxygen density in Khanty-Mansiysk and Polokwane in 2001 and 2007

XaHTbl-MaHcuiick | Khanty-Mansiysk

MNonoksae | Polokwane

Indicator
2001 2007 2001 2007
Mesor. Mtm 278.2350.10 283.24+14.79 272.59+6.19 274.22+6.55
Amplitude. arb. units 79964.45 80445.13 74341.42 75237.27
Coefficient of variation. % 18.15* 5.22** 2.27 2.39

Note: *p = 0.022; **p = 0.058.

identified in both the subarctic and subtropical regions [18].
Polyrhythmicity of POD (2001) was 5 in Khanty-Mansiysk and
4 in Polokwane (Table 3).

In the year of high solar activity (2001), five and four
significant POD rhythms were identified In Khanty-Mansiysk
(subarctic region) and in Polokwane (subtropics), respectively
(see Table 3). In the year of low solar activity (2007), three
significant intra-annual POD rhythms were observed in both
regions.

DISCUSSION

Low solar activity is characterized by temporal stability
of electromagnetic radiation across the entire spectral range
and of the so-called solar wind—a weak flow of electrons,
protons, and helium nuclei, representing a radial outflow
of plasma from the solar corona into interplanetary space.
Periodically, approximately every 11 years, solar activity
increases (manifesting as sunspots, chromospheric flares,
and prominences in the solar corona). During these periods,
wave-type solar radiation intensifies at various frequen-
cies, and streams of electrons, protons, and helium nuclei

are ejected from the solar atmosphere into interplanetary
space. The energy and velocity of these particles are signifi-
cantly higher than those of solar wind particles. This particle
flux propagates through interplanetary space and reaches
the Earth’s orbit after a certain time (12-24 hours) [19].
The Earth’s magnetic field acts as a shield against the so-
lar wind; however, some charged particles can penetrate
the magnetosphere. This occurs primarily at high latitudes,
where two so-called cusps are located—one in the Northern
Hemisphere and one in the Southern Hemisphere [20]. These
regions are characterized by specific features associated with
the season (winter—summer) and the level of solar activity.

Human responses to heliogeophysical factors range from
localized to systemic, are aggravated by anthropogenic risk
factors, and exert a biorhythm-modulating, desynchronizing
effect on the functional systems of the body [21].

Some authors hypothesize that biological systems are
sensitive to weak electromagnetic fields of both artificial and
natural origin and that magnetic pulsations, the oscillation
frequencies of which lie within the range of low-frequency
biological rhythms, may influence them [22]. A thermospheric
response to magnetic storms has been observed, manifesting

Table 3. Structure of circannual rhythms of partial oxygen density in Khanty-Mansiysk and Polokwane in 2001 and 2007

City Year Period. days Amplitude. arb. units | p

Khanty-Mansiysk 2001 325.9 3551 0.001
147.6 3.899 0.001

83.8 1.604 0.001

105.1 1.477 0.005

270 1.059 0.003

2007 291.1 35.52 0.001

93.8 4.395 0.001

147.6 3.081 0.002

Polokwane 2001 291.1 45.67 0.001
83.8 1.088 0.010

59.7 1.024 0.012

1318 0.998 0.015

2007 291.1 44.30 0.001

83.8 2.068 0.002

241 0.692 0.042

DOl https://doiorg/10.17816/humecob48668
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as a more than tenfold decrease in the atomic oxygen to mo-
lecular nitrogen concentration ratio in high-latitude regions
compared with the quiet geomagnetic level. Notably, this
thermospheric response is 1.5 times more pronounced in the
Northern Hemisphere than in the Southern Hemisphere [23].

In our study, we obtained evidence of a heliometeoro-
tropic effect of solar activity level on the oxygen status. This
effect is manifested as a pathological desynchronosis of the
circannual variability in POD, with a hyperoxic accent in the
subarctic region and a hypoxic one in the subtropics.

2001

2007

January |February| March April May June
WINTER SPRING

July August | September | October November | December

SUMMER _ WINTER

Khanty-Mansiysk

2001

2007

January | February March April May June July August September October | November | December
WET SEASON DRY SEASON

Polokwane

WET SEASON

Fig. 3. Circannual changes of partial oxygen density in Khanty-Mansiysk and Polokwane during years of high (2001) and low (2007) solar activity.
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Based on these findings, continuous monitoring of POD
in inhaled air is necessary to assess hypoxia/hyperoxia and
should be included in weather forecasting systems.

