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Interpretation of space-time temperature variations
in Antarctica in connection with changes in the geomagnetic
field and low stratospheric ozone

Abstract. In this work we review space-time temperature variations in Antarctica and possible ways the various geophysical
factors caused by fluctuations of the main geomagnetic field could influence it. We analyzed data of direct ground observations
of temperature and the geomagnetic field, and data of ERA-20CM and ERA Interim on air temperature variation, ozone
concentration and specific humidity at the upper troposphere—lower stratosphere level. The values of module of total intensity
of the magnetic field vector were calculated according to the IGRF model. Time series of galactic cosmic rays (annual data since
1700) were provided by the World Data Center for Paleoclimatology. Solar proton fluxes with energies >10 MeV were taken from
several sources: (1) historical reconstructions of large solar proton events before 1950, (2) published data on solar proton fluxes
and (3) satellite data on solar proton events. Time series were analyzed using Statistica and Microsoft Excel software. The fastest
decrease in geomagnetic field’s intensity occurs in West Antarctica where there is also seen the largest increase in surface
temperature in the region during the XX century. Besides that, in Central and East Antarctica there are trends towards decreasing
of air temperature and strengthening of geomagnetic field. The concomitance might indicate a link between the geomagnetic
field and regional climatic change. We explain it thusly: (i) the geomagnetic field controls the charged particles flux entering the
Earth’s atmosphere; (ii) the charged particles influence the ozone concentration near tropopause and through this, the
temperature and humidity in the upper troposphere—lower stratosphere, (iii) the induced changes in humidity near tropopause
have an effect on surface temperature by strengthening or weakening the greenhouse effect. Changes in the geomagnetic field
intensity can be one of the factors which shape the temporal and regional variability of surface temperature. Low intensity of the
geomagnetic field and the highest speed of its changes in the West Antarctica correspond to the systematically low ozone
concentration and increased air humidity near tropopause. The factors cause retention of Earth’s longwave radiation in the
troposphere due to the greenhouse effect which results in regional warming in the region.
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1 Introduction

One of the scientific problems requiring interdisci-
plinary research is the probability of the relationship
between long-term climatic changes with changes in
the geomagnetic field. It has been discussed in the
scientific community for the last fifty years, as the
global temperature kept increasing and the intensity
of geomagnetic field kept decreasing.

The geomagnetic field has an effect on a multitude
of processes in different layers of the planet. It is one
of the determining components of the whole com-
plex integral system which protects life from cosmic
radiation. Since this geophysical factor is ubiquitous
and probably linked to different processes (or directly
influencing them) it draws significant attention of spe-
cialists from various sciences.

The probable multilayered connection between the
geomagnetic field and climate has been studied since
1970-s, with the hypothetical connection sought at
different timescales, from millions and thousands of
years (Vasiliev et al., 2012; Kitaba et al., 2013; Rossi
et al., 2014; Valet et al., 2014; Vares, Persinger, 2015;
Kitaba et al., 2017) regarding changes in the dipole
magnetic (paleomagnetic) field, to months or days
regarding the geomagnetic activity arising from outer
sources in the magnetosphere and ionosphere (Muf-
ti, Shah, 2011; Seppadlé et al., 2013). Some studies also
evaluate the changes in the main magnetic field of
the Earth whose sources lie in the core and at the
core-mantle boundary at the timescale of the first
hundreds-dozens of years. One such paper (Campu-
zano et al., 2018) used an example of analyzing
changes in the area of the South Atlantic magnetic
anomaly and in the global sea level in the last three
hundred years after the long-term trend was discard-
ed, and confirmed a hypothesis on which we had
based our previous research (Bakhmutov et al., 2014;
Kilifarska et al., 2015, 2016; Kilifarska et al., 2020),
namely that the geomagnetic field can have an effect
on climatic changes but not the other way round.

