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Abstract Crna Jama is the coldest section of cave within the
Postojna Cave System. Mean annual air temperatures at the
Crna Jama 2 site are 5.6 °C (2015) and 5.7 °C (2016), and at
the Crna Jama 3 site 7.1 °C (2015) and 7.2 (2016), whereas the
mean external air temperature was 10.3 °C (2015) and 10.0 °C
(2016). In Lepe Jame, the passage most heavily visited by
tourists, the mean cave-air temperature is 10.7 °C (2014—
2017). Crna Jama exhibits winter and summer temperature
regimes. During warm periods (T,aye < Tou), it acts as a cold
air trap, exchanging no air with the outside atmosphere. Under
such conditions the cave-air temperature shows no short-term
diurnal temperature oscillations. Cave-air temperature is sig-
nificantly stable and affected only by elevation of the ground-
water table, which is associated with precipitation. During
cold periods (T¢ave > Tou), ventilation takes place and dense,
cold, outside air sinks into Crna Jama because of the
favourable cave entrance morphology. Recent Crna Jama air
temperature data (2014-2017) indicate a < 0.5 °C higher tem-
perature than that recorded in historical data since 1933. Crna

Article deals with meteorological studies in the coldest part of Postojna
Cave, Slovenia. Regarding air temperature data set, meteorological
characteristics of Crna Jama are described. Being the most visited show
cave in Slovenia, Postojna Cave (environment and climate) is under strong
human impact, but part of the system (Crna Jama) is mostly eliminated
from human impact and is the best place for long-term climatic studies.
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Jama is the most appropriate place within the Postojna Cave
System to study long-term climatic changes. There are hardly
any tourist visits to the cave, and human impacts on the cave
climate are essentially reduced.

1 Introduction

In recent years, the microclimate of the Postojna Cave System
has been the subject of intensive investigations (Sebela and
Turk 2011, Sebela et al. 2013, Gregori¢ et al. 2013, Gregori¢
et al. 2014, Sebela and Turk 2014, Sebela et al. 2015),
reflecting the obligation of the cave management (the
Postojnska jama d.d. company) to organise climatic monitor-
ing and expert control within the heavily visited show cave.
Being the second longest cave and the most visited of the
show caves in Slovenia, Postojna Cave exhibits complex me-
teorological conditions. There are side passages and some
remote parts that show different patterns of cave climate
(Gregoric et al. 2013) to those met in the most visited passages
used for tourism (Sebela et al. 2015). There are also some
parts of the cave where meteorological studies pointed to pos-
sible correlations with global warming, which thus seems to
be affecting not only external, but also cave temperatures
(Dominguez-Villar et al. 2015, Sebela et al. 2015). In 2014,
alongside climatic monitoring of the heavily visited Postojna
Cave passages, studies were extended to Crna Jama, which is
a less visited part of the cave system. To help determine an-
thropogenic impacts (Mulec and Kosi 2009, Mulec et al.
2012, Muri et al. 2013, Mulec 2014) upon cave climate, it is
necessary to compare meteorological conditions in heavily
visited passages with those in rarely visited passages.

The mean annual air temperature in Crna Jama is signifi-
cantly lower than the mean annual temperature of outside air
in the Postojna region. In this respect, Crna Jama is more
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closely related to ice caves, but there are no permanent ice
deposits in the cave. In terms of cave entrance morphology,
the cave is similar to Zupanova jama (Ravbar and Ko3utnik,
2014), the entrance of which is situated at 440 m, whereas
Crna Jama sits at 533 m above sea level. During the cold part
of the year, the freezing of dripping water can be observed in
the entrance zone of Zupanova jama, forming ephemeral ice
stalagmites. The ice is neither deposited in layers nor does it
form a build-up of ice (Ravbar and Kosutnik 2014). The same
situation is also typical of Crna Jama.

Not many meteorological studies relate to cold caves that
lack permanent ice, but studies have been performed in ice
caves worldwide (Holmgren and Pflitsch, 2014; Luscher and
Jeannin, 2004; Luscher et al. 2008; Williams and McKay
2015; Obleitner and Spétl, 2011; etc.). Ice caves are fairly
common and have even been found, perhaps surprisingly, in
areas with warm and arid climates, including New Mexico,
California and Southern Idaho (USA) (Williams and McKay
2015). Ice caves can be seen as providing indicators for short-
and long-term changes within the climates of their respective
regions (Holmgren and Pflitsch 2014, Kern and Per oiu 2013).
For example, the thickness of the ice in Monlesi ice cave
(Swiss Jura Mountains) decreased by nearly 10 cm during
the 2002-2003 annual cycles (Luscher et al. 2008).
Moreover, massive ice loss in recent years has been reported
from the Mauna Loa ice cave in Hawaii (Pflitsch et al. 2016).

