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Metrology for Climate.  

Why?  

Contribution in evaluating  

measurement uncertainties 

(Full documented traceability) 

Dedicated  

calibration 

 procedures  

 

Reference grade data  -  Comparability 
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User 
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Accredited Lab. 
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measurement 
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Uncertainty 
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BIPM is located in Sevres 
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Did you know?... 

 

New SI in 2018.  
 

Now based on fundamental constants. 

 

 

Last values submission to CODATA: 01 July 2017 

 

Adoption of new SI: CGPM 2018 

 

Practical change in the defined standards: 20 May 2020 
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•the ground state hyperfine splitting frequency of the caesium 133 atom 

 (133Cs)hfs 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 h is exactly 6.626 06X x 10–34 joule second, 

 

•the elementary charge e is exactly 1.602 17X x 10–19 coulomb, 

 

•the Boltzmann constant kB is exactly 1.380 6X x 10–23 joule per kelvin, 

 

•the Avogadro constant NA is exactly 6.022 14X x 1023 reciprocal mole, 

 

•the luminous efficacy Kcd of monochromatic radiation of frequency 540 x 1012 

Hz is exactly 683 lumen per watt, 

 

The (new) SI will be the system of units in which: 
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New definition of the kelvin. 

 

The kelvin, symbol K, is the SI unit of thermodynamic temperature; its 

magnitude is set by fixing the numerical value of the Boltzmann 

constant to be equal to exactly 1.380 65X × 10-23 when it is expressed in 

the SI base unit s-2 m2 kg K-1, which is equal to J K-1.  

  
Thus one has the exact relation k = 1.380 65X × 10-23 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 × 10-23 J.  
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But no worries… 

 

ITS-90 will remain for years (decades…). 
 

 

 

 

And temperature will still be measured and expressed in kelvin (K) or 

degrees Celsius (°C). 
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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 

BIPM  

CCT TG ENV 

Drago Grosely 

ARSO 
  

 GRUAN 

Peter Thorne  

WMO RIC6  

WMO Commission of Instruments and Methods of Observation 
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On February 2015 Andrea Merlone 

(INRiM) is nominated member of the 

OPACE1 of WMO Commission for 

Climatology 

 

WMO Commission for Climatology 
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On 1st June 2017, BIPM launches the Working Group Environment of the CCT.  
 

 

Most of the nations participating in the work of CCT Joined the new working group. 
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BIPM, EURAMET AND METEOMET 

INITIATIVES 
 

Andrea Merlone  
 
 
 
 
 

EURAMET TG Environment chair 
BIPM – CCT TG Environment chair 

MeteoMet coordinator 
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Meteorology 
 

Metrology 
 

 
European 

 

Meteorological Society 

European 

 

Association of National 

Institutes of Metrology 

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiq6-G26orPAhUEOhQKHbp6CjoQjRwIBw&url=http%3A%2F%2Fwww.kippzonen.com%2FEvent%2F168%2FEMS-Annual-Meeting-2015&psig=AFQjCNGUeS8AugK_d7hTgsrjd994gtVW5g&ust=1473804118662812
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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 



 Andrea 

Merlone 

Training in Metrology – GRUAN ICM9 – Helsinki 2017 17 

Convenor 

Andrea Merlone 

INRiM 

Annarita Baldan 

VSL 

Carmen Garcia I. 

CEM 

EURAMET TG ENV Members 

Ryszard Broda 

Polatom 

Bernd Güttler 

PTB 
Volker Ebert 

PTB 

Richard Brown 

NPL 

Ragne Emardson 

SP 

Eric Georgin 

LNE - CETIAT 

Julian Groebner 

PMOD - WRC 

Bertrand Calpini 

WMO – CIMO 

(MeteoSwiss) 

Roger Atkinson 

WMO - CIMO 
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EURAMET TG ENV 

 

Main task: contribution 

to the Strategic 

Research Agenda 
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In spring 2016 EURAMET publishes 

the first impact report about the 

joint research project and activities 

started with the EMRP call of 2010. 
 

