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Abstract

In November 2004, to study the hypogean climatic conditions a monitoring station is installed at the LO LC 1650 ice cave. The ice cave is locate at Moncodeno, Grigna Settentrionale (Lecco). The climatic study of ice caves is one aspect of a wider multidisciplinary project. The climatic studies are supported by glaciological studies, aimed to understand the factors controlling the conservation, ablation of ice deposits in caves. The monitoring system is composed of  a meteorological station to record epigean data and two hypogean stations. The meteorological station collects solar radiation, air temperature, humidity, wind direction and velocity. The two hypogean stations collect air temperature and humidity in many points of the cave, rock temperature at different depths and ice temperature. Hypogean air direction and velocity are measured by an ultrasonic anemometer. Some preliminary data after the first  short  period of measurement are presented here.

Introduction 

Studies of ice caves is attracting more researchers in the last few years (e.g., Racoviţă & Onac, 2000; Perroux , 2001; Borreguero & Pahud, 2001; Turri et al., 2003; Piasecki et al., 2004; Strug et al., 2004; Luetscher & Jeannin, 2004; Borsato et al., 2004; Mavlyudov & Kadebskaya, 2004; Szczuciński & Rachlewicz, 2004). Since 1999 studies of glaciology and climatology are conducted in some ice caves of Moncodeno (Grigna Settentrionale, Northern Italy). A preliminary and small data logger network was installed in 2000 both in the hypogean and the epogean environments (Turri et al., 2004). The earlier temperature data collected were so interesting that successive monitoring systems project were setup to measure epigean meteorological parameters and various hypogean parameters.  

Geographic background
The Moncodeno site is nearly rectangular amphitheatre occupying an area of less than 2 km2 at the northern flank of mount Grigna. This karst forming high mountain zone has developed a high density of caves that appear on the surface as depressions (dolinas) and shafts. Due to the high altitude and the high quantity of snow precipitation, during the cold seasons thick deposits of ice are preserved for long time in some of the caves. The studied cave for this task is LO LC 1650 “Abisso sul margine dell’Alto Bregai”, where its entrance is located at 2030 m, forming a shaft of 30 m in diameter (Fig.1A). The shaft is connected with an ice deposit that is recharged directly by meteoric snow. The cave meanders downwards (Fig. 1B) leading to a wide and 50 metres deep shaft that is also capped by ice, which is the focal point of this study (Fig. 1C). Therefore, this ice deposit is not directly connected with the meteoric ice, but should have descended following a tunnel that was formed by the circulating hypogean air and the tunnel terminates in a 25 metres deep shaft located at a lower level (Fig.1D). The later shaft is bounded by an ice and detritic deposits (Fig. 1E). 

Monitoring system

There are clear relations between epigean and hypogean temperatures. In each cave the significant variations are related to seasonal variations, depending on the snow cover of the entrances. Moreover, the internal parts of a cave could show constant or seasonal variations irrespective of other hypogean environmental conditions where communication is controlled by the morphological development of the cave and dynamics of the ice and snow deposits. In addition to the effects of the particular conditions of a cave, temperature data indicate that the circulating air, which is the principal media of heat exchange between the internal and external parts, is variably influenced by the highly complex structure of the karstic system. In here, we propose a simple schematic model to show the internal – external climatic relation by understanding their working systems. 

Considering the complexity of the study, the unique way to resolve the set of unknown variables is to install various sensors in different stations all along the internal morphology of the hypogean cave. This will allow to collect necessary data to understand and establish the hypogean microclimatic conditions.  
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Fig.1 – Map of the LO LC 1650 cave. A) The 30 m deep shaft at the entrance of the cave. B) Meandering tunnel. C) Top of the ice deposit. D) Map of tunnel of the ice deposit. E) The 25 m. deep shaft. Locations of the monitoring system sensors that are described in the text are indicated with their relative depth. On the right side the monitoring system plan is sketched. 
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Fig.2 – Table that shows symbols utilized to identify the monitoring stations with some of their technical characteristics. 

To compare the hypogean with the epogean climatic conditions, a meteorological stations is installed near the entrance of LO LC 1650, at an altitude of 2030 m. 

