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portable calibration

facility

Pressure measurement system

3 pressure
sensors

102 to 10° Pa ;

Physikalisch-Technische Bundesanstalt m Braunschweig und Berlin Nationales Metrologieinstitut
GRUAN ICM7 Matera 2015 Andrea-Merlone



AquaVIT 2

Physikalisch-Technische Bundesanstalt m Braunschweig und Berlin
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Corso di Metrologia applicata alla Meteorologia
20 Marzo 2013

Field
measurements

Manufacturter
Instr. Provider
Accredited Lab.

Fabio Bertiglia



NPL acoustic free-space thermometer
between-40° Cand +40° C
with TDLAS hygrometer

CNAM Novel hygrometers based on microwave resonant cavities: 10 to 105 ppmv water vapour

Test mounting Resonator
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3.2.2 Long term investigations on various
solar radiation shields in different parts of

Measured temperature difference [K]
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Task 4.2: Development of the calculation model for uncertainty
evaluation of the historical data with respect to ITS-90 introducing the

data fusion method to support temperature uncertainty estimation

99 historical temperature
series collected and
analysed

Norway (2), Spain (22), Italy (2),
Germany (72), Czech Republic (1)

Then sent to ISTI
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The software tool to convert historical temperature data into ITS-90 values

METEOMET project e Historical temperature data in °C
1927-1947

[ 11948-1967

T 11968-1975 Converted Historical data to ITS 90
( ' ~11976-1989 o
1 1990-Present -21,9926°C

A calibrated thermometer which read -22,0100°C
CONVERT from the year 1927 to 1947 is equal to the
temperature -22,0100°C + 0,0174°C on the

CLEAR International Temperature Scale of 1990

Introduction | Conversion | Data Files |

During the history of temperature measurements different temperature scales CONVERT MULTI
were introduced and used. The realisations of these previous temperature scales

are different from today's ITS 90 (International Temperature Scale). This fact
means that a temperature readings taken from a calibrated thermometer before
ITS 90 would be different from today's reading. This difference is caused by the

usage of various fixed points during the evolution of temperature scales. Fixed
points are pure elements (He, Ar, Zn, Cu ) mostly housed in a graphite crucible
protected by vacuum in glass container. Their phase transitions temperatures are

used because these temperatures are very precise by stabile pressure (which is in

the cell) and have a high reproducibility. EXPORT

This conversion program concentrates on converting historical temperature data

from ITS 27, 48, 68 and 76 to the current ITS 90. This conversion only deals with IMPORT
the difference of each temperature scale and not on the construction or the used

sensors trough the history.

A metrological approach applied
to sustainable agricultural
meteorology
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Royal Meteorological Institute of Belgium

Belgium

Bulgarian National Insitute of Meteorology

Bulgaria

Czech Hydrometeorological Institute

Czech Republic

Danish Meteorological Institute Denmark
Vaisala Oyj Finland
Finnish Meteorological Institute Finland
CO I I ab O rato rs an d MétéoFrance France
METEOMODEM France
S t ak h O I d e r S Istituto di Scienze dell'Atmosfera e del Clima Italy
ARPA Lombardia Italy
Lobard & Marozzini Italy
Societa Meteorologica Italiana Italy
Universities CAE Italy
Universita degli studi di Cassino Italy
Resea rch centers Galileo ambiente Italy
Meteo Duomo Italy
. . Climate Consulting Italy
Private companies CERIS - CNR italy
Universita di Torino dip. Fisica Italy
Public OfﬁCES/l nstitutions (MeteO Universita di Torino dip. Scienze della Terra Italy
services) Michell Italia S.r.I. . . . Italy
Extreme Energy Events Project (Uni. Torino) Italy
. . . Environmental Agency of the republic of Slovenia Slovenia
Inte rnatlonal Orga nizations C3-Universidad Rovira i Virgili, Tarragona Spain
Agencia Estatal de Meteorologia Spain
Swedish Meteorological and Hydrological Institute Sweden
Department of Meteorology, University of Reading UK
University of Edinburgh UK
National Centre for Atmospheric Science (NCAS) Univ. UK
Leeds
Rotronic - Vaisala UK
Turkish State Meteorological Service Turkey
EarthTemp Network UK/ INT
METEOMET \ GRUAN |Q_International Surface Temperatures Initiative INT
“Metrology for Meteorology GCOS-GRUAN INT
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1st training course on metrology for meteorology
2013 — March — 20 Torino
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8 TV Broadcast
18 Internet articles
15 Newspaper articles

