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Trasferimento del calore nella roccia: 

misure sul campo e modelli
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Meteorology Metrology

http://upload.wikimedia.org/wikipedia/commons/thumb/1/10/Metric_seal.svg/200px-Metric_seal.svg.png

Geneve Sevres

Founded (as IMO) in 1873

Convention of the metre in 1875

http://en.wikipedia.org/w/index.php?title=File:Metric_seal.svg&page=1
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Ruolo attuale INRiM in metrologia per il clima:

BIPM – CCT – Chair Working Group “Environment”

Co-Chair Task Group “Air Temperature”

EURAMET    - Chair “Air Temperature Metrology”

TC-T Chair Strategy

WMO - Chair Expert Team “Measurement Uncertainty”

GCOS           - Chair Sub Group “Science and Research” GSRN

GCW             - Co-Chair Permafrost best practice (Concluded!)

Membro Tavolo Artico – MAECI

Componente Delegazione Nazionale WMO Congress e INFCOM
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Ruolo attuale INRiM in metrologia per il clima:

Contributo a line guida:

Cap 4 Guide No8 – Permafrost – Published

Requirements for Climate Reference Stations – Published

Field validation of instruments – Published

INFCOM Decision on Uncertainty evaluation – Approved

GRUAN Guide an Manual reference radiosondes – Published

Revision of Annex 1A    – Ongoing

Calibration of thermometers in air – Ongoing

Siting classification - Ongoing
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Contribution to the WMO 

Guidelines for the evaluation of 

weather and climate extremes
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Ruolo attuale INRiM in metrologia per il clima:

WMO Measurement Lead Center “Traceability and Field Metrology” (da giugno 2024)
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Ruolo attuale INRiM in metrologia per il clima:

WMO Measurement Lead Center “Traceability and Field Metrology” (da giugno 2024)

Nuovi laboratori di metrologia per la meteorologia e il clima

Camere climatiche e bagni termostatici per caratterizzazione

di strumenti meteorologici
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Ruolo attuale INRiM in metrologia per il clima:

WMO Measurement Lead Center “Traceability and Field Metrology” (da giugno 2024)

•Temperature control within 0.05 

°C between -40 °C and 50 °C,

•Pressure control within 100 Pa 

between 75 kPa and 110 kPa. 

•Humidity sensor calibration by 

comparison in the range 5 %rh to 

98 %rh, (0.3%rh to 0.7 %rh 

uncertainty). 

•Wind speeds up to 30 m/s in the 

test volume

EDDIE Chamber – wind tunnel
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Ruolo attuale INRiM in metrologia per il clima:

WMO Measurement Lead Center “Traceability and Field Metrology” (da giugno 2024)

Siti alpini e polari

Alpine station (Balme verso Usseaux) Permafrost Station – ARPA-P Pian dell’Alpe – 2026?
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Climate 

Reference 

Station
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Ruolo attuale INRiM in metrologia per il clima:

WMO Measurement Lead Center “Traceability and Field Metrology” (da giugno 2024)

Siti esterni per studi in campo 

Area di ricerca - Torino Climate Reference Station - Stupinigi
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Experimental 

field 

Reference 

Station

INRiM 

laboratories

and primary 

standards

Ny-Ålesund arctic 

Italian station

Mountain 

experimental site

(twin stations) BIPM

Usseaux

Nuova stazione 

alpina

WMO Measurement 

Lead Center 

“Traceability and 

Field Metrology
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Ruolo attuale INRiM in metrologia per il clima:

WMO Measurement Lead Center “Traceability and Field Metrology” (da giugno 2024)

Sistemi di taratura e validazione trasportabili

(temperature, pressione, aria, suolo, ghiaccio)

Impiego costante negli osservatori storici
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Ruolo attuale INRiM in metrologia per il clima:

WMO Measurement Lead Center “Traceability and Field Metrology” (da giugno 2024)

L’INRiM supporta formalmente la WMO nei processi di validazione

di estremi di temperatura
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Since 2011
2020-2023

2019-2022

2017-2024

A2TM 2025-2028

2018-2022

COAT 

Progetti

2022 - 2025

SimpleMet EU
2019-2022

2025-2028

PRIN RockFall
2022 - 2025
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Termodinamica per il clima all’INRiM

Tra BIPM, WMO, GCOS e GCW

Il progetto «Rockfall»
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A. Understanding Global Warming of 1.5 °C

A3. Climate-related risks for natural 

and human systems are higher for 

global warming of 1.5 °C than at 

present, but lower than at 2 °C 

(high confidence). These risks 

depend on the magnitude and rate 

of warming, […]
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A. Understanding Global Warming of 1.5 °C

A3. Climate-related risks for natural 

and human systems are higher for 

global warming of 1.5 °C than at 

present, but lower than at 2 °C

(high confidence). These risks 

depend on the magnitude and 

rate of warming, […]
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JONES, P. THE RELIABILITY OF GLOBAL AND HEMISPHERIC SURFACE 
TEMPERATURE RECORDS, ADVANCES IN ATMOSPHERIC SCIENCES
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a) to make modern records comparable 
with historical series

b) to generate traceable, comparable and 
high quality climate data available for 
the future generations of climatologists

c) to improve comparability among 
different networks and different 
systems

We need to 

measure air 

temperature
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Non esiste una definizione di «temperatura dell’ aria»

Ma…

Non esistono procedure di taratura per i termometri in aria

Non è (ancora) possibile calcolare le incertezze per una 
misura di temperatura dell’aria in meteorologia
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Calibration

Resolution

Drift

Logger

Sensitivity

Hysteresis

Repeatability
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Associated quantities of influence

