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Wall surface temperature as an indicator of the changes in cave airflow on the example of the ventilation branch
in the Balcarka Cave (Moravian Karst)

Seasonal variations of wall surface temperature in the ventilation branch of the Balcarka Cave (Moravian
Karst) were studied focuted on their relationship to changes in cave airflow. Long-term monitoring of
differences between external and cave air temperatures showed dynamic airflows that can be divided into
downward (DAF mode) and upward (UAF mode) airflows. Switch between DAF and UAF modes
occurred in late fall or early spring, corresponding to the transitional mode, however, it also occurred
during peak DAF/UAF modes. Temperatures of the wall surface in the lower part of the ventilation branch
were found to be systematically higher than temperatures in the upper part of the branch. The principal
reason is heat transfer between the cave air and the walls. While warm external air contributed to a general
temperature increase during DAF mode, cool external/cave air resulted in a significant temperature
decrease during UAF mode. However, this pattern could be disrupted by short-term changes in cave
ventilation induced both naturally (ventilation mode switching) and anthropogenically (visiting route
modification).
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INTRODUCTION 

The air exchange between external and cave atmospheres represents an important
phenomenon that influences (1) cave microclimatology (de FREITAS and LITTLEJOHN,
1987; FAIRCHILD et al., 2006) and (2) various karst processes such as limestone dissolution
(e.g. STUMM and MORGAN, 1996), calcite speleothem formation (e.g. BANNER et al., 2007;
FRISIA et al., 2011), or speleothem corrosion (e.g. FAIMON et al., 2006) via controlling ca-
ve PCO2 (BALDINI et al., 2008). In principle, cave airflow depends on cave geometry. Two
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major types can be distinguished: (i) static caves, characterized by one or more entrances at
similar altitudes, and (ii) dynamic caves with two or more entrances at different altitudes. Re-
sulting air circulation is a product of pressure differences derived from contrasting air densi-
ties of both external and cave atmosphere (DE FREITAS et al., 1982). Since air density is prima-
rily controlled by temperature, cave airflows are mostly related to temperature differences

where        is the external air temperature and         is the cave air temperature [°C] (BUE-
CHER, 1999; PFLITSCH and PIASECKI, 2003; KOWALCZK and FROELICH, 2010). Whereas sta-
tic caves are ventilated for only half of the season (ŽDÍMAL, 2014, 2015), dynamic caves ven-
tilate throughout the entire year by so-called chimney effect (FAIMON and LANG, 2013).
Based on the ΔT sign, three ventilation regimes can be distinguished in dynamic caves.
While downward airflows corresponding to the downward airflow (DAF) ventilation mo-
de are typical during periods with positive ΔT values, upward airflows corresponding to
the upward airflow (UAF) ventilation mode occur in the cave during periods with negati -
ve ΔT values. The regime with airflow direction oscillating between both modes is referred
to as a transitional ventilation mode. Stability of the actual ventilation mode allows us to
define two different ventilation periods in a dynamic cave: period of active ventilation and
period of stagnant ventilation. During the active ventilation period, the cave stays in either
DAF or UAF mode and exchanges its air intensively with the exterior. In contrast, only the
cave entrance passages are vented (influenced by exterior) during the stagnant ventilation
period.

Previous works on airflow in caves in the Moravian Karst were focused on (1) direct
airflow monitoring (e.g. FAIMON et al., 2012; FAIMON and LANG, 2013) and (2) monitoring
of CO2 concentrations in cave atmosphere as a tracer for ventilation (e.g. LANG et al.,
2015a, b; LANG et al., 2017). In this context, however, the main indicator of airflow veloci-
ty is considered to be radon activity in cave atmosphere due to its constant production and
decay (DUEÑAS et al., 2005, 2011; BATIOT-GUILHE et al., 2007; GREGORIČ et al., 2013). In
this study, we discuss the impact of airflow on the temperature of the wall surface based
on a new dataset from the Balcarka Cave (Moravian Karst), particularly from its separate
Exit ventilation branch (EVB). The main goal of this study was to assess the potential of
surface temperature of cave walls for cave airflow estimates based on the extent of indivi-
dual ventilation modes and seasonal distribution of wall surface temperatures throughout
the EVB. The study aims to increase the number of indicators used for indirect monitoring
of airflow in Moravian Karst caves and beyond, and help in better understanding the airflow
in the Balcarka Cave.

