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Meteomet is a EURAMET joint research 
project  

21 National Institutes of Metrology 
12 Universities 
13 Research centers 
  9 Instrument Companies 
10 Meteo agencies  

MeteoMet is the  

larger EURAMET consortium  

10 M€ Budget 

300 Deliverables 

960 Man months  

(80 years!) 
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The realization of a traceable portable calibration 
facility for hygrometers using permeation tubes for 
the in-field use as secondary standard  

Pressure measurement system  

3 pressure 
sensors 

10-2 to 105 Pa 
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•The AquaVIT 2 
intercomparison 
campaign with a highly 
stable humidity source and a 
traceable calibrated dew point 
hygrometer. 

• Posters no. 52 and 54 

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=MV6f2h3_YZ3T5M&tbnid=Sn_DNKxJvsqayM:&ved=0CAcQjRw&url=http://www.eurochamp.org/news_info/&ei=5dMSVM77F8KCOMGzgSg&bvm=bv.75097201,d.ZWU&psig=AFQjCNERkPEHt2yRc7pp2BnHgh9BTZIxHw&ust=1410606417743291
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Corso di Metrologia applicata alla Meteorologia 
 20 Marzo 2013 

Fabio Bertiglia 

Field 
measurements 

NMI 

Manufacturter 
Instr. Provider 

Accredited Lab. 
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Resonator Test mounting 

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

NPL acoustic free-space thermometer 
between -40 °C and +40 °C 

with TDLAS hygrometer 

CNAM 
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3.2.2 Long term investigations on various 
solar radiation shields in different parts of 

Europe 

Measurements at Instituto Nacional de Técnica 
Aeroespacial (INTA) in southern Europe.  

Measurements at Sveriges Tekniska 
Forskningsinstitut (SP) in northern 
Europe.     
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Arctic metrology 2014 
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EDIE    &    EDDIE 

Earth Dynamics Direct Investigation Experiment 

Earh Dynamics Investigation Experiment 
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6 June 2013 EDIE-2 
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 August 2013 the EDIE2 goes to Kathmandu first… 
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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 

A metrological approach applied 
to sustainable agricultural 
meteorology 
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Universities 

Research centers 

Private companies 

Public offices/Institutions (Meteo 
services) 

International Organizations 

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 
MétéoFrance France 
METEOMODEM France 
Istituto di Scienze dell'Atmosfera e del Clima Italy 
ARPA Lombardia Italy 
Lobard & Marozzini Italy 
Società Meteorologica Italiana Italy 
CAE Italy 
Università degli studi di Cassino Italy 
Galileo ambiente Italy 
Meteo Duomo Italy 
Climate Consulting Italy 
CERIS - CNR Italy 
Università di Torino dip. Fisica Italy 
Università di Torino dip. Scienze della Terra Italy 
Michell Italia S.r.l. Italy 
Extreme Energy Events Project  (Uni. Torino) Italy 
Environmental Agency of the republic of Slovenia  Slovenia 
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. 
Leeds 

UK 

Rotronic - Vaisala UK 
Turkish State Meteorological Service Turkey 
EarthTemp Network UK / INT 
International Surface Temperatures Initiative INT 
GCOS-GRUAN INT 

Collaborators and 
stakholders 
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1st training course on metrology for meteorology 

2013 – March – 20 Torino 
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• 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 
•Round table on AWS comparison, March 21 2013 
•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 

International 
Events 

25 Journal articles published 
95 conference papers presented 

15 university lectures and seminars 
 

8 TV Broadcast 
18 Internet articles 
15 Newspaper articles 

ISTI & GRUAN 
Teleconfs  
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EURAMET Impact  Prize 2013 

“… the MeteoMet project has achieved 
significant impact with the science 
undertaken within it, but also in bringing 
two scientific communities together to 
collaborate on problems that have far 
reaching implications for us all…” 

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. 



GRUAN ICM7 Matera 2015  Andrea Merlone 
 

- 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. 

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=EX03dAzM_O_XKM&tbnid=BYTkRi1Ifn-z9M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.gogorenjska.com%2Fattractions%2Fbrdo-pri-kranju&ei=SngUU66CIMbVtQb2uICgDg&bvm=bv.61965928,d.bGQ&psig=AFQjCNE5ypWUV0Zn0B9KyGHgS3nj4o65fg&ust=1393936796087125
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2 
Metrology for Essential Climate Variables 

Start: 2014 October 1 
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Domain GCOS Essential Climate Variables 

Atmospheric 
(over land, sea 
and ice) 

  
Surface:Air temperature, Wind speed and direction, Water vapour, Pressure, 

Precipitation, Surface radiation budget. 
  