In this work we continue our lasting search for the
connection between the changes in the geomagnetic
field and climate (Bakhmutov et al., 2014; Kilifarska
et al., 2015, 2016; Kilifarska et al., 2020) since the

start of the last century and until today, but the object
of study here is the Antarctic region. Our aim is to
provide an explanation for the empirical material on
the problem of the geomagnetic field — climate con-
nection, including, as part of our hypothesis, the re-
gional specifics of change in surface temperature in
the Antarctica: the fast growth it shows in the west
concurrently with a slower growth and even decrease
in the center and in the east.

2 Data and methods

To analyze space-time changes in the geomagnetic
field we used the calculated mean annual values of
the module of total intensity of the geomagnetic field
vector F (nT) and its secular variation dF (nT/year)
according to International Geomagnetic Reference
Field (IGRF) (http://www.ngdc.noaa.gov/geomag-web/
#igrfwmm) model with 10° increments in latitude and
longitude over the period of 1900—2020; the values of
F observed by geomagnetic observatories (Table) are
taken from the database of the British Geological
Survey (http://www.geomag.bgs.ac.uk/data_service/
data/annual_means.shtml).

Annual fluxes of galactic cosmic rays (GCR) were
obtained from the World Data Center for Paleocli-
matology, Boulder (ftp://ftp.ncdc.noaa.gov/pub/data/
paleo/climate forcing/solar_ variability/usoskin-
cosmic-ray.txt). The data on solar protons fluxes
(SPF) with energies equal or over 10 MeV were taken
from several sources: (1) historical reconstructions of
large proton events, 1561—1950 (McCracken et al.,
2001), (2) published SPF data for 1955—1986 (Shea,
Smart, 1990) and (3) satellite data on SPF which
have an effect on the Earth’s environment, starting at
1976 (National Oceanic and Atmospheric Adminis-
tration (NOAA), Space Environment Service Centre
(ftp://ftp.swpc.noaa.gov/pub/indices/SPE.txt).

To analyze the changes in surface temperature we
used the observations of the READER project stations
(Table, http://www.antarctica.ac.uk/met/READER/
surface/stationpt.html).

We also employed data of ERA-20CM (Hersbach
et al., 2015; https://www.ecmwf.int/en/forecasts/data-
sets/reanalysis-datasets/era-20cm-model-integrations)
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and ERA Interim (https://www.ecmwf.int/en/forecasts/
datasets/reanalysis-datasets/era-interim) on the tem-
perature values two meters above the planetary surface
(T2m), specific air humidity SpH at the150 hPa level
and ozone O, concentration at the 70 hPa level for
1900—2019 to construct a time diagram of T2m and
1900—2010 to calculate other parameters. In our pre-
vious works (for example, Kilifarska et al., 2016) we
used data of the ERA-40 and ERA Interim ECMWF
reanalyses, based on observations of the second half of the
XX century. ERA-20CM is a unification of 10 atmos-
pheric models for 1899—2010. Of course, ERA-20 CM
cannot aspire to the same precision, especially in the
first half of the XX™ century, yet according to (Her-
sbach et al., 2015), the data can be used to statisti-
cally evaluate climatic parameters, so we tried to in-
corporate them as an accessible information source.

To establish space-time synchronicity in the studied
parameters’ variation we used a non-linear Machine
Learning method, the Support Vector Machine (SVM)
(cf. Shawe-Taylor, Sun, 2014), which is an algorithm
based on a Gaussian radial basis function. The method
was applied to original (not smoothed) data. However,
it is unable to determine the direction of the causal
link. In view of this, we also applied the well-known
method of cross-correlation analysis. Coefficients of
cross-correlation are calculated as usual by normaliz-
ing the cross-correlation by the standard deviations of
both time series. Notably, before we built correlation
maps we assigned weight coefficients for the correla-
tion coefficients — coefficients of the influencing fac-
tor’s autocorrelation corresponding to the time delay
of the response (for more detail cf. Kenny, 1979). The
procedure allows direct comparison of the degree of
connection between both variables.

