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Calibration and accuracy of non-catching instruments to measure
liquid/solid atmospheric precipitation
Overview
Climate studies and everyday hydrological, meteorological, and agricultural applications rely on instruments
which measure liquid/solid atmospheric precipitation, however meaningful comparison and interpretation of
data is only possible when a common ground for evaluating the measurement uncertainty is provided.
Standardisation institutes (e.g. CEN/TC 318 “Hydrometry”) as well as the meteorology community (e.g. the
WMO SPICE projects and the recommendation published in its final report) have identified specific testing and
measurement needs for non-catching instruments to measure liquid/solid atmospheric precipitation, as these
instruments have a number of advantages over more common catching-type gauges and are increasingly
being adopted in operational networks. This project will develop traceable calibration methods for non-catching
precipitation gauges that are implemented in a form that can be incorporated into CEN/ISO standards.
Need
Atmospheric precipitation affects our everyday life and impacts on natural ecosystems, transportation,
agriculture, safety, tourism, recreation, etc. Due to the important role of atmospheric precipitation, accurate
quantitative measurements of the amount of water reaching the ground, and the duration and intensity of
precipitation events are essential. Precipitation varies considerably in space and time, is intermittent and erratic
in nature, and is composed of a large number of hydrometeors, each with its own size, shape, density and fall
velocity when it hits the ground. The characteristics of the precipitation depend on the weather phenomenon
and climate at any specific location (temperature, humidity, etc.) together with the fall trajectories of individual
particles which are affected by the local conditions at a site.
Climate studies and everyday applications involving the water cycle rely on instruments which measure
atmospheric precipitation. Meaningful comparison of measurements from various regions, performed by
different networks using a variety of instruments, and the reliable interpretation of the data can only be
performed when a common ground exists for evaluating the measurement uncertainty. This is currently not
the case for liquid/solid precipitation measurements and users and/or manufacturers adopt very simple, nonstandardised, calibration methods.
Non-catching precipitation gauges, which “sense” rather than “catch” the precipitation, have a number of
advantages, including the possibility to provide information in addition to precipitation intensity (e.g. the drop
size distribution, visibility, etc.). These instruments are especially suitable for automatic weather stations due
to their lower maintenance and operating costs, and hence they are increasingly being adopted by national
meteorological services and other users. However, having no funnel (for tipping bucket gauges) or bucket
(weighing gauges) to collect the rainwater, non-catching precipitation gauges cannot be calibrated using a
reference flow rate. Instead, the actual characteristics of the rain event have to be reproduced, including the
drop size distribution, drop frequency and fall velocities. In order to support their wider use, standardised
procedures for the laboratory calibration of non-catching type gauges including the use of laboratory rainfall
generators are needed, together with an assessment of the associated calibration uncertainty and
repeatability. Non-catching precipitation gauges utilise different physical principles to determine the rainfall
characteristics, i.e. optical diffraction of a laser beam by droplets, or transforming the mechanical impact of
rain drops into an electrical signal. To estimate the uncertainty of a calibration performed for an instrument
based on a specific physical principle it is necessary to model the measurement process i.e. to determine the
‘model function’, including identifying important influence factors which might differ from one technique to
another. Comparison of calibration methods between different laboratories is a typical procedure adopted by
WMO, the Chief Stakeholder of the project. However, a recent WMO field intercomparison of rainfall intensity
gauges indicated unresolved issues with the use of non-catching precipitation gauges in real world applications
and challenges in assessing the results of scientific investigations based on such measurements. No standard
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procedure for non-catching type instruments is available, hence there is a need to compare and evaluate
calibration methods and their associated uncertainties for such sensors in different laboratories.
Under the agreement between STAIR (the joint CEN-CENELEC strategic Working Group that provides support
to integrate standardisation in research and innovation projects) and CEN, specific testing and measurement
needs for non-catching instruments to measure liquid/solid atmospheric precipitation were submitted by
CEN/TC 318 “Hydrometry” in October 2017. The need for standardisation in environmental measurements has
also been expressed by WMO Commission for Instruments and Methods of Observation (WMO/CIMO) in
documents such as the CIMO Guide nº 8, and the report of the meeting of the CIMO MG 2014.
Objectives
The project has two overarching aims, namely (i) to develop calibration methods for non-catching instruments
measuring liquid atmospheric precipitation and (ii) to understand and evaluate the uncertainty components
and influence parameters for non-catching precipitation gauges.
The specific objectives of the project are:
1. To develop traceable methods and dedicated facilities for the calibration of non-catching precipitation
instruments that are used for liquid atmospheric precipitation measurements, including defining the
optimal traceability chain, the development and characterisation of at least two different raindrop
generators, based on different working principles, and additional tests to detect the possible influence
parameters that could affect the measurement results and contribute to the determination of the
uncertainty budget.
