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Difference vs T1 uncertainty

Uncertainty contribution °C

T1 sensor stabiliity 0,009

Chamber uniformity 0

Sensor under calibration stability 0,009

Calibration curve 0,014

Standard Uncertainty 0,019

Expanded Uncertainty (k=2) 0,038

Calibration uncertainty

Uncertainty contribution °C

Reference sensor calibration 0,020

Chamber uniformity 0,005

Sensor under calibration stability
0,009

Calibration curve 0,012

Standard Uncertainty 0,026

Expanded Uncertainty (k=2) 0,051

Uncertainty on gradient in cct 

Uncertainty contribution °C

Relative correction curve t2 0,02

Relative correction curve t3 0,02

Relative correction curve t4 0,02

T1 sensor stabiliity 0,009

Standard Uncertainty 0,036

Expanded Uncertainty (k=2) 0,072
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Metrology lab
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Permafrost boreholes

On site calibration at

Sommeiller pass
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2015-2017
On site permafrost temperature 

sensors calibration
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Laboratory calibration
And system test
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July 2017. A metrology lab at 3000 m
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July 2017. A metrology lab at 3000 m
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RIST project
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http://geoclimalp.irpi.cnr.it

The «RiST Project: Scientific 

and Technological Research 

at the Bessanese glacial 

basin»

Base map: ortophoto 2010, Regione 
Piemonte

Rif. Città di Ciriè
(1850 m)

Gastaldi Hut
(2659 m)

AW
S

Livecam 360°
PANOMAX
(2775 m)

0                       
500 m

N

Uia di 
Bessanese
(3604 m)

MicroTe
mp

ITALY

MicroTemp data logger
Range: -40 
°C +80 °C
Resolution: 0.1 
°C
Uncertainty: ±xx 
°C (work in progress)
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Realizzazione di un sito per messa a punto di misure di riferimento in 
ambiente glaciale e periglaciale

Valutazione di incertezze di misura

Studio parametri di significatività dei dati e confrontabilità

Promozione di un sito per “turismo scientifico”
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Snow albedo 

as uncertainty 

on near surface air temperature 

measurements
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High mountains observations: permafrost and albedo (INRIM, BEV)

Air temperature instruments are effected by 
radiative extra heating when exposed to snow 
covered surface . 

Temperature records can be different from air 
temperature value, due to warming of sensor by 
conduction and convection, inside the shields. 

Different instrument show different magnitude of 
this effect. The evaluation of this effect, in terms of 
correction and/or uncertainty  on air temperature 
measurements is the scope of this work.

Method: evaluation of the difference between the readings of couples of identical 
sensors exposed to snow covered surface or to natural soil, in the same site.
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Preliminary results

•Albedo
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2) Collection of instruments from manufacturers

Six manufacturers agreed to take part in the 
experiment, sending couples of identical 
sensors, shields and loggers. 

Different solutions were  considered to 
cover most commonly used devices.

Each participant was requested to also 
provide at least one extra sensors wind 
speed and direction, thermo hygrometer, 
albedometers, ...
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3) Laboratory characterisation of sensors and complete systems

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.

Climate Data Quality Lab at IRPI
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An example: the albedo effect on air T values



Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07



Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07



Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07



Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07

The effect of the snow albedo effect on near ground air temperature measurements was 
investigated both theoretically and experimentally. On site experimental comparison of 
solar shields by parallel observations of six pairs of instruments exposed and not-
exposed to snow albedo showed a maximum temperature difference between couples of 
identical instruments of 3 °C; the uncertainty of the temperature differences, evaluated in 
field conditions, is 0.3 °C (k=2). 

The contribution of the snow albedo to the uncertainty of near ground air temperature 
measurements was estimated to be 1.73 °C (k=2). These results led to two 
recommendations addressed to the end users and to manufacturers of atmospheric 
temperature sensors. 
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Cold rain

as uncertainty 

on near surface air temperature 

measurements
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Influence of rain on thermometers (DTI)

When rain starts, air temperature decreases. 

Drops of rain are colder than the air.

Convection, then conduction cause extra cooling (errors) 
in temperature measurements.
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Weather station without active ventilation

2.3 °C
 error due to rainfall

Rain on Rain off

Sunset

0.8 °C
 error due to rainfall

Sensor out of housing

Rain on Rain off
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From the preliminary results analysis (May 2017)

•Cooling effect is highly dependent on temperature difference between air 

and water

•Takes hours for the cooling effect to wear off, after the end of the rainfall

•Latency in the sensors can be significant
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GSRN:

the GCOS Climate Reference Netwok
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November 2017 starts the 

GCOS Surface Reference Network

Peer Hechler
Data Management Applications Division

Climate and Water Department

Mission:

Creating global dataset
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Sustain a national climate 

observing network that in the 

future, with the highest degree of 

confidence, can answer the 

following question:

How has the climate changed over 
the past 50 years?