Direct 

radiation

Reflected

radiation

Wind

Rain

Height 

from the 

ground

Icing

 snow

Calibration

Resolution

Drift

Logger

Sensitivity

Hysteresis

Repeatability

Main Factors

Heating
Direct Radiation
Reflected Radiation
Screen Ageing

Cooling
Screen Infrared 
Radiation
Precipitation
Evaporation
Icing
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• Nella comprensione dei molteplici aspetti caratterizzanti l’evoluzione del clima, la variabile primaria 
è la temperatura… 

dell’aria: misurata nelle tradizionali stazioni a terra o in alta atmosfera nei radiosondaggi 

dell’acqua: in oceanografia, nelle acque interne e sotterranee

del ghiaccio e permafrost

del suolo: nelle relazioni di «eddie covariance»
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• La complessità termodinamica di queste misurazioni richiede sforzi congiunti tra metrologia, ricerca 
applicata e teorica, modellizzazione, evoluzione degli strumenti di misura.

• In questo contesto si inserisce il PRIN «Rockfall» e il suo consorzio multidisciplinare

Istituto Nazionale di Ricerca Metrologica (INRiM).

Consiglio Nazionale delle Ricerche, Istituto di Ricerca per la 

Protezione Idrogeologica (CNR-IRPI).

Department of Energy of Politecnico di Torino (POLITO-DENERG).

Lab 3841

PRIN «Rockfall
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Trigger: Crescente rischio di instabilità dei versanti rocciosi dovuto all’aumento del trasferimento di calore.

Objective: maggiore comprensione delle condizioni meteorologice e geologiche all base dei fenomeni di 

distacco nelle Alpi

Deliverable: un approccio metrologicao alle misure termiche e modellizzazione del trasferimento di calore in 

roccia in siti alpine. 

PRIN «Rockfall
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• A homogeneous rock temperature dataset: essential to understand the effects of climate warming on 
slope instability. CNR-IRPI and INRiM were involved in the development of a new type of IoT device to 
measure rock temperature and solar radiation, with the capability to monitor additional 
environmental parameters at high-elevation sites. 

PRIN «Rockfall

CNR-IRPI installed the devices at different exposures and
positions in the Bessanese glacial basin (10, 30 and 50
cm depths), allowing the creation of a dataset of rock
temperature and solar radiation. The temperature
measurements are traceable to national standards and
allow the data comparability in space and time. CNR-IRPI
also created a project website:

https://bessanese.lab3841.it.

https://bessanese.lab3841.it/
https://bessanese.lab3841.it/
https://bessanese.lab3841.it/
https://bessanese.lab3841.it/
https://bessanese.lab3841.it/
https://bessanese.lab3841.it/
https://bessanese.lab3841.it/
https://bessanese.lab3841.it/
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PRIN «Rockfall
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• Application of numerical heat transfer simulation on the experimental zones: POLITO-DENERG 
developed a heat transfer model for the Bessanese glacial area and the simulation results were 
compared with real rock temperature measurements at depths of 10 cm, 30 cm, and 50 cm.

• Validation of numerical heat transfer model: The verification of the model with the real 
measurement data showed a time shift and amplitude difference between the real and the 
simulated ones. For this, the model was calibrated, establishing model reliability and accuracy. 

• Assessment of thermal behaviour of rocks: After application and calibration of the model,  results 
highlight its capability to simulate heat transfer processes in complex geological settings, making it a 
useful tool to forecast thermal dynamics in alpine environments in future climate.

• https://bessanese.lab3841.it/project

PRIN «Rockfall

https://bessanese.lab3841.it/project
https://bessanese.lab3841.it/project
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Calibration of the temperature sensors: INRiM performed dedicated 

laboratory calibration of the rock temperature sensors, in the range of -

20 °C to 40 °C, according to rock temperature in high mountains.

Characterization and uncertainty budget evaluation: 

the laboratory calibration was designed in a way to best 

represent the measurement conditions in the field, in order 

to reduce uncertainties. 

La metrologia termodinamica applicata fornisce:

• Tarature specifiche e riferibilità metrologica delle misure

• Valutazione delle incertezze di misura (strumentali e complessive)

• Confrontabilità dei dati all’interno di network e tra network diversi

• Standardizzazione delle procedure di misura e linee guida
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• Più in generale: metrologia per la criosfera e misure in roccia
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Stazioni meteorologiche alpine 
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Balme Research station
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Installation and start-up
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Laboratory for characterisation of sensors and complete systems

(in cooperation with IRPI – CNR)

Study of the different dataloggers, 

evaluation of best mounting solutions.

Evaluations of difference between couples 

of sensors, including shields, in a controlled 

environment with slow temperature change.

-0.80

-0.60

-0.40

-0.20

0.00

0.20

0.40


T/

°C

Difference between the readings of couples of identical 
sensors T1-T2 (1 week)

A

B

C

D

Climate Data Quality Lab at IRPI
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Transportable calibration facilities for ice, soil, water 
and air thermometers and barometers.
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A metrology lab at 3000 m
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Abbiamo (purtroppo) confermato alla sparizione definitiva di un area di 
permafrost (Colletta 2020)
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International Centre for Arctic Research

research stations from 11 nations

Atmospheric Research
Glaciology

Marine Biology
Ecosystem

Climate Change

…
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metrology in the Arctic
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Ny-Ålesund 10 May 2017

New Metrology lab opened and presented 

at the station leaders in Ny-Ålesund
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• In tutto ciò…
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…se eliminiamo tutti gli errori, 

il risultato di una misurazione 

risulterà univoco (quindi perfetto)?
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Grazie
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