EMRP projects’: 

www.euramet.org/emrp-industry-

environment-2010 

 

and 

www.euramet.org/emrp-energy-

environment-2013 

 

Case studies 

www.euramet.org/metrology-for-societys-

challenges/metrology-for-

environment/impact-casestudies- 

emrp-environment-theme/ 
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2011 October 1.  
MeteoMet Joint Research Project official start date! 
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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  

11 M€ Budget 

300 Deliverables 

960 Man months  

(80 years!) 

 

 

2011 -> 2017 
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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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The Working Group on the GCOS Reference 

Upper Air Network (GRUAN) was established in 

recognition of the importance of initiating 

reference-quality observations of atmospheric 

column properties, in particular temperature and 

water vapor, pressure, from the surface into the 

stratosphere to enhance the monitoring and 

understanding of climate variability and change. 

A long lasting cooperation is being established 

aiming at fully define uncertainty components and 

calibration procedures. 
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 Mission “Arctic Metrology”  2014 and 2017 

 MeteoMet & GRUAN 
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DTM5080 Pt100 A 

analog Pt100 C DTM5080 Pt100 B 

DIGIQUARTZ 6000 pressure meter  

Calibration Range 

Temperature   -30 °C to 10 °C 

Pressure        95 kPa to 105 kPa 

Inside of  EDIE 1  

sensors under calibration and reference standard 
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Uncertainty contribution PT100 A PT100 B PT100 C 

Temperature reference 0.011 °C 0.011 °C 0.011 °C 

Chamber uniformity 0.006 °C 0.009 °C 0.019 °C 

Sensor under calibration 0.007 °C 0.008 °C 0.014 °C 

Calibration curve 0.026 °C 0.017 °C 0.018 °C 

Standard Uncertainty 0.029 °C 0.022 °C 0.026 °C 

Expanded Uncertainty 

(k=2) 
0.058 °C 0.044 °C 0.052 °C 

2)()( cTbTaTTTTTTc 

2),( eTdPTcTbPaPTPPc 

Uncertainty contribution 

Pressure reference 0.3 Pa 

Chamber uniformity 2.5 Pa 

Sensor under calibration 0.3 Pa 

Calibration curve 26 Pa 

Standard Uncertainty 26 Pa 

Expanded Uncertainty 

(k=2) 
52 Pa 

Calibration curves 
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Metrology lab 
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https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLeOueyAgcgCFQVyFAod-1kAog&url=https://it.wikipedia.org/wiki/Universit%C3%A0_degli_Studi_di_Genova&psig=AFQjCNH7up8p6lPmvbkGAOP5OhEd1shNYg&ust=1442680235016751
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMmNzYiBgcgCFYRYFAodIFgJ9Q&url=http://www.snipview.com/q/Seconda_Universit%C3%A0_degli_Studi_di_Napoli&psig=AFQjCNHWqJ_BHx7pxsJWMEqsUdonCO8rVg&ust=1442680299114032
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May 2017 metrology campaign 
 

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. 
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 Arctic Metrology Workshops series 

1st Torino April 2015 

2nd Oslo May 2016 

3rd Ny-Ålesund 2017 
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•Break out session @ Arctic Circle 2015  
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26-30 September 2016 

 Spain  (Madrid) 
 

& 

CIMO-TECO 

ENVRIPlus Meeting 

Soil Moisture Workshop 

MeteoMet2 plenary meeting BIPM 
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Laboratory and transportable 
calibration kits for temperature,  
pressure, humidity. 

Full traceability to SI 
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 Atmospheric air temperature 

measurements:  

 

can we evaluate a complete uncertainty 

budget?   
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A thermometer measures the temperature of the air. 
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A thermometer measures the temperature of the air. ? 
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A thermometer measures the temperature of the air. ? ? 
A (contact) thermometer 

gives an indication of its heat 

equilibrium at that time in that 

place under those conditions. 
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This equilibrium is influenced by: 

• Convection heat exchange 

• Gas (wind) speed 

• 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) 
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− Probe is not adiabatic 
• Radiation exchange with surrounding 
• Convection between the probe and air 
• 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 
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A (contact) thermometer is calibrated in (as close as 

possible) adiabatic conditions. 
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A (contact) thermometer is calibrated in (as close as 

possible) adiabatic conditions. 