2. To assess the model functions of the non-catching precipitation gauges, including all relevant input
and influence parameters. The calibration uncertainty should be derived from this model function
together with a probability distribution associated to each of the input parameters.
3. To validate the calibration methods and uncertainty budgets developed via an appropriate laboratory
comparison involving the test calibration of different non-catching precipitation gauges.
4. To provide a substantial metrological contribution to CEN/TC 318 (Hydrometry) /WG12 (Rainfall
Intensity) and the ISO/TC 113 (Hydrometry) committees on the development of a technical
specification or standard on precipitation measurement using non-catching type instruments, following
the identified research needs submitted by CEN/TC 318 under the STAIR-EMPIR agreement. This will
include the provision of a technical report with guidelines on recommended traceable calibration
methods to measure atmospheric liquid precipitation using non-catching instruments and
recommendations for incorporation of this information into future standards or technical specifications
at the earliest opportunity.
5. To collaborate with CEN/TC 318 and ISO/TC 113, and the relevant WMO-CIMO* (World
Meteorological Organisation-Commission for instruments and Methods of Observation) Expert Teams
and end users of the standards (e.g. national meteorological services, manufacturers of environmental
measurement instruments) to ensure that the outputs of the project are aligned with their needs and
in a form that can be incorporated into standards at the earliest opportunity.
* The Commissions for Basic Systems, for Instruments and Methods of Observations and the Global Climate
Observing System transitioned into the new Commission for Observation, Infrastructures and Information
Systems (Infrastructure Commission) following adoption of the WMO Governance Reform package by the
Eighteenth Meteorological Congress in June 2019”
Progress beyond the state of the art
Traceable methods and facilities for the calibration of non-catching liquid precipitation instruments
This project will take a fundamental step forward by introducing metrological soundness, and standardisation
into the calibration of non-catching type instruments, so that the uncertainties can be determined, and
measurements can be traceable to the SI. At least two reference “raindrop generators”, operating on different
principles and which are suitable for the calibration and testing of non-catching precipitation gauges, will be
designed and developed. The operational principles of non-catching precipitation gauges will be analysed, the
influence parameters identified, and the performance of non-catching precipitation gauges under different
operating conditions determined using the raindrop generators. Using this information, reference methods for
the calibration of non-catching precipitation gauges, both in the laboratory and in the field, will be developed.
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Model functions of non-catching precipitation gauges and input and influence parameters
Evaluation of measurement uncertainty is based on knowledge about the measurement process and the (input)
quantities which influence the measurement result. Knowledge about the input quantities is represented by
appropriate probability density functions, whereas knowledge about the measurement process is expressed
by a so-called model equation, which relates the measurand and the input quantities. The project will develop
model functions corresponding to different operating principles of non-catching precipitation gauges. The main
influence parameters will be identified, both through the collection of available field data and measurements
performed under controlled environments with the rain generator. The effects of these parameters on the
output of non-catching precipitation gauges will be interpreted in terms of uncertainty estimations.
Validation of calibration methods and uncertainty budgets
In order to validate the calibration methods for non-catching precipitation gauges and their associated
uncertainty budgets developed in the project, measurement campaigns will be undertaken both in the field, at
at least two WMO recognised field test sites in Payerne (Switzerland) and Vigna di Valle (Italy), and in the
laboratory.
Standardisation related to non-catching precipitation gauges
Guidelines on recommended procedures for the calibration of non-catching precipitation gauges, including
their testing and maintenance will be developed. A Technical Report incorporating these guidelines will be
prepared and submitted to CEN/TC 318 for consideration and adoption as a New Work Item (NWI). The current
chair of CEN/TC 318 is also involved as a member of ISO/TC 113, and the consortium will work with the
permanent representatives to ISO/TC 113 to propose that WMO/ISO TC 113 adopt the Technical Report and
also that they adopt the proposed standard as developed by CEN/TC 318. The consortium will also foster
discussion with various groups within WMO to propose that recommendations on non-catching precipitation
gauges are included in the periodic revision of the CIMO Guide on Instruments and Methods of Observation
(WMO-Nr. 8).

Results
Traceable methods and facilities for the calibration of non-catching liquid precipitation instruments
Overview report on all non-catching rain gauges commercially available. A report on the overview of existing
models and working principles of non-catching precipitation gauges together with test/calibration schemes for
different types of non-catching precipitation gauges, was completed. It contains a complete list of all typologies
of commercially available non catching precipitation instruments, with full description of all working principles,
measurement ‘processes and calibration possibilities. There’s nothing similar, at present, in literature. The
report also contains a wide bibliography on the topic, never collected before in other articles or documents.
