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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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May 2010

CCT 
Recommendation

to CIPM
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2014 XXVII CCT launches  the Task Group «Environment» 
(A. Merlone Chair )
2017, the TG ENV becomes the permanent Working Group Environment
2021, a new TG «Air T» is created within the WG ENV
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Objectives, activities and project supporting 

WMO (INFCOM and SERCOM), 
GCOS (GRUAN and GSRN), 
Cryosphere science (GCW), 
Oceanography
Arctic Environment (SIOS)
Air temperature metrology (ATM)

2021
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Contributions:

• Training on measurements, uncertainties and units to be 
published in WMO web pages 

• Revision of the “WMO Guide on Instruments and Methods 
of Observations

• Interlaboratory comparisons
• Measurement Quality Classification
• Studies on Measurement Uncertainty evaluation
• Siting classification and experiments
• Terminology

Andrea Merlone (INRiM)
Chair ET MU + GSRN SG5 + GCW Permafrost +
Member ET QTC

Christian Monte (PTB)
Vice Chair ET – Radiation

Carmen G. Izquierdo (CEM) Member
ET QTC + ET Surface & Sub Surface

Gaber Beges (LMK)
Member ET QTC

Stephanie Bell (NPL)
Member ET QTC

Yong-Gyoo Kim (KRISS)
Member ET MU – ET Upper Air

WG ENV Members in WMO

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiPy_CIyYThAhXQyqQKHa5wBFMQjRx6BAgBEAU&url=https://www.slideshare.net/indiawrm/guide-to-meteorological-instruments-and-methods-of-observationwmo-no82008&psig=AOvVaw1Sw345NKcDvrgPD6eSB6Vl&ust=1552753860985040
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A1. Global warming is likely to reach 1.5 °C 
between 2030 and 2052 if it continues to 
increase at the current rate. (high 
confidence)

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, […]

A. Understanding Global Warming of 1.5 °C
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are so far the best way we found to understand nature

We need to measure air temperature (near surface) to

a) make modern records comparable with historical
series

b) make traceable, comparable and higher quality
climate data available for the future generations of 
climatologists.

measurements
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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.

Different sensors, different solar shields, different 
technical solutions, different effects of environmental 
factors…
All of them introduce errors and uncertainties, 
resulting in biases in records and data series



Andrea 
Merlone

Measurement for Climate Action 13 & 14 October 2021 22

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?
And we even still do not have a practical definition of air temperature…
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Understanding 
and 

evaluating uncertainties

Innovative
instrumentation

(non contact)

Climate Reference Data
and 

Reference Stations

Metrology for
high mountains and 
polar environment

Instruments
intercomparisons

Interlaboratory 
comparisons

Experiments 
to improve

the siting classification

Quantities of influence
in field

Normatives
In-field calibrations

Validation
of extremes
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2011 - 2017

2020-2023

2019-2022

2017-2024

2018-2022
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24 National Institutes of Metrology
12 Universities
13 Research centers
11 Instrument Companies
19 Meteorologycal services

a worldwide consortium born 

as a EURAMET project

2011 -> 2023
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NSAI
NPL

JV
GUMINTiBS

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

1. A pilot study in the form of interlaboratory comparisons

2. World guide on calibration of thermometers in air

3. Propose a reference definition (practical) of air temperature 

4. Provide a complete uncertainty budget for field measurements

BIPM CCT Task Group Air Temperature
kick off meeting 8 November 2021
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Near Surface Temperature (NST) measurement uncertainty calculation tool

Uncertainty components value (k=1) Unit

Sensor
Calibration K 
Drift (2) K/year
Sensitivity K
Self heating K
Resoution K

Datalogger (3)
Uncertainty K
Drift K/year
Temperature coefficient (4) K 

Solar shield
Max diff Vs Stevenson (5) [1] K
Error Vs radiation (6) [1] K/W
Ageing (7)  [2] K/year

Quantities of influence Note 11
Precipitation (8) 0 K/hour
Albedo (9) [3] 0 K
Soil temperature (10) K
Wind (10) K/(m/s)
Condensation/humidity (10) K

Surrounding environment Note 12
Road 0
Trees 0
Buildings 0
Water sources 0

Quantities of influence requiring ancillary measurements Instrument used Normal range in the site

·       Relative humidity

·          Solar radiation

·          Wind speed at same height of thermometer
·          Precipitation
·          Reflected radiation (for snow presence)
·          Soil temperature 

Associated datalogger
Manufacturer

Serial number

Date of construction yyyy-mm-dd 0,2
Last calibration yyyy-mm-dd 0,5
Last verification yyyy-mm-dd 0,5
Last inspection/mantenance yyyy-mm-dd 0,2

