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CCT WG ENV + TG AirT

Joint meeting

14 May 2024

10 participants in person

19 participants online

3 WMO representatives
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CCT main subjects of interaction with the WMO

• Air Temperature (ground stations – upper air)

• Sea water temperature

• Permafrost temperature profile

• Cryosphere – Arctic Science

• Heat fluxes - Precipitation

• Reference stations for climate

• Uncertainties and best practices 

• ILC and Istrument comparisons

• Training
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Growing involvement and personal participation

Gaber Beges + Jovan (LMK)
Member ET QTC

WMO ILC Coordinator

Stephanie Bell (NPL)
Member ET QTC

Carmen G. Izquierdo (CEM)
Member ET QTC

Member ET Surface & Sub Surface

Andrea Merlone + Graziano + Chiara (INRiM)

Chair ET MU

Chair GSRN SG5

Co-chair Permafrost best practice

National delegate at the WMO Commission and Congress

Member Standing Committee SC-MINT

Member ET QTC

DTI, JV, BEV, SMU, CNAM, 
LNE, INTiBS, CMI, SMD, 
VNIIM, NMIJ, NMIA …

Yon Gyoo-Kim
Member ET MU – ET Upper Air

Javier Garcia Skabar
Member ET QTC
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Provide sustained reference quality observations, with full traceability and fully defined uncertainty, on a global scale (on 
land) of at least the ECVs surface temperature and precipitation in order to quantify their variability, long-term change 
and inform on extremes

2023 Pilot Phase started

17 Stations preliminarily selected

Metadata format defined

Uncertainty and data product defined  (A. Merlone)                                                     GSRN Lead Center – CMA China

GCOS Surface Reference Network

CCT Members: Andrea Merlone, Dolores Del Campo
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INRiM
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2011 - 2017

2020-2023

2019-2023

2017-2024

2018-2022
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2016 Mitribah - Kuwait 54 °C

2017 Turbat - Pakistan 54 °C

Study and research on conditions, heat 

wave, instruments, uncertainties

WMO Formally requests to validate two

temperature records, being the third value

ever recorded and the highest in Asia
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Temperature extreme under investigation: 48,8 °C on 11 August 2021 - Sicily

WMO Committee formed in late 2021

Data and evaluation started in February 2022

Results published in late 2023
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Contribution to the WMO

Guidelines for the evaluation of

weather and climate extremes
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Paper under second run of revision
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COAT Intercomparison of thermometers and solar shields in Arctic Environment – Svalbard 2022-2023



CCT WG ENV – TG AirT – Report to CCT – 2024

Andrea Merlone Åge Andreas Falnes Olsen

"Permafrost best practice"

3 yars of work involving the WMO, the GCW, 

the GTNP, the IPA, research Institutes and 

accademia.

Permafrost temperature measurements, to 

detect permafrost melting, depth and 

profiles.

It contains paragraphs on 

4.2.3.6 Calibration

4.2.3.5 Uncertainty

WRITING TEAM

Task Team on Permafrost (GCW) members: Anna Irrgang, 

Andrea Merlone, Jeannette Noetzli, Ketil Isaksen, Phillippe 

Schoeneich

Invited writing experts: Alexander Makarov, Aleksei Portnov, 

Cécile Pellet, Dongliang Luo, Graziano Coppa, Julia Boike, Lin 

Zhao, Nikolay Shiklomanov, William Cable

Reviewers: Charles Fierz, Daniel Vonder Mühll, Dario 

Trombotto, Marcia Phillips, Qingbai Wu, Sharon Smith, Toni 

Lewkowicz, Wilfried Haeberli
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The decision presented “without debate”

Approved in April 2
024
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Soil Moisture Metrology

An EMP Project

Coordinator: Miroslav Zboril - PTB
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Site selection

«Climate Reference Station»

Coordinator: A. Merlone

Primary supporter: WMO
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2.1 Definition of climate reference data

Climate reference data is a series of traceable measurement results 

able to quantify the variability and change of climate-relevant 

variables.

Notes:
The result of the measurement is a single record of the observed parameter, while the overall 

measurand is the variability and change of the variable.

To be traceable, a measurement result requires that each instrument involved in the measurement 

process is related to a reference standard of the System of Units (SI) or other standards through a 

documented unbroken chain of calibrations.