Time series analysis and plotting was done in
standard software packages, Statistica and Microsoft
Excel. To draw the maps we used a standard SURFER
packet.

3 Results and discussion

Surface temperature. According to many observations
(see for instance Turner et al., 2005; Steig et al., 2009
and references therein), during the last 50 years the
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surface temperature has been growing faster in the
West Antarctica while in the center and in the east
this increase was much slower or altogether absent
so the region has even been said to cool down. The
highest positive trends of mean annual temperature
are seen at stations in the west of Antarctica (Fara-
day/Akademik Vernadsky station, Gough, Orcadas),
a slower growth is recorded at Macquarie, Marion,
Syowa (east), and Dumont d’Urville, Mawson, Mir-
ny (center and east) report altogether negative trends.
However, one should also note that during the last
decade Faraday/Akademik Vernadsky station and Or-
cadas in the west have documented a trend to lower
mean annual temperature. It is hard to predict how
the process will develop given the general positive
trend from the middle of the last century (Fig. 1a).

Analysis of the spatial distribution of temperature
changes since 1900 according to the ERA-20CM data
places the minimal temperatures over the continent’s
center. The time diagram T2m (Fig. 1b) has two areas,
the "warm" in the west and "cold" in the center and in
the east. There is also seen a general trend to higher
temperature and especially intense warming in the
west beginning in 1970-s to 2010. In the West Antarcti-
ca, a period of increasing temperature (early XX™ cen-
tury to 1940) was succeeded by three relatively cooler
decades (1940-s—1970-s) and finally a new warming
which is still going on. Since the data were averaged for
every decade there is no clear trend to lower mean an-
nual temperature as seen from the meteorological sta-
tions’s records. A span that does stand out is the so-
called plateau, where the temperature does not increase.
In the "cold" part there are two longitude zones of 0°—
60° E and 90°—120° E growing stronger in the first, third to
fifth and sixth to ninth decades of the XX century.
Since 1990-s these areas are somewhat weaker, especial-
ly 0°—60° E, yet there is also a tendency to reintensifica-
tion of cooling in late 2010-s.

Therefore both according to direct observations
and to the ERA-20CM and ERA Interim data,
Antarctica’s west and east have different dynamics of
temperature changes in the XX"—XXI' centuries.

Geomagnetic field. The most steady trait of the
magnetic field of the Earth is the variability of its
space-time structure. Long-term changes in the mag-
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Figure 2. Geomagnetic field changes (a) according to the geomagnetic observatories data; (b) time diagram of the secular vari-
ation according to the IGRF model for latitudes 60°—80° S. Fig. 2a has been created by British Geological Survey data (http://
www.geomag.bgs.ac.uk/data_service/data/annual_means.shtml). Fig. 2b has been created by IGRF calculated data (http://

www.ngdc.noaa.gov/geomag-web/#igrfwmm)

nitude and direction of the geomagnetic field in the
time range of first years to first hundreds—thousands
years are known as secular variation (or secular vari-
ations). The source of these variations is the convec-

tion of the outer core substance, and the magnetic
field it produces makes up on average 95% of all ob-
served magnetic field on the planet surface and is the
Earth’s main magnetic field. Both by calculation and
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by measurement, its magnitude has been decreasing
for the whole Earth in the XX®"—early XXI'" century.

Observations of the geomagnetic field in Antarc-
tica were initiated in 1950-s. Data on the secular
variation in Antarctica may be obtained from the lo-
cal observatories’ records (Fig. 2a, Table).