CONCLUSION

In the subarctic region, high and extremely high values
of POD are observed during years of low and high solar ac-
tivity, respectively. In the North, the circannual variability in
the hyperoxia/hypoxia state extends far beyond the range of
favorable weather types. In the subtropical climate, a hypox-
ic pattern of POD fluctuations is recorded regardless of the
level of solar activity. The indicator of POD polyrhythmici-
ty in the ground-level air layer can be used as a criterion
for diagnosing heliometeotropic responses to solar activity
fluctuations. Continuous monitoring of POD is essential for
predicting emergency medical conditions.
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AOMO/JTHUTE/IbHAA UHOOPMALIUA

Bknap aBtopoB. O.H. Paro3vH — cyLLecTBeHHbIM BKNa4 B KOHLENLMIO
1 AU3alH UCCNef0BaHMs, peAaKTUPOBaHWE 1 OKOHUATENbHOE YTBEPX/EHWEe
pykonucy; Jl. Mytano — aHanu3 paadHblx; EMQ. Lanamoea —
MOAroTOBKa MepBoro BapuaHta cTatbk; Ab. I'yaKoB — pefaKTpoBaHue
1 OKOHYaTesbHOe yTBepXKaeHue pykonmeu; W.B. Pagbil — pepaktuposatve
nepBoro BapuaHTa cTatbit; J.P. ParosuHa — Habop nepBuyHOro Matepuana;
W.A. TloroHblleBa — aHanM3 AaHHbIX. Bce aBTOpbl moATBEpMAaloT
COOTBETCTBME CBOEr0 aBTOPCTBA MeXAyHapoaHbIM KpuTepuaM ICMJE (sce
aBTOpbI BHEC/W CYLLIECTBEHHBI BK/a/L B pa3paboTKy KOHLEMNLK, NpoBeLieHme
UCCNefoBaHUA W MOAFOTOBKY CTaTbW, MPOYAM W 0f06punM GUHanbHyo
Bepcuio nepes NybnmKaLmen).

ITyeckas 3kcnepTu3a. [poBefieHne nccnenoBaHWs ofobpeHo NoKab-
HbIM 3TUHECKMM KOMUTETOM BY «XaHTbl-MaHcuiicKas rocyaapcTBeHHas Me-
IOMLMHCKan aKageMusy (3akmoyerme N2 214 ot 15.10.2024).

WUcTounukmn dumnancupoBanmus. OTCyTCTBYIOT.

PackpbiThe UHTepecoB. ABTOpbI 3asIBNAIOT 00 OTCYTCTBUM OTHOLLEHWH, [ie-
ATENbHOCTM W MHTEPECOB 3@ MOCNefiHWE TPW rofia, CBA3aHHBIX C TPETbUMU
JmLaMK (KOMMEPYECKUMM U HEKOMMEPYECKVMM), UHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHWEM CTaTbU.

OpuruHanbHOCTb. [1py CO3a4aHMM HAcTosILLEN paboTsl aBTOPbI HE UCTOTb-
30Banu paHee onybiMKoBaHHbIE CBEAEHUs (TEKCT, UNMIOCTPaLWMY, AaHHbIE).
HocTyn K paHHbIM. PefjaKUMoHHas NONMUTUKE B OTHOLLEHUM COBMECTHO-
ro WMCMONb30BaHWA AaHHbIX K HAcTOALLEN paboTe He MpUMEHWUMA, HOBble
AaHHble He cobupany 1 He co3aaBani.

TeHepaTUBHbIA MCKYCCTBEHHbIN MHTENNEKT. [Ipy CO30aHMM HACToALLEeN
CTaTbi TEXHOMOTWM FEeHEPATUBHOMO WCKYCCTBEHHOrO WHTENNEKTa He uc-
nonb30Banu.

PaccMoTpenue u peueHsupoBaHue. HacTosilias pabota nofaHa B yp-
Han B MHWLMATMBHOM MNOPAJKE WM PacCMOTPEHa No 06bIYHOM MpoLesype.
B peLieH3MpoBaHWM y4acTBOBaNM [Ba BHELLHMX PeLieH3eHTa, YieH pefaK-
LIVIOHHOW KOMMIErnu W HayuHbIA pefakTop U3faHus.
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