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	Summary and purpose of document
This document provides information on the rationale behind the development of a suitable WMO recommendation / ISO standard for liquid precipitation intensity measurements. The advantages of moving from the instrument standardization concept to the standardization of the instruments’ performance are highlighted. Existing national standards in this direction (Italy, UK) are recalled and commented, as well as the current status of the activities of CEN TC318 on the subject. A proposal for the ET to develop a draft recommendation is provided.




Action proposed
The Meeting is invited to adopt the development of a proposal for a WMO recommendation on the standard performance of rain intensity gauges and related classification criteria to be submitted to the next CIMO session, and eventually considered as a potential ISO standard in the framework of the existing WMO/ISO agreement.
________________
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Background
1. The attention paid to accuracy and reliability in rainfall measurements is currently increasing, following the increased popularity of scientific and practical issues related to the assessment of possible climatic trends, the mitigation of natural disasters (e.g. storms and floods), the hindering of desertification, etc. A reliable quantitative knowledge of the liquid atmospheric precipitation at a specific site on the territory, or over more or less extended regions (catchment basins), is indeed fundamental to a number of investigation threads within the atmospheric and hydrological applications.
2. The accuracy of rainfall intensity measurements obtained from tipping-bucket (the most diffused) and other types of rain gauges, as well as their comparative performance, is a topical issue in hydrology and meteorology. The importance of surface measurements of precipitation has been stated e.g. by Michaelides (2009): “measurements at the ground have been proved indispensable, despite advances in several areas of remotely sensing of precipitation. Ground truth seems to be inseparable from any study on precipitation. A better understanding of the behaviour of precipitation on the ground with direct measurements can lead to more effective estimations by using other methodologies”.

3. Errors in measurements from traditional and recently developed rain gauges are reported by various authors, together with suitable proposed methods for either “a posteriori” correction of the measured figures or calibration of the gauges. This notwithstanding, the effects of inaccurate rainfall data on the information derived from rain records is not much documented in the literature. By investigating the propagation of measurement errors into the most common statistics of rainfall extremes it was found that systematic mechanical errors of tipping-bucket rain gauges may lead to biases, e.g. in the assessment of the return period T (or the related non-exceedance probability) of short-duration/high intensity events, quantified as 100% for T = 100 years.

4. Standard limits have been proposed for the admissible errors of rainfall measurements obtained from tipping-bucket and other types of gauges to be used as a reference accuracy for operational rain gauge networks to comply with quality assurance systems in meteorological observations.

5. The focus on precipitation amount is however the major characteristics for most of the available literature reference studies, and reflects the fact that the total accumulated rainfall over periods of time from 3 to 6 hours has been the traditional way to account for the precipitation variable up to very recent times in meteorology. Following the increased need to investigate rapidly evolving events at the local to regional scale, with potential tremendous impact at the ground and e.g. civil protection consequences, much consideration has been recently given to rainfall intensity as a new variable.

6. Precipitation intensity is defined (WMO, 1992) as the amount of precipitation collected per unit time interval. According to this definition, precipitation intensity data can be derived from the measurement of precipitation amount using an ordinary precipitation gauge. In that sense, precipitation intensity is a secondary parameter, derived from the primary parameter precipitation amount. However, precipitation intensity can also be measured directly. For instance, using a gauge and measuring the flow of the captured water, or the increase of collected water as a function of time. A number of measurement techniques for the determination of the amount of precipitation are based on these direct intensity measurements by integrating the measured intensity over a certain time interval.

7. It is worth noting that the time scales required for calculation of rain intensity at the ground are now much shorter than in traditional applications. The design and management of urban drainage systems, flash flood forecasting and mitigation, transport safety measures, and in general most of the applications where rainfall data are sought in real-time, call for enhanced resolution in time (and space) of such information, even down to the scale of one minute in many cases.

8. The WMO recognised these emerging needs and promoted a first Expert Meeting on rainfall intensity in 2001 in Bratislava (Slovakia), a location where great part of the activities developed within WMO about atmospheric precipitation had been held in previous years.

9. The meeting was really fruitful and the outcome recommendations are publicly available on the WMO web site. Further to the definition of rainfall intensity and the related reference accuracy and resolution, the convened experts suggested to organise an international intercomparison of rainfall intensity measurement instruments, to be held first in the laboratory and then in the field.