A decrease in the magnitude of the module of the
geomagnetic the geomagnetic total field vector F is
seen across the whole Antarctic region, with varying
speed, yet it has somewhat "slowed down" since mid-
dle 1990-s (Fig. 2a); the slope of the graph changes at
this point. It is notable for observatories of the Central
and East Antarctica and the adjacent territories (ob-
servatories MIR, MCQ, VOS, SBA, DRY, all observ-

atory codes are given according to the IAGA-code).
The geomagnetic field changes more rapidly in the
west (observatories VSS, TRW, ORC, especially at the
AIA observatory (Melnyk et al., 2014); for the 1957—
2010 the overall decrease in F is over 5200 nT). At the
stations in the center of the South Atlantic Anomaly
(VSS) and on the geomagnetic pole (DRV), F has
been decreasing more slowly during these years. Pos-
itive trends in F have been seen in the Indian Ocean
(PAF, CZT, AMS) since 1990-s.

According to the IGRF model (Thébault et al.,
2015) the geomagnetic field in the Southern Hemi-
sphere has currently less intensity than the in Northern
Hemisphere and decreases faster (Melnyk et al.,

Table. Geomagnetic observatories and meteorological stations in Antarctica and nearby

Geographical coordinates
Ne IAGA code Name
latitude ¢° longitude A°
Geomagnetic observatories
1 VSS Vassouras —22.400 316.350
2 TRW Trelew —43.268 294.620
3 ORC Orcadas —60.733 315.220
4 AlA Argentine Islands —65.250 295.733
5 MIR Mirny —66.550 93.016
6 MCQ Macquarie Island —54.500 158.950
7 VOS Vostok —78.450 106.866
8 SBA Scott Base —77.850 166.783
9 DRV Dumont d’Urville —66.670 140.020
10 PAF Port—aux—Francais —49.350 70.200
11 CZT Port Alfred (Crozet) —46.430 51.870
12 AMS Amsterdam Island (Martin de Vivies) —37.800 77.570
Meteorological stations
1 — Faraday/Vernadsky —65.400 295.600
2 — Gough —40.400 350.100
3 — Orcadas —60.700 315.300
4 — Macquarie —54.500 158.900
5 — Marion —46.800 37.800
6 — Dumont D urville —66.700 140.000
7 — Mawson —67.600 62.900
8 — Syowa —69.000 39.600
9 — Mirny —66.500 93.000
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Figure 3. Correlation maps of ozone concentration at 70 hPa with solar proton (a) and galactic cosmic rays (b) fluxes for the period
1900—2010, the lagged correlation coefficients have been weighted by the autocorrelation function of forcing factor, corre-
sponding to a particular time lag of calculated correlation coefficient; the delay time of the reaction O, to the corresponding
effect (c, d). Correlation coefficients have been calculated for GCR by World Data Centre for Paleoclimatology, Boulder, and the
NOAA Paleoclimatology Program data (a) for the solar proton with energy >10 MeV fluxes by McCracken et al., 2001; Shea,
Smart, 1990 and NOAA, Space Environment Service Centre data (b) O, at 70 hPa by ERA-20CM data (https://www.ecmwf.int/
en/forecasts/datasets/reanalysis-datasets/era-20cm-model-integrations)

2014). Main magnetic structures here are the Southern
Atlantic Anomaly (lowest F magnitude) and the anoma-
ly connected to the geomagnetic pole where the F
magnitude reaches maximum values. The field’s in-
tensity decreases faster in the West Antarctica. The
negative focus of the secular variation (area of the
strongest changes) near the Antarctic Peninsula ap-
pears in the first decade of the XX century, stren-
gthened until 1960-s, than began to weaken. In the

last decade (2010—2020) the geomagnetic field chang-
es in the Southern Hemisphere are overall slower,
yet the above-mentioned negative focus remains
(Fig. 2b).

