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Abstract

During the analysis of solar activity impact on climate, the emphasis is placed on
temperature changes. Earth's atmosphere is a dynamical system with a complex variability in space
and time. Due to the fact that caves in Karst preserve the long term environmental changes, the
investigation of the in-caves’ atmospheric parameters and their variations with time becomes very
important in the last quarter of century.

In this paper we investigate the temporal evolution of the temperature and pressure of the
ground atmospheric layer in the region of two Bulgarian caves: Snezhanka (Pazardjik region) and
Uhlovitsa (Smolyan region), during the period 2005-2017. We show that thermal and mass exchange
of the caves’ air with the environment has significant temporal variations. On annual basis the
thermodynamical parameters of the observed caves behaves as a barotropic fluid, in which the air
density depends only on atmospheric pressure. As a result, the temporal evolution of in-caves’
pressure and temperature change synchronously with time. The observed 11-year signal could be
attributed to the heliospheric modulation of galactic cosmic ray (GCR) intensity, which modulates the
ozone and humidity near the tropopause and correspondingly the strength of the atmospheric
greenhouse effect. Our study helps to clarify the influence of helio-geophysical factors on the state of
the lower atmosphere.

Introduction

It has been known for a long time that solar activity and disturbances it
causes in the interplanetary environment affect different processes in all layers of
the Earth's atmosphere. Among the other external factors influencing Earth's
climate are galactic cosmic rays (GCRS) and space dust, the latter of which controls
the total energy transferred from the Sun to the Earth's atmosphere. With no doubt,
the comfortable conditions supporting the existence of life on the planet, are
obviously ensured by the amount of the total solar irradiance (TSI) reaching the
planetary surface. The instrumental measurements, however, do not support the
idea for a significant deviation of TSI from its recently observed values, while
paleoclimatic records give evidences for dramatic changes of Earth’s climate
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during the planetary evolution. Moreover, the reconstruction of TSI from 7000 BC
up to 500 AD shows that the amplitude of its variations does not exceeds 1% [1].

Much bigger changes are observed in solar UV radiation (in the interval
175+200 nm (Schumann-Runge bands) ~6%. This motivates some scientists [2] to
suggest that the heating of the stratosphere by UV radiation can be dynamically
transported down to the troposphere. Meanwhile, it has been revealed the increased
climate sensitivity to the chemical and dynamical conditions in the upper
troposphere — lower stratosphere region [3, 4]. The external forcing, which easily
reach these altitudes are GCRs, what gives a hint that they could somehow
influence the surface climate. One of the proposed mechanisms includes GCR
influence on the clouds’ cover, which could modulate the amount of solar radiation
reaching the planetary surface [5]. The more generalized relationship is given by
Lev Dorman [6]:

(solar activity cycles + long-term changes in the geomagnetic field) —
— (CR long term modulation in the Heliosphere + long term variation of cutoff
rigidity) — — (long term variation of clouds covering and aerosols + atmospheric
electric field effects) — climate change.

Mean annual temperature and pressure
near the Snezhanka cave
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Fig. 1. Mean annual temperature T (series 1) and barometric pressure p
(series 2) near the Snezhanka cave (Pazardjik region, Bulgaria)
in the period 2005-2017

However, the CERN laboratory experiment reveals that the impact of
cosmic radiation in cloud’s formation is negligible [7]. Meanwhile, it has been
proposed a new hypothesis [8] according to which the GCR influence on the near
tropopause ozone drives corresponding variation of the water vapour in the upper
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troposphere. The impact of the latter ensures 90% of the greenhouses power of the
whole water content in the atmosphere [9], modulating in such a way the climate
conditions near the planetary surface.

Experimental modelling of complex monitoring for sustainable
development of protected Karst territories

The aim of the work is to design experiment and create a model for
complex monitoring of protected Karst territories as a basis for specialized
research, management and sustainable development and education. The Karst
territories were identified and measurements of the different parameters required
for the complex monitoring model were made.

Studying microclimate in caves and influence of solar and geomagnetic
activity on processes there, we have investigated relations between cave air
temperature and: sunspot number, Ap max index, surface temperature and pressure
near about the caves and found very good correlation [10].