Evaluation of historical photographs taken in the
Eisriesenwelt cave (Austria) shows that 10-20 cm of ice has
been lost since the 1920s (Obleitner and Spétl, 2011). The
annual mass balance of ice depends strongly upon the late
summer temperatures and the availability of seepage water
in spring (Obleitner and Spétl, 2011).

In Central Pennsylvania (USA), meteorological studies
have been carried out in the Trough Creek Ice Mine cave,
which is considered to be a simple cold air trap. In winter,
dense cold air sinks into the cave, cooling the interior rock
surface. This site can be considered as an apparently static
cave that behaves seasonally in a manner consistent with other
simple cold air traps, having open and closed periods of cave-
air circulation and stratification (Edenborn et al. 2012).

Cold air traps are commonly of particular ecological inter-
est because they can provide climatic refuges or habitat islands
(Edenborn et al. 2012); this is also the case for bats in Crna
Jama. It was reported that Indian bats and grey bats hibernate
in the near freezing zone of certain North American caves that
have deep or large entrances and which function as cold air
traps (Elliot 2012).

In the oldest recorded studies, Schmidl (1854) ascertained
that Crna Jama is the coldest part of the Postojna Cave
System. In the period from 17 February 1933 to 25 August
1936, Crestani and Anelli (1939) performed occasional mea-
surements of cave-air temperature at Crna Jama. They found
that air ventilation in the cave exists only when the external air
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temperature is lower than the cave-air temperature. In the
neighbouring Pivka Jama, there is an additional effect from
the underground river Pivka, raising the temperature of the
cave air, which is then higher than in Crna Jama (Crestani
and Anelli 1939). Occasional measurements of air tempera-
ture and CO, concentration at Crna Jama were carried out by
Gams (1970, 1974).

The entrance to Crna Jama (533 m above sea level) sits in
the southern slope of a 45-m deep collapse doline. The mor-
phology of the cave entrance is favourable, such that cold
winter air can readily descend deep inside the cave.

The aims of this study were to seek an explanation of the
local cave meteorology (Crna Jama) within the complex
Postojna Cave System and to produce a scientifically support-
ed foundation for long-term climatic monitoring in part of the
cave that is not subject to a heavy visitor load.

2 Methodology

Hourly cave-air temperature data for the period 2014-2017
were collected at four cave locations (Fig. 1), three sites in
Crna Jama (Crna Jama 1, Crna Jama 2 and Crna Jama 3) and
one in Pivka Jama (Crna Jama 1-Pivka Jama or PJ). The Crna
Jama 1 site was situated at the entrance to Crna Jama near to
the wire net door, 1.5 m above the floor at 533 m above sea
level (ceiling thickness 26 m). Crna Jama 2 site was at the
bottom of entrance chamber, at 517 m above sea level and
1 m above the floor (ceiling thickness 38 m). Crna Jama 3 site
was placed 1.2 m above the floor at 513 m above sea level
(ceiling thickness 40 m). The fourth site in Pivka Jama was at
498 m above sea level and 1.2 m above the floor (ceiling
thickness 59 m). Baro-Diver® (Schlumberger Water
Services) data loggers with an accuracy of = 0.1 °C and reso-
lution 0.01 °C were used to measure air temperature. To com-
pare cave-air temperature data with conditions outside the
cave, additional air temperature measurements were per-
formed in the forest above Crna Jama. The data set was divid-
ed according to the different seasons for periodic statistical
analyses performed by Statistica software (Statistica
StatSoft. Inc.).