Installation of the meteorological station has permitted to measure;

· the air temperature and humidity with the Rotronic Hygroclip S3 termohygrometer,

· global solar radiation with a Schenk 8101 global radiometer,

· wind direction and velocity with an RM anemometer. Measured data are collected by a data logger Campbell CR10X 2M.

The monitoring system sensors in the internal part of the cave are systematically distributed to establish a network so that a complete data could be collected from the surface to the depth of 121 m. The acquired data are registered by two data loggers Campbell CR10 2M, located at the meandering tunnel, –31 m. and the tunnel deposit at –99 m (Fig.1). Air temperature is measured at 7 positions with 4 Campbell TC 105T thermocouples and 3 Rotronic Hygroclip S3 thermohygrometres that measures also air humidity. Rock temperature is measured by 2 Campbell TC 105T thermocouples inserted in to the rock at a depth of 10 cm and 40 cm. Temperature of the ice deposit is measured with one Campbell TC 105T thermocouple that is fixed at the surface of the deposit. Wind direction and velocity are measured using the Metek USA-1 ultrasonic anemometer.  

A general map of the LO LC 1650 cave is shown on Figure 1, with the locations of the installed instruments, both in vertical section and planar view. The main aim of the distribution of these instruments is to measure the microclimatic conditions at various parts of the cave and to identify their respective climatic variation with the external climatic changes. Sensors network around the ice deposit is quite dense, hence climatic conditions that preserve the ice deposit could be better monitored. The thermocouple installed in the rock measures the thermal gradients of the rocks near the ice deposit. This permits to evaluate quantitatively the events that are manifested and to identify the major agents that affect the ice deposit The principal role of the thermocouple that is installed on the surface of the ice deposit is to control the periods of ablation, conservation and accumulation 

of the ice deposit. Abbreviated words and letters representing the installed measurement stations are listed together with some of their technical characteristics in the table of Figure 2.

Initial data collected during the first cold season  

In this preliminary phase, we limit our study to the analysis of the air temperature, air humidity, rock temperature and surface of the ice deposit temperature. Diagrams in Figures 3a through 3f show the air temperature variation registered at various hypogean stations (TC_7, TC_6, TC_5, TT_2, TT_1 e TC_1) in comparison to the meteorological station (TT4). Plots of the two curves in comparison have different scales to show clearly the hypogean trend. Scales on the right side of the graph correspond to the hypogean and on the left side to the epigean temperatures. 

[image: image4.png](2,) eimyeieduies a1z ueeBodAy

g 3 588
55882 ¢w.
E =R

20,00

88838

EREEEE)

8 g8
5 S

-15,00
-20,00

(9.) a1njeradws; sje ueabidy

20,00

0012 S0/5/8Z
0012 SOISPT.
0012 S0IS10Z
0042 5015194
0042 S01572H
0012 S0/518
00’12 S0/51Y
0012 S0/¥/0E.
0012 SOI¥9Z
0012 S0/viZZ.
0012 S0/vigk
0012 S01wibE
0042 S017/04
00'1Z S0/%19
0012 S0iviZ
00’12 SOIEI6Z
0012 SOIEISZ.
0012 SOENZ.
0012 S0/ErLL
0012 So/ErEL
00’12 S0/E6
00'LZ SO/ES
0012 S0/
0012 012162
0012 S22
0012 S0/Z1LH
0012 S01Z/EL
0012 501216
0012 S0/2/5
00'hZ S0iZ1L
0012 SO/HBZ
0012 SOIPE.
0012 S0/40Z
0012 S0/L/9k
0012 SOk ZH
00’1z So/k8
0012 SO/kY
00'LZ $0IZHILE
00'LZ $0iZHiLZ
0012 $0iZHET
00'LZ $0RZLi6L
0012 0rZHiSH
00'LZ $ORZLILL
00'LZ $0RZHIL
00’12 $0iZHE
00'LZ $0/41i6Z
0012 $0/1 1S
00'LZ B0/
00'LZ $O/LbiLL
0012 $0/LbiEL
0012 40/ 16
0012 $OILLS
00LZ POILLIL
0012 $0I0K8Z
0012 $0I0LYE

*C 1650_TC_7

Hypogean Air Temp. (Mean)

*C 1650_TT_4

Epigean Air Temp. (Mean)