25 Journal articles published
95 conference papers presented
15 university lectures and seminars

* WMO CIMO Training Workshop on Metrology November 21-25, 2011
*4th GRUAN Implementation Meeting (ICM-4), March 5- 9, 2012 - Tokyo
*Meteo services workshop Satellite Euramet TC-T. Istanbul 22 April 2012
*WMO-CIMO-TECO Conference Brussels 16-18 October 2012
*5th GRUAN (ICM-5), 25 Feb — 2 Mar, 2012, De Bilt
*12th EuroMeteo Society (EMS) & 9th Euro-Conf on App. Climatology (ECAC)
*1st annual EarthTemp Network meeting, June 2012
. *Joint “Ocean” and “MeteoMet” meeting, Braunshweig, January 23 2013
InTernaﬂonaI *Round table on AWS comparison, March 21 2013
Even‘l's *MeteoMet presented at EURAMET TC-T meeting, Praha, April 2013
*European Geosciences Union, General Assembly 2013, Vienna 07 — 12 April 2013
*MeteoMet presented at EURAMET General Assembly, Iceland, 27 May 2013
*MeteoMet at ICAM 2013 - International Conference on Alpine Meteorology, June 7, 2013,
Kranjska Gora, Slovenia
*Tempmeko 2013, Madeira — October 13-19 2013
*MMC2014 Metrology for Metoeorology and Climate — Sept. 2014 — Brdo - Slovenia
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EURAMET Impact Prize 2013 EURMMETNEWSLETTE | 2013 | ves
EURAMET

European Association of National Metrology Institutes

“... the MeteoMet project has achieved
significant impact with the science
undertaken within it, but also in bringing
two scientific communities together to

Andrea Merlone wins
collaborate on problems that have far oo

reaC h i n g i m p I i C ati O n S fo r u S al I LI i Andrea Merlone, JRP-Coordinator of EMRP Joint Research Project “Metrology

for pressure, temperature, humidity and airspeed in the atmosphere” (MeteoMet)
and senior researcher at INRIM (Instituto Nazionale di Ricerca Metrologica, Italy)
is the winner of the EURAMET Impact Prize 2013.

Metrology and meteorology are two words that are easily confused.

One concerns the science of measurement and the other the study of the
atmosphere.The MeteoMet project is now bringing these two disciplines
together in order to provide better measurements of temperature, pressure,
humidity and airspeed, which are vital for our understanding of the Earth's

Andrea values the significance the
award has for him and the whole project:
“This prize has a deep meaning that even
surpasses the great happiness of receiving
it. It is the sign of having made it in a new

could be devoted to dimate

with temperature being a key quantity
involved in the global warming, We

started to establish new collaborations
between metrology and meteorology,

The EURAMET Impact Prize has been awarded only
twice, to the individual who has demonstrated the
best impact from a Joint Research Project among the
130 funded during the five years of the EMRP
programme. Nomination and selection is carried out
by the EMRP Committee and the Research Council.
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MMC 2014

METROLOGY FOR METEOROLOGY AND CLIMATE

- Traceability and uncertainty.

- Ground based systems. Temperature, humidity and pressure sensors. Wind speed and direction, solar radiation.
Quantities of influence and mutual influences. Sensors dynamics.

- Upper air measurements. Aircraft-based measurements.

- Ocean research: metrological traceability to the SI system for the measurement of the key variables salinity, pH,
composition and dissolved oxygen content of sea water.

- Water: water vapour, liquid water, ice, hygrometry, soil moisture. Rain and snow gauges. Permafrost temperature
measurements: instruments, procedures and calibrations.

