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Working together in weather, climate and water ! i-u-!. = l:

BIPM

Michel Jarraud, Secretary General of the WMO, signed the Arrangement on behalf
of the WMO. The signing ceremony took place on 7 April 2010

World Meteorological Organization

WMO
Report on the WMO-BIPM workshop on

Measurement Challenges
for Global Observation Systems

for Climate Change Monitoring

Traceability, Stability and Uncertainty

March — 1 April 2010
D Headquarters
witzerland

...\‘; -~

Left to right: Len Barrie (WMO), Andrew Wallard (Director BIPM), Michel Jarraud
(Secretary General WMO), Ernst Goébel (President CIPM), Wenjie Zhang (WMO)
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250 Masing of he
ccT e
y RECOMMENDATION T 3(2010)
On climate and meteorological observations measurements

CC T The Consultative Committes for Thermometry (CCT),
constdering thar

Recomm en da tion »  elobal averaps tamperaturaraconds ars assantial in undarstanding how tha climata is

changing,

' ’ ®  tha consequancas of these changas have deepimpadts ondifferant aspects of sodial, political
to CI M and sconomic life;

®  thanzad exists to improve the quality ofdata collection by assuring worldwidztraceability
in measuramants involvedin climats studias and meteorological obsarvations, as exprassad
by climats-data usars and durins the racant WHO-BIFM joint worksheop on “Measuramernt
Challengzs for Global Obsarvation Svstems for Climats Changs Monitoing: Traceability,
Stability and Uncertainty " (Genava hMarch 2010);
the signing of the MEA by WA will lead to eloser liaisonand cooperationwith the

e thesigning of the MRA by WMO will lead to closer liaison and cooperation with the
thermal metrology community;

praparad to facensw parspectives, naeds, projacts and activities related to the traceability,
quality assurance, calibration procedures and dsfinitions for thoss quantitiss invelvedin the
climate studizs and meteorological observations;

FECUMUMERLY
*  to encourags NMIsand the scientific conmmnity, especially temperature metrologists, to be |

¢ toencourage NMIs and the scientific community, especially temperature metrologists, to be
prepared to face new perspectives, needs, projects and activities related to the traceability,
quality assurance, calibration procedures and definitions for those quantities involved in the
climate studies and meteorological observations;

e tosupportastrong cooperation between NMIs and Meteorological Institutions at local,
national and international levels;

¢ toencourage NMIs to work with the relevant meteorological networks to supporta
monitoring framework for traceable climate data over long temporal terms and wide spatial
scales based on best practice metrology;
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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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Strategy Document for Rolling Programme Development for 2021 to 2030

The Consultative Committee for Thermometry

bjectives, activities and project supporting
MO (INFCOM and SERCOM),

COS (GRUAN and GSRN),

ryosphere science (GCW),

ceanography

rctic Environment (SIOS)

ir temperature metrology (ATM)

f

Achievements 2017-2020

Future Scan 2021-2025

Future Scan 2025-2030+

‘Working Group for Environment

CIPM RECOMMENDATION T3 {2010) “Gn climate and
meteorological ebservations measurements” and the ToR
of the CCT WG Environment are the basis for establishing
long term collaboration with the scientific community
involved in research on climate and environmental
manitoring and metivates specific projects and actions
from the NMIs.

Dita comparability: Include a5 relible a5 possible uncertainty
analysis in histerical data; study and assess traceability.

Water content measurements (air and soil): Develop suitable
measurement technigues and guides.

Evelving technologies, such as non-contact instruments, for
meteorological and climatological measurements will be
constantly followed, with dedicated activities and studies.

CCT recommends NMIs to include in their vision documents
all possible actions within the expertise of the thermal
metrology community contributing to improve measurement
quality and knowledge on observaticn and menitering of the
environment and climate.

Achievements 2017-2020

Future Scan 2021-2025

Future Scan 2025-2030+

The “Metralogy for Meteorology and Climate” — MMC
‘Conference series and associated workshops and satellite
events

»  were fully participated in and endersed by CCT
WG ENV members

»  representworld top level events for increasing
the collaboration between thermal metrologists
and the stakeholder communities

Joint Research projects such as MeteoMet, INCIPIT, CRS,
COAT progressed the scientific studies and technical
research on improving calibration and measurement
procedures and uncertainty evaluation.