 
But then a thermometer for 

atmospheric air temperature 

measurement is used in non-adiabatic 

conditions 

Traceability 
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ITS 90 
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ITS 90 

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjh0qv1i67UAhWKCBoKHScPDPsQjRwIBw&url=http%3A%2F%2Fwww.kambicmetrology.com%2Fcalibration-baths&psig=AFQjCNEpnczkiUqf7XJedPybC9nS4ZD9jA&ust=1497005933933623
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ITS 90 

Liquid    

Liquid    

Liquid    

Air   
Air   
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The calibration uncertinty  

 

is NOT 

  

the measurement uncertainty. 
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A (contact) thermometer is calibrated in (as close as 

possible) adiabatic conditions. 

 
But then a thermometer for 

atmospheric air temperature 

measurement is used in non-adiabatic 

conditions 

Traceability 
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An example: the albedo effect on air T values 



 Andrea 

Merlone 

Training in Metrology – GRUAN ICM9 – Helsinki 2017 

Measurement campaign and site maintenance 

•Albedo 
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Preliminary results 

-1
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Temperature differences SNOW – SOIL 

T1-T2

•Albedo 
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Preliminary results 
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Manufacturer «C - c» 

(Same sensor – different shield) 
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Manufacturer «E -m» 

•Albedo 
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Influence of rain on thermometers (DTI) 

When rain starts, air temperature decreases.  

Drops of rain are colder than the air. 

Convection, then conduction cause extra cooling (errors) 
in temperature measurements. 



 Andrea 

Merlone 

Training in Metrology – GRUAN ICM9 – Helsinki 2017 

Weather station without active ventilation 
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• Cooling effect is highly dependent on temperature difference between air 
and water 

 

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

 

• Latency in the sensors can be significant 
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REPRODUCIBILITY AFTER 

MECHANICAL SHOCK 

t = 0,35 oC 

t = 0,11 oC 

Thermistors probe 107  

            introducion                        thermal shock                     mechanical shock                         

cocnlusion 
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2017 - CCT TG ENV starts the preparation of a review 

paper on the uncertainties in air T measurements. 
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The VIM defines metrological traceability as 

  

property 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. 

  

Perfect for laboratory calibration,  

 

  but you meteorologists, are you happy with this definition? 

Open issue on VIM definition of traceability 
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Hence, the definition could be revised as follows: 

  

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. 

2017 - CCT TG ENV discussion on a proposal  

to improve the VIM definition of “traceability” 
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 Atmospheric air temperature 

measurements: can we evaluate a 

complete uncertainty budget?   
 
 
 
 

 

 If yes, it will take 10…15 years of 

applied metrology. 
 
 
 
 

 

Keep on working together! 
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Keep on working together! 
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WWW.METEOMET.ORG 
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WWW.METEOMET.ORG 



 Andrea 

Merlone 

Training in Metrology – GRUAN ICM9 – Helsinki 2017 



 Andrea 

Merlone 

Training in Metrology – GRUAN ICM9 – Helsinki 2017 



 Andrea 

Merlone 

Training in Metrology – GRUAN ICM9 – Helsinki 2017 



 Andrea 

Merlone 

Training in Metrology – GRUAN ICM9 – Helsinki 2017 

PRIMARY STANDARD, 

standard that is designated or widely acknowledged as having the highest metrological 

qualities and 

whose value is accepted without reference to other standards of the same quantity. 

6.6. REFERENCE STANDARD, 

standard, generally having the highest metrological quality available at a given location 

or in a given 

organization, from which measurements made there are derived. 

6.7. WORKING STANDARD, 

standard that is used routinely to calibrate or check material measures, measuring 

instruments or 

reference materials. 

NOTES: 

1 A working standard is usually calibrated against a reference standard. 

2 A working standard used routinely to ensure that measurements are being carried 

out correctly is 

called a check standard. 
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Procedure and protocol for interlaboratory comparison 
in the field of temperature, humidity and pressure 
 
The intercomparison is now running as a WMO-CIMO 
action. Start date April 2016. First loop (of 3) ended 
August 2016. 
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