(0,) eanesedue} Jje usebod
sd88fss
eea3w T

8

)

g8 8 8
sSacgcs

(0.) einesaduie) e ueabid

1

20,00

0012 S0/5/82
0012 SO/SIVE
0012 S0/5/02
0012 S0/5/94
0012 S0/5/ZH
0012 S0/5/8
0012 S0/5iY
0012 SO/HI0E
0012 SO/I9T
0012 S0/¥iZE
0012 S0/ti8k
0012 SO/bivE
0012 SO/YIOk
0012 S0/i9
0012 S0/iZ
0012 SO/EI6Z
0012 S0/EISZ
0012 SO/ENZ
0012 SO/EiLk
0012 So/eiEk
0012 S0/Ei6
0012 SO/EiS
0012 SO/Erk
0012 S0/2I5Z
0012 S072INZ
0012 S0/2iLL
0012 S0/ziEk
00'LZ 50726
0012 S0/2iS
0012 0721k
0012 S0/Li8Z
0012 SO/LVE
0012 SO/HOZ
00'LZ SO/ki9k
00'LZ SO/kZk
00'LZ S0/bi8
0012 SO/kY
0012 YOZLILE
00'LZ YO HLE
0012 Y0/ HET
0U'LZ Y0/ZLI6L
00'LZ Y0/ZL/SL
0U'LZ YOZLLL
0012 YO/ZLIL
00'LZ YOZLE
00'LZ $0/L 16T
0U'LZ O/ LIST
00LZ YOINE
00'LZ YO/ LILL
0012 O/ LEL
0012 Y0/LL6
0012 YO/LUS
0012 YO/ UL
0012 $0/04/8T
0012 Y0101

Hypogean Air Temp. (Mean) °C 1650_TC_6

Epigean Air Temp. (Mean) °C 1650_TT 4.

(0.) eameiadue) i1e ueaBodA

3,00
2,00
1,00
0,00
-1,00

8
o

8

8
e

20,00

8
6

10,00

5,00
-10,00
-15,00

Y 2000

(2,) eimesaduwo) Jje uest

-3,00

-4,00

00°1Z S0/582
0012 SOISIVZ
00°12 S0/510Z
00°LZ S0/G/91.
00°1Z 5015721,
0012 50158
0012 501517
00°1Z S0/pI0E
0012 S0/b9Z
0012 S0/biZZ
00°1Z S0/pigL.
0012 S0/PIPL
00°1Z S0/710}
00°1LZ S0/%/9
0012 S0/P/T
00'12 SO/EI6Z
0012 S0/EISZ
0012 S0/ENLZ
00°12 S0/E1LL
00°12 SO/EIEL
0012 S0/E/6
00°1Z SO/EIS
00'12 SO/EN
0012 012452
0012 5012112
00°1Z 5072121,
0012 S0/Z/E 1
0012 501216
0012 501215
0012 S0/ZiL
0012 S0/L8Z
0012 SO/L7Z
0012 5014102
00°1Z S0/L/91
00°LZ SO/LIE
0012 S0/k8
0012 SO/LY
00°LZ YOIZHLE
0012 VOIZHLZ
0012 $O/ZHET
0012 POiZHGH
0012 pOiZHiSH
00°LZ PORZHILE
0012 bOIZHL
0012 YOIZHE
00°LZ bO/LLiEZ
00°LZ $O/L ST
0042 PO/ LT
00°LZ BO/LHLL
00°LZ pO/LHEL
0012 bO/L G
0012 VOIS
0012 PO/L UL
00°LZ $0/0L/8T
00°LZ POIOMVT

