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Realizzazione di un sito per messa a punto di misure di riferimento in
ambiente glaciale e periglaciale

Valutazione di incertezze di misura
Studio parametri di significativita dei dati e confrontabilita

Promozione di un sito per “turismo scientifico”

RiST Project: Ricerca Scientifica e Tecnologica nel bacino glaciale della Bessanese (Balme, T0) GIEE

@e
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Snow albedo
as uncertainty
on near surface air temperature
measurements
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High mountains observations: permafrost and albedo (INRIM, BEV)

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

Temperature records can be different from air
temperature value, due to warming of sensor by
conduction and convection, inside the shields.

-
Ry
- —

Different instrument show different magnitude of
this effect. The evaluation of this effect, in terms of
correction and/or uncertainty on air temperature
measurements is the scope of this work.

Method: evaluation of the difference between the readings of couples of identical
sensors exposed to snow covered surface or to natural soil, in the same site.
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Preliminary results

4
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Temperatures 27 February 2017 _ All sensors 24-28 Feb
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2) Collection of instruments from manufacturers

Six manufacturers agreed to take part in the
experiment, sending couples of identical
sensors, shields and loggers.

Different solutions were considered to
cover most commonly used devices.

Each participant was requested to also
provide at least one extra sensors wind
speed and direction, thermo hygrometer,
albedometers, ...
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3) Laboratory characterisation of sensors and complete systems

Study of the different dataloggers,
evaluation of best mounting solutions.

Evaluations of difference between couples
of sensors, including shields, in a controlled
environment with slow temperature change.

Difference between the readings of couples of identical
sensors T1-T2 (1 week)
0,40

0,20
0,00 S s T iy Ay

0,20
040 W
0,60

-0,80

AT/°C
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An example: the albedo effect on air T values
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- All sensors -
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The effect of the snow albedo effect on near ground air temperature measurements was
investigated both theoretically and experimentally. On site experimental comparison of
solar shields by parallel observations of six pairs of instruments exposed and not-
exposed to snow albedo showed a maximum temperature difference between couples of
identical instruments of 3 °C; the uncertainty of the temperature differences, evaluated in
field conditions, is 0.3 °C (k=2).

The contribution of the snow albedo to the uncertainty of near ground air temperature
measurements was estimated to be 1.73 °C (k=2). These results led to two
recommendations addressed to the end users and to manufacturers of atmospheric
temperature sensors.
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Cold rain
as uncertainty
on near surface air temperature
measurements
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Influence of rain on thermometers (DTI)

DA MNISH
TECHMN-OLO-GICAL
IMNSTITUTE

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

Convection, then conduction cause extra cooling (errors)
in temperature measurements.
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Weather station without active ventilation

Sensor out of housing
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From the preliminary results analysis (May 2017)

eCooling effect is highly dependent on temperature difference between air
and water

eTakes hours for the cooling effect to wear off, after the end of the rainfall

eLatency in the sensors can be significant
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GSRN:
the GCOS Climate Reference Netwok
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November 2017 starts the
GCOS Surface Reference Network
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The Vision for USCRN

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? -
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Achievements 2013-2017

Future Scan 2018-2022

Future Scan 2023-2027

Environment

The RECOMMENDATION T3 (2010) to the CIPM entitled “On
climate and meteorological obsernsgtions measurements”is the
basis for establishing long terms collaboration withithe
scientific community involved in research on climate and
envircnmental monitoring and motivates specific projects and
actions from the NMIs being increasingly diffused worldwide.

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

* CCT recommends NMIs to create Metrology Networks
to become reference institutions for the interacting and
collaborating with the stakeholders and to preserve,
improve and disseminate the experience achieved in
thermal metrology for climate and environment.

« CCT WG ENV members to continue to contribute as
experts in WMQO, GCOS task team.