The Crna Jama monitoring sites (1-3) are separated from
the rest of Postojna Cave System by two full metal doors (Fig.
1), which make it impossible for Crna Jama air masses to mix
with air from other parts of the cave. The metal doors preserve
the original Crna Jama cave conditions, because artificial tun-
nels were constructed in the 1920s to connect Crna Jama with
the other passages. The only natural connection between Crna
Jama and the rest of the Postojna Cave System is by way of
water-filled phreatic loops.
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Fig. 1 Crna Jama air temperature POSTOJNA PIVKA JAMA
monitoring sites. |—dry CAVE
passages, 2a—water passage, SYSTEM

2b—intermittent water passage,
3—air temperature monitoring
site, 4—solid metal door

3 Results and discussions

The air temperature data series for the period 16 January 2014
to 28 August 2017 are presented in Fig. 2. Characteristic an-
nual temperature cycle data for the studied monitoring loca-
tions are provided for 3.6 successive years. There are no big
differences in seasonal temperature trend at four monitoring
sites during this period. Even summer of 2017 with high out-
side air temperatures (up to 37 °C) did not change Crna Jama
air temperature. Crna Jama 2 site shows similar temperature
curve for each year during 2014-2017. Summer 2017

Fig. 2 Hourly air temperature 35
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temperature curve for Crna Jama 3 site is like the one in sum-
mer 2015, but both curves are lower as the one in summer
2016 (for almost 1 °C). The reason is that in winter
2015/2016, intrusion of outside cold air into the cave was
not significant as much as in winter 2016/2017.

At the Crna Jama 2 and 3 sites, the air temperature is par-
ticularly stable during the summer, with no daily oscillations.
In contrast, intrusions of cold outside air are detected at the
Crna Jama 2 and 3 sites during the winter. Hence, the cave-air
temperature data were divided into three seasonal periods:
warm period (20 April-20 October 2015), cold period (16
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October 2015-17 March 2016, autumn—winter) and spring
period (17 March-23 April 2015).

In the Dobsinska ice cave (Korzystka et al. 2011) in
Slovakia, a similar threefold pattern of air temperature chang-
es was distinguished: (1) winter, (2) spring and the warmer
part of winter and (3) summer. There are two distinct types of
air exchange: the winter type and the summer type. Seasonal
changes in the air exchange regime between Dobsinska ice
cave and its surroundings, along with in-cave air exchanges,
are the main climatological factors affecting the cave climate
system (Korzystka et al. 2011).

Relatively lower cave entrances experience a strong winter
cooling and relatively higher entrances suffer a strong summer
warming (Luscher et al. 2008). Depending upon the cave
morphology, this is due to accumulation of cold and dry air
or unidirectional advection of cold air into the cave during
winter (Ford and Williams, 1989; Luscher and Jeannin,
2004). Most of the ice caves in the Swiss Jura Mountains act
as cold air traps (Luetscher et al. 2005). In winter, because of
the density differences between cave and outside air, signifi-
cant air circulation (up to 20 m*/s) takes place throughout the
cave (Luetscher et al. 2005).

3.1 Warm period: 20 April-20 October 2015

During the warm part of the year (Fig. 3a), Crna Jama acts as a
cold air trap. Warm outside air is lighter than cold cave air and

Cave air temperature °C
N
o

cannot enter the cave, which is at lower level. Because of the
lack of significant air exchange with the external atmosphere
during the summer season, in most caves that are cold air
traps, seasonal snow melting is generally related to water in-
filtration (e.g. related to thunderstorms). Summer air temper-
ature appears to play only a minor role in the annual energy
balance (Luetscher et al. 2005).

Temperatures at the Crna Jama 2 and 3 sites do not show
daily oscillations but display a noticeably gradual rise (Fig. 4).
Significant daily air temperature oscillations occur only at the
Crna Jama 1 site, which is at the cave entrance.

During the warm period of the year, air temperature at Crna
Jama 2 gradually increases from 5 to 7 °C (Fig. 4). Warm
outside air does not come through the cave entrance by con-
vection in this period, and thus the slight cave-air temperature
increase could be attributed to the heating of the karst massif
by conduction.

The air temperature at Crna Jama 3 in warm periods is very
stable (Fig. 4). An exception was on 27 June 2015 (A on Fig.
4), when a rise of 1 °C was detected. This was probably con-
nected to precedent surface precipitation, with water filling a
horizontal epiphreatic passage (Fig. 1) that is 50 m away from
the Crna Jama 3 monitoring site. On 24 June 2015, heavy
precipitation (65 mm) in Postojna town raised the under-
ground water level and also filled some generally dry
epiphreatic passages. In Crna Jama, the groundwater temper-
ature is higher than the air temperature, and an increase in
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Fig. 4 Details of the cave air and 20 April - 20 October 2015
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groundwater level can also influence the temperature of the
cave air.

At the Crna Jama 2 site, the air temperature probably re-
flects the temperature of the rock massif; this is about 8 °C,
which is the value of the mean air temperature outside the cave
in the period 1961-1990 (Sebela and Turk, 2011).