SITE OF STUDY

The study was conducted in the Balcarka Cave located in the northern part of the Mo-
ravian Karst near the village of Ostrov u Macochy (Fig. 1). Based on the climate classifica-
tion by KOTEK et al. (2006), Moravian Karst has moderately warm (mean annual tempera-
ture of 8.3 °C) and moderately humid (mean annual rainfall of 543 mm) climate with drier
and warmer sites in its southern part. Balcarka Cave is formed in Upper Devonian limesto-
nes of the Macocha Formation. It consists of narrow corridors with a total length of 1,150 m,
connecting chambers with rich speleothem decoration spread over two levels, with a height
difference of about 20 m. The overburden thickness reaches up to 40 m, and is likely the
same between the levels of the lowest opening (444.3 m) and the highest opening (483.2 m)
(LANG et al., 2015b). The presence of three known entrances and some presumed hidden
openings in distinct altitudes allows the dynamic behavior of cave air circulation. The cave
is open to tourists and had a moderate average attendance of 30,820 persons per year for
the period between 2006 and 2024 (OUHRABKA, 2025).
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EVB located between the Discoverers’ Chimney and the Main exit was chosen as the
monitoring area. The area was divided into two passages: (1) the Upper branch passage
(UBP) between the Discoverers’ Chimney and the Old exit and (2)  the Lower branch passa-
ge (LBP) between the Old exit and the Main exit (Fig. 1). To cover the entire monitoring area,
eight monitoring sites were chosen in both the UBP and the LBP (each of them included four
sites). A summary of individual sites is given in Table 1.
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Fig. 1. Site of study: the position and a map of the Balcarka Cave. The numbers denote monitoring sites (see
Table 1).

Obr. 1. Místo studia: pozice a mapa jeskyně Balcarka. Čísla označují monitorovací místa (viz tabulka 1).

Tabulka 1. Characteristic of the monitoring sites in the Balcarka Cave (Moravian Karst).
Table 1. Charakteristika monitorovacích míst v jeskyni Balcarka (Moravský kras).



MATERIALS AND METHODS

Data submitted in this study were collected during (1) regular single measurements in
the period from May 2023 to August 2024 and (2) a long-term monitoring campaign cove-
ring the entire monitored period. The main monitoring included sixteen single monthly
measurements of surface temperature of both right,         , and left,         , cave walls (in di-
rection from the DC site to the MC site).                  values at individual sites were measu-
red at three positions (0.5, 1.0, and 1.5 m above the cave floor) and the mean value was
calculated. We used BOSCH PTD1 IR thermometer with a measuring range from –20 to
200 °C and a relative error of ±4.25% from the measured value (LANG et al., 2025). The re-
ason for a non-contact sensor selection was its relative accuracy together with its ability for
monitoring of surface temperature of cave walls also in inaccessible cave passages. Based
on the manufacturer’s recommendation, the thermometer emissivity was set to 0.95 corres-
ponding to the typical value of calcite that forms the cave walls (MINEO and PAPPALARDO,
2021). To correct these data, the measurement in August 2023 was supplemented by a calib-
rated contact thermocouple FTA104PH (measuring range from –50 to 500 °C, accuracy
of ±2.5 °C) linked to the ALMEMO 2290-4 V5 Ahlborn data logger (Germany). Values of

measured by both IR thermometer and the contact thermocouple were conse-
cutively plotted against each other and fitted by regression lines with the same equation for
both the right and left wall

representing a calibration equation for corrected wall surface temperatures, . The
reasons for a summary calibration equation covering all monitoring sites were (i) a relati-
vely simple geometry of the EVB and (ii) the similar seasonal trends of observed at
selected sites by Ptáčníková (2025) during previous monitoring. Additional long-term
monitoring was focused on        and         . While        was measured approximately 10 m
from the Main entrance,         was logged at the DC site representing the homothermic zo-
ne of the cave. For temperature monitoring, Termio-2 data loggers (measuring range from
–10 to 100 °C, accuracy of ±0.07 °C) were used.