CCT recommends NMIs to include in their vision
documents all possible actions withinthe expertise of
the thermal metrology community contributing to
improve measurement guality and knowledege on
observation and monitoring of the emvironment and
climate

The “N
Confen
eventy

W
m4
req
col
st

Hetrology for Meteorology and Climate” — MMC
ence series and associated workshops and satellite

re fully participated in and endorsed by CCT WG ENV
mbers

resent world top level events forincreasing the
aboration between thermal metrologists and the
keholder communities.

= [Data comparability: Include as reliable as possible
uncertainty analysis in historical data; study and assess
traceability.

+ Spatial and temporal comparability: Systematic
evaluation of emvironmental and instrumental
influences on measurement results; complete
knowledee on measured guantity.

= Temperature measurements: Improved measurement
technigues, calibration procedures and develop,
supervise and harmonise guides.

& Water content measurements (airandsoil): Develop
suitable measurement technigues and guides.

* |mpact: CCT members continue to organize events,
meetings, workshops, conferences and training to
discuss and plan commaon activities withthe climate and
emvironmental communities.

* Air temperature measurements still present open
issues inidentifying the components of the
uncertainties budget and intheir evaluation. The
evaluation of the uncertainty in atmospheric air
temperature measurements, both atground level and
im upper atmosphere, together witha fully
documented traceability, is the fundamental
condition to achieve data comparability within and
among cbserving networks, in space and time and for
the validation of different technigues.

* WG Emnvironment to initiate studies and publication

on this subject.

* |nalong-term vision, it is expected that the joint

work of metrologists and the user community will
improve the knowledge on this key measurement for
atmospheric studies and climate monitoring.

The planned creation of a GCOS Surface Reference Network
(GSRM) of observing stations on land® will reguire a
continuous support from the thermal metrology
community, being temperature and humidity of airand soil
key cbservables.

= CCT WG ENV, together with operational meteorg-
logists, climatologists and metrologists, to contribute
withstudies and activities to GCOS for the definition
of the key aspects of GSEN interms of station
features, data characteristics and target uncertainties.
Provide roadmap to address needs of data quality
arising from possible new climate evolution scenarios.
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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.

S— { if"_.::rtal Te-a_m__ )
~Website and ——
| .(_]mrz-ach Tea_m | [ 'T_e_rr_'mncrlag'y T_-e_.a_m )
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GCW surface network continues to grow.
There are now over 140 stations either
approved or awaiting approval for
inclusion in the GCW surface network.
Some are CryoNet stations; some are
contributing stations.

Cryosphere in the News

Marihy Amasican Arctic Is falling compared 1o Russla,
Nordics, wams think tank

3 February 2018. 6:05 am

rcinet.ca

Polar bears filmed themsalvas whilz huniing seals
on sea fce, revealing why they are so at risk from
global warming

- 3 February 2018, 2:34 am
Teeds feadburner. com

The LINK Onllne, Feb 2.3.4 2018
2 February 2018. 8:40 pm
rcinet.ca

Climate threats to polar hears: new study
2 February 2018, 713 pm
| Feinet.ca

Polar bear videos reveal Impact of melting Arclic ice
2 February 2018, 3223 pm
feeds.chenews. com

Meore Cryosphere in the News »

Sea and Freshwater Ice

Snow and Solid Precip

Glaciers & lce Caps

Ice Sheets

A e

Greenland Cumulative Melt Days
Jan 1 - jun25
2017
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New eastern Greenland photos in gallery
(2018-02-03)

Sites are now Clusters (2018-02-03)

GCW Data Protocol for CryoNet is now
available (2017-12-04)

Urumgi Glacier No. 1 in the News {2017-10-
28)

Global Cryosphere Watch (GCW) - Arclic
Polar Regional Climate Centres (FROC)
Planning meeting (2017-10-15)
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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 (WIGQOS).
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CRYONET TEAM

globalcryospherewatch.org/cryonet/site_types.html

Immediate priority: Establish the core standardized GCW surface
observation network - CryoNet

< Network builds on existing cryosphere observing programmes

< Promotes the addition of standardized cryospheric observations

% Covers all components of the cryosphere (glaciers, ice shelves, ice sheets,
snow, permafrost, sea ice, river/lake ice) through an extensive approach of
standardized in situ observations