Hypogean Air Temp. (Mean) °C 1650_TC_5

Epigean Air Temp. (Mean) °C 1650_TT_4

(9.) sameseduse; e ueebodAH

3,00
2,00
1,00
0,00
-1,00

20,00
15,00
10,00
00
00
00

(0.) eamesoduwie) 1ye

2,00
-3,00
-4,00

00°1Z S0/5/182
0012 S0ISPT.
00'12 S0/5102
0012 505194
0012 5015724
0012 S0/518
00'1Z S0/S1Y
00'LZ SO/¥0E.
0012 SOI¥9Z
0012 S0I¥iZZ
00'1Z SOrviBL
00'LZ SOivYL
00'1Z S0Iv0k
00'1Z S0/¥9
0012 S0IviZ
00’12 SO/E16Z
0012 S0/E1GZ
0012 SO/ENZ.
0012 SO/ErLH
0012 So/ErEl
00'1Z S0/E/6
00’12 SO/ESS
0012 SO/ENL
0012 8012152
0012 S0iZNLZ.
0012 SOiZiLk
0012 S01ZIEd
0012 S0i2/6
00’12 S0i2/S
0012 S0z
0012 S0/HBZ
0012 SO/PT.
0012 SO/HOZ
00'LZ SO/kak
0012 S0/kZh
0012 018
0012 S0/kiY
0012 Y0IZHLE
0012 Y0iZHLZ
00’12 Y0iZhiEE
00'LZ 0iZ1i6)
00'LZ 0iZHiSH
0012 Y0iZHIHE
0012 Y0iZHIL
0012 Y0iZHE.
0012 Y0k L6
0012 70114/
0012 Y0/
0012 0/k LY
0012 YOIk bEL
0012 Y0/ 6
0012 OIS
00'LZ YOI
0012 0/04/8Z
0012 Y0/01¥E

uesByd3

0_TT 2

Hypogean Air Temp. (Mean) °C 165(

) TT 4

Epigean Air Temp. (Mean) °C 1650




[image: image5.png]20,00

(9,) aanyesadway aie ueaBodAH

g88888gsg
egwowgy

(0.) eimessduis) Jie ueeBid3

20,00

0012 S0/5/82
0012 S0/55T
0012 5015102
0012 S0//91
0012 S0/S7L.
0042 S0/578
0012 SO/SHY
0012 SO/FIOE
0012 S0/FI9Z
0012 S0IbiZZ
0012 S0/pi8L.
0012 S0/¥IYL.
0042 S0/PI0L
004 S0/P19
00'LZ SOIPIT
001 SO/EI6Z
0012 SO/EISZ
0012 SOENZ
0012 S0/EILL
0012 SO/ErEL.
0012 S0/E16
0012 S0/E1S
00'L SO/EN
0012 5012452
0012 5072112
0012 S0/ZILL
0012 S0/ZIEL
0012 501216
0012 501215
0012 507211
0012 S0/L182
0012 SO/LIVZ
0012 S0/L10Z
0042 SO/LI9L
0012 SO/
0012 S0/Li8
00'LZ SO/ Y
0012 POIZHLE
0012 $O/ZHLZ.
0012 $O/ZH/ET
0012 YOIz Hi6H
0012 PO/ZHSH
0012 YOIZHLE
0042 POIZHL
0012 bOIZHE
0012 bO/L BT
0012 YO/L LS
00LZ PO/ LAZ
00'LZ YO/LLLL
0012 YO/ HiE
0012 b0/ HE
00'LZ YO/LHS
00'LZ PO/LLIL
0012 b0I0LBZ
0012 YOIOLYZ

“C 1650_TT_1

Hypogean Air Temp. (Mear)

“C 1650_TT_4

Epigean Air Temp. (Mean)

s s g3 88
@ & - o 59

20,00

(9,) 2ampesaduiay e ueaBodAH

00°12 S0/6/8Z
00°12 S0/57T
001 505102
00°1 S0/5/91
00°12 S0/S7).
00°12 50/578
00°L2 50151y
00°L2 SO/bI0E
00°L2 S0/b19Z
00°42 S01bIZZ
00°1 S0/p/8L.
00°12 S0/¥ipL.
00°1L S0/710}
00°12 50919
0012 S0/piT
00°L2 S0/E62
00°L2 SO/EISZ
00°L2 SO/ENE
00°1LZ SO/EILL
00°12 S0/E/EL.
00°12 S0/€16
00°12 50/675
00°42 S0/€/
00°12 5012152
0012 507212
00°LZ 5072121
00°1Z S07zIEL
00°12 50216
00°12 507215
00°12 507211
00°1 S0/1/82
0012 S0/LYT
0012 501102
00°1Z S0/LI9L
00°1LZ S0/
00°1Z 5018
00°1Z SO/
0012 PORZHLE
00°1LZ $O/ZH2Z.
00°12 $0/24/E2
0012 $O/ZHi6H
00°12 POrZHSH
00°L2 VOrZLLE
00°LZ POrZHL
00°LZ YOrZHE
00°L2 YO/ 162
00°L2 YO/LLGZ
00°1LZ POILLZ
00°1LZ YO/ HiLL
0012 pO/L LiEL
002 Y0/ 16
00°LZ PO/ LS
00°LZ POLLIL
00°12 $0/04/8Z
00°LZ VOIOVZ