- Assessment of the historical temperature measurement data with respect to uncertainties on instruments used.
- Thermal and chemical metrology for environment.
- Instruments and measurements capabilities, calibration procedures, best practice and regulations.
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METEOMET

2

Metrology for Essential Climate Variables

Metrnlogy for Meteorology

Start: 2014 October 1
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Domain GCOS Essential Climate Variables |

Air temperaturdl Wind speed and direction,

Precipitation Urface radiation budget.

Atmospheric . : : : .

(over land, sea Upper e _Ind Speed . and .dlreCtIO d
propertes, ta aaration budget (including sola aararice).

Surfac

and ice)
Composition: Carbon dioxide, Methane, and other long-lived greenhouse gases[3],
Ozone and Aerosol, supported by their precursors[4].
SurfacejSea-surface temperature, fSea-surface salinity, Sea level, Sea state,
ice, Surface current, Ocean colour, Carbon dioxide partial pressure, Ocean
. acidity, Phytoplankton.
Oceanic

Sub-surface: Salinity, Current, Nutrients, Carbon dioxide partial

pressure, Ocean acidity, Oxygen, Tracers.

e cscrgios Matanse Garowate o Fonon covelfetacers and e oo

Terrestrial Ice sheets, Land cover (including vegetation type), Fraction o
absorbed photosynthetically active radiation (FAPAR), Leaf area index (LAl), Above-
ground biomass, Soil carbon, Fire disturbance, Soil moisture.
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MeteoMet2 Is based on three technical WPs

AIR

WATER

LAND
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Task 1.1: Improving the representativeness of radiosonde calibrations to actual measurement
conditions (MIKES, INRiM)

The aim of this task is to develop facilities to calibrate radiosondes under atmospheric conditions including reduced
pressure and low temperature. A numerical simulation based analysis tool developed by MIKES in the MeteoMet
project will be exploited in designing measurement chambers applicable in operation under reduced pressure and
low temperature. A thermodynamic-based humidity generator able to work at sub-atmospheric pressures will be
developed. The generated water vapour mole fraction will cover the range from approx. 0.03 mol/mol to 1.5 10-6
mol/mol.

The calculated water vapour mixing ratio will cover the range from 1 g/kg to 0.001 g/kg. Both the frost-point temperature and the pressure will
be independently controlled. This calibration facility will operate at constant pressure, from 200 hPa up to 1000 hPa (corresponding to
altitude from about 13 km to ground, respectively). Upper air reference instruments can then be calibrated with respect to the frost point
temperature at several sub-atmospheric pressures. The system will be designed to operate at constant frost-point temperature and linearly-
variable total pressure (e.g., with a sawtooth pressure signal) and, consequently, variable mixing ratio to simulate the pressure profile
expected during a humidity sensor ascent or descent. The facilities will be validated by means of thorough uncertainty analysis and an
interlaboratory comparison.

Description of activities:

*MIKES will develop further the radiosonde calibration facility developed in ENVO7 MeteoMet project to cover the actual pressure range of
radiosondes during the ascent flight (i.e. down to 10 hPa abs.) in the temperature range down to -80 ° C and dew/frost point temperature
range down to -90 ° C. (MIKES) (D1.1.1, D1.1.2)

*INRiM will develop a complementary calibration facility for airborne upper air reference instruments to cover the pressure range from 1000
hPa to 200 hPa and the dew/frost point temperature range from -20 ° Cto -95° C, respectively. (INRiM) (D1.1.3, D1.1.4)

*The development includes collaboration between MIKES and INRiM in designing the chamber system for the calibration facility and in
evaluating the facilities with agreed test procedures (MIKES, INRiM) (D1.1.5)

*MIKES and INRiM will compare the facilities over the whole pressure and dew/frost point temperature ranges with suitable transfer standard
instruments (e.g., spectrometer-based trace moisture analyser or low-pressure chilled mirror dew-point hygrometer). (INRiM, MIKES) (D1.1.6)
MIKES and INRiIM will apply the developed calibration procedures to radiosondes provided by Vaisala and to compare the ensuing
calibration results obtained with both facilities. (MIKES, INRiM) (D1.1.7)

