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Metrology and Meteorology: just two letters separating two similar and frequently confused words. Andrea Merlone, Chiara Musacchio and Walter Bich tell us about these different disciplines and ways in which they collaborate.
The World Meteorological Organization and the International Committee for Weights and Measures were created in the same period when humanity began to understand the importance and value of a common and global view on natural phenomena together with the way we observe and measure them. Founded in 1873, the International Meteorological Organization — today known as the World Metrological Organization (WMO) — facilitates the exchange of weather information across national borders. Two years later, the signature of the Metre Convention established the International Bureau of Weights and Measures (BIPM).
The two communities went on their separate ways for more than a century. Only in 2010 did representatives of the WMO and BIPM meet physically in Geneva to sign a mutual recognition arrangement. One month later, a specific working group on environmental metrology was formed within the Consultative Committee for Temperature of the International Committee for Weights and Measures. As its first task, the group prepared a recommendation encouraging national metrology institutes to directly collaborate with meteorological agencies and climate communities — both on a national and an international level. 
This motivated a global scientific effort from the metrology community in terms of joint activities and research projects to support ocean science, remote-sensing Earth observations, monitoring the status of the cryosphere, air and water quality to name a few. 
One of the larger initiatives was the project “MeteoMet – Metrology for Meteorology” [1,2], funded by the regional metrology organization of Europe. Its aim was to bring together different partners in a common effort to improve data quality, identify open issues in measurement methods, understand uncertainties and establish traceability. MeteoMet inspired research projects ranging from deep-sea measurements to Mount Everest research, from South America to the Arctic. 
Metrologists also join and support WMO Committees and expert teams, for example on the recent case of record temperatures measured in Kuwait and Pakistan [3]. In summer 2016, the WMO received a communication from Kuwait about a temperature of 54 °C recorded at the meteorological station in Mitribah. If validated, this was to become the highest temperature value ever recorded in Asia. A committee including — for the first time — a metrologist was set to work.
To check the validity of the thermometer’s response at 54 °C, the metrologist and other members of the team proposed to calibrate and test the sensor, from which ensued a discussion that was eventually settled in 2017 when another potential extreme temperature value was measured in Turbat, Pakistan — also at 54 °C. Incredibly, this was the same value as had been reported in Kuwait! It became clear that a metrological investigation of the sensors, including the quantities of influence and uncertainty evaluation, were key requirements to determine where and when the highest temperature ever in Asia was recorded. 
Both thermometers (pictured) were analysed at the Italian Institute of Metrology, finding that — with an uncertainty of 0.08 °C — the highest temperature ever recorded in Asia and also corresponding to the third highest value ever measured globally was 53.87 °C in Kuwait. The temperature measured in Pakistan was “only” 53.72 °C. Due to the evident value of a robust metrological analysis, the calibration has now become a standard procedure and it was used recently to confirm the highest European temperature ever recorded of 48.8 °C on 11 August 2021 in Sicily.
Also at low temperatures, metrology is here to stay in climatology. In 2014 a laboratory took up its work calibrating instruments and improving analysis of uncertainties to support environmental observations in Ny-Ålesund, the northernmost inhabited village, which hosts arctic research stations of eleven nations [4]. 
Another effort is related to a calibration tent in the Alps, which is equipped with high-quality thermal baths, resistance bridges and temperature standards. It can operate up to altitudes of 3000 m for the onsite calibration of permafrost temperature sensors at the level of few millikelvin [5]. This will help to improve our understanding of the vertical degradation ratio of underground ice melting, residual of ancient glaciers, with uncertainties of some centimeters per year. 
Besides such technical innovations, metrologists also contribute by improving documentation and sharing best practices, from operational manuals, guidelines and normative in a variety of applications through the definition of climate reference standards to the traceability for novel technologies. 
But also metrologists tread new paths as they are now requested to get out of their labs and do some field work. Once, a technician asked us while extracting a marine thermometer completely covered in mussels from the sea whether we also had a solution for this. “No”, we replied, “but we can work together for evaluating the mussel associated component of uncertainty in ocean temperature trends”.
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