
Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07

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.



Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07 109

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.



Andrea 
Merlone

Workshop ARPA Piemonte – Torino 2018/02/07 114

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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