< Currently pre-operational with 36 sites and stations globally

= o G
y
G- &

o measure at least one variable of a cryosphere component (e.g. snow,
permafrost, sea ice...) Qﬁ
o> have to fulfill CryoNet minimum requirements

must have ancillary meteorological mmeasurements @
> have the target of long-term opertion(primary) or long-term %‘

operational comritment with 10+ years record (reference)

€ €
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BEST PRACTICES TEAM

globalcryospherewatch.org/bestpractices/methods.htm|

<+ GCW standards and best practices for cryospheric
measurements are currently being compiled

%+ Drawing on existing measurement methods
<+ Reach scientific consensus

< An initial inventory of existing documents describing
measurement practices is available.

C. Hutin
Snow CEN (2010), Flerz at-al (2009), Armistrong et al. (2009), MSC (2012.2013) UNESCO, IASH and WO (1570)
Glaciers, ice Kaser &t al {2003), Osirem and Brugmann (1891), Paul &t al (2009), UNESCO and IASH{1970a). UNESCO
sheets, ice caps and [ASH (1970b). WGMS (2012), Zemp et al (2008)
Sea jce JCORM (2004), MSC (2005 NCOAA (2007). WMO (2004). Johnsan and Timco (2008)

Solid precipitatton  Goodisan stal | 1248) MSC (2012, 2015), Nitu and Wang (2010). WMO (2012)

Pesrmafrost Smith and Brown (2009), GTN-P (2012)

PERMAFROST

weifrent el wsssenll frupen greced
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WORLD /s
METEOROLOGICAL
ORCAMNIZATION Glsbial Cryonpheta Waich

Tz

Dr. Andrez Merlons

Istetirtn Nazionzle di Ricerca Metrologics
EURAMET Task Group Environment Convenor
And

EURAMET Task Group Environment Members
Strads delte Cacce, 91

10135 TORING

taly

Genava, 10 Novembar 2017

Subject: Expression of interest for the EMPIR Environment call 2019

The World Met=orological Organzation's Globa! Cryosphere Watch {GOW) 15 an international mechamsm
for supporting &4 key cryosphenc in-5itu and remots sensing ehservalions. Te meet the needs of WMO
Members snd partners m delivering services to users, the medis, public, decsion and palicy makers, GOW
provides authoritative, cizar, and useabis dats, Information, snd analyses on the past, current and fiture
state of the cryosphers: GOW includes chservation, monitoring, assessmant, product deveiopmeant,
prediction, and research. it provides the framework for refizbls, comprehensive, sustairied observing of the
eryosphere throogh 2 coordinated and mtegrsted spprosch on natonal to global scales o deliver gqualty-
assured global and ragional products and services. GCW organizes snalyses and assessments of the
cryosphere to support scence, dedsion-making and environmental policy,

To meet these objectives, GOW Implamientation encompasses, among the others, = dear statemeant on

Standardization: Enhance the quality of ohservational data by improving observing standards and best
practicss for the measurement of essential oryospheric variables_ This includes developing measurement
guidelines and best practices; engsging in. 3nd supporting, intercomparison of products, formulating 3 zet
of best practices for prodoct mtercomparisans.

The GOW surfzcz ohearvation netsork = comprized of 2 cors componsnt, czlizd CryoNet. and contributing
siations that ars not part of CryoNet The GEW network builds on existing cryasphere obsarving
programmes and promotes the addition of standardized oryospheric observations to existing faciities in
order to create more robust environmental ohservatories.