4,4

Solar shield
Type
Years from construction/installation 0,5

Sensor type
Measuring principle/equation

Manufacturer
Serial number
Date of construction yyyy-mm-dd 0,5
Last calibration yyyy-mm-dd 1
Last verification yyyy-mm-dd 1
Last inspection/mantenance yyyy-mm-dd 0,5

Understanding 
and 

evaluating uncertainties

NPL and INRiM 
with Copernicus
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no. Participant Type Short Name Organisation legal full name Country
1 Internal Funded 

Partner
INRIM Istituto Nazionale di Ricerca Metrologica Italy

2 Internal Funded 
Partner

CEM Centro Español de Metrología Spain

3 Internal Funded 
Partner

DTI Teknologisk Institut Denmark

4 Internal Funded 
Partner

SMD Federale Overheidsdienst Economie, KMO, 
Middenstand en Energie

Belgium

5 External Funded 
Partner

UNIGE Università degli Studi di Genova Italy

6 Unfunded Partner EDI Eidgenössische Departement des Innern Switzerland

Traceable calibration methods for
non-catching precipitation gauges
to be incorporated into standards.

Innovative
instrumentation

(non contact)
Normatives
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Primary acoustic 
thermometer

Innovative
instrumentation

(non contact)

2021 new 
experiment 
at INRiM

(opto-acoustic 
thermometer)
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EMPIR 19SIP03 –
«Climate Reference Station»

Coordinator: A. Merlone

Primary supporter: WMO

November 2020 – October 2023

Climate Reference Data
and 

Reference Stations
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Study and characterisation in laboratory and field 
for instruments to estabblish a research site associated to the GCOS GSRN

Site selection
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Comparison between Vaisala 
RS41 and RS92 radiosondes
at INRiM and CNR

Studies on the solar radiation correction 
of radiosonde at KRISS

Climate Reference Data

Low-Temperature and Low-Pressure Humidity Chamber
• Temperature: (-70 – 30) oC
• Pressure: (50 – 1000) hPa
• Dew/frost point temperature: (-90 – 20) oCdp/fp
• Relative humidity: (2 – 100) %rh
• U = 1.96 %rh (k = 2)
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2016 Mitribah -
Kuwait 54 °C

2017 Turbat -
Pakistan 54 °C

WMO Formally requested to validate two
temperature records, being the third value
ever recorded and the highest in Asia

Validation
of extremes

Corrected Value ( °C) Uncertainty ( °C)
Kuwait calibration (A) 53.87 ±0.080
Kuwait comparison (B) 53.84 ±0.064
Pakistan calibration (A) 53.72 ±0.40
Pakistan comparison 
(B)

53.72
±0.29
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Interlaboratory 
comparisons
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Albedo

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

Temperature records can be different from air 
temperature value

Different instrument show different magnitude of 
this effect. 

Quantities of influence
in field

Results showed effects up to 3 °C (and never 0 °C !!)
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Precipitation
Quantities of influence

in field

• Drops of rain are colder than the air.
• When rain starts, air temperature decreases. 
• Convection causes overcooling (errors) in 

temperature measurements.

•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

0.8 °C error 
due to rainfall

Rain on Rain off
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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…

Experiments 
to support 

the siting classification
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Road (INRiM – IMBiH) Trees (CMI)

Buildings (CEM)

Preliminary result (2020)

The WMO siting classification
over-estimates the uncertainties
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Permafrost monitoring in high-mountains

100 m deep vertical borehole with thermistor chain

Is the observed warming
trend real? Or is it due to

an instrumental drift?!
NEEDS OF PERIODIC

CALIBRATION

Changes in permafrost 
condition at 70 m of depth 
(∆ = 0.13 °C): actual or 
not?

Same order of the 
possible sensor drift

Metrology for
high mountains and 
polar environment
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July 2017, August 2018, August 2019.
A metrology lab at 3000 m

In-field calibrations
Metrology for

high mountains and 
polar environment
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In-field calibrations
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“Climate change 
comes first and 

faster in the 
Arctic”
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Svalbard  Archipelago
78.9°N, 11.9°E
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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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2017-2021 Calibration campaigns 
at the arctic station in Ny-Ålesund
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Field intercomparison area setup in August 2021

Intercomparison of thermometers and shields in polar environment

COAT 
Instruments

intercomparisons

Metrology for
high mountains and 
polar environment
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Arctic Metrology Workshops

1st Torino, April 2015
2nd Oslo, May 2016

3rd Ny-Ålesund, May 2017
4th Oslo, November 2019
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•Break out session @ Arctic Circle 2015
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Huh!? 0.1 °C resolution??
Where are the other
7 digits???

Metrologist point of view
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Keep on working together!
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Thank you

a.merlone@inrim.it
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