RESULTS

The         from individual passages of EVB together with the temperature difference
ΔT =                     are presented in Figs. 2 and 3. The                   values show a strong va-
riability depending on cave airflow direction, resulting from      , ranging between –12.9
and 32.8 °C, and cave airflow direction (Figs. 2a, b and 3a, b). Based on         varying in
a narrow range from 8.6 to 12.0 °C (the mean       ~ 9.8 °C), temperature difference ΔT
ranged from –22.7 to 23.0 °C (Figs. 2c and 3c). Positive values of ΔT correspond to down-
ward airflows, DAF mode (periods from May to early October 2023 and late March to late
July 2024), and negative values correspond to upward airflows, UAF mode (periods from
November 2023 to early March 2024 and 17 to 25 April 2024). Boundaries between
DAF/UAF modes, characterized by rapid mode switching, correspond to the transitional
mode (periods of October 2023 and March 2024) (FAIMON et al., 2012). 

, varying from 9.2 to 11.8 °C, showed almost identical values (maximal differen-
ces up to 0.1 °C) between the right/left walls at individual sites. However, different tempe-
rature patterns were identified for sites located in the upper and lower passages of the EVB.
Based on          evolution, two distinct phases can be identified in the sites of the upper EVB
passage. The first phase, covering the initial year of the monitoring period, showed relati-
vely constant values of approximately 11.7 °C with a deep local minimum of 10.3 °C in Au-
gust 2023, followed by a systematic decrease to 10.4 °C. At the DC site, a decreasing trend
was disrupted by a sharp increase up to 11.4 °C in the period of January/February 2024.
In contrast, the second phase was characterized by a more complex evolution of in-
cluding two cycles of decrease followed by an immediate increase. Although the initial cycle
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Fig. 2. Long-term data from the upper passage of the Exit ventilation branch in the Balcarka Cave: corrected tem-
perature of the right (a) and left (b) wall surface at individual monitoring sites in dependence on the
temperature difference ΔT (c). Positioning of walls corresponds to the direction from the DC site towards
the MC site. Abbreviations for monitoring sites are consistent with Table 1.

Obr. 2. Dlouhodobá data z horní části Výstupní ventilační větve v jeskyni Balcarka: opravená povrchová teplota
pravých (a) a levých (b) stěn na jednotlivých monitorovacích místech v závislosti na teplotním rozdílu
ΔT (c). Umístění stěn odpovídá směru z DC směrem k MC. Zkratky pro monitorovací místa jsou
konzistentní s tabulkou 1.
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Fig. 3. Long-term data from the lower passage of the Exit ventilation branch in the Balcarka Cave: corrected tem-
perature of the right (a) and left (b) wall surfaces at individual monitoring sites in dependence on the
temperature difference ΔT (c). Positioning of walls corresponds to the direction from the DC site towards
the MC site. Abbreviations for the monitoring sites are consistent with Table 1.

Obr. 3. Dlouhodobá data ze spodní části Výstupní ventilační větve v jeskyni Balcarka: opravená povrchová
teplota pravých (a) a levých (b) stěn na jednotlivých monitorovacích místech v závislosti na teplotním
rozdílu ΔT (c). Umístění stěn odpovídá směru z DC směrem k MC. Zkratky pro monitorovací místa
jsou konzistentní s tabulkou 1.
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was associated only with a slight increase of 0.3 °C, the subsequent decline and both incre-
ases and decreases during the final cycle showed sharp peaks with changes of 1.3 to 1.6 °C.
However, it is important to note that there were also some deviations from the above-men-
tioned pattern, such as the absence of a decrease during the initial/final cycle at the ES/DC
sites.

Similar to the upper EVB passage, complex evolution of          was also observed at
sites in the lower EVB passage (Figs. 3a, b). It was characterized by two cycles with simi-
lar sequence comprising a relatively deep minimum, a sharp increase, and a short-term pla-
teau. During the first cycle, the initial temperature minimum decreased from 10.1 °C (MC
site) and 10.9 °C (A-E site) to 9.9 °C (MC site). At the S, SS, and MC sites, this long-term
decrease was divided into two parts by a plateau of 10.4 and 10.5 °C (S and SS sites) or
an increase by 0.2 °C (MC site) in the period of December 2023/January 2024. It was fol-
lowed by an immediate increase up to 11.8 °C (MC site) and by stabilization of the tempe-
rature around the mean value of 11.0 °C. After a slight decrease of almost 1.0 °C, a second
temperature minimum reaching 9.2 °C (SS site) was recorded, followed by a subsequent
increase up to 10.7 °C (A-E and S sites). In the final phase of the cycle, the temperatures
varied about a mean value of 10.4 °C.