A metrology network on climate and ocean observation
has been formed by EURAMET.

The “ATM — Air Temperature Metrology” EURAMET
project was launched in 2018, to execute an
intercomparison of calibration procedures for
thermometers in air and produce a guide. The praject
formed the basis to launch global initiatives on solving
calibration and measurement issues for air temperature.

APMP comparison on air temperature thermometers was
also started in 2018. TG Air Temperature established.

improved techniques, proposals of best practices (alsa for
inclusion in the WMO guide no. 8) and on-site calibration devices
will be addressed to cryosphere observations (high mountains and
polar areas).

Establishing reference test sites with the highest quality Si-
traceable measurements of ECVs, including prototypes of climate
reference stations and research infrastructures te support the
implementation plan of the GSRN.

Arctic Metrology: polar activities will continue with gn site
calibration campaigns, the implementation of the “Metrology
Laboratory” at the arctic station in Ny-Alesund, and a WMO
intercemparisen of thermometers and shields in polar
environment.

On-site thermometer shield with the minimum envirenmental
effects will be designed and tested

Support in the validation of records associated to extreme events
(such as temperature extremes and heat waves, precipitation
events, pressure, wind speed etc), through metrelogical analysis
of the whole measuring process and instrumentation.

Improved monitoring techniques for essential fresh water natural
and artificial reservoirs and the creation of measurement
recommendations

The WG-ENV will continue to facilitate project proposals for
funding and joint activities among the members on activities.

WG-ENV members will continue studying and characterizing
temperature, humidity and radiation sensors for ocean
applications, ground based systems and radiosondes.

Provide roadmap to address needs of data quality arising
from pessible new climate evelution scenarios.

The CCT-WG-ENV will promote and contribute to
interdisciplinary initiatives, werldwide and at regional level,
to create forums and expert teams, to address the
stakeholder’s needs under coordinated efforts with other
areas of metrology, also under future CIPM initiatives.

Achievements 2017-2020

Future Scan 2021-2025

Future Scan 2025-2030+

Collaboration and stakeholders

WG-ENV members are formally members of expert teams
in the WMO INFCOM and SERCOM, in the Global
Cryosphere Watch, the GCOS (GRUAN and GSRN Task
Teams) and the BSRN_

WG-ENV members are invelved and supporting official
WMO worldwide laboratory intercomparisons in Europe,
Asia, Latin America and Africa,

Formal collaborations with national meteorological and
hydrological services, universities, research centres and
manufacturers have been established

Collaboration and stakeholders

The relationships with key world and international Institutions
such as WMO, GCOS, and IAPWS will be sustained to provide
channels for impact in the work of the WG-ENV.

CCT-WG-ENV members will continue to contribute as experts in
WMO, GCOS task teams.

CCT-WG-ENV, together with operational meteorologists,
climatologists and metrologists, to contribute with studies and
activities to GCOS for the definition of the key aspects of GSRN in
terms of station features, data characteristics and target
uncertainties.

Collaboral

n and stakeholders

Impact: CCT members continue to organize events, meetings,
workshops, conferences and training to discuss and plan
common activities with the climate and environmental
communities.

The GCOS Surface Reference Network (GSRN) of observing
stations on land implementation plan was approved by WMO
in 2021 and will require a continuous support from the
thermal metrology community, being temperature and
humidity of air and soil key observables

Task Group for Air Temperature

In 2020 2 new Task Greup on “Air temperature” was
formed, tasked:

«  Towork towards and propose a practical
definition of air temperature

«  Towork towards and propoese how to evaluate
the uncertainty contributions in air temperature
measurements

To develop guidelines for the calibration of thermometers
in air,

Practical definition of air temperature proposed

Method proposed on how to evaluate the uncertainty
contributions in air temperature measurements

Draft guide for the calibration of thermometers in air

Practical definition of air temperature agreed by CCT and
promulgated to key stakeholders