Therefore, the intensity of the geomagnetic field F
in Antarctica decreases faster in the west, slower — in
the center and the east of the region (Fig. 2b). The
fastest decrease is seen at the magnetic observatory
AIA (Akademik Vernadsky station).
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Figure 4. Time series of winter (May-Sep) ozone O, at 70 hPa and temperature T2m in West (@) and East (b) Antarctica, ozone
O, at 70 hPa and humidity H,O at 150 hPa at 70° S on longitudes 90° W, 100° W, 110° W, 120° W and 90° E,100° E, 110° E, 120° E.
Data are smoothed by 5-point filter. Plots have been created by ERA-20CM data (https://www.ecmwf.int/en/forecasts/data-

sets/reanalysis-datasets/era-20cm-model-integrations)

Correlations between the geomagnetic field, ozone and
surface temperature. Currently there are several hypoth-
eses attempting to explain the revealed correlations be-
tween the geomagnetic field and climate (e.g., Bochnicek
et al., 2012; Veretenenko, Ogurtsov, 2012). Almost all of
them center around the high-energy charged particles
(mostly protons and electrons) which constantly or spo-
radically permeate the Earth’s atmosphere.

Most studies in this direction have been done for
the Northern Hemisphere since the observation net-
work here is more developed.

The hypothesis we propose regarding the link be-
tween the geomagnetic field and the surface air tem-
perature through a chain of causal relationships in-
cludes a mechanism (Kilifarska et al., 2015), based
on the effect of the charged particles on the ozone
balance near tropopause. Unlike the known mecha-
nisms of O, destruction in the mesosphere and upper
stratosphere (through solar protons activating the
NOx and HOx ozone-destroying cycles), we look at
another mechanism of the cosmic rays influencing
the ozone near tropopause. The mechanism considers
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Figure 5. Correlation map of the winter ozone at 70 hPa and
near surface temperature, calculated during the period 1900—
2010, by the Support Vector Machine technique. The plot has
been created by ERA-20CM data (https://www.ecmwf.int/
en/forecasts/datasets/reanalysis-datasets/era-20cm-model-
integrations)

not only ozone destruction but also its production in
the lower stratosphere through two pathways: (I)
ionic-molecular autocatalytic cycle of ozone pro-
duction initiated by GCR, for the Northern Hemi-
sphere (Kilifarska, 2012, 2013); (1I) ozone "self-
restoration” effect initiated by high-energy solar
particles which dominates in the Southern Hemi-
sphere (Kilifarska et al., 2013). These different
mechanisms of the effect on the atmospheric ozone
are closely related to the depth of the cosmic rays’
and solar protons’ penetration into the atmosphere.
The depth depends not only on the particles’ energy
but also on the intensity and configuration of the
geomagnetic field. The spatial distribution of various
particles’ effect on ozone for temperate to high lati-
tudes of the Southern Hemisphere at the 70 hPa
level is shown in Fig. 3.

Fig. 3a demonstrates the solar protons’ flux varia-
tions correlate with decreasing ozone concentration
without time lag. The exception is the region between
East Antarctica and Australia (relatively close to the
geomagnetic pole) where increase in SP flux leads to
higher ozone content.

The GCR effect is seen non-uniformly; thus, in
the regions of the geographic pole, West Antarctica,
and over the Ross Sea and Victoria Land ozone
changed synchronously with changes in the GCR
during the XX™" century. During the time the GCR
flux kept decreasing and the ozone concentration in
the lower stratosphere in these regions decreased, too
(Kilifarska, 2017).

On the other hand, analysis of time series of T2m
and ozone at the 70 hPa during the XX century shows
that in West Antarctica they changed synchronously,
out of phase (Fig. 4a). Both series have a fairly high
variation amplitude. East Antarctica (Fig. 4b) shows a
negative trend in secular variation of ozone which un-
til early 1970-s was not at all reflected in variations of
temperature. Only after 1970-s temperature began to
slowly grow, perhaps due to the significantly lower
ozone content in the lower stratosphere.

Moreover, SVP analysis of the coherence of both
variables’ space-time variations showed the existence
of a region of tight correlation around the Antarctic
(Fig. 5). This raises a reasonable question of how
ozone can influence near surface temperature.