DISCUSSION

Seasonality of cave airflow
is generally considered to be in equilibrium with the cave air temperature (BA-

DINO, 2010), which is significantly affected by airflow (LUETSCHER and JEANNIN, 2004;
GREGORIČ et al., 2013). In principle, cave airflows are controlled by external temperatu-
re. According to the external temperature, two ventilation periods with opposite airflow
directions were historically classified in dynamic caves: (i) summer airflow and (ii) win-
ter airflow (de FREITAS et al., 1982; SPÖTL et al., 2005). In our opinion, this classifica-
tion, which considers only two periods with specific temperature conditions throughout
the entire season, is somewhat questionable, because external temperature varies quite
widely and individual summer/winter seasons often contain short-term periods with sig-
nificantly decreased/increased values. An example of such a period was recorded in
April 2024, when a significant drop in external temperatures was identified despite the
relatively stable summer season (Figs. 2c and 3c). During this 10-day period, the mean
external temperature decreased by almost 9 °C up to –3.1 °C, which indicates a switch
from DAF mode into UAF mode. Therefore, it seems more appropriate to use the sign
of the ΔT values to distinguish the direction of cave airflows, as proposed by FAIMON et al.
(2012).

Based on the sign of ΔT values, five periods with different ventilation modes were dis-
tinguished: two periods of DAF mode, two periods of the transitional mode, and one pe-
riod of UAF mode (Figs. 2 and 3). The presence of DAF/UAF mode in similar periods was
also identified by FAIMON et al. (2006) or LANG et al. (2025) in the Císařská Cave in the
Moravian Karst. However, this study showed a slightly different duration of both modes.
Although the duration of UAF mode was reduced to a single period from November to
February (relatively following the winter season), the period of DAF mode was extended
and covered almost all spring and half of fall (Figs. 2c and 3c). The expansion of DAF mo-
de duration could be a consequence of the rise in external air temperature at a global sca-
le over the last few decades, as described in numerous studies, e.g. BRÁZDIL et al. (2009),
Díaz and Llanos-Garrido (2025), or Liu and Li (2025). Based on the monitoring site po-
sitions, different          values were identified in (1) UBP sites (DC, A-S, SH, and ES sites)
and (2) LBP sites (A-E, S, SS, and MC sites) during the period with a standard visiting rou-
te (May 2023 to May 2024).
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The extent of wall surface temperatures
range from 9.2 to 11.8 °C found in EVB of the Balcarka Cave represents a rela-

tively narrow temperature interval roughly consistent with the values of 8.7 to 13.6 °C re-
ported by LANG et al. (2025) from the Císařská Cave. It results from similar position of
both caves near the village of Ostrov u Macochy in the northern part of the Moravian
Karst. In contrast, these temperatures are absolutely incomparable with extreme tempera-
tures reaching –8.8 °C measured by STŘEDOVÁ et al. (2014) in the Kateřinská Cave, also si-
tuated in the Moravian Karst. However, similar values (about 15 °C) were reported by
AZÚA-BUSTOS et al. (2009) from a cave located in the coastal range of the Atacama Desert
in Chile. Therefore, it is necessary to consider various factors divided into two main
groups. The first group covers factors associated with the cave itself and includes cave
geometry or the number of entrances. These factors play an important role in cave airflow
pathways and allow the formation of specific microclimatic conditions, including slightly
different          in remote/hidden cave passages. The second group represents factors asso-
ciated with local climate (air temperature, humidity, etc.). This comparison indicates that
the Balcarka Cave belongs to caves with rather dynamic character (approaching the ideal dy-
namic cave).

Spatial distribution of wall surface temperature
Comparison of the mean values measured at LBP/UBP sites during individual cam-