Upper-air:   Temperature, Wind speed and direction, Water vapour, Cloud 

properties, Earth radiation budget (including solar irradiance). 
  
Composition: Carbon dioxide, Methane, and other long-lived greenhouse gases[3], 

Ozone and Aerosol, supported by their precursors[4]. 
  

Oceanic 

  
Surface:Sea-surface temperature, Sea-surface salinity, Sea level, Sea state, Sea 

ice, Surface current, Ocean colour, Carbon dioxide partial pressure, Ocean 
acidity, Phytoplankton. 

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

pressure, Ocean acidity, Oxygen, Tracers. 
  

Terrestrial 

  
River discharge, Water use, Groundwater, Lakes, Snow cover, Glaciers and ice caps, 
Ice sheets, Permafrost, Albedo, Land cover (including vegetation type), Fraction of 
absorbed photosynthetically active radiation (FAPAR), Leaf area index (LAI), Above-
ground biomass, Soil carbon, Fire disturbance, Soil moisture. 
  

http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables
http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables
http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables
http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables
http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables
http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables
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MeteoMet2 is based on three technical WPs 
 
AIR 
 
 
WATER 
 
 
LAND 
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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 ENV07 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 °C to -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 INRiM 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 

Task 1.1: Improving the representativeness of radiosonde calibrations to actual measurement 
conditions (MIKES, INRiM) 
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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 ppmv). According to the recent tests carried out in the ENV07 MeteoMet project, still in 
progress, microwave hygrometers are expected to deliver measurement accuracies better than 1 ppmv and very long-term traceability to the SI.  
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 (ENV07 
MeteoMet project) on free-space combined measurement of temperature and humidity. Based on its existing range (approximately -40 °C to +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 °C to -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 ENV07 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 ENV07 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 
analysis realized by CETIAT in Task 3.4 and working in the extended range (typically from -50 °C up to +10 °C in frost point temperature and from -20 °C up to 
+20 °C in dry temperature) [47], [48], [49]. (CNAM, CETIAT), (D1.4.5, D1.4.6) 
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Euramet NEWS 
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Maximum impact can be achieved if the 
research agendas are used to target long-term 
objectives. 
 
…to enable and stimulate related 
investments in facilities and equipment… 
 
…and pooling of metrological resources 
across national boundaries to tackle key 
societal challenges. 

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 (Italy)     Thermodynamics  
  
Annarita Baldan - VSL (The Netherlands)   Chemistry  
Ryszard Broda Polatom (Poland)     Ionizing radiation  
Richard Brown NPL (United Kingdom)    Chemistry  
Ragne Emardson SP (Sweden)     Remote sensing  
Carmen Garcia Izquierdo CEM (Spain)     Thermometry  
Eric Georgin LNE (France)     Humidity  
Julian Groebner PMOD/WRC (Switzerland)   Radiometry  
Volker Ebert  (replaces Bernd Güttler) PTB (Germany)  Spectroscopy  
Roger Atkinson (replaces Bertrand Calpini - President) CIMO/WMO  
 
Maria Luisa Rastello (EURAMET BoD)       INRiM (Italy) 
  
Invited: 
Janko Drnovsek   (EURAMET vice person)    UL-LMK  (Slovenia) 
Martin Rides                          NPL (United Kingdom) 
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TG-ENV 2014 and 2015 Activities 

 

 
15 – 17 September 2014. MMC Workshop TG-ENV kickoff meeting 

 

 

January – July.  Meetings with TCs 

 

NMIs nominate their representatives in TG-
ENV. A selection made based on expertise 

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

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. 
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EURAMET calls on 
Environment 

New Environment calls planned for 
2016 and 2019 

MeteoMet 

MeteoMet2 
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Arctic Metrology Workshop 

2015 April 22,  INRiM, Torino, Italy 

                                          

                                  

                                         

•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 



 Andrea Merlone 
 

GRUAN ICM7 Matera 2015 

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

Among the suggested topics: 
- 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. 
- Chemical metrology for environment and climate. 
- Instruments and measurements capabilities, calibration procedures, best practice and regulations. 

