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WMO Laboratory Intercomparison of Rain Intensity Gauges:

Procedures for data analysis and processing and presentation of the results
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1. Summary

The present document describes the procedures to be adopted for data analysis and processing and the presentation of results within the WMO Laboratory Intercomparison of Rain Intensity Gauges performed at the three laboratories of Meteo France, University of Genoa – DIAM, and KNMI.

Common procedure are established so that the outcome of the calibration exercise performed at any laboratory can be easily exchanged, compared and complemented with each other.

2. Objectives

The three laboratories involved in the WMO Intercomparison of Rain Intensity Gauges will be evaluating the performances of 19 rain gauges, with usually 2 instruments of the same type. All instruments will be calibrated in each laboratory. That means that about 6 models will be calibrated in each laboratory during a period of about 2 months and then the instruments will be shifted from one laboratory to another one, for a new period of 2 months and so forth until all instruments have been calibrated in all laboratories.

In order to ensure that all data produced and the related processing and interpretation are homogeneous and easily understood by the involved staff, independently on the actual laboratory that delivered the information, it was decided at the initial joint ET-IOC meeting that a common procedure must be established for data analysis and processing, as well as for the presentation of results and the sharing of the information among the laboratories involved.

The aim of the present document is therefore that of providing a common and agreed framework that will make the assessment of the calibration output and the interpretation of the results easier, unbiased and objective. 

3. Preliminary check of instruments and ancillary information

Upon delivery each laboratory will take care of proper temporary storage of the instruments, and will confirm to the PL the final delivery of all instruments.

As a first check the correspondence with the proposed plan of initial distribution of the instruments among the three laboratories will be assessed, and the same check will be performed at the beginning of the second and third phases, after instruments have been circulated.

The initial distribution of the instruments is recalled in the following for easier reference.

INSTRUMENTS SENT TO THE SITE OF GENOVA (DIAM - ITALY) :

	COUNTRY AND MANUFACTURER
	MODEL TYPE
	PRINCIPLE
	Number of instruments

	ITALY  - SIAP
	UM7525
	TIPPING BUCKET
	2

	ITALY – CAE
	PMB2
	TIPPING BUCKET
	2

	ITALY – ETG
	R102
	TIPPING BUCKET
	2

	CZECH REPUBLIC – METEOSERVIS
	MR3H
	TIPPING BUCKET
	2

	CZECH REPUBLIC – METEOSERVIS
	MRW500
	WEIGHTING
	2

	SLOVAKIA – MPS SYSTEM
	TRWS
	WEIGHTING
	2


INSTRUMENTS SENT TO THE SITE OF TRAPPES  (METEO-FRANCE, FRANCE) :

	COUNTRY OF MANUFACTURER
	MODEL TYPE
	PRINCIPLE
	Number of instruments

	SWITZERLAND – LAMBRECHT 
	1518 H3
	TIPPING BUCKET
	2

	UNITED KINGDOM – CASELLA
	100000E
	TIPPING BUCKET
	2

	INDIA – INDIA MET DEPT
	TBRG
	TIPPING BUCKET
	2

	AUSTRIA – PAAR
	AP23
	TIPPING BUCKET
	1

	USA – DESIGN ANALYSIS ASSOC
	H340 – SDI
	TIPPING BUCKET
	1

	FRANCE – SEROSI
	SEROSI
	MEASURE BY CONDUCTIVITY
	2

	GERMANY – OTT HYDROMETRY
	OTT
	WEIGHTING
	2


1

INSTRUMENTS SENT TO THE SITE OF DE BILT (KNMI, THE NETHERLANDS) :

	COUNTRY OF MANUFACTURER
	MODEL TYPE
	PRINCIPLE
	Number of instruments

	JAPAN – YOKOGAWA DENSHI KIKI
	WMB01
	TIPPING BUCKET
	2

	AUSTRALIA – MC VAN Instruments
	RIMCO 7499
	TIPPING BUCKET
	2

	AUSTRALIA – Hydrological Serv
	TB-3
	TIPPING BUCKET
	2

	CANADA – AXYS environmental syst
	ALLUVION 100
	MEASURE OF WATER LEVEL
	2

	FINLAND - VAISALA
	VRG101
	WEIGHTING
	?

	NORWAY - GEONOR
	T-200B
	WEIGHTING
	2


Per each of the involved instruments the following preliminary verifications are performed:

· That the instrument type and model are the one accepted for the intercomparison (see previous Table);

· That two instruments of the same type are provided;

· That all the required pieces of instrumentation are provided, including data acquisition hardware and software;

· Whether or not the instruments comply with the construction standards suggested by WMO.

The above information will be reported on a proper form that will follow the instruments during the whole intercomparison.

4. Number of calibration tests and duration

Per each of the instruments involved in the intercomparison, each laboratory will perform five calibration tests according to the different apparatus used and to the experience of the Site Managers.

The number of tests performed per each of the instruments, their description and duration (in terms of time units and/or number of tippings, ecc.) shall be noted and reported.