Major facilities to be used: MIKES radiosonde calibration facility, trace-moisture analyzers and dew-point hygrometers of MIKES and INRiM

GRUAN ICM7 Matera 2015 Andrea Merlone



Task 1.4: Metrology for fast changing quantities in upper air (NPL, CETIAT, CNAM)

The aim of this task is to provide metrological support for measurements of fast-changing ECVs (temperature, water vapour), where
the response time of conventional sensors may be too slow to correctly follow rapid transients being measured. The work aims to
extending the characterization of sensors beyond the basic information known when sensors are calibrated in constant conditions.
This respond to the needs expressed by WMO to identify for radiosondes what is the sensor time constant and what is the lower
bound of the sensors sensitivity. Temperature time lag of the sensor relative to the temperature is considered a possible significant
source of systematic error.

Background for microwave hygrometers

Microwave technology is able to provide very high sensitivity to the water concentration in a gas, especially when the water fraction is at the level of some parts
per million, but also at higher water vapour concentrations (around 105 ppmyv). According to the recent tests carried out in the ENV0O7 MeteoMet project, still in
progress, microwave hygrometers are expected to deliver measurement accuracies better than 1 ppmv and very long-term traceability to the Sl.

Size has been considerably reduced in MeteoMet, from a system of three 500 cm3 quasi-spherical resonators, to a system of three 65 cm3 quasi-spheres, but
further reductions are possible, in order to make microwave hygrometers very suitable instruments for balloon-borne measurements.

Description of activities:

*NPL will develop a reference instrument for measurement of rapid transients of temperature and humidity in free space, building on earlier work (ENVO7
MeteoMet project) on free-space combined measurement of temperature and humidity. Based on its existing range (approximately -40° Cto +40° C, 10 ppm to
1% water vapour, at a range or pressures) the instrument will be adapted for best speed of response, for use as a reference measurement, and demonstration
measurements will be made in its established temperature range. A report will be provided. INRiM will further develop the facility of Task 1.1 to independently
control the frost-point temperature (-20 ° Cto -95° C) and system pressure (from 1000 hPa to 200 hPa) with a dedicated PID pressure control to simulate true
atmospheric profiles and radiosonde ascent/descent rates of several metres per second or, equivalently, tens of Pa/s. (NPL, INRiM) (D1.4.1)

*CNAM will pursue the development of the new generation of hygrometers based on microwave resonators, in order to improve the design of the first prototypes
developed in the ENV0O7 MeteoMet project and to overcome the shortcomings of the present design, currently appearing in the ongoing characterization. The
objective is to deliver an instrument appropriate for atmospheric humidity measurements and metrological well-characterized. Activities will focus on the
following items:

*Response time reduction: thermalization of inlet air at resonator temperature induces response times of few minutes. Thermal analysis and modelling aiming at
reducing response time below one minute will be undertaken.(D1.4.2)

*Turbulent flow analysis: turbulent flow inside the resonator may appear at low air pressure. Effects of turbulent air flow on humidity measurements will be
analysed, and possible removal solutions will be studied and implemented, if necessary. (D1.4.3)

Size reduction, realization and characterization: prototypes developed in ENVO7 MeteoMet project consist of three quasi-spherical resonators, each with 65 cm3
of inner volume. New resonators will be realized in this JRP, with further reduced inner volume of around 30 cm3. They will implement the solutions found to
reduce response time and to remove turbulent flow at low pressure. (CNAM, CETIAT), (D1.4.4)

*CNAM and CETIAT will carry out response-time measurements of microwave hygrometers developed by CNAM, using the facility for fast humidity transient
anaIyS|s realized by CETIAT in Task 3.4 and workmg in the extended range (typically from -50 ° C up to +10 ° Cin frost point temperature and from -20° C up to

.U)
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Euramet NEWS
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c” é,
2014

EURAMET starts the new
Task Group on Environment
Kick off meeting in Brdo!
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TG-ENV Members