By our hypothesis of ozone’s impact on climate
(Kilifarska, 2012; Kilifarska et al., 2015) the amount
of water on the level of upper troposphere—lower
stratosphere is largely controlled by the interaction of
the moist adiabatic lapse rate, temperature and hu-
midity. An increase in the O, and consequently air
temperature near tropopause leads to increasing
moist adiabatic lapse rate and through this to more
stable air mass. Thermodynamically stable condi-
tions prevent the H,O steam rising up through the
tropopause. Conversely, lesser ozone quantities and
therefore cooler tropopause translate into decreased
moist adiabatic lapse rate and less stable air masses.
This allows the moister air to penetrate through the
tropopause into the lower stratosphere, increasing
the specific humidity near tropopause. Thus, ozone
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variability near tropopause at once influences changes
in both temperature and humidity at the most sensitive
to the ascendant long-wave radiation heights near
tropopause. It is easily observable in the West Antarc-
tica where the secular variations of near surface tem-
perature and of ozone at the 70 hPa level synchronize
(Fig. 4a). On the other hand, ozone concentration in
the West Antarctica was invariably lower than in the
East up until the 1970-s (Fig. 4c). According to the
hypothesized mechanism (Kilifarska et al., 2015) this
entails increased humidity in the higher troposphere
and lower stratosphere; Fig. 4d reflects exactly that.
This might mean that most of the long-wave radia-
tion in the sector was "trapped" in the troposphere
which could cause uninterrupted long-term warming
in the region. Meanwhile the air masses over the East
Antarctica (at the 150 hPa level) remained more
"transparent” for long-wave radiation, which even fa-
cilitated an insignificant cooling in the area.

In the context of the link to the main geomagnetic
field it should be noted that lower ozone concentra-
tion over the West Antarctica and its great temporal
variability could be explained by a weaker magnetic
field here which allows more charged particles to en-
ter the Earth’s atmosphere. Considering that tropo-
pause here lies significantly higher (Evtushevsky et
al., 2008), it is possible that ionic-molecular reac-
tions activated by secondary electrons in the lower
atmosphere cause ozone destruction in the region
(Kilifarska, 2017).

Currently there is no consensus in the scientific
community as to the causes of the warming in West
Antarctica. It is explained by the effect of warming in
the Pacific Ocean tropics (Ding et al., 2011), de-
crease in ice cover in the Amundsen Sea and Belling-
shausen Sea (Schneider et al., 2012), regional changes
in atmospheric circulation such as the growing power
of El Nifio’s positive phase — Southern oscillation
and consequently the growing circumpolar western
waves during the last decades (Thompson, Solomon,
2002; Keeley et al., 2007; Turner, 2004). All these
hypotheses are based on climate’s internal variability
which itself requires explanation. We offer another
explanation of the phenomenon without necessarily
discarding the other factors’ influence.

Some authors state that growing temperatures in
the Antarctic Peninsula region have not been seen
since the end of 1990-s (Turner et al., 2016; Oliva et
al., 2017). According to ground observations in the
READER project framework, Akademik Vernadsky
and Orcadas stations have been registering decreas-
ing temperatures since 2010 (Fig. 1a). A "plateau” in
the variation of temperature two meters above plane-
tary surface in the region is seen in the ERA-20CM
data massive. Meanwhile, since the start of the XXI"
century O, concentration at the 70 hPa level has be-
gun to somewhat increase (Fig. 4¢), in line with our
hypothesis of the effect ozone exerts on the near sur-
face temperature. Another piece of evidence sup-
porting it is the general deceleration of the decrease
in the geomagnetic field both according to observa-
tions and to IGRF calculations.

4 Conclusions

Analysis of space-time distribution of the geomag-
netic field’s magnitude and near surface temperature
allowed us to trace the field’s specific features. In the
West Antarctica there is seen the fastest decrease in
the geomagnetic field’s intensity and increase in near
surface temperature. Meanwhile in the East Antarc-
tica the trend is towards growing intensity of the geo-
magnetic field’s intensity and decreasing near surface
temperature.

