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Accuracy

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

Cime Bianche - DP

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 | ” X % # % : 23

o the measurand S8 o g —
The uncertainty is evaluated -jz %

by completing the uncertainty Pl
budget

% u(x) [°C]
HMP 155 HMP 45 AC
Components derived from the reference thermometer 5.12-10°3 5.02 -10-3
Type A uncertainties: Sta tistical Components derived from measurement system 1.27 -10-2 1.27 -102
Components derived from meteorological repeatibility 3.47 -102 2.06 -102
Type B . al I the r eSt thermometer resolution 4.04 1073 2.89 -10°3
reproducibility 1.40 -10°2 5.00 -10*
hysteresis 2.00-10°2 1.73 -10°3
u(x) = (NS u¥(x))” 4.45 102 2.50-102
Ux) = 2-u(x) 0.090 °C 0.050 °C
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The calibration uncertinty
is NOT

the measurement uncertainty.
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Traceability (Riferibilita metrologica)

“oroperty 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”.

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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-39 °Cto 30°C
+0.001°C
-39 °Cto 30 °C
+0.005 °C L
-39°Cto 30°C +
*0.05 °C
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TRACEBILITY

Traceability is required
to reach full comparability

« Comparability on climate-change scales

« Comparability to fundamental physical models
« Comparability across generations

- Comparability across borders & organizations

« Comparability across metodologies

Glaciers and rock glaciers

Air and snow

Ice-Buoys

Permafrost boreholes
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Did you know?...

New Sl 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 (new) Sl will be the system of units in which:

«the ground state hyperfine splitting frequency of the caesium 133 atom
(133Cs), 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 his exactly 6.626 06X x 10-34 joule second,

the elementary charge e is exactly 1.602 17X x 10-'° coulomb,

-the Boltzmann constant kg is exactly 1.380 6X x 10-23 joule per kelvin,
the Avogadro constant N, is exactly 6.022 14X x 1023 reciprocal mole,

-the luminous efficacy K_4 of monochromatic radiation of frequency 540 x 1012
Hz is exactly 683 lumen per watt,
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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 x 10-22 when it is expressed in
the Sl base unit s2 m2 kg K-1, which is equal to J K-'.

Thus one has the exact relation k = 1.380 65X x 1022 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 x 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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BIPM

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

BIPM
WMO

Report on the WMO-BIPM workshop on

World Meteorological Organization

Working together in weather, climate and water

Measurement Challenges
for Global Observation Systems
for Climate Change Monitoring

Traceability, Stability and Uncertainty

March —a April 2010
D Headquarters
Switzerland

Left to right: Len Barrie (WMO), Andrew Wallard (Director BIPM), Michel Jarraud
(Secretary General WMO), Ernst Gébel (President CIPM), Wenjie Zhang (WMO)
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2010 May 4-7.
XXV Comité Consultatif de Thermomeétrie (CCT) meets and prepares a
significant reccomendations for the CIPM.
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2014 CCT launches WG ENV - A. Merlone Chair
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RECOMMENDATION T 3 (2010)
Onclimate and meteorclogical observations measurements

The Consultative Committes for Thermometry (CCT),

considering thar

»  global averags temparaturs raconds are essantial in undarstanding how the climata is
changing;

®  ths conssqusnces of thess changss have despimpacts ondifferant aspects of sodial, political
and sconomic life;

®  thanaad axists to improve the quality of data collection by assuring worldvwids tracaability
in measursmants invelved in climats studiss and metsorolosical obssrvations, as sxprassad
by climate-data nsars and during the racent WHO-BIFM joint workshop on “Measurament
Challengas for Global Obsarvation Svstems for Climats Changs Monitoring: Traceability,
Stability and Uncartainty " {Genava March 2010);

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

praparad to facenaw parspectives, neads, projects and activities ralatad to the tracaability,

recommends
* to encourage NLIs and the seizmtific comrminity, 2spaciallytempersture matrologists, to be
quality assurancs, calibration procedurss and dsfinitions for thoss quantitiss involvedin the

¢ 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;

quality a551ranea naaeds of thaclimate chanss and momtoNnE CoOMMUrHtas.