Andrea Merlone (convenor) - INRIM (ltaly)

Annarita Baldan - VSL (The Netherlands)

Ryszard Broda Polatom (Poland)

Richard Brown NPL (United Kingdom)

Ragne Emardson SP (Sweden)

Carmen Garcia Izquierdo CEM (Spain)

Eric Georgin LNE (France)

Julian Groebner PMOD/WRC (Switzerland)

Volker Ebert (replaces Bernd Guttler) PTB (Germany)
Roger Atkinson (replaces Bertrand Calpini - President)

Maria Luisa Rastello (EURAMET BoD)
Invited:

Janko Drnovsek (EURAMET vice person)
Martin Rides

Thermodynamics

Chemistry
lonizing radiation
Chemistry
Remote sensing
Thermometry
Humidity
Radiometry
Spectroscopy
CIMO/WMO

INRIM (Italy)

UL-LMK (Slovenia)
NPL (United Kingdom)
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TG-ENV 2014 and 2015 Activities

NMis nominate their representatives in TG-

January - July. Meetings with TCs | >

ENV. A selection made based on expertise

15 — 17 September 2014. MMC Workshop | > TG-ENV kickoff meeting
MMC 201
C 2014

* Revised ToR

* Start preparation of the
EURAMET Scientific Research Agenda on
Environmental Grand Challenge

U

21 January 2015. TG ENV meeting at WMO in Geneve | >

SRA finalised and sent to
EURAMET
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Euramet Strategic
Research Agenda:
Environment
Grand Challenge

» Approved by BoD on Feb 2015
» External consultation of the SRA
within the next few months

Greater consideration to
Interdisciplinary and
Multidisciplinary joint projects.

2.2.2 Environmental Grand Challenge

KEY CHALLENGES

The Euwrgpe=an Unian {EU} have stated that “Envirenmental guality is considered central o health and wel-being.”, and have intraduced laws "... to ensure the

ful use of natural resources, to ironmantal impaet af production and consumption ..” Furtharmors, the EU strives for “... tighter

anvirsnmaental standards and for affective action against cimate changa” L

The key =nviranmental challenges facing Eurape have wery significant casts assaciated with them. To address these challenges, “tha EU has agroed that ar least
20% of its €550bn budger for tha 2014-2020 pericd should be spant on climote change-related oction.” Furthermare, there will be significant costs for adaptation
actions to alleviate the =ffects of climate change <. As highlighted by an EC impact ass =ssmant? “The m um cost of not adopting to climate change is estimated
to range from €100bn o yeor in 2020 to €250bn in 2050 forthe Bl as g whale®” The EU's & ral Union Enviranment Action Programme to 2020 Living weall,
within tho limits of sur planat’ states: “In 2011, disastors portly duc to climare chaonge resulted in global aconomic losses of over €300kbn.

Many of the challenges that Europe faces in onder to promote innowvation and ensure sustainable growth in the future are dependent on addressing

environmental grand challenges, specificslly in the areas of climate change [= 7. Directive 2003/87/EC7], and emironmentsl sustainability and pollution [= 5.

]

7/ECS, 2008/50/ECT

Directives 200

1 v60/ec®, 2010,/75/6U% and 2002/29,/EC10. Furthermare, there are intarnational pratocsls and treaties to which

the Mamber States in Eurape are party. 25 Geneva Convention an Long-range Transhoundary Air F.:Iluti:nn', Kyato Pr.:t.:c.:llz, ‘Ria —2']'15_. and Minamata

Convention an M:l\cnryuthzt demand and drive intzrnational collaboration on 2nvironme ntal metralogy.

“To prevent the most severe impacts of climate change, the international
community has agreed that global warming should be kept below 2 °C compared
to the temperature in pre-industrial times. ">

“Preventing dangerous climate change is a strategic priority for the European
Union.”

