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ABSTRACT

The WMO Field Intercomparison of Rainfall Intens{il) Gauges started on Octobef, 2007 at
Vigna di Valle (Italy). Those catching type instrems, out of the 30 selected rain gauges based on
various measuring principles, and the four rainggsuselected as reference instruments to be
installed in a pit, were preliminarily calibrated the laboratory before their final installationtlas
Field Intercomparison site. The recognized WMO tabmry at the University of Genoa was
involved in this task, using the same standardstestopted for the previously held WMO
Laboratory Intercomparison of Rl gauges. Furthetstavere performed to investigate the one-
minute performances of the involved instrumentse Tdbjectives of this initial phase of the
Intercomparison were to single out the countingrsriassociated with each instrument, so as to
allow identifying the residual catching errors diwethe operation of the instrument in the field
during the second phase. Results and commentseopréiminary laboratory calibration exercise
are reported in this paper together with their iogilons for the analysis of the outcome of the
Intercomparison in the Field. The paper also dbssrithe verification of the instruments as
installed in the field (at the test site) usinguéable field calibration device specifically deoped

at the University of Genoa. All gauges of the catghtype were tested using this portable
calibration device after installation, simulating @dinary calibration inspection in the field.
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| ntroduction

The first WMO Field Intercomparison of Rl gaugessvetarted in October 2007 in Vigna di Valle,
Rome (ltaly). A total number of 29 instruments hdezn accepted in this Field Intercomparison,
including catching and non-catching types of insteats. Installation of the instruments in the field
was preceded by the laboratory calibration of albrsitted catching type rain gauges at the
University of Genoa.

The need for a WMO Intercomparison of Rainfall irsity (RI) gauges goes back to the two Expert
Meetings on Rainfall Intensity Measurements respelst held in Bratislava, Slovak Republic, 23-
25 April 2001 and in Geneva, Switzerland, 5-9 Delsem2005 [1][2]: the former was mainly
focused on the calibration of rain gauges and #rel aspects of Rl measurements (I phase); the
latter gave priority especially to the objectiveadathe operational aspects of the Field
Intercomparison, allowing both the catchment and-catchment types of rain gauges to take part
in the Field Intercomparison (Il phase).

Before the meeting in Bratislava, there was a gdrack of knowledge, practise, standardization
and recommendation with respect to Rl measureméitgshe end of the meeting a standard
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definition of Rl was adopted as the amount of poka&iion collected per unit time interval
expressed in millimetres per hour. The range ofsmeaments, the required uncertainties and the
output averaging time were also defined. In pal&iGuan uncertainty of 5% in the range 2-2000
mm/h and an output averaging time of 1 minute wemmmended, so we generally refer to RI
[mm/h] on 1 minute averaging time interval [4].hias been recognised by users that IMIN-RI is
particular suitable for hydro-meteorological wagsninterfacing hydrological and meteorological
models, flood forecasting, disaster prevention amtigation, urban hydrology and engineering
design.

Previous international intercomparison efforts dbin gauges were focused on accumulated
amounts of precipitation, low intensity rainfalinsv) and sometimes only on qualitative RI
information (light, moderate, heavy). The analydesein performed did not focus in particular on
guantitative values of Rl and no intercomparisoradarge number of RI measuring instruments
had yet been conducted first in the laboratory #meh in field conditions. It was therefore
considered as the first and necessary step to i@agan intercomparison of such instruments first in
the laboratory then in the field [4] [5]. In ternmd accuracy, the Laboratory and Field RI
Intercomparison will together contribute to a qutative evaluation of counting errors (systematic -
“ability to sense”) and catching errors (weathdated, wetting, splashing, evaporation - “ability t
collect”) of RI rain gauges. This specific aspedtl wllow further definition of the general
principles of measurement accuracy to be applid@l imeasurements [4].

The Laboratory Intercomparison started in 2004 amd concluded in 2005. An international
standardized procedure for laboratory calibratibreaichment type RI gauges and the reference
instruments to be used for Field RI Intercomparigutiatives have become recommendations of
the fourteenth session of the Commission for Imsémots and Methods of Observation (WMO-
CIMO) [3]. It should be noted that a few RI rainfaitensity gauges were properly modified by
manufacturers or NMHS (National Meteo-Hydrologi&arvices) after the results of the first phase
(the Laboratory Intercomparison) and before takjpeyt into the field Intercomparison, by
improving their performance in terms of accuracyd aaccording to the above-mentioned
international recommendations.