The absolute requirement of a measurement is that it be made in such a way that after accounting 

for all sources of uncertainty it can be concluded that the true value of the measurand lies within 

the reported uncertainty interval with specified confidence. The result of a reference-grade 
measurement is such that it can be used to improve the quality of other (lower-tier) measurements.



CCT WG ENV – TG AirT – Report to CCT – 2024

Andrea Merlone Åge Andreas Falnes Olsen

WMO Measurement Lead Center 

Traceability and Field Metrology

The research infrastructure

In Metrology for Meteorolgy
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Experimental field 
Reference 

Station

INRiM 

laboratories

and primary 

standards

Ny-Ålesund arctic 

Italian station

Mountain experimental 

site

(twin stations)

Application under evaluation

by the WMO 



CCT WG ENV – TG AirT – Report to CCT – 2024

Andrea Merlone Åge Andreas Falnes Olsen



CCT WG ENV – TG AirT – Report to CCT – 2024

Andrea Merlone Åge Andreas Falnes Olsen

Venues

Palazzina di Caccia di Stupinigi
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Venues

INRiM
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150 participants

• Scientific sessions

• Meetings of WMO Ets

• Meeting og GCOS-GSRN

• Training of Marine scientists 

• MINKE project meeting

• Cultural and scientific visits
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INRiM Scientific production
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Nature physics – V. 19 – October 2023  
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INTiBS
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3

0

Cooperation

University of Wroclaw, Institute of Geography & Regional Development

• Department of Climatology & Atmosphere Protection

Institute of Meteorology and Water Management – National Research Institute

• Central Control Instruments Laboratory

Wroclaw University of Environmental and Life Science

University of Gdansk, Faculty of Oceanography and Geography

Institute of Oceanology Polish Academy of Sciences

Institute of Geophysics, Department of Polar and Marine Research PAS

• The Institute has a polar station on Hornsund

3

0

• Training in measurement, traceability and uncertainty estimation

• Performing measurements, checks and / or calibrations

• In-situ measurements

• New cooperation in the field of polar research

• A new national project in 2023 and new application for 2024-2026
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NMIA
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• NMIA recently purchased an ISOTECH microK-50 

bridge with 10 channel scanner to map the 

temperature uniformity in the Thunder chamber 

volume and wall. 

• This profile will be measured in-situ for every DUT 

calibration and used dynamically for the uncertainty 

budget.

• NMIA already includes the radiation effect and 

self-heat when measuring in air. However, more 

work has to be done when implementing dynamic 

profiles, i.e., improve to radiation and self-heat 

corrections.

Estimation of uncertainty in air 

temperature measurement using 

conventional calibrated PRTs
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CEM
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Research Activities:

1. Coordinator of COAT project: Comparison of thermometers and shields in the Arctic 

(October 2020- April 2024)

Calibrations and field measurements finished

Analysis ongoing

2. Coordinator of the Euramet Unfunded Project CryoMet: Metrology for Cryosphere

Developing a roadmap for specific technical metrological needs on cryosphere 

Membership:

1. WMO/SC-MINT-Expert team Quality, Traceability and Calibration

2. WMO/SC-MINT. Expert team on Surface and Sub-surface measurements

3. GCOS-AOPC:

Conferences and workshops:

1. Rapporteur in the cryosphere section of the WMO-BIPM workshop: Metrology for Climate Action

2. TECO

3. MMC

COAT 
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KRISS
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1. Activities in WG-ENV/TG-AT/Subgroup3

Conceptual design of CCT-WMO ILC

Setup of the design concept of the transfer cell for CCT-WMO 

ILC of air thermometer
◆ Two (Air Chamber + Liquid Bath) in One

◆ Design of circulation scheme

 All parts are immersed.

 Two connected cells
◆ Comparison cell

⚫ Ref/DUT thermometers

➢With gas-tight sealing caps

◆ Motor cell
⚫ DC-Motor + fan

◆ Ventilation speed
⚫ Desired speed: (0.3±0.05) m/s

<Design of Two-in-One cell> 
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NMIJ
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A calibration systems were established in Phases 1 and 2, respectively.

Expanded uncertainty for both calibration phases are in 

1.5 mK and 3.5 mK for the first and the second phases, 

respectively, which satisfy the requirements of the 

oceanographic community for the accurate monitoring of 

ocean temperature.

NMIJ/AIST and Japan Agency for Marine-Earth Science and Technology (JAMSTEC) has developed 

a calibration system for oceanographic thermometers.