& 
CIMO-TECO 

an occasion to reciprocally increase knowledge and understanding  
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BIPM NEWS 
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Metrology 
 

 

Sevres - France 

http://en.wikipedia.org/w/index.php?title=File:Metric_seal.svg&page=1
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May 2014  
CCT XXVII Meeting 
 
New Task Group on Metrology 
for Environment 
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Andrea Merlone                 (INRiM)      on   A1 Expert Team on  
   Operational In Situ Technologies  
 
Michaeld de Podesta         (NPL)         on   A.2  Expert Team on  
                      Developments in Situ Technologies  
 
Carmen Garcia Izquierdo  (CEM)        on   A.3 Expert Team on 
   Instrument Intercomparisons  
 
Michael de Podesta             (NPL)          on   C.1 Expert Team on  
   Operational Metrology  
 
Christian Monte   (PTB)           on   A.5 Task Team on 
    Radiation References 

BIPM                                       WMO 

                                   WMO 

BIPM  
CCT TG ENV 

Drago Grosely 
ARSO WMO RIC6  

   GRUAN 
Peter Thorne  
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 Components derived from the control 
thermometer 

Components derived from the 
measurement system 

Components derived from 
the calibrated thermometer 

• deviation of tw results 
u(δtw_dev) 

• scattering of tw value 
u(δtscat) 

• uncertainty of reference PRT 
according to its Calibration certificate 

 u(δtw_std) 
• drift of reference PRT  

 u(δtdrift) 
• uncertainty of reference resistance 

bridge according to its Calibration 
certificate 

 u(δtb.std) 
• drift of reference resistance bridge  

u(δtb.drift) 

• temperature stability 
u(δtstab) 

• temperature distribution in the 
horizontal plane of the air/climatic 
chamber 

u(δtgradH) 
• temperature distribution in the 

vertical plane of the air/climatic 
chamber 

u(δtgradV) 
• radiation effect (only in the 

climatic chamber) 
u(δtrad) 

• deviation of tx 
• results 

u(δtx_dev) 
• resolution  

u(δtxresol) 
• repeatability 

 u(δtxrep)  
• hysteresis  

u(δtxhist) 

Towards a Joint group from  
BIPM CCT – ISTI - GRUAN –  

WMO CIMO & CCl 
for temperature uncertainty evaluation 
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•Introduction  
Why we need to define the “reference grade” surface ground based temperature record 
Target uncertainty for temperature values needed for climatology 
•State of the art. Data from meteorology. 
Old data, modern data.  
Instrument used 
•How to measure temperature 
Thermometers, shields, speed of fan 
Quantities of influence: instruments, amount of influence -> requested uncertainty 
•Solar radiation 
•Humidity 
•Wind speed 
•Albedo and Thermal inversion 
•Rain – Snow 
Calibration methods and calibration uncertainty achievable with SoA modern procedures. 
Air temperature calibration: an open issue 
•Towards a reference grade ground based stations network 
Data comparability. Siting problems. Representativeness 
Instruments characteristics requirements  to last in the years. 
Conclusions and plans 
 

Towards a Joint group from  
BIPM CCT – ISTI - GRUAN –  

WMO CIMO & CCl 
for temperature uncertainty evaluation 
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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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First publication in 1993 
 

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

• Reprint in 1995 with some corrections 
 • JCGM 100:2008 (free of charge) GUM 1995 with minor 
modifications 
 

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

• 1977-79 BIPM questionnaire on uncertainties 

• 1981 Establishment of WG3 on uncertainties under ISO 
TAG4: BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML 
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The GUM is ambiguous 

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 

The definition of uncertainty in the GUM is 

A paradox: estimate components to evaluate the total. 
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• The GUM and its Supplements are now 
inconsistent  
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How to revise the GUM? 

Main purpose: to make it consistent with its Supplements 

• Secondary purposes: 
• to make it consistent as much as possible with VIM3 
• to broaden its applicability to “new” needs 
• 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 
 
 



 Andrea Merlone 
 

GRUAN ICM7 Matera 2015 51 

Keep on working together! 
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If your experiment needs statistics, 
  
you ought to perform a better 
experiment. 

(Lord Rutherford) 
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