Method for evaluating the uncertainty contributions in air
temperature measurement agreed by CCT

Guide for the calibration of thermometers in air published on
CCT website

Measurement for Climate Action 13 & 14 October 2021
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Andrea Merlone (INRiM) Contributions:

Chair ET MU + GSRN 5G5 + GCW Permafrost + « Training on measurements, uncertainties and units to be
Member ET QTC published in WMO web pages
* Revision of the “WMO Guide on Instruments and Methods T
of Observations
Christian Monte (PTB) « Interlaboratory comparisons
Vice Chair ET — Radiation * Measurement Quality Classification
+ Studies on Measurement Uncertainty evaluation

« Siting classification and experiments
Carmen G. lzquierdo (CEM) Member - Terminology

ET QTC + ET Surface & Sub Surface Guide o s ntumons
Gaber Beges (LMK)
Member ET QTC

Stephanie Bell (NPL)
Member ET QTC

Yong-Gyoo Kim (KRISS)
Member ET MU — ET Upper Air
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CIMO and BIPM and Metrology

« CIMO represented in the EURAMET Research Council + on its
Task Group Environment

« BIPM experts have been involved in several CIMO Expert
Teams (e.g. meeting of the CIMO Task Team on Radiation
References)

« List of key topics to work on were requested by BIPM experts
to WMO/CIMO to refer to when developping reaserch proposal
and projects (e.g. EMPIR)

« EURAMET MeteolMet project: closer ongoing ties between
european metrology and meteorology experts

I * Inter-laboratory comparison: participation of all RA VI RICs
| and many NMHS calibration laboratories

@i} WMO OMM 14
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A. Understanding Global Warming of 1.5 °C

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
Summary than at 2 °C (high confidence). These risks
for Pol |Cymaker5 depend on the magnitude and rate of
warming, [...]

Measurement for Climate Action 13 & 14 October 2021
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A. Understanding Global Warming of 1.5 °C

Capturing rates and A1. Global warming is likely to reach 1.5 °C

evaluatina maanitudes between 2030 and 2052 if it continues to
g g increase at the current rate. (high

requires accurate and confidence)
comparable measurements

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 maganitude and rate of

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

Capturing rates and A1. Global warming is likely to reach 1.5 °C

evaluatina maanitudes between 2030 and 2052 if it continues to
g g increase at the current rate. (high

requires accurate and confidence)
comparable measurements

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 maganitude and rate of

warming, [...]

accurate ¢&—)> uncertainty

comparable &) traceability
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Capturing rates and A1. Global warming is likely to reach 1.5 °C

evaluatina maanitudes between 2030 and 2052 if it continues to
g g increase at the current rate. (high

requires accurate and confidence)
comparable measurements

A3. Climate-related risks for natural and
human systems are higher for global
warming of 1.5 °C than at present, but lower
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measurements 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

limatologist
cliimatologists.
1 r1
Global Average Temperature 1850 - 2018 —~
{ 0.8 9
r06 =
£
04 2
<C
r02 @
. ! 2
) | ! o
| r 4 [efly 02 &
| / [ | Rilk =
‘ i 'S ] Land data prepared by Berkeley Earth and combined | -0.4 g
i | : with ocean data adapted from the UK Hadley Centre [e)
) Global temperature anomalies relative to 1951-1980 average | -0.6 (G

Vertical lines indicate 95% confidence intervals 0.8
a3 T T T T T T T T T =\U.
1860 1880 1900 1920 1940 1960 1980 2000 2020
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A thermometer measures the temperature of the air.
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A thermometer measures the tempe’r?ure of the air.
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A thermometer measures the tempe’r?ure of the?.
m

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
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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

And we even still do not have a practical definition of air temperature...