It is under this framework, that GOW has desp interest in implementing metrology and metrohogical
approach. It iz therefore of high refevance for GOW that the next EURAMET =3l on Environment includes
support for studying the metrologica! aspects linkad with data quality, indeding maasurement and target
wmcartsinties. In particudar, GOW would strongly recommend the inclusion in nest matrology joint research
activities, networks and projests topics such as

- measUrements in extreme snvironments, key dimate regions and chaffenging conditions;
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In particular, SOW would strongly recommznd the inclusion it next metrology Jont research
activities, networks and projects topics such as:
- MESSUrEMeTis in extrems environments, kay climate regions and chalfenging conditions;

. studying reference methods for the Globa! Cryosphers Watch;
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Metrology for Meteorology

Arctic Metrology Workshops series

1st Torino April 2015
2" Oslo May 2016
3 Ny-Alesund 2017

Svalbard Integrated Arctic Earth Observing System - SIOS

Workshop ARPA Piemonte — Torino 2018/02/07
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*Break out session @ Arctic Circle 2015

. e 7 Tl
G ArcTic NewswiRe o £ - sHart

REGISTER FOR THE
2015 ASSEMBLY
16-18 OCTOBER

ABOUT BOARD PARTNERS SECRETARIAT PRESS & MEDIA 2014 IMA

THE FUTURE OF ENERGY SECURITY IN THE ARCTIC

The Iceland School of Energy will organize a session on Tnursday, Oclober 15th, about the future of Arclic energy,
- with considerations of environmentsl and human securily. The session will be organized in cooperation with the
HASKOLINN | REYKJAVIK Harvard Kennedy School of Government and the Flelcher School of Law and Diplomacy al Tuits Universily

FEYHIAVIK 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 Yi

METROLOGY FOR ENVIRONMENT IN THE ARCTIC

. High-accuracy measurements are needed to understand the evolution of the Arctic environment in its many
EU R-AM ET extiemes. EURAMET. the European Association of National Metrology Institutes, is hosting a breakout session
promoting commeon actrvities betweaen metrology and Arctic scientific research to improve data quality.

Workshop ARPA Piemonte — Torino 2018/02/07
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Esteemed participants in the
Arctic Metrology Workshop,

| am particularly pleased to address
my greetings to you from Oslo and my
best wishes in your work.

| believe metrology and EURAMET are

. . . Giorgio Novello, Italian
bound for keeping a key role in this Ambassador in Norway

crucial region. and Iceland

A Ministero degli Affari Ester
war = della Cooperazione Internazionale
o isan (e i
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Metr: oiogy for Meteorology

MMC 2016

Meteorological
Organization

METROLOGY FOR .METEOROLOGY AND CLIMATE

s "¢ CIMO-TECO

ENVRIPlus Meeting = @:} et s

Soil Moisture Workshop — o~ 3 .
MeteoMet2 plenary meeting BIPM === - AN

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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Meteorological
Organization

* I
fc"’) TECO
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[T
NATIOHALE

\ i RICERLR:
WETRARCGICA

METEOMET Y

Metrolagy for Matesralogy

Metrology for Essential Climate Variables:

International Workshop and roundtable on

Metrology for High Mountains Climate Observational Issues

15 February 2017

Venue:
Sacietd Meteorolagica Italiana
Via Real Collegio, 30, Moncalieri (Tarino), Italy

Y
@-
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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

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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Metrology for Meteorology

Thank you
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Metrology for Meteorology

Calibrations and Uncertainties evaluations
to establish complete traceability

Traceability is the key conditions for comparability

« Comparability on climate-change scales
« Comparability to fundamental physical models
« Comparability across generations

« Comparability across borders & organizations

« Comparability across instrument/measurement types

Workshop ARPA Piemonte — Torino 2018/02/07 b
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e MeteoMet siting experiments  EUELE

Andrea

\ﬂ e Three identical experiments in three
nations (Italy, Spain, Czech R.)
‘ / '\ ‘ e Only variable is the nature of the
obstacle
01 5 10 0 30 50 100 —distance
111 1 1 1 Il — position and mumnber of PT 100 thermometers

with protection shields

— position and number of hygrometers
l
1 — posttion and number of anemometers
|
1

— posthon and number of selar radiation meters

Workshop ARPA Piemonte — Torino 2018/02/07 s
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Building - CEM
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L ] . Andrea
= Significant values in stable periods Merlone

30/6/2017

A 0.5-1 °C sustained event.
It lasted more than 1 hour.

md N |
\/M et 2 v/\/““\ A | Sensor #1 (orange) and #7

(yellow) show no fast
transients.