S. Baba, I. Saito, K. Yamazawa and T. Nakano, Int. J. Thermophys. 44, 154 (2023) https://link.springer.com/article/10.1007/s10765-023-03257-4

https://link.springer.com/article/10.1007/s10765-023-03257-4


CCT WG ENV – TG AirT – Report to CCT – 2024

Andrea Merlone Åge Andreas Falnes Olsen

CMI
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21GRD08

Metrology for multi-scale monitoring of soil moisture

MetEOC-4

Metrology to establish an SI traceable climate observing 
system

21GRD02

Metrology for Earth Biosphere: Cosmic rays, 
ultraviolet radiation and fragility of ozone shield
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SMU
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Characterization of climate reference station thermometers

Air Temperature Calibration System (ATCS)

SOMMET and other projects
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Characterization of climate reference station thermometers

❑Measured data of sensor self-heating

❑Measured data of sensor stability

❑Measured data of sensor hysteresis
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▪Development of an ATC-sub chamber for air temperature measurements

in climate and environmental chambers.

▪Development of a unified calibration procedure for industrial temperature

sensors with corresponding standard specifications for calculating the U

budget

Air Temperature Calibration System (ATCS)
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VNIIM

1. Assuring traceability of meteorological observations
2. Development of innovative travelling standards
3. Scientific research on 
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1
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2
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3
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LMK with ARSO and WMO ET QTC
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TWO ILCs ARE ON-GOING:

ILC in RA I (Africa) and ILC in Region III (South America)

➢ Same transfer standards

➢ Similar ILC protocol

➢ Same data evaluation

➢ Same linkage laboratories

7 labs: 

Morocco (2), 

Mauritious, 

Tunisia (2), 

Algeria, 

Egypt

7 labs: 

Argentina (2), 

Uruguay, 

Brasil, 

Equador, 

Columbia
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News 
from the WMO

Jane Warne
WMO SC-MINT Chairperson

Drago Groselj
WMO SC-MINT Chairperson

Andrea Merlone 
WMO ET Measurement Uncertainty Chair

WMO GCW Permafrost Co-chair
GCOS-GSRN SG5 Chair
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WMO INFCOM-2 2022

WMO INFCOM-3 2024 

SC-MINT meetings (every 3-4 months)

ETs Meetings (every two months)

Decisions, ET worplans progress, documents preparations, WMO 
Guides revision, training, ILC…
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Measurement Quality Classification Scheme
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Environmental

effects as

Associated 

Quantities of 

Influence (AQI) in 

field measurements
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Calibration

Resolution

Drift

Logger

Sensitivity

Hysteresis

Repeatability



CCT WG ENV – TG AirT – Report to CCT – 2024

Andrea Merlone Åge Andreas Falnes Olsen

Direct 

radiation

Reflected

radiation

Wind

Rain

Height 

from the 

ground

Icing

snow

Calibration

Resolution

Drift

Logger

Sensitivity

Hysteresis

Repeatability
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Example: near surface air temperature 

measurements
At present, it is not possible to complete the total combined uncertainty budget due to missing
knowledge in quantifying effects of associated quantities of influence such as:

• Radiation: errors-corrections and associated uncertainty due to direct and reflected solar radiation

• Precipitation: over-cooling of sensors and their recovery time (including the relationship with the
rain temperature) in case of precipitation events

• Optimized solar shields: relative analysis of the best characteristics of the variety of screens
adopted

• Wind: the predominant convective effect in presence of wind, reducing errors and uncertainties
with respect to radiative and condensation effects.

• And more such as height from the ground, effect of soil moisture and temperature on data
representativeness, humidity, sensor dimensions and constant time….
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• Pesent knowledge is not enough for completing
the measurement and uncertainty contribution
model, 

• Field and laboratory activities are required to 
promote a bottom-up solution

• The multitude of commercial products poses
issues in identifying representativeness of 
evaluated contributions

• Technical solution constantly evolve and 
continuous investigation is needed (for 
example on non-contact systems for 
temperature and precipitation)

Examples:  Environmental influences

Precipitation

Wind speed

Solar radition

…

Need to jointly produce 

knowledge to evaluate

measurement uncertainty and 

provide better quality data

Main conclusions
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ATM project – EURAMET 1549