- Measurement for Climate Action 13 & 14 October 2021
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Innovative
Interlaboratory instrumentation Instruments
comparisons (non contact) Intercomparisons
Experiments Understanding
to improve and
the siting classification evaluating uncertainties
. - - Normatives
In-field calibrations
Climate Reference Data Metrology for
and high mountains and
Reference Stations Quantities of influence Validation polar environment
in field of extremes
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Innovative
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Experiments Understanding
to improve and
the siting classification M ET E 0 M E T evaluating uncertainties
Normatives
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Air Temperature Metrology

2017-2024

sing the comparability of extreme air temperature measurements
for meteorology and climate studies

2020-2023

METEOMET

r+|r|1|||m|||||fn il

Metrology for Meteorology

2011 - 2017
c!r‘mit;::gf:::::‘::atfcn | Metrology for non-catching rain instruments
2019-2022 2018-2022
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*—@ Ko~ BEE a worldwide consortium born
o | \ 3
Al e RS )
g swp "PIB iwﬁi“‘-”hh S as a EURAMET project
.‘3\ Lrnam‘% S S 3 b,
M‘H\ I:'; m— ;_,-1 - : rii:l-"‘ - -fQ\'\\, J_g_fj ri MeteoMet Expands Globally
= CyCETIA : o ] 1 = = |'_I!_ . . . i ’
5’5 GM \\ 1@ G g y O 24 National Institutes of Metrology P - N
£ | W R y Y . " £
(J; _ N l\i §~~""' A4 N E 12 Universities
or. Qe %
~ & LA i}h'gr-.-_g:_”_dx | 13 Research centers
| ¥ R - - _ard 11 Instrument Companies
R .
T & 19 Meteorologycal services
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EURAMET Project Form

|
1 Status ¥ proposed Reference Mo
— — Oagraad (i aiready existing)
2 Subject Field T - Temperature
T - Temperature
3 Type of collaboration Cooperation in Research

IA In the case of a comparison
Registered a5 Keycomparson (KC) or Supplementary Comparison (SC) in the KCDB:
X no [Oyes Ifyes: Mo. of KCISC:
In case of s KC: Protocol approved by the responsible CC WG?

Air Temperature Metrology

A — |
1. Apilot study in the form of interlaboratory comparisons -

BA EURAMET members or associates (Institute’s standard acronym with country code in
brackets) as registered on EURAMET website.

2. World guide on calibration of thermometers in air

UME (TK)

4. Provide a complete uncertainty budget for field measurements @) coop

3. Propose a reference definition (practical) of air temperature Vf/&/ \§ Bt

BIPM CCT Task Group Air Temperature
kick off meeting 8 November 2021

SMU BEV
- Measurement for Climate Action 13 & 14 October 2021 %
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Understanding
and
evaluating uncertainties

Ermicus

Europe’s eyes on Earth

Copernicus Climate Change Service

C3S calculation tool for evaluating measurement
uncertainties in near surface temperature
measurements - User Manual

C3S_311a_Lot3_CNR-SC1
Access to observations from baseline and
reference networks

Compiled by: Chiara Musacehio
Date: April 2018

Copermus

Station name

short description

Station identifier (OSCAR)
Coordinates.

Sensortype
Measuring principle/equation
Manufacturer
Serial number

Metadata completeness level
Uncertainty completeness level

Overall completeness level

Expanded uncertainty

Quantities of influence requiring ancillary measurements

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

Last calibration

Last verification

Last inspection/mantenance

Solar shield
Type
Years from construction/installation

Met:

adata Unit Value Bm (Note 13)
Metadata completeness 0%

nent

ige °c 0-20°C

e s

ne s

oe

inciple/equation

"

or

truction yyyy-mm-dd 05

on yyyy-mm-dd

ion yyyy-mm-dd 1
dd 0,5

d datalogger

N

ar

truction yyyy-mm-dd 02

on yyyy-mm-dd 05

eion yyyy-mm-dd 05

dd 02

Instrument used

yyyy-mm-dd
yyyy-mm-dd
yyyy-mm-dd
yyyy-mm-dd

Normal range in the site

e

Sensor type
Measuring principle/equation

Manufacturer

Serial number

Date of construction

Last calibration

Last verification

Last inspection/mantenance

Uncertainty components

Sensor
Calibration
Drift (2)
Sensitivity
Self heating
Resoution

! Datalogger (3)

Uncertainty
Drift
Temperature coefficient (4)