In this work we want to investigate the influence of CR on cave
microclimate. We compare average annual changes in pressure and temperature of
the ground atmosphere in the region of caves Uhlovitsa (Smolyan) and Snezhanka
(Pazardzhik), Bulgaria in the period 2005-2015 and Cosmic Ray (CR) variations
from the neutron monitor in Athens, Greece (geographic latitude 37.97° N,
geographic longitude 23.78° E, altitude 260 m a.s.l.).

The studies of the microclimate in caves give additional perspective on the
variations of climatic parameters with time. This paper presents information for
variations of near surface temperature and pressure measured near two Bulgarian
caves, but close to their entrances, where the exchange with the outside
environment is still quite good. The examination of the records reveals the
existence of quasi-decadal variations in the temperature and pressure during the
observed period 2005-2017. The results and possible explanation of these
variations are presented in the following sections of the work.

Data and results

The temperature and pressure has been measured by automatic
meteorological stations in the region of two Bulgarian caves Snezhanka
(Pazardzhik region) and Uhlovitsa (Smolyan region) — close to the cave entrances,
during the period 2005-2017. The results are presented on Fig. 1 and Fig. 2.

Data of Galactic Cosmic Ray variability has been taken from NMDB:
Real-Time Database for high-resolution Neutron Monitor measurements
(http://wwwO1.nmdb.eu/). We use such a station which is located closest to South
Bulgaria where the studied caves are. This is the neutron monitor in Athens,
Greece (geographic latitude 37.97° N, geographic longitude 23.78° E, altitude
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260m as.l.). The instrument is Standard 6-NM64 neutron monitor with
geomagnetic threshold — effective vertical cut-off rigidity (Epoch 2000.0) 8.53 GV
(see http://www01.nmdb. eu/station/athn/).

Mean annual temperature and pressure
near the Uhlovitsa cave
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Fig. 2. Mean annual temperature T (seriesl ) and barometric pressure p (series 2)
near the Uhlovitsa cave (Smolyan region, Bulgaria) in the period 2005-2017

Sunspot numbers and planetary Ap index are taken from the
SILSO (Sunspot Index and Long-term Solar Observations, URL:
http://www.sidc.be/silso/datafiles) of World Data Center for the production,
preservation and dissemination of the international sunspot number, situated in
Royal Observatory of Belgium, Brussels.

On Fig. 3a are shown the courses of GCRs (Athens Neutron Monitor) and
the monthly smoothed sunspot numbers (SSN). On Fig. 3b are presented the
monthly smoothed Ap index and SSN during the period 2001-2018.

Analysis and interpretation

We have compared the mean annual values of air temperature and pressure
in the region of two Bulgarian caves — Snezhanka (Pazardzhik region) and
Uhlovitsa (Smolyan region) (Fig. 1 and Fig. 2). It is easily noticed that the
temperature and pressure have a well pronounced minimum during the period of
low solar activity, followed by a corresponding peak near the maximum of
sunspot’s numbers. Due to the modulation of GCR intensity by the 11-year solar
cycle, in period of minimum solar activity more GCR are allowed to penetrate the
heliosphere and correspondingly their intensity, measured in the Earth’s
environment, is maximal (see Fig. 3). Oppositely, when the Sun is more active, the
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higher density of solar wind and the stronger magnetic field carried by them act as
a barrier for less energetic GCR — disrupting their propagation in the heliosphere.

CRs and smoothed sunspot numbers
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Fig. 3a. Variations of smoothed sunspot humbers (SSN) (http://www.sidc.be/silso/datafiles)
and neutron component of cosmic rays during the period 2001-2018

On Fig. 3a is clearly shown the correlation between solar and geomagnetic
activity, while Fig. 3a demonstrates the anti-correlation between solar activity and
the intensity of galactic cosmic rays. The time lag or the relaxation of natural
processes relative to solar activity is also noticeably seen on Fig. 3.