We offer an explanation of these trends through a
mechanism which unites into a single chain the links
between the geomagnetic field, atmosphere ioniza-
tion by charged particles in the Regener-Pfotzer
Maximum, lower stratospheric ozone, temperature
and humidity near tropopause and as a result, the
near surface temperature. Additional supporting evi-
dence includes the revealed correlations of the GCR
and SP with ozone concentration (Fig. 3), and the
found higher ozone concentration and lower humid-
ity at the level of upper troposphere—lower strato-
sphere over the East Antarctica compared to the West
during the whole of the studied period, 1900 to 2010,
and not just in the last 50 years, as we have previously
shown (Kilifarska et al., 2016). The proposed mecha-
nism allows to explain the observed asymmetry in the
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Antarctic temperatures which is clearer in the sec-
ond half of the XX century. This might be caused
by our using reanalysis data and not directly ob-
served values for its first half. Lower ozone content
over the West Antarctica leads to increased humidity
near tropopause. Such conditions cause a decreased
thermodynamical stability of air in the tropopause
region, leading to the larger part of long-wave radia-
tion in the sector being retained in the troposphere
and therefore uninterrupted warming. Meanwhile
over the East Antarctica the dry upper troposphere
layers are transparent for long-wave radiation lead-
ing to its cooling.

At the first glance, the no longer increasing and
even decreasing temperature in the West Antarctica
over the last decade could also be explained by the pro-
posed mechanism. However, it is yet unclear whether
it is a short-term fluke or a stable trend, so it is still too
early to draw conclusions about this phenomenon.

Therefore, our proposed hypothesis of the con-
nection between the geomagnetic field and climate
provides a possible explanation for the observed si-
multaneous warming in the west and "cooling" in the
east and center of the Antarctic continent, employ-
ing secular variation of the magnetic field as one of
the geophysical causes.

The presented results could help specialists in
different disciplines to broaden the current under-
standing of environmental factors able to influence
the atmospheric ozone variation and climate vari-
ability. Further analyses of empirical material and
model experiments to clarify the finer details of ev-
ery link of the proposed causal chain between the
geomagnetic field, ozone layer and climate is neces-
sary. Perhaps it should be considered to compute
future climatic models.
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InTepnperaiis npocTOPOBO-4aCOBHUX Bapialiii TeMepaTypu B AHTAPKTHII
y 3B’513KY 3i 3MiHAMH Ir€OMarHiTHOTO MOJIsi TA HIZKHBOCTPATOCGHEPHOT0 030HY