Solar shield

Max diff Vs Stevenson (5) [1]
Error Vs radiation (6) [1]
Ageing (7) [2]

Quantities of influence Note 11
Precipitation (8)

Albedo (9) [3]

Soil temperature (10)

Wind (10)

Condensation/humidity (10)

Surrounding environment Note 12
Road

‘es

Idings

iter sources

yyyy-mm-dd
yyyy-mm-dd
yyyy-mm-dd
yyyy-mm-dd

Measurement for Climate Action 13 & 14 October 2021

© o o o

Unit

K/W
K/year

K/hour
K
K
K/(m/s)
K

Near Surface Temperature (NST) measurement uncertainty calculation tool

NPL and INRiM
with Copernicus
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Innovative
instrumentation
(non contact)

Normatives

Metrology for non-catching rain instruments

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

| no. | Participant Type | Short Name | Organisation legal fullname | Country
- Internal Funded INRIM Istituto Nazionale di Ricerca Metrologica Italy
7, FENU D RITER: Partner
L] RELETSEH
H Internal Funded CEM Centro Espafiol de Metrologia Spain
Particle Partner
Internal Funded DTI Teknologisk Institut Denmark
20mm ? H Partner
}/}7 T E “ Internal Funded SMD Federale Overheidsdienst Economie, KMO, Belgium
s} Partner Middenstand en Energie
|nfrarad |lg ht beam ; E External Funded UNIGE Universita degli Studi di Genova Italy
- -~ Partner
228 mm I unfunded Partner EDI Eidgendssische Departement des Innern Switzerland

Measurement for Climate Action 13 & 14 October 2021




IPIT

Andrea
Merlone

Metrology for non-catching rain instruments

Metralogy far non-catching rain instruments

Calibration and accuracy of non-catching instruments to measure liquid/solid
atmospheric precipitation

Overview of existing models and working principles of non-catching precipitation gauges
together with test/calibration schemes for different types of non-catching precipitation
gauges

This publication only reflects the view of the INCIPIT Consortium or selected participants thereof. Whilst the
INCIPIT Consortium has taken steps to ensure that this information is accurate, it may be out of date or
incomplete, therefore, neither the INCIPIT Consortium participants nor EURAMET are liable for any use that may
be made of the information contained herein.

This document is published in the interest of the exchange of information and it may be copied in whole or in
part providing that this disclaimer is included in every reproduction or part thereof as some of the technologies
and concepts predicted in this document may be subject to protection by patent, design right or other application
for pratection, and all the rights of the owners are reserved. The information contzined in this document may
not be modified or used for any commercial purpose without prior written permission of the owners and any
request for such additional permissions should be addressed to the INCIPIT coordinator.

Document Information

EMPIR Grant Agreement n®

1BNRMO3

Project Title

Calibration and accuracy of non-catching instruments
to measure liguid/solid atmospheric precipitation

Project shor name

INCIPIT

Project Coordinator

Andrea Merlone - INRIM

Document Lead Partner

UNIGE [ luca.lanza@unige. it

Deliverable reference number:

D1

Deliverable title

Overview of existing models and working principles of
non-catching precipitation gauges together with
test/calibration schemes for different types of non-
catching precipitation gauges

Dissemination Level PP
Due Date of Delivery January 2020
Actual submission date March 2020
Dissemination level
pu | unrestricted PUBLIC Accass — EURAMET project *

PP | Project Private, restricted to other programme participants (including EURAMET Services)

RE | RESTRICTED, Restricted to 3 group spacified by tha consortium (including EURAMET Services)

co | cONFIDENTIAL, only for members of the consortium (including EURAMET Services)

"™\, This document is produced under the EMPIR Grant Agresmant No ISNRMO3. f¢ is the property of the INCIPIT

EURAMED consortium and shall net be distributed or reproduced without the formal approval of

INCIPIT Project

Coardinator. CONFIDENTIAL - only for members of the cansortium (incuding EURAMET Services)
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Primary acoustic
thermometer

L—

Innovative
instrumentation
(non contact)

2021 new
experiment
at INRIM

(opto-acoustic
thermometer)
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Climate Reference Data
and