Event attributable to road
effect.

Workshop ARPA Piemonte — Torino 2018/02/07 s
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WieHlone

Influence of the ambient temperature on building effect at night, without sun radiation

B fmm e mmmmmmmm e mmmmmmmmmmmmmmmmmmmmmmmmmmmmm e mmmmmmmmm i mm 30
—t1-t7

Summer:

t1-t7 referance,) o
tl and <72

Building effect with lack of
sun radiation (at night) does

not depend on the reference

temperature:
Building effect = -1 °C
: ; 10
ié_.":E-Si 15,08-06 15."35-5?

date |
Workshop ARPA Piemonte — Torino 2018/02/07 ’
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Atmospheric air temperature
measurements:

can we evaluate a complete uncertainty
budget?

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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Metrology for Meteorology

A thermometer measures the temperature of the air.
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Metrology for Meteorology

A thermometer measures the temg'ature of the air.
u

Workshop ARPA Piemonte — Torino 2018/02/07 »
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A thermometer measures the temQ'ature of theg
u u

A (contact) thermometer

gives an indication of its heat
equilibrium at that time in that
place under those conditions.

Workshop ARPA Piemonte — Torino 2018/02/07 b
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METEOMET ) This equilibrium is influenced by: Andrea
= Merlone

» Convection heat exchange
+ Gas (wind) speed
e 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)

Workshop ARPA Piemonte — Torino 2018/02/07 s



Metrology for Meteorology

METEOMET )
e — Merlone

— Probe is not adiabatic
* Radiation exchange with surrounding
* Convection between the probe and air
e 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
Workshop ARPA Piemonte — Torino 2018/02/07 ’
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A (contact) thermometer is calibrated in (as close as
possible) adiabatic conditions.

Workshop ARPA Piemonte — Torino 2018/02/07 D
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Metrology for Meteorology

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

Workshop ARPA Piemonte — Torino 2018/02/07 b
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1) Preparation of the experiment protocol and
method for the evaluation of all uncertainty

components. “METEOMET )

Prescriptions are given on 35

Uncertainty calculation model for the

1)how to design the experimental setup Mitobit rjct, ok

High mountains observations: permafrost and albedo

2)definition of site requirements A —
3)measuring and evaluating the quantities of N

Graziano Coppa
Andrea Merlone

influence; ——

4)making relative measurements to get rid of most of oo

the influencing quantities ety b
5)characterising the sensors in laboratory and in field OO - 1 ] -4

6)theoretical assumptions and practical applications e s i

Workshop ARPA Piemonte — Torino 2018/02/07 s
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1) Preparation of the experiment protocol and
method for the evaluation of all uncertainty

Componen’rg
Dataloggers and sensors for
Sensor a quantities of influence Sensor b
~20m "
[ >5'm |
~20m

~10m e
Snow removed area

(Natural soil

Free area

(no obstacles) e P

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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Not Calibrated

T(°C)
0.6 0.8

Depth (m)

0.7
o
——Jul-12 ‘-’; 0.6
RL13 5 s 23=-25.2
g €24 =-27.2
Jul-14 E 04 C25 = -30.3
2
Jul-15 03
—Jul-16 0
17 — 24023
ul-
01 — (25023
0.0
0.1

22/01/12 01/05/12 09/08/12 17/11/12 25/02/13 05/06/13 13/09/13 22/12/13

Time

Workshop ARPA Piemonte — Torino 2018/02/07
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Metrology for Meteorology

METROLOGIA PER LE OSSERVAZIONI AMBIENTALI.
VERSO NUOVI STANDARD E METODI

Andrea Merlone

METEOMET )