g

15,00
10,00
0,00
5,00
-10,00
15,00
20,00

(0.) eanesedus) Jie uzeBid3

Hypogean Air Temp. (Mean) °C 1650_TC_1

Epigean Air Temp. (Mean) °C 1650_TT 4

z
&
2

s
8

60,00
50,00
40,00

§888
888K

30,00
20,00
10,00

g

winy sie uesBodAH

0,00

000

0012 5015187
0012 SO/SIPT
0012 S0/SI02
0012 S0/5/91
0012 S0/57Zk
0012 50/5/8
0012 S0/51Y
0012 SOIH0E.
0012 SO/¥I9Z
0012 SOI¥iZZ
00'LZ SOrbigk
00'LZ SOMvvL
0012 SO/vI0k
0012 S0/H19
0012 S0z
0012 SO/EIBT
0012 S0/EIST
0012 SO/ENT.
0012 SO/EILL
0012 S0/E/El
0012 S0/E76
00'LZ S0/EIS
0012 S0/E/L
0012 8012152
0012 802N T
0012 SO/ZIL
0012 S0rziEL
0012 50726
0012 S072iS
0012 S0/Z/L
0012 S0/1/8T
0012 SO/MYT
0012 SO/HOZ
0012 SO/H9k
0012 So/kizk
00'LZ S0/ki8

0012 Y0/0LbE

Hypogean Air Humidity (Mean) % 1650_TH_3

Epigean Air Humidity (Mean) % 1650_TH_4.

(HA %) Aupiuiny Jie uzoBodAH

100,00
90,00

8
g

10,00

g

winy s1e ueoBidg

0,00

0012 5015182
0012 S0/SHZ
0012 S0/5102
0042 S0/5/91
0042 S0/S7Z
0012 S0/518
0012 S0/SH
00°LZ S0/bI0E
0012 S0/p19Z
0012 S0/v/ZZ
0042 SO/big
0012 SO/bIbL
00°1Z S0/PI0L
0012 S0/p19
0012 S0/p/T
0012 SO/E6Z
0042 SO/EISZ
0012 SOENZ
00°1Z S0/EILL
0012 S0/E/EL
0012 SO/E6
0012 SO/ES
00'42 SO/EN
0012 S0/2/52
0012 S0i2/LZ
0012 5072121
0042 S0/Z/E L
0012 501216
0012 S0/2/5
0012 50721
0012 S0/L/182
0012 SO/LYZ
0012 S0/410Z
0042 S0/LI9L
0012 S0/LiZL
0012 S0/L8
0012 SOLY
0012 POIZHLE
0012 POiZHLT
0042 VOIZHEZ
0012 bOiZHBE
0012 $OiZHISE
0012 YOiZHiLL
0012 $OiZHL
0012 POIZHE
00k VO/LHEZ
0042 bO/LHSZ
0012 YOI LLZ
00'VZ YOILHiLL
0012 bO/LHiEL
00'LZ PO/L LG
00'LZ V0L LS
00'LZ POLLIL
0012 $0I0V/BZ
002 YOIOLYE

) TH_2

Hypogean Air Humidity (Mean) % 1650

Epigean Air Humidity (Mean) % 1650_TH_4




[image: image6.png](9.) eamiesaduss} 001 uesBodAy _ (9.) eimesoduwa} vexns 59| 1S
s o 8 38 8 8