Reference Stations

Measurement for Climate Action 13 & 14 October 2021

rnational
Science Council

UN

WMO environment

Table 1: Inst s characteriati < tioms for a G SRN stati Climate Reference Station
ale 10 Instruments charactenstcs prescrnptions rora station WORLD METEOROLOGICAL INTERGOVERNMENTAL
ORGANIZATION OCEANOGRAPHIC
Measurand Instruments Madmum allowed Notes Required COMMISSION
specifications documenteduncertainty auxiliary
contributions measurement
(k=1) 5
Climate Ref Stati
« I a e e erence a Ion » GCOS Surface Reference Network (GSRN):
b Target Combined 0.2°C Justification, requirements, siting and instrumentation options
temperature | Expanded
Uncertainty
. . February 2019
| Coordinator: A. Merlone
Resistance Mz drift: 0.02 Documentad time Relative
Thermometer [PRT) | K/year constant of sensor humidity
Type PT100 IEC5], | Calibration: 0.02 K and sensor + shield fin .;5:]|3I'
Class A Sensitivity: 0.005 K termsof response radiation .
Temperature Resolution: 0.005 K rate as afunction of z P m r! ( rt - WMO
coefficient [alpha): time with known Wind rl a Suppo er.
0.00385 Logger: 0.05 K temperature speed st
Measuring range: - variation, for 150 s=me
40+C+50°C{or | Solar Shisld 17741: timeto reach :':'5'“ I
lower limit for linclzg=inz): 0.1K 63%of210°Csudden| oo N b 2020 O t b 2023 GCOs-226
specific locations) change). . Ovel I I er C O er
Uncertainty: 0.05 ¢ Laboratory calibration Precipitati UNITED NATIONS INTERNATIONAL
Quarthe whole certificate according an ENVIRONMENT PROGRAMME SCIENCE COUNCIL
range to 15017025 (full Soil
documented temperat
traceability to NMI ure
primary standards). Snow
L —
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Climate Reference Station

a MeteoMet initiative

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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Climate Reference Data

Studies on the solar radiation correction

Comparison between Vaisala of radiosonde at KRISS

RS41 and RS92 radiosondes
at INRIM and CNR

Low-Temperature and Low-Pressure Humidity Chamber
* Temperature: (-70 — 30) °C

* Pressure: (50 — 1000) hPa

» Dewl/frost point temperature: (-90 — 20) °Cdp/fp

Global Clrmate Observing System (GCOS)
Reference UpperAir Network |

L - Relative humidity: (2 — 100) %rh
- U=1.96%rh (k=2)

-0,35 = RS41

-0,40 = RS92
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Validation L -
wx AN

of extremes

Our mandate  Programmes  Projects  Resources  Media  Evemts  Abowtus  Extranet Q O
Temperature extreme records: World Meteorological e
" ECTER . S Organization metrological and meteorological evaluation of the
St %"2 7 },5 : WMO examines reported record 54.0°C observations in Mitribah, Kuwait and Turbat, Pakistan in
- — LEI — Ft
N — \["Corrected Value ("] | Uncertainty (°0) 2016/2017
1 i forati g Vg N e N ; / 26 |Published 26 Ul 080
waticAmparisi i, +0.064 . .2 .3 . 4
Pakistarrcalibrati 3.72 o +0.40 Andrea Merlone” | Hassan Al-Dashti” | Nadeem Faisal® | Randall S. Cerveny \
kiStan-comp, _ ] Said AlSarmi® | Pierre Bessemoulin® | Manola Brunet”®” | Fatima Driouech' |
(B) 7 b -_\!;:. ] +0.29 Yelena Khalatyan'' | Thomas C. Peterson® | Fatemeh Rahimzadeh'* | Blair Trewin"? |
2016 M-t -b h L g M. M. Abdel Wahab' | SerpilYagan'S I Grazian(}Coppa' | DenisSmorgon' I
I rl a = Chiara Musacchio' | Daniel Krahenbuhl*
H o
Kuwait 54
uwait 54 °C ] -
54,1
201 7 Tu rbat - 'WMO examines reported record temperature of 54°C in Kuwait, Iraq - 54’0
: o 8- 53.9 T
Pakistan 54 °C =
© 538
Ensmsws 2 pag- (Al B + 9
diwernber 20 E
o 53,6 A
WMO hosts women's marine leadership E B
— workshop 53,5
Newember 2017 ﬁ
53,4
WMO and CIMH co-host international
— training symposium in Barbades 53’3
53,2
Kuwait Pakistan
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T e