The Vision for USCRN
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The WMO Global Cryosphere Watch
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The World Meteorological Organization's Global Cryosphere Watch (GCW) is an 
international mechanism for supporting all key cryospheric in-situ and remote 
sensing observations. To meet the needs of WMO Members and partners in 
delivering services to users, the media, public, decision and policy makers, GCW 

provides authoritative, clear, and useable data, information, and analyses on 
the past, current and future state of the cryosphere. 

GCW includes observation, 
monitoring, assessment, 
product development, 
prediction, and research[…] to 
deliver quality-assured global 
and regional products and 
services.
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The core of the GCW surface observing network is called 

CryoNet. 

This network is comprised of stations and sites which 
meet certain requirements. The GCW surface network is a 

component of the WMO Integrated Global Observing 
System (WIGOS).
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Arctic Metrology Workshops series

1st Torino April 2015
2nd Oslo May 2016

3rd Ny-Ålesund 2017
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•Break out session @ Arctic Circle 2015
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Giorgio Novello, Italian 
Ambassador in Norway 
and Iceland

Esteemed participants in the 

Arctic Metrology Workshop,

I am particularly pleased to address 
my greetings to you from Oslo and my 

best wishes in your work.

I believe metrology and EURAMET are 

bound for keeping a key role in this 
crucial region.
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26-30 September 2016
Spain  (Madrid)

&

CIMO-TECO

ENVRIPlus Meeting
Soil Moisture Workshop
MeteoMet2 plenary meeting BIPM
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Wokshop outcomes

•More comparability required (in time, among different stations and sensors) 
•Need to evaluate measurement uncertainty and a common evaluation process
•Dedicated calibration procedures
•Reduce variety of principles, sensors, instruments, systems, dataloggers, 
•Standard methods to be defined (in line with GCW recommendation)
•Specific requirements for reference sites 

•Opening the discussion for planning a roadmap is strongly suggested
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Thank you
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Calibrations and Uncertainties evaluations 
to establish complete traceability

• Comparability on climate-change scales

• Comparability to fundamental physical models

• Comparability across generations

• Comparability across borders & organizations

• Comparability across instrument/measurement types

Traceability is the key conditions for comparability 
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• Three identical experiments in three 

nations (Italy, Spain, Czech R.)

• Only variable is the nature of the 

obstacle:

– Road…

MeteoMet siting experiments

– Trees…

– Buildings…
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Road
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Trees
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Building - CEM
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Significant values in stable periods

A 0.5-1 °C sustained event. 
It lasted more than 1 hour. 
Sensor #1 (orange) and #7 
(yellow) show no fast 
transients. 

Event attributable to road 
effect.
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Influence of the ambient temperature on building effect at night, without sun radiation

Zone of stable reference temperature

Summer:

Building effect with lack of 

sun radiation (at night) does 

not depend on the reference 

temperature:

Building effect = -1 ºC

Building
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Atmospheric air temperature 
measurements: 

can we evaluate a complete uncertainty 
budget? 
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A thermometer measures the temperature of the air.
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A thermometer measures the temperature of the air.?
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A thermometer measures the temperature of the air.??
A (contact) thermometer 
gives an indication of its heat 
equilibrium at that time in that 
place under those conditions.
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This equilibrium is influenced by:

• Convection heat exchange
• Gas (wind) speed
• Turbulent, laminar or mixed flow
• Heat transfer coefficient 
• Convection surface area
• Temperature gradients

• Conduction heat exchange
• Coefficient of conductivity
• Thickness of the conduction/insulation layers
• Temperature gradients

• Radiation heat exchange
• Emissivity coefficients
• Reflectivity coefficients
• Diathermy
• Sub-surface conductivity (surface temperature)
• Temperature difference 

• Phase change and heat sources
• Condensation/evaporation
• Sublimation/melting
• Heat sources in the thermometer body

• Transient heat transfer 
• Specific heat capacity of the thermometer
• Mass of the thermometer
• Initial temperature of the thermometer
• Gas temperature dynamics (lag)
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− Probe is not adiabatic

• Radiation exchange with surrounding

• Convection between the probe and air

• Conduction along probe stem

− Probe has imperfect geometry:

− Partial stagnation

− Stagnation different in laminar, turbulent or 

developing flow

− Flow is compressible at stagnation locations even at 

mainstream velocities less then 1/3 Mach

− Probe has finite mass – therefore time lag 

− Probe has relatively large heat capacity vs. air

− Probe faces enclosures/surroundings with temperature:

• different from gas

• different from probe

− Probe indicates mean temperature (gas, probe body), 

not gas temperature. 