The existence of solar signal in climate parameters is reported from many
authors and several hypotheses are attempting to explain this quasi-periodicity. An
intriguing moment in our data is the covariance between surface air temperature
and pressure. This means that the caves are filtering the baroclinic disturbances,
which are typical for the real troposphere, especially at mid-latitudes. More
specifically, in baroclinic atmosphere the relation between pressure and
temperature in not linear, due to the fact that besides from pressure the atmospheric
density depends also on the temperature of air masses. Temperature and pressure
covariates with time (see Fig. 1 and Fig. 2). This suggests that ground atmospheric
layer near the cave entrances behaves as a barotropic fluid, in which air density
depends only on the atmospheric pressure.
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The next question, which should be elucidated, is the decadal variability of
the temperature and pressure with time. As mentioned in the introduction, the
amplitude of the quasi-decadal variations of TSI is less than 1% [1], which
suggests either existence on amplifying mechanism(s) of solar electromagnetic
radiation reaching the planetary surface, or impact from other external influence.
There are a lot of studies reporting for an existence of a relation between GCR and
climatic and ionization state of the environment [11, 12].

A plausible hypothesis for GCR influence on the Earth’s climatic
conditions is presented in [8, 13] and an explanation of our results with it is
described in the following section.

Explanation of results with mechanism of Kilifarska

The relation between energetic particles and middle atmospheric ozone has
been reported in several studies [14, 15]. However, Kilifarska [8, 13] has revealed
for the first time the important role of the secondary electrons, produced by GCRs
in the Regener-Pfotzer maximum [16], for activation ofion-molecular reactions and
ozone production just above the tropopause [17]. Moreover, the GCR effect is not
homogeneously distributed over the globe, due to the spatially heterogeneous
geomagnetic field [18]. This specificity of GCR forcing is able to explain the
regional character of climate variability, which couldn’t be said for the other
mechanisms.

According to [8, 13] the Os; variations above the tropopause affect its
temperature and consequently — the moist adiabatic lapse rate. For example, during
the minimum of solar activity — the increased level of GCR should produce more
ozone in the lower stratosphere, which warms the tropopause. This would stabilize
the upper troposphere, due to the increased wet adiabatic lapse rate. However, the
vertical motions in a stably stratified atmosphere are strongly suppressed [19].
Consequently, after some time the upper troposphere will become drier and its
greenhouse power will be reduced. Taking into account that 90% of the greenhouse
effect of the whole water vapour in the atmosphere is due to the upper tropospheric
water vapour [9] — one might expect a surface cooling in periods of high CR
intensity (respectively low solar activity).

Coming back to our Fig. 1 and Fig. 2, we could attribute the depression in
near surface temperature and pressure in both caves to the increased ozone density
in the lower stratosphere and consequently — to the increased static stability and
reduced humidity in the upper troposphere. This, in turn, diminishes the
greenhouse effect of the water vapour cooling the Earth’s surface. Oppositely, the
temperature-pressure peaks, during the maximum of 24" solar cycle, could be
attributed to the depleted Oz density and increased water vapour near the
tropopause, which warms the surface through the strengthened greenhouse effect.
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Fig. 3b. Variations of smoothed sunspot numbers (SSN) (http://www.sidc.be/silso/datafiles)
and planetary geomagnetic Ap index during the period 2001-2018

Discussion and conclusion

In the last quarter of the century, the problem of the impact of the low
atmosphere with its dynamic baric and temperature fields on the microclimate of
caves in Karst was particularly interesting. An important aspect in the study of the
change of the thermodynamic state of the cave atmosphere is the search for
processes directly or indirectly affecting the air temperature in the zone of constant
temperatures of the caves. The paper shows that models of ground atmosphere
circulation and thermo and mass exchange with the air volume in the caves have
energetically significant spatio-temporal variations. Their main thermodynamic
parameters are mainly related to the dynamic efficiency of atmospheric movements
in the low atmosphere. In turn, they are strongly influenced by the rapid change of
Earth's cosmic rays and the evolution of the actual solar cycle.