Interlaboratory -

comparisons @

WD

World Meleorological Organigation < oy -
‘Wirking Group an Technology Development and Imglermentation (W3 TDH) ) TTh - 6 Participants
in RAVI A - ; g b
Task Taam on Regional Instrumant Centra

In cooparatiaon siih

METEGMET L -

tk“%t‘_ - . MeteoMet WMO Interlaboratory Comparison - ILC

Final ILC protocol

INSTRUCTION FOR THE PARTICIPANTS IN THE INTERLABORATORY COMAPRISON

e e o et ot WMO-MM-ILC-2015-THP in WMO region VI
| e published as IOM Report No. 128

Data of appraval of tha protocol
.20 10

- WMO-MM-ILC-2018-THP-2 in WMO region Il and V _
- 'I::Eu:;.'ﬁm.r.iﬁ.’:ﬁ; ;::E:"ﬁlf;:nmm bype 2210 4200/% N combination with .. . m%r-f
- Capacdtive hygrometer Vaisala HMPLSS AZGEYTADA AT ADG, I S. I n -a fl n a l d ra ft Sta g e Japan Meteorological Agency

= Baromeler Vaisals PTE2Z0 ACAZAIATAR

To spread the same idea is planned
WMO-MM-ILC-2020-THP in WMO region [, 11l and IV Q=

/’Wr Climate Action 13 & 14 October 2021
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Quantities of influence

in field 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 31
this effect. = A
5_) 2_ _‘ - R . B
L FEE - C
1 LW D
< & '!\“ H .n'u'lt A o =
0 “”{:'E‘s.i'_‘.:_h_l't,';., wh EF"‘:;‘*’;?‘ Waar ‘m;;‘lf{ "
Results showed effects up to 3 °C (and never 0 °C ) 4L | | ]
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Quantities of influence

in field Precipitation

» Drops of rain are colder than the air.
 When rain starts, air temperature decreases.

» Convection causes overcooling (errors) in
temperature measurements.

W
ddddii

¥

T T T ]
-ref. incl. 68% conf. int.
ref. (mean)

dut id1 {dut}

dut error {ref. - dut)

Rain on

Rain o

141

*Cooling effect is highly dependent on temperature
difference between air and water

air temperature / degC
&
on

I\ J\/\/ 0.8 °C error *Takes hours for the cooling effect to wear off,
v due to rainfall after the end of the rainfall
S0 0 w0 e Latency in the sensors can be significant
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etratosy for Mekeorotoay MeteoMet siting experiments Merlone

m e Three identical experiments in three
nations (ltaly, Spain, Czech R.)

‘ / \‘ * Only variable is the nature of the

B DR T .

obstacle
01 5 10 0 30 50 100 —listance
11 1 1 1 1 1 — position and number of PT 100 thermometers
' : with protection shields

1 1 — position and nmnber of hygrometers

Experl ments 1 — position and number of anemometers
to su PpPO rt !
the siting classification 1

— position and number of solar radiation meters
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Road (INRiM - IMBiH)  Trees (CMI)

|- e

——

Preliminary result (2020)

The WMO siting classification
over-estimates the uncertainties
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Cime Bianche - DP

Metrology for
high mountains and
polar environment

0.0

-0.5

C
1.0

Mean Annual Groeund Temperature [°C)
04 02 00 02 04 06 [+1:] 1.0 1.2

1.5

i
—

sl ¥ lIs the observed warming ——:"
T trend real? Orisitdueto T
an instrumental drift?!
NEEDS OF PERIODIC

CALIBRATION

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

—~+—2012 —+— 2013 2014 2015

Depth {m]

R, )
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Metrologyfor —— July 2017, August 2018, August 2019.