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

e 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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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

European Metrology i
Research Programme EURAM\ED

Environment impact report

A summary of the outputs and impact of the first EMRP joint research
projects in Environment.

The aim of this theme is to improve data quality for environmental

policy making, underpin environmental research activities and stimulate
technolegical innovation. The research is focused at both the local
environmental level for air, water and soil quality and at the global leval for
challenges relating to climate change.

EUHAMET eV, - the Furopean Assodation of National Metrology Institutes
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2011 October 1.

MeteoMet Joint Research Project official start date!

METEOMET

|

Mefroloay for Meteorology
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Meteomet is a EURAMET joint
research project

il

Paite

2011 -> 2017 ATGIES
Merlone

11 M€ Budget
300 Deliverables
960 Man months

(80 years!)

Q v ‘-"E”‘
= Jan MIKESS MeteoMet is the
p by | af 'SP o £t
A Y e *“—ﬂl .
| NPLE > ENRER larger EURAMET consortium
O 2 . .
N, % 24 National Institutes of Metrology
j oo i*.l?-*‘s,,sf'mﬂ ™ 12 Universities
TR LReET L &S
‘@ . R g e =] 13 Research centers
i ¥, - e - .t .
: W _ 9 Instrument Companies
‘ ¥ 12 Meteo agencies
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METEOMET ) Technology position

MeteoMet is the only project addressing metrology to

Water vapour
Radiosondes Airborne humidity sensors enhancement factor

Measurements
and GRUAN

And portable
generators

Thermodynamic
calibrations for
environment

Temperature and
pressure effects on
new generations of
salinometers
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e
?ﬁ* > Deep sea thermometers: Field siting
R R stemperature-resistance Classification and
linearisation model uncertainty

*Pressure dependence

Permafrost measurements
and snow albedo effect

Temperature sensors
dynamics and non contact

thermometry Sea temperature

measurements by
~means of fiber optics
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Assembling the calibration chamber
and auxiliary equipment in the Everest Pyramid.
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Arctic Metrology
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Mission “Arctic Metrology” 2014

R METEOMET )}
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i
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Annual Mean Surface Air Temperature Ny-Alesund

Temperature / °C

+1.35 K/decade

i 1 1 I i i 1 1
1994 1995 19448 2000 2002 2004 2006 2008 2010
Year
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Vertical profiles of T, humidity and wind

-

v

ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG
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0.400 - ;
@ Pt100 A
A Pt100C
o0 o] — — Calibration curves
0.200 - \ [ ‘ i
—~d 1 4
| , | , , ! , — — 2
p om0 T(T)=T-AT(T)=T +a+bT +cT
=~
< 0.000 - ' j ‘ ' ' i ‘ Uncertainty contribution PT100 A PT100 B PT100 C
6160 4 T—— 4 : / Temperature reference 0.011 °C 0.011°C 0.011°C
N e SRR YR A (R MR S Chamber uniformity 0.006 °C 0.009 °C 0.019 °C
[ ]
-0.200 1 ' ! ‘ ' ' ' i Sensor under calibration 0.007 °C 0.008 °C 0.014 °C
0,300 Calibration curve 0.026 °C 0.017 °C 0.018 °C
30 95 20 15 10 s 0 5 10 15 Standard Uncertainty 0.029 °C 0.022 °C 0.026 °C
o Expanded Uncertainty 0.058 °C 0.044 °C 0.052 °C
(k=2) . . .

-100

~— 120

P(P,T)=P+a+bP+cT +dPT +eT”

-140

160 5 Uncertainty contribution
% Pressure reference 0.3 Pa
180 Chamber uniformity 2.5Pa
Sensor under calibration 0.3 Pa
200 Calibration curve 26 Pa
) Standard Uncertainty 26 Pa

P/kPa ™ 103 Expanded Uncertainty
52 Pa

(k=2)
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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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CCT sensorsreadings in calibration chamber

0,4

0,2

o

®ATTTC_1

B AIrTE_2

04 +——— A AITC_3

Temperature /°C

~AIrTC_4

time
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