10. The history of instruments intercomparison in the case of rainfall measurements dates back significantly in the last centuries. Previous international rain gauges intercomparison efforts were focused on accumulated amounts of precipitation, low intensity rainfall (snow) and sometimes only on qualitative RI information (light, moderate, heavy). The analyses therein performed did not focus in particular on quantitative values of RI and no intercomparison of a large number of RI measuring instruments had yet been conducted first in the laboratory and then in field conditions.
11. The latest international intercomparison effort had the objective to assess and compare counting and catching errors of both catching and non-catching type of rain intensity gauges. One Laboratory Intercomparison was first held at the recognised laboratories of Météo France, KNMI (The Netherlands), and the University of Genoa (Italy) – the project  leader – and was concluded in 2005: results are available on the WMO Web site (see ref. 4). The developed procedure for laboratory calibration of catching type RI gauges and the reference instruments to be used for Field RI Intercomparison initiatives have become recommendations of CIMO XIV.
12. Thorough analysis of counting and catching errors of both catching and non-catching types of rain gauges was possible for the first time over a wide variety of measuring principles and instrument design solutions based on the work performed during the follow-up WMO Field Intercomparison of Rainfall Intensity Gauges (Vigna di Valle, Rome, 2007-2009). The campaign is held at the Centre of Meteorological Experimentations (ReSMA) of the Italian Meteorological Service. A group of 30 previously selected rain gauges based on different measuring principles were involved in the Intercomparison. Installation of the instruments in the field was preceded by the laboratory calibration of all submitted catching-type rain gauges at the University of Genoa. Additional meteorological sensors (ancillary information) and the observations and measurements performed by the Global Climate Observing System/Global Atmosphere Watch (GCOS/GAW) meteorological station of Vigna di Valle were analysed as metadata. 
13. All catching-type gauges were tested after installation using a portable calibration device specifically developed at the University of Genoa, simulating an ordinary calibration inspection in the field.
14. Comparison of several rain gauges demonstrated the possibility to evaluate the performance of RI gauges at one-minute resolution in time, as recommended by CIMO. Results indicated that synchronised tipping-bucket rain gauges (TBR), using internal correction algorithms, and weighing gauges (WG) with improved dynamic stability and short step response are the most accurate gauges for one-minute RI measurements, since providing the lowest measurement uncertainty with respect to the assumed working reference
Steps towards international standard in rainfall measurements
1. On completion of the most recent RI gauges intercomparisons organized by the WMO, it has been recommended that RI measurements should be covered by International Standards. These standards should be based on the knowledge obtained from those latest WMO intercomparison and other current research and good practice. The adoption of such an approach will assist rainfall data collection practitioners to obtain homogeneous and compatible data sets. The procedure adopted for performing calibration tests in the laboratory should become a standard method to be used for assessing the instruments’ performance. Acceptance tests could be based on the adopted laboratory procedures. A classification of instrument performance should also be developed to help users in selecting the most appropriate instrument for their applications.
2. Recommendations from the latest intercomparison initiatives include the following:
a) the WMO procedure, or similar, adopted for performing calibration tests in the laboratory, should become a standard method to be used for assessing the instruments’ performance;
b) a classification of instrument performance should be developed, possibly based on the results of laboratory tests and on user application requirements;
c) field calibration procedures used, or similar to those, for the WMO field intercomparison of the catching type gauges should be adopted as a standard procedure for operational assessment of instrument’s performance in the field;
d) necessary steps should also be made towards common WMO – international standard(s).
3. Moreover a specific traceability of RI measurements should be defined in order to relate to stated references, usually national or international standards, through an unbroken chain of comparisons all having stated uncertainties. In this context, CIMO recommended procedures adopted for both the WMO Laboratory and Field Intercomparisons of Rainfall Intensity gauges, and the designation of the WMO Lead Centre should be exploited in order to establish the requirements for international (or primary) RI standards. This would also guarantee the international traceability of RI measurements, through periodical calibrations or inter-comparisons of rain gauges against measurement standards or travelling standards.