high mountains and

polar environment A metrOIOQy Iab at 3000 m

In-field calibrations
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In-field calibrations

Home  About News Cryosphere Now Surface Satellites. Activities Reference Data Portal QOutreach \SJ
CryoNet, the Core Component of the GCW Surface Network

The GCW surface observation network is comprised of a core component, called CryoNet, and contributing » Station Types
stations that are not part of CryoNet. The GCW network builds on existing cryosphere observing » Requirements
| 4 © 7 7 ryospheric observations to existing facilities in » Application Process

» Recommended Variables

irements of the cryosphere, but whose data » Data Protocol

stely follow CryoNet measurement practices, or in » Network List & Map
-y of data required of CryoNet stations. These
cryospheric observations are scarce or in regions
b= Additional information is available on the

box on the right.

and provide motivation for high quality observations. Being a CryoNet site means
g system and thus providing observations of known quality for research and

Mobal network brings not enly better visibility but also a recognition of the importance
ng better support, either funding or logistical support. GCW promotes the exchange
%1 use of their data and products.

» Questionnaire/Application
» Measurement Methods.
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Annual Average Temperature in 2018

“Climate change
comes first and
faster in the
Arctic”

-6 -4 -2 -1 -0.5 0 0.5 1 2 4 6
Temperature Anomaly (° C)
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Svalbard Archipelago
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11.9°E
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Ny-Alesund 10 May 2017
New Metrology lab opened and presented

at the station leaders in Ny-Alesund

Vaskerilab

> ol o
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Corrections on temperature profiles CCT Temperature sensors readings
13/07/2017 ;\.ﬁ /_m.,i J.Mq 2017-2021 Calibration campaigns
63 o U P e A . . .
i s\ /N WA A at the arctic station in Ny-Alesund

T134m 1 AaY 4", 1&’; \

Qo000 2.24.00 44800 7.02.00 936,00 1200000 14.24.00 16,48.00 15.12.00 21.36.00 000,00

Tl &T2 &7T3 T4

T210 m Values corrected using calibration curves

T3 5m

000,00 22400 44800 71200 93600 12.00.00 14,2400 164800 19,1200 21.36.00 000,00

#TICAL & T2CAL & TiCAl T4CAL
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Metrology for
high mountains and Intercomparison of thermometers and shields in polar environment
polar environment
/ \ Instruments
intercomparisons s
OA] —
*COAT

'
e

Field intercomparison area setup in August 2021
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Metrology for Meteorology

1st Torino, April 2015
2"d Oslo, May 2016
3rd Ny-Alesund, May 2017
4™ Oslo, November 2019

Svalbard Integrated Arctic Earth Observing System - SIOS

Measurement for Climate Action 13 & 14 October 2021
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REGISTER FOR THE

2015 ASSEMBLY
16 -18 OCTOBER

ABOUT BOARD PARTNERS SECRETARIAT PRESS & MEDIA

THE FUTURE OF ENERGY SECURITY IN THE ARCTIC

The Iceland School of Energy will organize a session on Thursday, October 15th, about the future of Arctic energy,
-, with considerations of environmental and human security. The session will be organized in cooperation with the

HASKOLINN | REYKJAVIK Harvard Kennedy School of Government and the Fletcher School of Law and Diplomacy at Tufts University.
REYKJAVIK UNIVERSITY

THE FOREIGN MINISTER OF CHINA

The Opening Session of the 2015 Arctic Circle Assembly will include an address by the Foreign Minister of the
People's Republic China, Wang Y1.

METROLOGY FOR ENVIRONMENT IN THE ARCTIC

j ! High-accuracy measurements are needed to understand the evolution of the Arctic environment i its many
EU RAM ET extremes. EURAMET, the European Association of National Metrology Institutes, 1s hosting a breakout session

promoting common activities between metrology and Arctic scientific research to improve data quality.

Measurement for Climate Action 13 & 14 October 2021
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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!

mED)]

Metrolog;f.;r_!\mfl_g; :“

Oroqu -
r

—;'_f." R\ "‘ i o 3 iy s N |
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Thank you

a.merlone@inrim.it
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