− Difference of self-heating in air to that  at calibration 

should be considered

− Real gas does not have one single total temperature
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A (contact) thermometer is calibrated in (as close as 
possible) adiabatic conditions.
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A (contact) thermometer is calibrated in (as close as 
possible) adiabatic conditions.

But then a thermometer for 
atmospheric air temperature 
measurement is used in non-adiabatic 
conditions

Traceability
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1) Preparation of the experiment protocol and 
method for the evaluation of all uncertainty 
components.

Prescriptions are given on 

1)how to design the experimental setup 
2)definition of site requirements
3)measuring and evaluating the quantities of 
influence;
4)making relative measurements to get rid of most of 
the influencing quantities
5)characterising the sensors in laboratory and in field
6)theoretical assumptions and practical applications
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1) Preparation of the experiment protocol and 
method for the evaluation of all uncertainty 
components.
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Andrea Merlone 

BIPM – CCT WG Environment chair

EURAMET TG Environment chair

IMEKO TC 12 Scientific Secretary

MeteoMet coordinator

METROLOGIA PER LE OSSERVAZIONI AMBIENTALI. 

VERSO NUOVI STANDARD E METODI



Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07

BIPM is located in Sevres
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Accuracy

Accurate Measurements 
Are needed to assess
and reduce time 
necessary to capture 
trends

Closeness of the agreement 

between the result of a 

measurement and a true value of 

the measurand
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Uncertainty

...dispersion of the values that 
could reasonably be attributed 
to the measurand

The uncertainty is evaluated 
by completing the uncertainty 
budget 

xi u(xi) [°C]

HMP 155 HMP 45 AC

Components derived from the reference thermometer 5.12 ·10-3 5.02 ·10-3

Components derived from measurement system 1.27 ·10-2 1.27 ·10-2

Components derived from meteorological 

thermometer

repeatibility 3.47 ·10-2 2.06 ·10-2

resolution 4.04 ·10-3 2.89 ·10-3

reproducibility 1.40 ·10-2 5.00 ·10-4

hysteresis 2.00·10-2 1.73 ·10-3

u(x) = (√∑u2(xi))
½ 4.45 ·10-2 2.50 ·10-2

U(x) = 2·u(x) 0.090 °C 0.050 °C

Type A uncertainties: Statistical

Type B: all the rest
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The calibration uncertinty 

is NOT

the measurement uncertainty.
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“property of a measurement result whereby 

the result can be related to a reference 

through a documented unbroken chain of 

calibrations, each contributing to the 

measurement uncertainty”.

Traceability (Riferibilità metrologica)

property of a measurement result whereby the 

result is related to a reference through a 

documented unbroken chain of calibrations, and 

the measurement uncertainty is composed of 

each of the calibration uncertainties and 

contributions due to the measurement 
conditions.
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ITS 90
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ITS 90
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• Comparability on climate-change scales

• Comparability to fundamental physical models

• Comparability across generations

• Comparability across borders & organizations

• Comparability across metodologies

Traceability is required 

to reach full comparability

Air and snow

Ice-Buoys

Permafrost boreholes

Glaciers and rock glaciers

TRACEBILITY
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Did you know?...

New SI in 2018. Based on fundamental constants.

Last values submission to CODATA: 01 July 2017

Adoption of new SI: CGPM 2018

Practical change in the defined standards: 20 May 2020
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•the ground state hyperfine splitting frequency of the caesium 133 atom
(133Cs)hfs is exactly 9 192 631 770 hertz,

•the speed of light in vacuum c is exactly 299 792 458 metre per second,

•the Planck constant h is exactly 6.626 06X x 10–34 joule second,

•the elementary charge e is exactly 1.602 17X x 10–19 coulomb,

•the Boltzmann constant kB is exactly 1.380 6X x 10–23 joule per kelvin,

•the Avogadro constant NA is exactly 6.022 14X x 1023 reciprocal mole,

•the luminous efficacy Kcd of monochromatic radiation of frequency 540 x 1012

Hz is exactly 683 lumen per watt,

The (new) SI will be the system of units in which:
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New definition of the kelvin.

The kelvin, symbol K, is the SI unit of thermodynamic temperature; its 

magnitude is set by fixing the numerical value of the Boltzmann 
constant to be equal to exactly 1.380 65X × 10-23 when it is expressed in 

the SI base unit s-2 m2 kg K-1, which is equal to J K-1. 