EURAIMET

European Association of National Metrology Institutes

Metrology for Meteorology

BIPM - CCT WG Environment chair
EURAMET TG Environment chair

st d IMEKO TC 12 Scientific Secretary 7 N
NAZIONALE . Lo
METROLOGI(A = MeteoMet coordinator == ‘r l

1SAL

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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Metrology for Meteorology M e r|O ne

s Li
a3 Saint-Denis A
A0S |
Colombes D
Asnigres-sur-Saine Aibervilliers o
g . ; 0
s} sl S Y
lanterrer Levallols-Pefret ' Pantin
on Cligrancoun

Sant-Vincent

,- a Pl Hopital |
Smesn_es Misstis iiﬂiu-‘._nuus | M
/ 1 ] E
L Paris Raguetis |

logne Bill ] Pl
oulogne-Billancolr Ly

sy B T -
3&05‘5’ les-Moulineatix, _ _ : 3

Maudon = Wry-sur-Seine
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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

o ] | | UL | UL | I
Sep08 Feb08 JulDd Dec09 May10 Qct10 Mart1 Augit Jan12 Juni2 Novi2 Apr13 Sept3 Feb14 Jul14 Dectd Mayl5 Oct15 Mari6

lime
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Metrology for Meteorology

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

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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Metrology for Meteorology

The calibration uncertinty
is NOT

the measurement uncertainty.

Workshop ARPA Piemonte — Torino 2018/02/07 s
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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.

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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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

Workshop ARPA Piemonte — Torino 2018/02/07 »
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Andrea
Merlone

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

Workshop ARPA Piemonte — Torino 2018/02/07 b
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Metrology for Meteorology

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

Workshop ARPA Piemonte — Torino 2018/02/07 s
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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,

Workshop ARPA Piemonte — Torino 2018/02/07 s
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Metrology for Meteorology

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.

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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Metrology for Meteorology

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.

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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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)

Workshop ARPA Piemonte — Torino 2018/02/07 ’
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2010 May 4-7.
XXV Comité Consultatif de Thermomeétrie (CCT) meets and prepares a
significant reccomendations for the CIPM.

|

1}

i”

=

I I

™
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3

2014 CCT launches WG ENV - A. Merlone Chair
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250 Masing of he
ccT w51

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:

- Workshop ARPA Piemonte — Torino 2018/02/07
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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.

=

Workshop ARPA Piemonte — Torino 2018/02/07 b



METEOMET )

Metrology for Meteorology

/ﬂ_
EURAMET

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

Workshop ARPA Piemonte — Torino 2018/02/07 b
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2011 October 1.

MeteoMet Joint Research Project official start date!

METEOMET

|

Mefroloay for Meteorology

Workshop ARPA Piemonte — Torino 2018/02/07 s
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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
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Metrology for Meteorology

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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METEOMET ) " Andrea
ViETEUIVIE ] Technology position

Metrology for Meteorology

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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METEOMET ) Andrea

Metrology for Meteorology M e rl one
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METEOMET )

Andrea
e EDIE_2 Merlone

Assembling the calibration chamber
and auxiliary equipment in the Everest Pyramid.
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Metrology for Meteorology M e rl one

METEOMET

e
Metralogy for Mm«nmim;y
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MeteoMet and SHARE project for
the data traceability on the Kumbu
valley and Everest Nepal side
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Metrology for Meteorology

METEOMET )
e — Merlone

Arctic Metrology
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“METEOMET METEOMET Andrea
m Metrology for Meteorology M e rl one

Mission “Arctic Metrology” 2014

R METEOMET )}

Metrology for Meteorology
i
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Metrology for Meteorology

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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~ \ Ny-Alesund 79°N
METEOMET / . @
[ ——— ] Research Base P V
Metrology for Meteorology k

Vertical profiles of T, humidity and wind

-

v

ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG
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METEOMET ) METEOMET Andrea

Metrology for Meteorology Sutvilogy tor Sateoraiegy M e rl O n e
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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Metrology for Meteorology

METEOMET )
Bl c— Merlone

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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