“Reining in climate change carries a cost, but doing nothing would be far more
expensive in the long run.***

It i essential that European {and global] policies on reducing anthropogenic =ffects on climate and implementing appropriate adaptation
measures ta chmate changs ne=d to be based upon sound science and wvalid climate change predictions. A& holistic view, based on
comparable data, encompassing the atmosphere, oceans and land as well as solar and terrestrial radiation is essential for reliable climate
change modeliing.

“'Uncertainties about the extent of future climate change' and "unclear
responsibilities" were both seen as barriers by a large number of countries [to taking
action to adapt to climate change]. ™=

Understanding and predicting climate change necessitates climate manitoring. Reliable climate predictions require quality models, traczable data and uncertainty
budgets. Clzarly, metrology has a critical rale to play in manitoring, understanding and predicting climate change.

“This means not only to understand climate change but also to establish on the best
possible scientific foundation the climate information services expected by decision
makers,” 7
EU palicy an =nvironmental poliutizn and =nviranmental sustainability, as illustrated by the General Unian Environment Action Programme to 2020 ‘Living wall,

X lznar >~ has targets on various aspects of pallution; far example:
® achisving good =nvironmental status {GE5) of EU marine waters by 2020 15,20 21,
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Joint programming of metrology research %UBA\“ﬂET

* coordination of national metrology research programmes
(EMRP with those of 22 member states)

* jointly agreed strategic research agenda
* implemented by EURAMET e.V.
* highly integrated

New Environment calls planned for
2016 and 2019

EMFy( A18s/

proposed: 600 M£, l/omlu 7 call cycles >

EMRP A169/185
63 M€, 1/3 from EU, 1 call 400 M€, 1/2 from EU, 5 calls

iIMERA-plus ‘ MeteoMet2

S~
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 206 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

/ FP7 Horizon 2020

MeteoMet
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*to address metrology experience and activities in support of the arctic research
to present the expertise of metrology Institutes and universities, for the science in the arctic
to plan a joint effort towards the creation of a permanent metrology structure for arctic research

EURAMET}

N METEOMET) @g&%m

Metrology for Meteorology
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Meteorological
Organization

CIMO-TECO

an occasion to reciprocally increase knowledge and understanding

METROLOGY FOR METEOROLOGY AND CLIMATE

Among the suggested topics:

- Ocean research. Metrological traceability to the Sl system for the measurement of the key variables:
salinity, pH, composition and dissolved oxygen content of sea water.
- Chemical metrology for environment and climate.

- Instruments and measurements capabilities, calibration procedures, best practice and regulations.

A selection of papers will be submitted to a special issue of Meteorological Application
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BIPM NEWS
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Metrology

il

-BIPM

Bureau International
des Poids et Mesures

Sevres - France

METEOMET) GRUAN ICM7 Matera 2015 Andrea Merlone


http://en.wikipedia.org/w/index.php?title=File:Metric_seal.svg&page=1

251 Maztng of M2
ooT = 51

RECOMMENDATION T 3 (2010)
On climate and meteorological observations measurements

The Consultative Committze for Thermometrw (CCT),

considering thar
*  clobal averags temperature racords are essantial in undarstanding how the climate is
changing;
*  the conseguences of thess changes have deepimpacts ondifferant aspects ofsocial, political
and economic life;
*  thensad exists to improve the quality ofdata collaction by as suring worldwride traceability
in measurements involvad in climate studies and meteorolosical obsarvations, as exprassad
b climate-data users and during the racent WHQ-BIFM joint workshop on “heasuremant
g=s for Global Obssrvation Svstams for Climate Changs Monitorng: Tracsability,
r and Uncertainty " (Geneva March 2010);
®  the signing of the MEA by WAO will lead to closer liaisonand cocoperation with the
thermal metrology commumity;
* raszarch andcoordinated analysis is raquirad to build upa worldwids nabwod: supplying
traczablz baszline data sats_needadto develop mor= sccumste modals for climats changs;

racommsnds
®  tp ancourage MMIs and the seisntific commmunity, aspacially tamparatns matrologists, to ba
preparad to facenew parspectives, neads, projects andactivitias related to the traceahbility,
quality assurance, calibration procedures and definitions for those quantities involvedin the

climate studiss and meteorolosical obsarvations;