EEEE 3 3 88888 §8888888%8
gseS P A B CI IR S RO GGG
00'1Z S0/6182 00'12 S0/S19Z 00'12 S0/5/182
0012 8015177 oizsosne 0012 S01517T
0012 S0/S/02 oolzsoisioz 0012 S0/5/02
0012 S0/5/91 o0LzsoisioL 0012 S0/5/91
00'1Z S0/SZL oozsoezL 00'1Z SO/S7ZL
0012 S0/6/8 m 00°12 S0/5/8 b 0042 S0/5/8.
0012 S0/517 = 0012 S0/S1% H 0012 801517
ooizsomioe 01zSomios 2 00'12 507108
ooizsomiez  * 00'1ZS0MIT g 0012 S0/419T
wizsomzz | X ovizsomzz  § 0012 S01tizZ
wizsome.  § ooizsomel 001 S0rvi8L
ovlzsomvl | = oizsomr 8 0012 S0rvivL
ooizsomior | 2 0012 Sorvi0L 00'1Z SO0
oozsoms B 00'1Z SOV19 001 50119
wizsome 2 00'1Z SOviE 00'1Z S0r7Z
00IZS0EeT & 00'12 S0/e/62 00'LZ SO/EI6Z
o0lZsoEsz & 00'12 S0/E/ST 00'12 s0/€/15T
wizsoene | & ooizsoEnz 00'1Z soEn
wizsoe | & 001ZS0EIL 00'1Z SO/E/LL
o0lzsoeEL T ooizsoerel  E 0012 So/eiEL
00'12 SO/E16 0042 SOIEI6. 2 00'12 S0/8/6
00'12 S0/E/S ooizsoes T 00'1Z S0/E/S
0012 SO/ETL 0012 S0/E/L = 0012 S0/EL
0012 5072152 0olzsoRiT  § 0012 8072152
0012 S0721kZ ooizsozne 2 0012 S0/ZILZ
00'1Z S0LL 0IZSOTILL & 0012 02tk
00'12 S0TEL olzsoekl 0012 S0ZiEL
0012 S072/6 0012 S0/Z/6 % 0042 S0/2/6
00'1Z S072/S oolLC S0 -3 0012 507218
00'12 50211 00'12 507211 001z Soren
00°12 5011182 00'12 501187 0012 S01Li8E
00'1Z SOVT 00'1Z SOILYZ 0012 SO1LIFE
ooizsonioz | ¥, 00')2 So/hi0z 0012 S0/H0Z
ooizsoner  E 00'1Z SO/L/9L 0012 5019k
wolzsonzk g OO eSO/l EL B 0012 SO/biZk
0012 SO/L/8 € (LI E 00'LZ SO/L8
00°1Z S0rLIY 2 0Lz SO o 00'1Z SO/bY
ovlzvoune | & 00'IZyoRLLE B 0012 YOZULE
wizrRuE | = 00IZVOZHIZ 0012 021
iz rorlEe | = 00ITVORMEE = 00'12 $OrZLIEE
ooz voekel | 2 00'IZvOLEL  § 0012 YO/ HH
01z vozLe | 2 01z voris 2 0012 vorzLis
Wizl % orizyozhiL B 00'LZ VOZHALL
0lzvorkL | g QolEvoRkL 2 0012 Y0722
wizroze | B 0IZRORME g 0012 oreue
00l YONLET | oUlTHOLLGT & 0012 PO/ LIGT
0012 YOLIST 0IZYORLSE & 001 YOrLUST
0012 YOLLLE ouievorng & 0012 PO/LLNE
00'LZ bOiLLZL 00’12 YOIl LILL 0012 YO/ LLL
0012 YO LEL 00'12 YOIk LiEL 0012 oL Ll
00'1Z YOrL 16 00'1Z PO/LHE 0012 YOILUG
00'LZ VOIS 00'1Z POIL LS 0012 YO1LUS
00'LZ bOLLL 00'1Z bOIL L 0012 YOI UL
0012 70/01/82 Lopa el 0012 v0/01/82
_ o0z roounz EELEEEE mg_NEs:E csssssss mgagazﬁ
s gegrevoey fegeswvgeg

A ——— (0,) @unjesadw) e veadidy (2,) ameaoduwa} pe uest

) TC_2

loe Temp. (Mean) °C 1650,

°C 1650_TT_4

Epigean Air Temp. (Mean)




Fig.3 – Initial temperature and humidity data collected during the first cold season.