Values recorded at Crna Jama 4 (PJ) show a strong depen-
dence of cave-air temperature upon underground Pivka water
temperature described by Kaufmann et al. (2016), which can
be 7 °C higher than the air temperature at the Crna Jama 2 and
3 sites. In summer, the underground river Pivka, flowing from
the surface into the cave, keeps water temperatures higher
deep into the karst system.

On 25 May 2015 and on 28 July 2015 (B on Fig. 4), two
similar short-duration events took place. The outside air tem-
perature dropped from about 30 °C to about 10 °C, and there
was also a temperature drop of about 2 °C at Crna Jama 4. In
contrast, at the Crna Jama 1 site, there was a cave-air temper-
ature increase of 1-3 °C. The two events were not detected at
the Crna Jama 2 and 3 sites, which remained beyond the
influence of the summer weather conditions, with their tem-
peratures remaining below 8 °C.

During the warm part of the year, there is no typical corre-
lation (r = 0.16) between the outside air temperature and the
temperature at Crna Jama 2 (Fig. 5). Warm air currents do not
penetrate as far as the Crna Jama 2 site during the warm
period, and this causes the trapping of cold air in the cave. A
key morphology for such trapping of cold air is a wide cave
entrance with downward sloping passages connected to
closed, or partially closed lower chambers (Kite 2014), as is
typified at Crna Jama too.
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3.2 Cold period: 16 October 2015-17 March 2016
(autumn-winter)

Outside air has a strong impact on the Crna Jama air temper-
ature during the cold part of the year because winter ventila-
tion causes dense cold air to sink into the cave along the lower
part of the cave entrance. The cooling effect declines with
distance from the cave entrance, as is demonstrated by the
median values of cave-air temperature (Fig. 3b), which in-
crease from Crna Jama site 1 to site 3, and also by air temper-
ature oscillations, which decrease from Crna Jama site 1 to site
3. At the Pivka Jama site, the situation is different because the

Crna jama 2 - Outside

r=0.16

-1,0 -0,5 0,0 0,5 1,0
Correlation coefficient

Fig. 5 Cross correlation diagrams with cross correlation coefficients for
warm period 20 April-20 October 2015 (Crna Jama 2-outside)
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karst massif and also, indirectly, the cave air is thermally in-
fluenced by the underground river Pivka.

Between 02 and 08 December 2015 and 08 and 11 January
2016 (A on Fig. 6), two temperature events were recorded at
the Crna Jama 3 and 4 sites. A cave-air temperature drop of 1—
2 °C at the Crna Jama 4 site coincided with a temperature rise
at Crna Jama site 3. During the same periods, the outside
temperature was slightly higher than 10 °C.

Between 27 January and 03 February 2016 (B on Fig. 6), the
outside air was constantly at about 8 °C, which is close to the
temperature of the karst massif. During this period, the air tem-
perature at the cave entrance site (Crna Jama 1) and the cave site
(Crna Jama 2) increased logarithmically towards the temperature
of the massif. It can be argued that under such conditions, there is
no significant ventilation in Crna Jama.

A decrease of cave-air temperature in winter has been not-
ed at all the monitoring sites in Crna Jama (Fig. 6). Crna Jama
site 3 shows at least three events (C on Fig. 6) when the air
temperature has risen due to surface precipitation filling up the
water channel close to the site. Because of winter ventilation
and intrusion of cold outside air, cave temperatures were ele-
vated for only a short time. For example, a similar situation is
described from the Monlesi ice cave (Swiss Jura Mountains)
through the period 2001-2006. Here, the recorded values of
air, rock, water and ice temperature, airflow, water discharge
and cave humidity demonstrated that forced convection, con-
trolled by the temperature difference between the cave air and
the external atmosphere, is a driving force for the heat ex-
change between the cave and the surrounding environment
(Luscher et al. 2008).

The correlation between cave-air temperature at Crna Jama 1
and the outside air temperature (Fig. 7a) is statistically significant,
with 7 = 0.89. Other statistically significant correlations are those

Fig. 6 Cave air and outside air

between Crna Jama site 2 and site 1 (Fig. 7b) (» = 0.77); Crna
Jama site 2 and site 3 (Fig. 7c) (r = 0.91) and Crna Jama site 2
and site 4 (Pivka Jama) (Fig. 7d) (r = 0.89).