Due to its wide and complete technical content and bibliography, the report has been adjusted in the form of a
review paper and submitted to the international open access peer reviewed journal “Meteorological
Applications”.
Prototype of raindrops generator for the calibration of non-catching rain gauges.
The construction of the generator which will be used for the actual calibration measurements started. The
setup is based on a syringe pump that injects water into a small chamber equipped with a piezo-electric
deflector (membrane). When an electric pulse is sent to the deflector a drop is ejected from a nozzle or a tube
and left falling towards the sensing area of the instrument under test. The system is able to generate sequences
of drops in a dimension range from 0.3 mm to about 3.6 mm, and new nozzles are now being tested that allow
for even larger drops, about 6 – 7 mm. It will be assembled on a dedicated structure, to raise the generator up
to some meters, in order to change the drops velocity and shape, when crossing the measuring area.
Model functions of non-catching precipitation gauges and input and influence parameters
The report on the overview of the several models of non-catching rain gauges allowed to collect preliminary
information on their working principles, including the model function. This last is based on the different physical
quantities measured (e.g. length, time, light intensity) and the measuring technique (e.g. optical, acoustic). The
transformation of the observed parameters and measurement methods, through specific electronics and
conversion formulas, contribute to the “model function”. Interaction with manufacturers are also undergoing to
acquire information on specific model functions.
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Validation of calibration methods and uncertainty budgets
The validation study is scheduled for a later stage.
Standardisation related to non-catching precipitation gauges
Thanks to the membership of partners of this project consortium in the CEN committees, the CEN TC 318 will
leave the working group on precipitation active to analyse the results of this project. This will guarantee that
the proposals for calibration procedures developed by the present project will find an appropriate committee
to transform the information into normative.
Impact
Dissemination activities include:
a) The consortium prepared a training course by UNIGE on the working principles, measurement processes,
use and calibration of different typologies of rain gauges (including non-catching ones). This training went
beyond the planned expectation, since it was held at one of the most important meteorological sites for
measurement of precipitation, linked with the WMO (see “News Stories”). This allowed the course to be
extended to practical aspects, with detailed field analysis of such kind of instruments and the way they are
compared.
b) The project web pages have been opened in the MeteoMet web site. MeteoMet site was selected to host
INCIPIT, since it attracts wider audience, due to its history and impact. It also contains links to its YouTube
channel and tweeter account. https://www.meteomet.org/incipit
c) The project and its objectives were presented during the environmental and climate session of the
international conference CIM 2019 held in Paris in September 2019, under a talk with title “INCIPIT: it started
to rain” and in other two International Conferences, 2019 United Nations Framework Convention on Climate
Change and European Geosciences Union General Assembly 2020.
d) The kick-off meeting was organised and hosted at the site of Centro Tecnico per la Meteorologia of
Aeronautica Militare Italiana, one of the WMO Lead Centre “B. Castelli” on precipitation intensity
measurement. The meeting was moreover held in conjunction with the celebration day for the recognition as
WMO centennial station for the ancient aerological station present there.
e) Three Research Mobility Grants (RMGs) have been adverted and approved. RMG1, about optimisation of
design of the rain generators is ongoing, while RMG2 on extending the investigation about the transportable
rain generator from experimental use to extended practical use and RMG3 about possible applications of noncatching rain gauges in climate reference stations are planned to start in 2021.
Impact on industrial and other user communities
The main industrial sector that will benefit is the hydro-meteorological equipment industry. The calibration
procedure and guidance developed in this project will enable manufacturers to certify the performance of
non-catching type instruments based on standard procedures. This will respond to the needs of national
meteorological services for maintenance-free instrumentation and fully automated weather stations.
Manufacturers of laboratory equipment for instrument calibration will be able to provide calibration devices for
non-catching type instruments that are compliant with a standardised procedure and possibly included in a
European standard. As a result, users of precipitation gauges, particularly national meteorological services will
be able to make decisions about the suitability and performance of equipment based on more robust and
reliable information. The related WMO Technical Commissions, where significant work is currently ongoing on
the measurement of atmospheric precipitation using both catching and non-catching instruments, will benefit
from the new knowledge and calibration procedures, particularly with regard to improving the effectiveness
and reliability of intercomparisons on the measurement of atmospheric precipitation. The project’s key results
and the new calibration procedures will be conveyed through the WMO – the Chief Stakeholder of this project
– to the Association of “Hydro-Meteorological Equipment Industry” (HMEI. Furthermore, the results will be
disseminated via the Meteorological Technology World Expo, the international exhibition of climate, weather
and hydrometeorological forecasting, measurement and analysis technologies and service providers.