* o supporta strong cooparation betwean NLIs and hatzerolo gical Institntions at local, O

national and intemational lewvels;

* o encourage MMIs to work with the relevant meteorological networks to supporta e e I n g
monitoring framawork fortraceabls climats dats over long temporal terms and widsspatial
scalzs bassd om bast practicametrolosy;

*  to consider the most effective means by which CCs invelvedin climate and snvironmental
activitias shouldcoopamta in ordar to astablish a commonrasponsa to the stated neads of
the meteorological commmmnity; and

® o encourags UCs to alert their relevant working groups to the measurement, calibmtionand

quality sssurance needs of theclimate changs and monitoring commumitiss. N eW TaS k G ro u p O n M etr() I O g y
for Environment
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WMO-OMM

Dr W. Zhang

Director, Observing and Information Systems
Department

7 bis, avenue de la Paix

Case Postale 2300

CH- 1211 Genéve 2

Suisse

Sévres, 14 November 2014

Dear Dr Zhang,

| have the pleasure to accept your kind invitation, for representatives of the Consultative Committee
for Thermometry (CCT) of the CIFM, to participate in a number of WMO CIMO Expert Teams where
collaboration would be pertinent, perfectly in line with the signature made by the WMO of the CIPM
MRA in 2010. For this purpose, | have identified five expert teams where CCT participation could be
of mutual henefit. These are listed in the enclosed annex, as well as the contact details of the
persons that | have nominated, respectively.

The CCT, under the auspices of the CIPM, has recently formed a Task Group on Environment —
particularly dedicated to issues related to thermometry and humidity — to notably identify where our
particular expertise in metrology and associated technologies may best contribute to progress within
climatology and environmental issues. The group has zlso the task to promote a coherent and
comprehensive approach on thermal metrology for environment. It would be of great value if one
representative of the WMO CIMO may participate in this group. For this reason | kindly invite you to
nominate a member to take part.

1 am looking forward to a constructive collaboration.

With my best regards,

| ~—p D e

Dr Yuning Duan
President of the Consultative Committee for Thermometry
Member of the International Committee for Weights and Measures [CIPM)

BIPM

Andrea Merlone

—

(INRiM)
Michaeld de Podesta (NPL)
Carmen Garcia lzquierdo (CEM)
Michael de Podesta

(NPL)

Christian Monte (PTB)

BIPM
CCT TG ENV

WMO

on Al Expert Team on
Operational In Situ Technologies

on A.2 Expert Team on
Developments in Situ Technologies

on A.3 Expert Team on
Instrument Intercomparisons

on C.1 Expert Team on
Operational Metrology

on A.5 Task Team on
Radiation References

WMO

Drago Grosely
ARSO WMO RIC6

GRUAN
Peter Thorne
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Towards a Joint group from
BIPM CCT — ISTI - GRUAN —
WMO CIMO & CCI

for temperature uncertainty evaluation

Components derived from the control
thermometer

Components derived from the
measurement system

Components derived from
the calibrated thermometer

deviation of t,, results

u(SJ[W_dev)
scattering of t,, value

U(Stscat)
uncertainty of reference PRT
according to its Calibration certificate
U(Stw_std)
drift of reference PRT
U (Bt grie)
uncertainty of reference resistance
bridge according to its Calibration
certificate

U(Stb.std)
drift of reference resistance bridge

u(Sty grie)

* temperature stability

u (Ststab)

» temperature distribution in the

horizontal plane of the air/climatic
chamber

u(&gradH)

» temperature distribution in the

vertical plane of the air/climatic
chamber

u (Stgradv)

* radiation effect (only in the

climatic chamber)
U(Strad)

 deviation of t,
e results

U(Stx_dev)
resolution
u(61:xresol)
* repeatability
U(threp)
* hysteresis
U(Btypnist)

GRUAN ICM7 Matera 2015

Andrea Merlone



Towards a Joint group from
BIPM CCT — ISTI - GRUAN —
WMO CIMO & CCI
for temperature uncertainty evaluation

eIntroduction

Why we need to define the “reference grade” surface ground based temperature record
Target uncertainty for temperature values needed for climatology

eState of the art. Data from meteorology.