Pedepar. B poOoTi po3mIIHYTO MPOCTOPOBO-YACOBI 3MiHU TeMIIepaTypyu B AHTAPKTULI Ta MOXJIUBI (haKTOPU BIUIMBY HA HUX
Ppi3HUX reo(di3sMYHUX YNHHKKIB, OOYMOBJICHUX 3MiHaMU TOJIOBHOTO reOMarHiTHOro mnoist. I[IpoananizoBaHo naHi MpssMUX Ha-
3eMHUX CITIOCTEPEKEHb TEMITEpAaTypU Ta F€OMAarHiTHOro noisi, a Takox gaHi ERA-20CM ta ERA Interim npo Bapiatiii TeMre-
paTypu IMOBITPsI, KOHLIEHTpPALLil 030HY Ta MMMTOMOI BOJIOTOCTi Ha PiBHi BEpXHbOI Tporochepu—HUKHBOI cTpaTochepu. 3Ha-
YEHHSI MOBHOTO BEKTOpA HAMPY>XEHOCTi TeOMarHiTHOro nosisi pospaxonani 3a mojemnto IGRE YacoBi psau rajakTuuHuX
KOCMIUHUX MPOMEHIB — pivyHi 3HaueHHs (3 1700 p.) — HagaHi BececBiTHIM LIeHTpOM AaHuUX najeokiiMarosorii. [Totoku co-
HSYHUX ITPOTOHIB 3 eHepTismu >10 MeB B34ri 3 KiabKox mkepe: (1) icTopuaHi peKOHCTPYKIIil MTOTY>KHUX COHTYHUX TTPOTOH-
HUX nofiit 1o 1950 poxy, (2) omy6aikoBaHi JaHi MPO MOTOKM COHSIYHUX MPOTOHIB Ta (3) CyMyTHUKOBI 1aHi TPO COHSIUHI TTPO-
TOHHI noii. /11 aHai3y yacoBuUX psiiiB Oy/u 3aaydyeHi mporpamu Statistica ta Excel. HaitimBuiie 3MeHILIEHHST HAPYXXeHOC-
Ti FEOMAarHiTHOTO MoJisl BiAOyBa€ThCS HA 3aX0/li AHTApKTUKMU, € CIIOCTEPIraeThcsi HalOIbIle 3pOCTAHHST MPU3EMHOI TEMIIe-
patypu y wiit oonacti npotsirom XX ctoJiitTs. KpiM Toro, B 1IeHTpi Ta Ha cX0Jli AHTapKTUKU CIIOCTEPIraloThCsl TEHIEHIIIT 10
3HUXKEHHS TeMIiepaTypy TTOBITPSI Ta 10 TIOCUJIEHHSI TeOMarHiTHoro moJis. Lleit 36ir Moxe BkazyBaTu Ha 3B’SI30K MiX reomar-
HITHUM II0JIEM Ta PeriOHAIbHUMH KIIMATUYHUMU 3MiHaMu. Moro MU MOSICHIOEMO HACTYITHUM MeXaHi3MoM: (i) reoMarHitHe
MoJie KOHTPOJIIOE TIOTIK 3apsiIPKEHUX YaCTUHOK, 1110 MPOHUKAIOTh B aTMocdepy 3emti; (ii) 3apsmKeHi YaCTUHKY BILIMBAIOTh
Ha KOHLEHTpALlil0 030HYy MOOJM3Y TPOMOIay3u, 1110, B CBOIO Yepry, BIUIMBAE€ Ha TEMIIEpAaTypy Ta BOJIOTICTb Y BEPXHiil
Tporocdepi—HUXKHIl cTpaTocdepi, (iii) BUKJIMKaHiI 3MiHU BOJIOTOCTI MOOIM3Y TPOMOTay3u BIUIMBAIOTh HA MPU3EMHY TeMIIe-
paTypy MOBITps Yyepe3 MOCUJIEHHs a00 MocaadieHHsI MApHUKOBOTO eeKTy. 3MiHU HAMPYKEHOCTi T€OMArHiTHOTO MOJs MO-
XKyTh OYTH OTHMM i3 (paKTOpiB, 1110 BIIMBAIOTh HA YaCOBY Ta PeTiOHAIbHY MiHJIMBICTh IPU3eMHOI TeMrneparypu. Husbka iH-
TEHCUBHICTh T€COMAaTHITHOTO MOJISI Ta HAailBUIIA IIBUIKICTh HOTO 3MiH Yy 3aXiIHiil YacTUHi AHTApKTUKU BilTIOBiIalOTh CUCTE-
MaTUYHO HU3bKIili KOHIIEHTpAllil 030HY Ta MiJBUILIEHII BOJIOrOCTi MOBITPsI Mo0au3y Tporomnay3u. Lli pakTopu cripuunHsSI0Th
YTPUMaHHSI IOBrOXBUJIbOBOI'O BUITIPOMiHIOBaHHS 3eMJli y Tporocdepi 3aBasiKy MapHUKOBOMY e(PEeKTY, 1110 3a0e3MeUye perio-
HaJIbHE MOTEIUIIHHS Y IIbOMY PErioHi.

KirouoBi ciioBa: reomarHiTHe mosie, KiniMaT, AHTapKTHKa, BEpXHsI Tporiochepa—HIDKHS cTpaTocdepa, 030H, KOCMidHi TpOMeHi
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