ILC Concluded in end 2021
Final report in end 2023

NSAI

NPL

JV

GUM
INTiBS

INTA

LNE-
CETIAT

CEM

RISE
DTI

JV

VTT

MIRS

MBM

EIM

UME

INRiM

BFKH

SMD

BEV

JV

PTB

CMI

SMU

Loop 
1

Loop 
3

Loop 
2
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b)

• Selfheating is hard to measure in air
• Drift requires more attention
• Setups need standardization
• How to manage consistency
• Transfer of calibration to the field
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CCT Task Group  on Air temperature
«TG Air»

* To work towards and propose a practical definition of air temperature  SG1 – Stephanie Bell

* To work towards and propose how to evaluate the uncertainty contributions in air temperature measurements SG2 – Davor Zvizdic

* To develop guidelines for the calibration of thermometers in air SG3 – Yong-Gyoo Kim

Terms of Reference

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

Åge Andreas Falnes Olsen – Chairperson

Andrea Merlone – Vice-Chair

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=HyVtVugXcL7r2M&tbnid=Bvdb8DG0aEAF8M:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/International_Bureau_of_Weights_and_Measures&ei=yBVHUb7zJIbROa36gIAP&bvm=bv.43828540,d.ZWU&psig=AFQjCNE_ZO12DxDigZzR0Imd_MQHVCNAbA&ust=1363699511258228
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CCT TG Air T – SG1 
Definition
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The air temperature measurand

What is air?

• Gas of atmospheric composition (N2, O2, Ar, H2O, CO2, other traces)

o Water vapour the most variable constituent (from trace level to several percent) 

• Treated as homogeneous – the concept of an “air molecule” for purposes of theory, modelling.

• “Synthetic air” used in some lab studies (N2 and O2 only)



CCT WG ENV – TG AirT – Report to CCT – 2024

Andrea Merlone Åge Andreas Falnes Olsen

Images: Met Office

Temperature of 

thermometer?

Temperature of air inside 

weather-station screen,
“sheltered from direct solar 

radiation”? Temperature of 

air outside weather-

station screen?

Temperature of air in 

wider local area?

• These can differ by a tenth or up to several tenths of a degree, due to radiative and other influences

• Choice of measurand depends on context: sensor calibration/verification; observation of weather (→ climate 
record); modelling; satellite ground-truthing …

• Relationship between the different measurands not well defined

What is the measurand - ‘air temperature intended to be measured’? 
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Next actions:

Discuss some possible basis for definition of the measurand, air 

temperature

Start drafting a paper

Specific workshop/s
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CCT TG Air T – SG2 
Uncertainties
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Clear distinction among measurements in
* laboratory-calibration (static-adiabatic) 
* environment-field (dynamic)
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Next actions:

start drafting guidelines for the evaluation of uncertainty budget

gap analysis on missing knowledge

weighted list of contributions (corrections and/or uncertainties)

priority list and study – experiments planning 
according to WMO Decision INFCOM2- 7.4(2) 2022
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CCT TG Air T – SG3 
ILC and guide
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Sub-chamber in liquid bath
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Circulation scheme

◆ Two or three loops of round robin tests and 5 ~ 6 Labs per loop 

◆ Core comparison tests between pilot and co-pilot(s)

Design of the CCT-WMO ILC
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EURAMET Green Deal Call 2024
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To design and build research facilities that enable

research studies under a range of conditions and 

influence factors. This objective will be realized by

a mobile sub-chamber system that can be used

with typical climatic chambers and laboratory

setups used within the consortium.

…. to improve the calibration and measurement

capabilities (CMCs) of NMIs in the field of air

temperature measurements.

A2TM



CCT WG ENV – TG AirT – Report to CCT – 2024

Andrea Merlone Åge Andreas Falnes Olsen

Air temperature: to improve measurement and calibration 

techniques for reducing errors and evaluating uncertainties in 

meteo-climatological data, for reaching reference measurement 

uncertainty of 0.1 °C and decadal stability of 0.05 °C. These goals 

require the development and characterization of new calibration 

systems, evaluation and reduction of environmental influences on 

the sensors in field conditions, new data analysis methods.

Environmental Thermodynamics



CCT WG ENV – TG AirT – Report to CCT – 2024

Andrea Merlone Åge Andreas Falnes Olsen

Full alignment with the
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Metrology for climate and environment

Growing interest

Increased participation and memberships

Improved cooperation with the WMO and the GCOS 

Increased activities, no more limited to funded projects

More staff in metrology for meteorology and climate

Extended scientific production
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• Thank you
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