Old data, modern data.

Instrument used

eHow to measure temperature

Thermometers, shields, speed of fan

Quantities of influence: instruments, amount of influence -> requested uncertainty
eSolar radiation

eHumidity

eWind speed

eAlbedo and Thermal inversion

*Rain — Snow

Calibration methods and calibration uncertainty achievable with SoOA modern procedures.
Air temperature calibration: an open issue

eTowards a reference grade ground based stations network

Data comparability. Siting problems. Representativeness

Instruments characteristics requirements to last in the years.

Conclusions and plans
GRUAN ICM7 Matera 2015 Andrea Merlone



GUM News
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Revision of the JCGM
Guide to the expression of
uncertainty in
measurement

Walter Bich
INRIM — Istituto nazionale di ricerca metrologica

Torino (Italia)
JCGM-WG1
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e« 1977-79 BIPM guestionnaire on uncertainties

e 1981 Establishment of WG3 on uncertainties under 1SO
TAG4: BIPM, I1EC, IFCC, 1S0O, IUPAC, IUPAP, OIML

o First publication in 1993

e Reprint in 1995 with some corrections

e« JCGM 100:2008 (free of charge) GUM 1995 with minor
modifications

e Until now, a large number of documents based on the
GUM has been written. The GUM has been translated into
many languages

e In addition, the GUM has been adopted as a standard, In
some cases as a law, in many countries

GRUAN ICM7 Matera 2015 Andrea Merlone



The GUM Is ambiguous

The definition of uncertainty in the GUM is
parameter, associated with the result of a measurement, that characterizes the

dispersion of the values that could reasonably be attributed to the measurand

This is an intrinsically Bayesian view of uncertainty — uncertainty
concerns the measurand

The definition contrasts with the way in which uncertainty is obtained,
essentially frequentist — uncertainty concerns the measurand estimate,

and is itself uncertain
 Not a few quantities of practical importance are such that the current
practice U = ku (with typically k = 2) is inappropriate

A paradox: estimate components to evaluate the total.

GRUAN ICM7 Matera 2015 Andrea Merlone



e The GUM and its Supplements are now
Inconsistent
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How to revise the GUM?

o Main purpose: to make it consistent with its Supplements

e« Secondary purposes:
 to make it consistent as much as possible with VIM3
 to broaden its applicability to “new” needs
e to minimize notational and terminological ambiguities
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Changes

In the revised GUM there will be mostly generic guidance on the
construction of coverage intervals

Distribution-free coverage intervals, based on Chebyshev or
Gauss inequalities, will be given

Expanded uncertainty de-emphasized
Greater consideration to non-symmetric coverage intervals
Greater consideration to multi-variable problems

Classification into Type A and Type B evaluations loses its
scientific basis, but will be kept (de-emphasized) due to non
scientific considerations
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» MeteoMet news
» EUramet news
« BIPM news

« New GUM
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Keep on working together!
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If your experiment needs statistics,

you ought to perform a better
experiment.

(Lord Rutherford)

GRUAN ICM7 Matera 2015 Andrea Merlone



	Foliennummer 1
	Overview
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	3.2.2 Long term investigations on various solar radiation shields in different parts of Europe
	Foliennummer 9
	Arctic metrology 2014
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Euramet NEWS
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Euramet Strategic Research Agenda: Environment Grand Challenge
	Foliennummer 34
	Foliennummer 35
	Foliennummer 36
	BIPM NEWS
	Foliennummer 38
	Foliennummer 39
	Foliennummer 40
	Foliennummer 41
	Towards a Joint group from �BIPM CCT – ISTI - GRUAN – �WMO CIMO & CCl�for temperature uncertainty evaluation
	GUM News
	Foliennummer 44
	Foliennummer 45
	The GUM is ambiguous
	Foliennummer 47
	How to revise the GUM?
	Changes
	Foliennummer 50
	Foliennummer 51
	Foliennummer 52