In contrast, the correlation between Crna Jama site 2 and the
outside atmosphere (Fig. 7¢) is relatively low (»=0.57). Also, the
correlation between Crna Jama site 4 (Pivka Jama) and outside
air temperature (Fig. 7f) is not significant, with a low correlation
coefficient (» = 0.46). This shows that during the winter, the
temperature of the underground Pivka river has a stronger impact
on the cave-air temperature in Pivka Jama (Crna Jama site 4) than
does intrusion of cold outside air and/or the temperature of the
rock massif. Warming and cooling of the karst massif by under-
ground water flow depend strongly upon the discharge of the
Pivka river (Kaufman et al. 2016).

There is no ice deposition in Crna Jama, even though win-
ter cave-air temperature can be low. During the winter, ice
stalagmites form on the floor only at the cave’s entrance
(Fig. 8). The main source for ice stalagmites is percolating
water travelling through the 26-m thick limestone ceiling, en-
tering the cave, where an air temperature below 0 °C is caus-
ing freezing. Ice accumulation in Trough Creek Ice Mine
(USA) consisted solely of endogenous congelation ice that
formed as drip or flowstone ice and as ponded ice on the floor,
produced by the freezing of infiltration water. The greatest
accumulation of ice inside the mine was observed to derive
mainly from the infiltration of small volumes of water via
snowmelt and early spring rains (Edenbom et al. 2012).

3.3 Early spring period: 17 March-23 April 2015
During the early spring period (Fig. 9), the situation is similar to

that in the autumn—winter (i.e. cold period). In terms of median
values, the air temperature at Crna Jama 2 is at its lowest, in
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Fig. 7 Cross correlation Lag Crna Jama 1 - Outside Lag Crna Jama 2 - Outside
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parallel with changes that occur during the warm period (Fig. 3a).  was a 1 °C temperature increase at Crna Jama site 3 (A on Fig. 9)
In the period 12 April (1 am.) to 13 April 2015 (6 a.m.), there  due to the effects of a precipitation event.
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Fig. 8 Ice stalagmites at the Crna Jama site 1 monitoring location during
winter (photo S. Sebela)

During the early spring period, the correlation between the
air temperature at Crna Jama site 2 and the outside air
(Fig. 10a) is relatively significant (» = 0.47). Correlation is
also significant ( = 0.59) between Crna Jama sites 2 and 1
(Fig. 10b) for cave-air temperature during the early spring
period and is especially significant (» = 0.80) for the Crna
Jama site 1 and outside air temperatures (Fig. 10c).

The Crna Jama meteorology records point to the fact that
this part of the Postojna Cave System displays the character-
istics of a static cave. A static cave is idealised as being a pit or
a subterranean room with no air drainage potential, where
relatively cold air settles into the cave by gravity during the
winter months, whereas the outside ambient air is too warm to
sink into the cave during the warm summer months (Williams
and McKay 2015). Static caves should have air currents only
at certain times of year. Condensation resulting from warm

Fig. 9 Cave air and outside air

moist air flowing by cooler cave walls has also been noted
(Williams and McKay 2015).

3.4 Historical cave air temperatures in Crna Jama

Periodic historical air temperature measurements at Crna Jama
show similar conditions to the recent cave meteorological
data. Even though there is not a large enough set of histor-
ical air temperature records to conduct statistical analysis as
done for recent temperature measurements, it appears that
the actual Crna Jama air temperature increase has been
< 0.5 °C since 1933. Parts of the Postojna Cave System that
receive more tourist visits have shown temperature increases
of about 2 °C since 1852 (Sebela et al. 2015).

Comparison of mean annual air temperature (2015-2016)
with historical data (Tables 1 and 2) shows that Crna Jama
(especially Crna Jama sites 2 and 3) is probably the most
suitable place within the Postojna Cave System to carry out
long-term climatic change monitoring. Caves where thermal
stratification of the air in summer prevent convectional mixing
of cold cave air and warm outside air might serve as valuable
indicators of future global climate change (Edenborn et al.
2012).

