First data from the underground meteorological station of Rio Martino, Italy
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Abstract

A new temperature data acquisition system was set up in the Rio Martino cave, Piedmont, in january 2004. A high instrument accuracy and  the data analysis approach allows to measure temperature fluctuations up to 3 mK (millikelvin); studies on the thermal connection between the external and the internal atmospheres are now possible. A new general approach to the temperature measurement in cave is suggested. The distribution of daily temperature variation in this alpine cave has a mean around 24 mK  and shows a log-normal distribution.

Introduction

The Rio Martino cave is located in the centre  of Piedmont Western Alps, just below the Mt Viso (Balbiano, 1993). 

The entrance altitude is 1530 m asl, which corresponds to an average yearly temperature of 3.5 °C. The cave is some 3.5 km long per 200 m of vertical depth; it is a resurgence cave crossed by a small river, with an average discharge of 50 l/s and maxima around 200 l/s. It is a typical high-power cave, crossed also by a breeze going upward during winter.

The Piedmont caving associations Associazione Gruppi Speleologici Piemontesi and the Gruppo Speleologico Valli Pinerolesi are building an underground laboratory devoted to hydro-geological and to speleo-climatic studies, respectively in collaboration with the Politecnico di Torino and the Dipartimento di Fisica Generale of the Torino University.

Purposes

The underground climate appears to be quite stable, but in fact it has a complexity comparable with the external one. We read as “stability” what in fact is a general reduction of amplitude of meteorological phenomena. This is the reason why we are here using the term “meteorology” in its meaning of study of “atmospheric transient phenomena”, because we believe that also underground there are clouds, rains, phoen, drought and so on. They are not so apparent because the small volumes involved and the smoothing effects due to the surrounding rock. But these processes hold for very long times always on the same, small surfaces and can have relatively relevant effects (Badino, 2004).

These processes are almost impossible to be detected with usual meteorological instruments, designed to measure amplitude two or three order of magnitude greater (Badino, 2004b). For example, measuring the Earth climate with a thermometer with 40 °C of accuracy it would not be possible to explain the reason of rainforests, deserts, glaciers and so on. We think that in general the physical underground studies are in a similar situation. The first aim of our studies in Rio Martino Cave was to develop measurement methods to attain relative accuracies below 0.01 °C with yearly stability. 

The subsequent purpose is the detection of seasonal fluctuations in an alpine cave, in order to understand the detail of external-internal climates interaction. In particular we are interested in the thermal sedimentations underground, that we suppose to be strongly seasonal and very important for speleogenesis and for methodology of cave temperature measurements (Badino, 2004).

Instruments

We are using a Delta-T meteorological station with seven PT-100 sensors and a mercury thermometer Gusmini & Balconi also at 1/100 °C resolution to detect long term instabilities of electronic system.

In the first DAQ run (13 months) the seven PT-100 sensors were all together at the same temperature around a plastic tube to give them identical air exposure.

We have used this data analysis methodology:

1) calculation of local temperature Tave0 as the average of the Tj (j=1,.. 7)

2) analysis of long term behaviour of Tj-Tave0 functions;

3) calculation of Tave1, obtained excluding the sensor with a significant drift;

4) calculation of Tj-Tave1 distributions.

This method has allowed us to see that two of the seven sensor had a drift (for external meteorology they would still be perfect too, 0.05 °C in 4 months) as shown in Fig. 1. In general, the method is able to detect bad sensor and to obtain high accuracy temperature measures, if each point is taken with many sensors (at least three, but it is better more...) and a calibration system, based on a different technology (mercury thermometers) for long term calibrations.

The analysis of temperature fluctuations around the “true” temperature Tave1 gives us a gaussian distribution (like Fig. 2) which shows the intrinsic accuracy of each sensor. We have then measured that each good sensor has an accuracy of 5 mK, which means that the Tave1 has an accuracy around (3 mK!
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This fact allows us to compare external and internal phenomena, but this analysis is outside the purpose of this note.

We can consider here the daily temperature range underground, a very difficult parameter to measure that is surely very important to estimate the human impact on caves, which is relevant for show caves.

The external distribution is given here in Fig. 3. It has a typical average value of 10-15 °C, with obviously very low probability of values around zero, because also in a very cloudy day the temperature fluctuates.
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Similar measurements underground give in general all “zero” values. We show here in Fig 4 the very special case of San Giovanni Domusnovas cave, a large geological tunnel in the south of Sardinia, where the yearly temperature fluctuations inside attain 20 °C! Nevertheless the daily temperature fluctuation is quite small, and often appear to be “zero” for a standard thermometric system (e.g. here a HOBO data logger). 


[image: image4.wmf]The Rio Martino cave result is quite impressive (Fig. 5 because it  shows a fine structure below 0.01 °C and the fundamental result of no cases in the “zero” bin. The average amplitude is 0.024 °C. The population on the extreme right queue (nevertheless of less than 0.2 °C) is associated with human visits, which gives a signal to the data acquisition system, which is placed 20 m above the river.
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We can briefly analyze these data, looking at their distribution. By measuring the frequencies into the classes 0-1, 1-2, 2-4, 4-8 and so on in millikelvin, we obtain the chart in Fig. 6. 

[image: image6.wmf]The general behaviour is quite consistent with a log-normal distribution, which means that the processes that built the daily temperature difference tends to depend on the product, and not the sum, of small fluctuations.

Nevertheless more accurate data analysis are necessary, because we are mixing two state that are completely different. The lab region is not far from the lower entrance and very far from the unknown upper ones, then the thermal connection with the free atmosphere are different depending on the season, and these two contribution have to be separated.

Conclusions

The new generation meteorological stations, that allows high accuracy data acquisition on very long periods, are forcing us to a new approach to the data analysis of temperature in caves. In fact, if each thermometric point is acquired with many sensors in parallel with a calibration thermometer, it is possible to measure the thermo-dynamical behaviour of caves’ atmosphere. In will be possible in this case to study local thermal exchanges, seasonal and daily temperature variations, detailed human impact on show caves and in general the caves’ meteorological (and not climatological...) characteristics.
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