Impact on the metrology and scientific communities
The inclusion of the traceability of modern precipitation devices, which is of utmost importance in climate
analysis, environmental monitoring and early warnings, will support the growing interest in metrology for
environment. The climate community, represented by the relevant WMO Technical Commissions and Standing
Committees and by the GCOS with its GSRN, will benefit from improved knowledge on data quality in
precipitation records. Data series and standard measurements, which are mainly based on temperature
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records at present, are extending the focus to other observables. Precipitation is the most important observable
after temperature, and the GSRN will design standard climate observing stations in part on the basis of the
traceability achievable and uncertainty of the instruments selected. This project’s outputs will therefore
contribute to better addressing the definition of traceability in precipitation measurements and instrumental
quality and uncertainty. The projects outputs will be disseminated and promoted to the end users, the
metrology and wider scientific community via peer-reviewed papers and presentations at key international
conferences.
Impact on relevant standards
The earliest impact on standards will be at the level of CEN/TC 318 “Hydrometry”. The project will prepare a
Technical Report on the calibration and accuracy of non-catching precipitation instruments, which will be
submitted to CEN/TC 318 – via WG12 – for adoption. A Technical Report is generally the basis for the
preparation of a new or revised standard, therefore the project will contribute draft text to CEN/TC 318 – via
WG12 – for adoption as a New Work Item (NWI). The project’s outputs will also impact on the standardisation
activities of ISO/TC 113 (Hydrometry), where the adoption of a NWI on precipitation measurements has been
recently proposed and a dedicated working group will be established soon. Under the Vienna agreement
between CEN and ISO, impact is expected in the form of a proposal to adopt both the Technical Report and
the Standard submitted to CEN. Finally, a proposal will be submitted to the WMO Editorial Board to include
recommendations about non-catching instruments in the Guide WMO-Nr. 8, following the results of this project.
This is a first step to activate accelerated adoption by ISO as per the Genève agreement in the form of an ISO
standard.
Longer-term economic, social and environmental impacts
Wider impact from the project is expected on companies operating in the fields of hydro-meteorological
warnings, water resources management, flood control, and agriculture. These companies generally provide
services based on the monitoring of hydro-meteorological variables (precipitation, flow rate, evaporation, etc.)
and the processing of the related measurements to support end users’ decisions, even in real time, about the
configuration of industrial systems including water diversions, dam overflows, weirs, hydropower turbines, etc.
Due to their intrinsic features, non-catching instruments require less maintenance, and the absence of
mechanical and moving parts makes them more stable devices for field use, impacting on the required
calibration and check intervals, and resulting in reduced maintenance costs for hydro-meteorological agencies
and users. The use of calibrated non-catching type instruments to measure liquid precipitation would improve
the management capabilities of the users, since decisions would be based on traceable measurements
obtained at a lower operational cost than the present networks of catching-type instruments.
Based on a general lack of traceability and data quality in historical observations, the Global Climate Observing
System (GCS) is preparing the creation of the GCOS Surface Reference Network (GSRN). During its first
meeting the newly formed WMO Commission for Infrastructures approved the creation of the GSRN under its
Decision 4.1.1(4)/1 (INFCOM-1), “Development of a draft implementation plan for the GCOS Surface
Reference Network”. There, “a set of high-quality long-term fiducial reference measurements of Essential
Climate Variables (ECV) is recommended to enable future generations to make rigorous assessments of future
climate change and variability. Non-catching gauges will offer more reliable data and are relatively immune to
maintenance and mechanical drifts and shocks, thus becoming a more robust candidate for long term data
series recording. The calibration procedures and guidance developed by this project are therefore expected
to benefit climate science through the GCOS and other similar initiatives, by enabling better environmental and
climate data and analysis.
Non-catching instruments are suited to operation in unmanned meteorological stations, e.g. those far from
urban settlements or in remote areas and in harsh environments. These remote stations are needed to monitor
the whole territory of hydrological basins, whose headwater area is generally located in mountainous or
impervious regions, in order to provide improved coverage and completeness of information about incoming
precipitation. More reliable early warnings would therefore make it possible to promptly inform weather
services, civil protection agencies and the general population about the risk of floods and especially flash
floods, which evolve rapidly and have a strong potential for disruption. The accuracy of such data and
information is vital for issuing effective and timely warnings, resulting in increased safety for citizens and
extended lead time for warnings, with a potential to save lives and properties in case of extreme events.
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