It can be noted that graphs of 3a and 3b have the same scale that is utilized in the epigean temperature plot. In fact, at TC_7 and TC_6 stations, that are located at 15.75 m and 33.75 m  down from the entrance, were significantly affected by the epigean temperature, as it can be observed from the intensity and the time overlap. Hypogean temperature variations should be attentively observed during the end of a cold season when the epigean temperatures start to rise. The mild increase of the hypogean temperature should be related to the water of the melting ice that enter in to the cave, in fact the tendency is to equilibrate at about 0°C. 
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Fig.4 – Air temperatures and humidity trends in vertical profiles. Each line represents average temperature, monthly mean humidity value with increase of depth of various stations. 

Station TC_5 is located at a depth of 53.75 m, within the 50 m deep shaft after the meandering tunnel shown in Figure  1. Trend of the temperature shows these environmental variations and hence the reference scale is also changed (Fig. 3c). Epigean “cold” temperatures could be still sensed, although there are some delay. The slightly increasing trend of the hypogean temperature at the end of the cold season is appreciable. 

Temperature variations registered at the station of TT_2, located at a depth of 92 m near the ice deposit, are shown in Figure 3. “Cold” epigean events can be still observed although the effects are more delayed. Temperature increase during the cold season are less marked as compared to that of TC_5 station, this is due the presence a nearby ice deposit.  On Figures 3e and 3f, plots of TT_1 and TC_1 are shown, that are located under the ice deposit at a depth of 102 m and 121 m respectively. On these plots it can be only effects of only the important “cold” epigean events can be observed, and delays of some days are again appreciated in this case.  The first thermal profiles are shown in Figure 4, that were measured during the cold season. Plots represent mean monthly temperature in respect to the depth of the cave. The first points of every plot at the depth of 6 m. belong to the mean temperatures of epigean station. Each station shows different thermal characteristics with depth and variable environmental conditions. In fact along the meandering tunnel, as shown on Figure 3, effects of the epigean temperatures are reflected both in their intensity and temporal overlap. The shaft of 50 m depth reacts differently to the epigean events, that is, intensity decrease and major delay of “cold” impulses. At the base of the shaft, the ice deposit has created a new environment that is conditioned by the ice itself. Hence below the level of the ice deposit, the monthly mean data show a zone with a different trend. Profile of the month of March is particularly interesting. The mean epigean temperature shows a moderate increase indicating the beginning of the end of the cold season. Where as the mean monthly temperature at the station of TC_1 at a depth of 121 m, shows the lowest mean temperature of the season.  

Diagrams of Figures 3g,  3h, and 3i show the relative humidity trend registered at the stations of  TH_3, TH_2 and TH_1 at the depths of 34 m, 92 m, and 102 m, respectively. All the plots are made in comparison to the meteorological station (TH_4). Evaluating the 3 diagrams, it can be noted that, like during the cold season, the relative hypogean humidity is also affected by the epigean humidity. In fact, during the end of the cold season  values increase due to the percolating water into the cave melting from the surface ice. The low relative humidity value registered at the stations of TH_1 and TH_2 as compared to that of TH_3, are indicators of sublimation condition that take place near the ice deposit by either the direct contact of the ice itself or the cave wall near the ice deposit. 

The above situation could be better observed in Figure 4, where diagrams show the vertical profile trends of the air humidity. Each plot represents the mean monthly air humidity in relation to the depth of various stations.

In Figure 3l rock temperatures at depths of 10 and 40 cm are plotted against the epigean temperature variations. As it can be noted from the diagram, during the “cold” events the rock is affected by the air temperature at least in the first 40 cm. Studies are on progress to evaluate the rates of delay, considering the above mentioned stations and the nearest station TT_2. 

The variation diagram of Figure 3m shows the temperature fluctuations on the surface of the ice deposit. This trend is compared to the epigean temperature variations. This station is particularly interesting since it may indicate the periods of ablation of the ice deposit. We have limited data of the cold season, but some indications are obtained. The deposit has suffered from many “cold” events with delayed manifestations (typical of its environment). A mild increase towards the end of the cold season, different from the other heating trends registered during the cold season, may indicate a progressive melting of the surface ice and percolation in to the ice cave deposit. The short interruptions of this trend may create favourable condition for the formation of new ice.  
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