4. Efforts have been initiated at both the national (Italy, UK) and international (CEN) scale to achieve the goal of providing basic standards for rainfall intensity measurements. The Italian national standard, published as UNI 11452-2012 “Hydrometry – Measurements of Rainfall Intensity (liquid precipitation): Metrological requirements and test methods for catching type gauges”, was the first example of a standard which defines the required measurement accuracy of rainfall intensity gauges by providing a classification of instruments in three classes based on the maximum permissible error. Procedures for testing catching type instruments in the laboratory under controlled conditions are also defined. In UK, the national standard BS 7843-3:2012 “Acquisition and management of meteorological precipitation from a gauge network”, indicates calibration methods to be applied and makes reference to the recently published CEN/TR 16469:2012 (see below) for details of both laboratory and field tests. A classification is introduced only on Tipping Bucket gauges.
5. At CEN, under TC 318 “Hydrometry”, WG12 on Rainfall Intensity, the recently published CEN/TR 16469:2012 “Hydrometry - Measurement of the rainfall intensity (liquid precipitation): requirements, calibration methods and field measurements”, describes recent findings in rainfall intensity (RI) measurements and related accuracy aspects, following the results and outcomes of the most recent international RI gauges intercomparison organized by the WMO. The technical report also provides informative documentation (in annexes) containing methods for laboratory calibrations, field tests and reference field measurements. Based on the technical report a new item called ”Hydrometry - Measurement of rainfall intensity (liquid precipitation) - Metrological requirements and test methods for catching type rain gauges” was recently adopted by the CEN TC318.
6. Besides the above initiatives, the revision of the only existing international standard about precipitation measurement instruments has been recently revised within CEN TC318 and a new version, largely based on the experience gained in the course of the WMO Field Intercomparison of Rain Intensity Gauges, is now published. This standard addresses the construction and characteristics of the so-called “pit gauge”, the field reference adopted for comparison of liquid precipitation gauges, and is available as the EN 13798:2010 “Hydrometry - Specification For a Reference Raingauge Pit”.
New concepts behind standardization in rainfall measurements
1. The most important innovation of the recently developed standards is that of defining standardization criteria based on the achievable RI measurement performance (accuracy) rather than on the instrument measuring principle or gauge design/technical solutions. 
2. This approach, introduced as a specific contribution of the Lead Centre since the start-up of both the Italian UNI and CEN TC318 standardization efforts, allowed to overcome the main difficulties experienced hitherto in trying to converge towards a commonly agreed “standard rain gauge”. This was recognised to be not only impossible to achieve in practice but also reductive and a technical limitation against the mess of newly developed instruments being continuously introduced on the market (see TECO-METEOREX 2012).
3. The achievable RI measurement performance can be assessed both in the laboratory and in the field, as demonstrated by the recent WMO Intercomparisons. However, to accomplish the above described needs and to ensure full traceability of the calibration chain, the instruments’ performance obtained in controlled laboratory conditions appears to be the most suited to support standardization.
4. A standard classification of rain gauges performance is also proposed. This classification is based on the results of laboratory tests and on user application requirements. The different classes of instruments would help users in selecting the proper instrument for their applications. Different classes may also apply to different ranges of rainfall intensity. In particular, the required accuracy performance of an RI gauge for assigning a specific class should be determined according to the measurement uncertainty in constant flow conditions and to the time constant in step input conditions. Applying specific criteria to accuracy performance results should determine the instruments classification and the consequent user application.
Conclusions
1. Based on the ongoing standardization activities reported in the present document, time seems ripe for the development of a WMO recommendation on the accuracy of rain intensity measurement instruments and the classification of such gauges based on standardized laboratory tests, to be submitted by the Expert Team to the next CIMO session for approval.
2. The new recommendation would assist a global scale harmonization in the field of rainfall intensity measurement. This would lead to more accurate measurements of liquid precipitation (in particular rainfall intensity) and also assist rainfall data collection practitioners to obtain homogeneous and compatible data sets from hydro-meteorological networks. In this sense, harmonization with relevant WMO technical documentation is envisaged as well. 
3. The WMO recommendation should be eventually considered as a proposal to become an ISO standard in the framework of the existing WMO/ISO agreement.
4. Liaison with the WMO Commission on Hydrology, Open Panel of CHy Experts (OPACHE) number 1 - Quality Management Framework - Hydrology (QMF-Hydrology) should be activated to develop common efforts towards standardization of rain intensity gauges, given the strong impact of such measurements on hydrologic applications.
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