Subject of this work is the detected relationship between annual changes in
the temperature and pressure of the ground atmospheric layer near the entrances of
Snezhanka (Pazardjik caves) and Uhlovitsa (Smolyan region) caves, Bulgaria in
the period 2005-2017.The preliminary data analysis reveals the existence of an 11-
year solar signal. This temperature variability could be attributed to the influence
of GCR on the secondary ionisation in the Regener-Pfotzer maximum [15] and
furthermore on the lower stratospheric ozone. The latter, in turn, affects the
humidity beneath the tropopause and consequently — the strength of the greenhouse
effect, because more than 60% of it belongs to the water vapour [20], and
particularly to its amount in the upper troposphere [9]. The ozone — humidity
variations and their imprint on the surface temperature seems to be a key factor for
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understanding the temporal and spatial specificity of recently observed climate
changes [13, 21, 22].This is like that because the changes in solar luminosity are
small and slowly [23] to be a factor in the observed climate variations.
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BJIMAHUE HA KOCMUWYECKHUTE JIBYU U C1IBHYEBATA
AKTHUBHOCT BbPXY ABJAI'OCPOYHUTE UBMEHEHUA
B KIIMMATA HA IIEIHEPHUTE CUCTEMU

A. Cmoes, II. Cmoesa

Pe3rome

HpI/I aHaJIM3a Ha BJIMUAHHUCTO Ha CIIbHYCBATAa AKTUBHOCT BBHPXY KIMMATa

aKIEHTHT C€ IOCTaBsi BBPXY TEMIIEpaTypHUTE NPOMEHH. 3eMHaTa arMmocdepa e
JUHAMHMYHA CHCTEMa ChC CII0KHU M3MEHEHHs B MPOCTPAHCTBOTO M Bpemero. llo-
panu ¢axra, ye nemepure B Kapcr 3ama3BaT ABJITOCPOYHUTE IPOMEHH B OKOJIHATA
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cpena, W3CICABAHETO Ha aTMOC(EPHUTE MapaMeTpu B NEIICPUTE U TEXHUTE Ba-
pualy BB BPEMETO CTaBa MHOT'O BaYKHO TIpe3 MOCIICIHATA YSTBBPT Ha BeKa.

B Tasu crartus u3cnenBaMe €BONIONUATA HA TEMIIepaTypara U HAIATaHETO
Ha TpU3eMHUS aTMoc(hepeH CIIoi BbB BPEMETO, U3MEpEHH OJIM30 JI0 BXOJIOBETE HA
nBe Obirapcku kapcrosu memiepu: CHexxanka (obmact [lazapmkuk) n YxinoBuna
(obmact Cmomsn), mipe3 mepuona 2005-2017. Hue moka3Bame, 4e TOIUTMHHHSAT U
MacoBHUAT OOMEH Ha BB3JyXa Ha TEMEpUTe C OKONHATA Cpela UMa 3HAYUTEITHH
M3MEHEHUs BbB BpeMero. Ha roauimiHa 0a3a TepMOAMHAMUYHHTE MapaMeTpH Ha
Ha0JII0/TABAaHUTE TEIICPH ca KaTo Ha OapoTponudeH (Qayu, Mpu KOWTO ITETHOCTTA
Ha BB3JyXa 3aBUCH CaMO OT aTMOC(epHOTO HajsraHe. B pe3ynrar Ha ToBa, HaS-
raHeTo M TeMIIepaTypaTa B NEIICPUTE Ce MPOMEHIT CUHXpPOHHO. HalmromaBaHusT
11-rogunieH IUKBI MOXE Ja CE IBJDKU Ha XeauocdepHara MOIyJalus Ha WH-
TEH3MBHOCTTA Ha rajaktudeckure kocmuuecku 1pun (GCR), KouTo, OT CBOS CTpa-
Ha, MOJYJIUPAT 030HA U BIAXKHOCTTA B OJNU30CT J0 TPOIONAay3aTra U ChbOTBETHO —
cunata Ha mapHUKOBUS edekT. Hamero wu3cienBane momara Ja ce HU3SCHH
BJIUSAHUETO Ha XeJ'II/IO'I“CO(I)I/BI/I‘IHI/ITC (I)aKTOpI/I BbpXY CBCTOAHHMCTO HAa HHUCKATa
aTMocdepa.

70