3.5 Future perspectives of climate monitoring in Crna
Jama

Actual visitor numbers (there were 3500 visitors per year in
2002-2008) do not obviously influence the cave microcli-
mate. Any future increase in the number of visitors at Crna
Jama could have a strong impact on the cave microclimate. In
view of this, it is important to continue with climatic monitor-
ing in Crna Jama. Additionally, we do not support the idea that
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Fig. 10 Cross correlation Lag Grna Jama 1 - Outside Lag Crna Jama 2 - Outside
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-1.0 -0.5 0.0 0.5 1.0 1.0 -0.5 0.0 0.5 1.0
Correlation coefficient Correlation coefficient
Lag Crna Jama 2 - Crna Jama 1
-399
-349
-299
249
-199
-149 .
99 - -- Conf. Limit
-49
1
51 r=0.59
101
151
201
251
301
351
400 -
-1.0 -0.5 0.0 0.5 1.0

during times of heavy tourist traffic elsewhere in the Postojna
Cave System, opening metal doors in the southern part of
Crna Jama can help to reduce the summer temperature in the
touristic part of the cave. Such opening can also artificially
elevate the relatively low summer air temperatures in Crna
Jama. Every attempt to open metal doors for ‘longer’ period
must be controlled by additional monitoring sites.

Correlation coefficient

In the south-east of West Virginia (USA), some caves that
trap cold air appear to be remnant palaco-passages, separate
from active systems. It is highly likely that the cold passages
were perennial ice caves throughout most of the Pleistocene
glacial periods (Kite 2014). For Crna Jama cave, the age of
black deposits that cover flowstone deposits is 8394 + 35 cal
year BP (Sebela et al. 2017), which indicates that at least in the

Table 1 Mean annual cave-air

temperature (°C) for Crna Jama Crna Jama 1 Crna Jama 2 Crna Jama 3 Crna Jama 4-Pivka Jama Outside

2015 and 2016
Trnean 2015 - 5.6 7.1 - 10.3
Trnax - 6.9 8.0 - 33.6
Thnin - 2.6 5.9 - -10.9
span - 43 2.1 - 44.5
Tinean 2016 6.2 5.7 72 104 10.0
Tinax 13.3 7.1 89 13.1 313
Tinin -2.6 24 53 6.5 -9.7
Span 15.8 4.6 3.6 6.6 41
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Table 2 Historical air
temperature measurements at

Crna Jama 1 (°C)

Crna Jama 2 (°C) Crna Jama 4-Pivka Jama (°C)

Crna Jama (°C). 1933-1936, after
Crestani and Anelli (1939), 1972
(Gams 1974)

15 March 1933 - 15
28 April 1933 5.5
23 August 1933 -

28 August 1933 -

15 April 1935 -

16 April 1935 5
25 August 1936 8.8
26 August 1936 9.2
8 April 1972 -

2.5 7
4.5 7.5
7 9.4
6.7 -
39 7.7
39 -
7 _
6.7 -
42 -

early Holocene, Crna Jama probably had a similar meteorol-
ogy and cave entrance morphology to those now displayed. In
this sense, long-term microclimatic monitoring in connection
with palaco-environmental studies is important for Crna Jama.

4 Conclusions

Climatic monitoring in the coldest part of the Postojna Cave
System—Crna Jama started in January 2014. During the pe-
riod 2014-2017, the mean annual cave-air temperature at the
Crna Jama 2 site was 5.7 °C and at Crna Jama 3, it was 7.1 °C.
During the same period, the mean annual cave-air temperature
for the more heavily visited Lepe Jame passage was 10.7 °C.
Crna Jama is due to far fewer visitors than the touristic part of
the Postojna Cave System, the most suitable place to study
long-term cave microclimate without significant additional
human impact and to observe the impact of external climatic
changes upon the cave environment.

In the warm part of the year (Teaye < Tou), Crna Jama acts
as a cold air trap with no air exchange with the external atmo-
sphere. The Crna Jama 2 site is especially stable, without daily
air temperature oscillations and with maximum air tempera-
ture of 7.1 °C (in 2016). Precipitation has a strong influence
upon cave-air temperature at the Crna Jama 3 site, because in
such situations, a nearby dry water passage is invaded by the
underground Pivka river, which results in a 1 °C cave-air
temperature increase.

In the cold part of the year (T,ave > Tou), dense cold outside
air sinks into Crna Jama due to the favourable morphology of
the cave entrance on the southern edge of a collapse doline. At
the Crna Jama 2 site, cave-air temperature can drop to 2.4 °C
(in 2016) and at the Crna Jama 3 site to 5.3 °C (in 2016).

Results of a 3.6 year-long (2014-2017) meteorological
monitoring study at Crna Jama and data from periodic histor-
ical air temperature measurements (Table 2) show similar con-
ditions. The actual air temperature increase at Crna Jama has
been < 0.5 °C since 1933, which is more stable than in parts of

@ Springer

the Postojna Cave System that experience higher tourist
traffic.
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