paigns showed that temperatures observed at LBP sites exceeded those at UBP sites by up
to 1.3 °C (Figs. 2a, b and 3a, b). This temperature imbalance was caused by the difference
in temperatures of the cave airflow. During DAF mode, warm external air flowing through
UBP sites was cooled by the cave walls at LBP sites. In contrast, cool external air flowing
through LBP sites was heated by the cave walls at the UBP sites in UAF mode (LUETSCHER
et al., 2008). Despite the relatively complex evolution of all time series, almost syn-
chronous surface temperatures between the right and left walls were identified at individu-
al monitoring sites. On the other hand, some campaigns showed sites with slight tempera-
ture fluctuations between right/left walls, reaching up to 0.14 °C. The same behavior was
also described, for example, by AZÚA-BUSTOS et al. (2009) for the Coastal Cave (Chile),
where temperature differences between eastern and western cave walls corresponded to
first tenths of °C. However, based on the IR thermometer relative error of ±4.25%, tempe-
rature differences mentioned above can be considered negligible. In principle, the air cir-
culation in the cave environment could be derived from a model of turbulent fluid motion
in a channel with different flow rates in its central part and near the walls. In this context,
however, the width of a cave corridor plays a key role. In the case of temperatures measu-
red in EVB, a similarity of values indicate that the central parts of the cave cor-
ridors/chambers represent preferential paths for the cave airflow. In contrast, the contact
of flowing air with cave walls would lead to their warming or colling depending on respec-
tive ventilation mode. This mechanism was observed, for example, by LANG et al. (2025)
in the Císařská Cave, where the cave air flowing through narrower corridors caused relati-
vely higher temperature differences (up to 0.7 °C) between the surfaces of the right/left
walls.

Seasonality of wall surface temperature
An almost 1.5-year-long monitoring allowed the identification of evolution du-

ring regimes with (i) a standard visiting route and (ii) a modified visiting route as a result of
flooding of some cave passages. The first regime, including seasonal monitoring, showed dif-
ferent trends of based on the actual ventilation mode. The conceptual model of in -
 di vidual ventilation paths operating during both DAF and UAF modes is depicted in Fi-
gure 4.



111

Fig. 4. Conceptual model of the Exit ventilation branch (yellow color) in the Balcarka Cave with marked ven-
tilation paths under DAF (a) and UAF (b) ventilation mode. Individual lines correspond to the main
ventilation path of the branch (full lines) and additional paths from/to deeper cave passages (dashed
lines) and the Old exit (dotted lines). Line colors represent the transport of warm air (red) and cool
air (blue).

Obr. 4. Koncepční model Výstupní ventilační větve (žlutá barva) v jeskyni Balcarka s vyznačenými ventilačními
cestami v DAF (a) a UAF (b) módu ventilace. Jednotlivé linie odpovídají hlavním ventilačním cestám
větve (plné linie) a vedlejším cestám z/do hlubších částí jeskyně (čárkované linie) a Starého východu
(tečkované linie). Barvy linií představují transport teplého vzduchu (červená) a chladného vzduchu
(modrá).
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During DAF mode, the warm external air was sucked into EVB through the Discove-
rers’ Chimney and heated UBP sites (Fig. 4a). This mechanism is clearly evident in the pe-
riod from July to November 2023, when         increased from the initial values of about
10.5 °C up to 11.8 °C (Fig. 2a, b). As the air flowed through individual sites of EVB, it was
gradually cooled by cave walls, which led to a slightly cooler air at LBP sites. However, the-
se sites were also heated by an additional portion of warm external air flowing into the ca-
ve through a window in the Museum Chamber ceiling, which was installed as an opening
for bats. It caused a rapid increase in        values from 9.9 °C in July up to 11.8 °C in
August, followed by a plateau with the mean value of 11.0 °C in the period from Septem-
ber to November (Fig. 3a, b). Such a plateau indicates a switch in temperature increases or
decreases, and therefore, this period could also be included in the transitional mode. Such
expansion of the transitional mode was confirmed by LANG et al. (2015b), who estimated
switching |ΔT| in the Balcarka Cave in the range of 0.4 to 3.2 °C. In contrast to DAF mo-
de, a completely different situation occurred during UAF mode, when cool external air en-
tered EVB through the Main exit (Fig. 4b). Transport of cool air led to a decrease of

values at LBP sites down to 9.2 °C in March 2024 (Fig. 3a, b). During its subsequ-
ent transfer towards the Discoverers’ Chimney, the cave air was gradually heated by the ca-
ve walls and          minima at UBP sites were higher by 1.2 °C (Fig. 2a, b).