In particular, in case the instrument analysed should perform any software post-processing of the measure, this shall be reported.

5. Environmental conditions during calibration

For each calibration the following parameters shall be noted and recorded:

· date and hour (start/end);

· air temperature [°C];

· water temperature [°C];

· atmospheric pressure [hPa];

· ambient humidity [%];

· any special condition that may be relevant for the single calibration (e.g. vibrations).

6. Data analysis and processing

The calibration will be different according to the type of instrument analysed, namely its measuring principle. In the following a description is given per categories.

Tipping Bucket

The calibration test consists in providing the gauge with a constant water flow, generated by some suitable device, by calculating the average intensity from the measure of the total amount of water actually provided within a given period of time and by comparing this amount with the average intensity measured by the instrument in the same period. 

The duration of the test and the mass measurement are controlling factors for determining the accuracy of the calibration. Therefore, mass and duration used for each test must be chosen so that the uncertainty of the reference intensity is less than 1%, taking also into account the resolution of the instrument4. These masses and durations will be noted and reported, together with the number of tips involved in each test.

Each calibration will be performed at least at seven reference flow rates. However, since the higher rainfall intensities are of utmost importance for the intercomparison, the whole range of operation declared by the manufacturer will also be investigated. In particular:

· Seven reference intensities are fixed at 2, 20, 50, 90, 130, 170, 200 mm/h;

· If the maximum declared intensity is less or equal to 500 mm/h, further reference intensities are determined at 300 and 500 mm/h.

· Otherwise, three further reference intensities are determined within the remaining range of operation of the instruments by dividing it logarithmically from 200 mm/h up to the maximum declared intensity.

Since actually some of the instruments might show serious problems at the higher intensities (or due to any specific reason) the number of calibration points can be increased at the judgement of the Site Managers.

If water storage occurs for an intensity below the maximum declared intensity, the intensity at which water storage begins shall be reported and intensities above this limit shall not be taken into account.

The reference intensity will be obtained within the following limits:

· 1.5 – 4  mm/h 

at 2 mm/h

· 15 – 25 mm/h

at 20 mm/h

and within a limit of ( 10% at higher intensities.


Weighting

In addition to measurements based on costant flow rates, the step response of each instrument will be checked based on the devices developed by each laboratory. 

The step response of the weighing gauges will be measured by switching between two different constant flows, namely from 0 mm/h to 200 mm/h and back to 0 mm/h. The constant flow will be applied until the output signal of the weighing raingauge is stabilized. The time resolution of the measurement should be higher than 1 minute, e.g. 10 seconds, and the possible delay will be evaluated by determining the first time interval when the measure is stabilised, within a maximum period of 10 minutes.

Attention shall be paid in particular to assess the effects of vibrations and to reduce them in order that their impact on the measurement is less than 1%.

Other measuring principles

In addition to measurements based on costant flow rates, the step response of each instrument will be tested based on the devices developed by each laboratory. Full description of the method and instruments adopted shall be provided by every Site Manager.

Attention shall be paid in particular to assess the effects of the folowing potential error sources:

· conductivity measure 

· time between the water falls in the gauge and the level is adapted

· water level not stabilized

· water retention in the funnel and in the pipes
· the moment when drain happens in case of large RI 

· a too short duration of measure for rain accumulation calculated

7. Presentation of the results

The results will be presented in the form of an average error curve to be derived as follows:

· The error is evaluated per each reference flow rate as:
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where Im is the intensity measured by the instrument and Ir the actual reference intensity provided to the instrument;

· Five calibration tests will be performed per each set of reference intensities, so that five error curves are associated with each instrument;

· An average error curve is obtained by discarding the minimum and maximum error value obtained per each reference flow rate, then evaluating the arithmetic mean of the three remaining error and reference values, and finally fitting these average values within the range of reference intensities with a second order polynomial as below, over the whole range of operation of the instrument:
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with a, b and c suitable numeric coefficients;

· In this curve the reference flow rates used for fitting the average curve are the average values of the 3 reference intensity values.

· Per each reference intensity in the average curve, an “error bar” encompassing all the five values used for calculation of the mean values will be reported on the same graph.

· Also, analogous “error bars” will be reported on the x axis so as to encompass the actual values of the reference flow rates used in the various tests.

In presenting the results of the calibration and the numerical values of any coefficient or quantity evaluated during the test, three significant digits will be used in the range 0-100 and four digits otherwise.

All data and graphical processing of the test results will be provided in Microsoft Excel.

8. Concluding remarks

For each shift of the instruments from one laboratory to another, the delivering laboratory will provide a summary of the problems encountered with the instruments leaving and how they were solved. In addition to this document, each SM should support the laboratory where the instruments he has just calibrated are shifted. This would enable a better sharing of the knowledge.

Instruments moving from one laboratory to another will be accompanied by the results of the calibration already performed over the same instrument.

Prof. Ing. LUCA G. LANZA - Tel.  +39+010+3532123 - Email luca@diam.unige.it
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