Thus one has the exact relation k = 1.380 65X × 10-23 J/K. The effect of this definition is that the 
kelvin is equal to the change of thermodynamic temperature T that results in a change of thermal 
energy kT by 1.380 65X × 10-23 J. 
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But no worries…

ITS-90 will remain for years (decades…).

And temperature will still be measured and expressed in kelvin (K) or 
degrees Celsius (°C).

And the conversion from kelvin to dgrees Celsius does not introduce 

any uncertainty.
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Michel Jarraud, Secretary General of the WMO, signed the Arrangement on behalf 
of the WMO. The signing ceremony took place on 1 April 2010

Left to right: Len Barrie (WMO), Andrew Wallard (Director BIPM), Michel Jarraud 
(Secretary General WMO), Ernst Göbel (President CIPM), Wenjie Zhang (WMO)

MRA
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2010 May 4-7. 
XXV Comité Consultatif de Thermométrie (CCT) meets and prepares a 
significant reccomendations for the CIPM. 

2014 CCT launches WG ENV   - A. Merlone Chair 



Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07



Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07 17

EURAMET is the European 
Association of National 
Institutes of Metrology.

Manages the European 
research programs in 
metrology, under the 
article 185. 
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EURAMET Task Group  
Environment. Established 
2014 to contribute to the 
Strategic Research 
Agenda

Convener: 
Andrea Merlone
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2011 October 1. 
MeteoMet Joint Research Project official start date!
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Meteomet is a EURAMET joint 
research project 

24 National Institutes of Metrology

12 Universities

13 Research centers

9 Instrument Companies

12 Meteo agencies 

MeteoMet is the 

larger EURAMET consortium 

11 M€ Budget

300 Deliverables

960 Man months 

(80 years!)

2011 -> 2017
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Technology position

MeteoMet is the only project addressing metrology to

Radiosondes 
Measurements 
and GRUAN

Airborne humidity sensors 

Water vapour 
enhancement factor
And portable 
generators 

Temperature and 
pressure effects on 
new generations of 
salinometers

Thermodynamic 
calibrations for 
environment
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Technology position

Field siting
Classification and 
uncertainty

Deep sea thermometers:
•temperature-resistance 
linearisation model
•Pressure dependence

Temperature sensors 
dynamics and non contact 
thermometry Sea temperature 

measurements by 
means of fiber optics

Permafrost measurements
and snow albedo effect 
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Metrology for the Cryosphere
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July 2013 characterisation tests and training of Pyramid operators
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� August 2013 EDIE2 goes to Kathmandu first…
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Assembling the calibration chamber 

and auxiliary equipment in the Everest Pyramid.

EDIE-2
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Pyramid 
(5,050 m)

Namche 
(3,560 m)

Lukla 
(2,660 m)

Periche 
(3,560 m)

South Col 
(7,986 m)

NCOP-P  
(5,079 m)

Kala Patthar
(5,550 m)

Changri Nup 
(5,750 m)

Syanboche 
(3,900 m)

MeteoMet and SHARE project for 
the data traceability on the Kumbu 

valley and Everest Nepal side
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Arctic Metrology
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Mission “Arctic Metrology” 2014
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Vertical profiles of T, humidity and wind

� contributing to

Daily Radiosonde Daily Radiosonde 

LaunchesLaunches
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INRiM & AWI People
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Uncertainty contribution PT100 A PT100 B PT100 C

Temperature reference 0.011 °C 0.011 °C 0.011 °C

Chamber uniformity 0.006 °C 0.009 °C 0.019 °C

Sensor under calibration 0.007 °C 0.008 °C 0.014 °C

Calibration curve 0.026 °C 0.017 °C 0.018 °C

Standard Uncertainty 0.029 °C 0.022 °C 0.026 °C

Expanded Uncertainty

(k=2)
0.058 °C 0.044 °C 0.052 °C

2)()( cTbTaTTTTTT
c

+++=∆−=

2),( eTdPTcTbPaPTPP
c

+++++=
Uncertainty contribution

Pressure reference 0.3 Pa

Chamber uniformity 2.5 Pa

Sensor under calibration 0.3 Pa

Calibration curve 26 Pa

Standard Uncertainty 26 Pa

Expanded Uncertainty

(k=2)
52 Pa

Calibration curves
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The climate Change Tower 

in Ny Alesund
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May – October 2017 metrology campaigns

4 temperature sensors and one barometer of the CCT were dismantled 
together with the logger.

The instruments were calibrated between -25 °C and + 15 °C
and from 90 kPa to 110 kPa.

Permafrost sensors calibrated in October
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