Factors influencing wall surface temperature
Since airflow represents the main parameter affecting          evolution, changes in ca-

ve airflow could lead to disruptions of a relatively simple seasonal pattern. In this
context, two examples of such phenomena, both naturally and anthropogenically induced,
appeared in the           time series from EVB. The first of them appeared in the 2023 sum-
mer season and was associated with ventilation mode switch as a result of a short-term

decrease of almost 25 °C. Based on the mean         in the homothermic zone being
9.8 °C (PTÁČNÍKOVÁ, 2025), it corresponded to a decrease of ΔT from 23.0 to –1.9 °C (Fig.
3c) and to switching the airflow direction to UAF mode. However, the short period with
negative ΔT values (~ 28 hours), representing the presence of UAF mode, indicates that
the mode switching was achieved at non-zero ΔT. This phenomenon was published by va-
rious authors, e.g. de FREITAS et al. (1982) or FAIMON et al. (2012). LANG et al. (2015b) es -
timated the switching ΔT by modeling in the range of 0.4 to 3.2 °C and interpreted it as
a result of non-uniform distribution of temperatures, humidity, and CO2 concentrations
throughout the cave (FAIMON and LANG, 2013, SÁNCHEZ-CAÑETE et al., 2013). Subsequent
transport of cooler cave air during UAF mode then decreased          values at all monito-
ring sites by up to 1.4 °C (Figs. 2a, b and 3a, b). Note that individual sites were cooled by
air from different sources represented by (i) passages near the Main exit (LBP sites) and
(ii) deeper cave passages (UBP sites). Subsequent switch back to DAF mode was associa-
ted with          return to natural values, exceeding the initial values at LBP sites (Fig. 3a, b).
Another period with an unexpected switch of ventilation mode occurred in April 2024,
when a temperature-stable period with        of about 23 °C was replaced by ten days with

between 10.0 and –3.0 °C (Figs. 2c and 3c). In contrast to UAF mode interval in sum-
mer 2023, relatively constant          followed after repeated switching to DAF mode at the
end of April 2024. The reason was that long-term thermal stability of wall surface interrup-
ted by a ten-day period with a distinct mode is not long enough for a significant          mo-
dification. To summarize, the mechanism of ventilation mode switching is often used to
describe the evolution of microclimatic parameters (e.g. LANG et al., 2015a).

The second phenomenon distorting cave airflow was a modification of the visiting
route due to cave floor damage in LBP by torrential rain on 21 June 2024. It resulted in
a shortened visiting route and temporary replacement of the Main exit by the Old exit. The
use of the Old exit on the visiting route created an additional ventilation path. However, the
effect of this path on the         values at individual monitoring sites differed according to
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their position in EVB. While LBP sites showed no        changes (differences were within
the specified accuracy of the sensor), significant decreases/increases of in the range
of 1.7 °C were observed at UBP sites (Fig. 2a, b). Since the ventilation paths during DAF
mode are not associated with transport of cool air at UBP sites (Fig. 4a), it is obvious that
the periods with          decreases correspond to UAF mode. Moreover, it confirms the hy-
pothesis of ventilation mode switching at increased ΔT values presented by LANG et al.
(2015b). According to evolution at DC/ES sites, sources of cool air were determined.
The absence of a temperature decrease at ES site in June indicates transport from deeper
cave passages. On the contrary, relatively constant values at ES site in August indicate air
transport from the exterior through the Old exit.

IMPLICATIONS

represents a parameter potentially usable in various research areas of cave mic-
roclimatology. It controls microclimatic processes in cave systems, such as water vapor
condensation on cave walls (e.g. SARBU and LASCU, 1997; DE FREITAS and SCHMEKAL,
2006) or determination of paleotemperatures from autochthonous cave deposits during pa-
leoclimatic reconstructions (FAIRCHILD et al., 2006). However, the mean         value mea-
sured in EVB of about 10.5 °C would lead to a deviation of 0.4 °C. Based on LANG et al.
(2025), such deviation is at the limit of applicability for common karstological interpreta-
tions (e.g. paleoenvironmental reconstructions) and even exceeds the limit for environmen-
tal-karstological interpretations (e.g. water vapor condensation). Therefore, contact met-
hods are commonly used for temperature monitoring of cave walls. Moreover, LANG et al.
(2025) also described a significant effect of settings of the IR thermometer, especially the
emissivity degree. An experimental test of this effect showed a relatively rapid          decre-
ase by ~ 1.4 °C between emissivity degrees of 0.95 and 0.85. On the other hand, an advanta-
ge of a non-contact IR thermometer is its ability to measure          in inaccessible cave pas-
sages (e.g. ceilings or chasms). It indicates that a combination of both IR and contact
thermometer is required for mapping of patterns across the cave. In addition to CO2
concentrations or radon activity in cave atmosphere,       was also confirmed as an indi-
cator of cave airflow. Moreover, it appears to be a suitable indicator of switching between
DAF and UAF modes not only within the limits of summer and winter seasons, but espe-
cially during their peak phases. However, this approach is limited especially by the geometry
of monitored cave and requires relatively simple cave systems with dynamic air circulation
that allow distinct changes in          pattern based on airflow variations. In large cave sys-
tems, this method could be applied only to separate ventilation branches, as documented
in the example of EVB in the Balcarka Cave.

CONCLUSIONS

The use of wall surface temperature for estimating changes in cave airflow was studied
in the Exit ventilation branch of the Balcarka Cave, a dynamic cave in the Moravian Karst
(Czech Republic), over a one-year period, extended by an additional summer season. Long-
term data of external/cave air temperature confirmed dynamic character of the cave airf-
low comprising (1) downward airflow (DAF) and (2) upward airflow (UAF) ventilation
modes. However, the stability of these modes was disrupted by periods of switching betwe-
en DAF/UAF modes, representing the transitional ventilation mode, and by short periods
in which the opposite modes occurred contrary to the long-term prevailing mode. Monito-
ring of the wall surface temperature in the ventilation branch identified both (i) spatial and
(ii) temporal distributions. Despite a relatively narrow range of measured values, the mean
temperatures at sites in the lower part of the ventilation branch were significantly higher
than those at sites in the upper branch part. Comparison of data from individual monito-
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ring campaigns revealed seasonality of the wall surface temperature. During DAF mode,
warm external air entering the cave through the Discoverers’ Chimney (upper part of the
ventilation branch) or the window in the Museum Chamber ceiling (lower part of the ven-
tilation branch) contributed to a general temperature increase. During UAF mode, trans-
port of cool air from the exterior through the Main exit (lower part of the ventilation
branch) and from deeper cave passages (upper part of the ventilation branch) led to a sig-
nificant decrease in temperature. On the other hand, the study has shown that short-term
changes in cave ventilation associated, for example, with ventilation mode switching or vi-
siting route modification, may radically influence the wall surface temperatures. Therefo-
re, temperature changes could indicate changes in the ventilation mode. Results of this stu-
dy could be of interest to karstologists and environmentalists for more precise estimates of
the extent of ventilation modes in caves.

SOUHRN

Teplota povrchu jeskynní stěny je výhradně řízena výměnou vzduchu mezi externí
a jeskynní atmosférou a může tak poskytovat informace o změnách proudění vzduchu v rámci
jednotlivých ventilačních větví jeskyně. Pro studium tohoto fenoménu byla zvolena Výstupní
ventilační větev jeskyně Balcarka v Moravském krasu. Sezónní vývoj teplotního rozdílu mezi
externí a jeskynní atmosférou prokázal přítomnost sestupného proudění (DAF mód) v letních
měsících a vzestupného proudění (UAF mód) v zimních měsících. K přepínání mezi oběma
módy, označovanému jako přechodný mód, docházelo v průběhu pozdního podzimu a na po-
čátku jara, avšak bylo identifikováno i ve vrcholných obdobích DAF a UAF módu. Monitoring
teploty povrchů jeskynních stěn odhalil významnou prostorovou distribuci teploty v rámci Vý-
stupní ventilační větve s vyššími hodnotami v místech situovaných v nižších pasážích větve
a nižšími hodnotami v místech položených ve vyšších pasážích větve. Uvedená distribuce
je výsledkem transferů tepla mezi jeskynním vzduchem a stěnami během jednotlivých venti-
lačních módů. Zatímco v DAF módu přispívá teplý externí vzduch k teplotnímu nárůstu,
významný pokles teplot je důsledkem chladného externího/jeskynního vzduchu v UAF módu.
Model může být narušen krátkodobými změnami ventilace indukovaných jak přírodními fak-
tory (přepnutí ventilačního módu), tak i antropogenními faktory (úprava návštěvní trasy). Stu-
dium tohoto fenoménu i v dalších ventilačních větvích jeskyně Balcarka může přispět ke kom-
pletnímu popisu ventilačního režimu celého jeskynního systému. 
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