An additional laboratory phase was therefore deensegssary within the presently ongoing Field
Intercomparison, as a preliminary step to assessattual counting performances of the gauges.
Obviously this phase was limited at the catchingetinstruments selected, and was duly performed
before the installation of the gauges in the fi€lthe spare part instruments provided by the
manufacturers have been tested as well, so thaatieeready to replace their companion instrument
in case of any malfunction. This paper anticipatgghetic results from this preliminary laboratory
phase, therefore describing the counting performsuad the participating catching type gauges as
obtained under constant flow rates in controlledditons.

Procedurefor thelaboratory calibration

The main objective of the laboratory phase waseidopm tests on the participating catching-type
rain gauges according to the procedures developedgithe WMO Laboratory Intercomparison of
RI Gauges and to assess the accuracy performamsceloiauges with respect to WMO limits prior
to their installation in the field [4]. The samdibeation methodology was here adopted, based on
the generation of a constant water flow from aahlé@ hydraulic device within the range of
operational use declared by the instrument's mawurfer. The water is conveyed to the funnel of
the instrument under test in order to simulate rsstant rainfall intensity. The flow is measured by
weighing the water over a given period of time. Dagput of the instrument under test is measured
at regular periods of time or when a pulse occline two measurements are compared in order to
assess the difference between the actual flow eém@onveyed through the instrument and the
“rain intensity” measured by the instrument itsdlhe relative difference between each measured
and actual “rain intensity” figure is assumed as thlative error of the instrument for the given
reference flow rate.



This methodology provided a basis for the develamnoé a standardized procedure for generating
consistent and repeatable precipitation flow rédegpossible adoption as a laboratory standard for
calibration of catching type rainfall intensity gms. At the laboratory of the Department of
Environmental Engineering of the University of Geapin particular, an automatic device was
designed and realised as a prototype. The devareed Qualification Module for Rl Measurement
instruments (QM-RIM), is based on the principlegeherating controlled water flows at a constant
rate from the bottom orifice of a container whdre water level is varied using a cylindrical bellow
and the water level and the orifice diameter anetroled by software in order to generate the

desired flow rate.

Fig. 1. The Qualification Module for Rain IntensMeasurement Instruments developed at the
University of Genova.

The QM-RIM calibration procedure is based on theatdlity of the system to produce a constant
water flow. This flow is provided to the RI gaugeder test and the duration and the total weight of
water that flows through the instrument are autocally recorded by the acquisition system. The
weight is determined using a precision balance. ifgurthe test the ensemble precision
balance/weighing tank is protected by a plastiocstre which also supports the RI gauges under
calibration. The duration of the tests and the masmsurement are controlling factors for
determining the uncertainty of the test. Therefarass and duration used for each test were chosen
so that the uncertainty of the reference intengiis less than 1%, taking also into account the
resolution of the instrument.

In this second laboratory calibration the testsemextended to cover the one-minute resolution
instrument behaviour rather than just focusing e dverage response under a constant reference
flow rate, thus provide better insights into theasiwement performances of such instruments. This
was also due to the fact that, during the ongomtgrcomparison in the field, the one-minute
resolution rainfall intensity are considered undeal world conditions, since this time resolution
was adopted by CIMO-XIII as a recommendation facgpitation intensity measurements — with a
maximum uncertainty of 5% — and published in tts favision of the WMO Guide to Instruments
and Methods of Observation (WMO-No. 8, 7th edition)

Nineteen catching type gauges are involved in bl Fntercomparison, out of the total number of
29 patrticipating instruments. Two individuals pecke model have been testes, with the exception
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of the four gauges that were selected as refergmsteuments, for which three individuals were
tested.

ID |Modd Nation Measuring principle

1 | 7499020BoMV2/RIMCO AUSTRALIA Tipping bucket

2 | AP23/PAAR AUSTRIA Tipping bucket

3 | R0O1 3070/PRECIS-MECANIQUE | FRANCE Tipping bucket

4 | PT 5.4032.35.008/THIES GERMANY Tipping bucket

5 |R102ETG ITALY Tipping bucket

6 | DQA031/LSI LASTEM ITALY Tipping bucket

7 | T-PLUV UM7525/I/SIAP-MICROS| ITALY Tipping bucke

8 |PM B2 CAE ITALY Tipping bucket

9 | RAIN COLLECTOR 117852 DAVIS USA Tipping bucket
10 | 15188/LAMBRECHT GERMANY Tipping bucket
11 | PPO40/MTX ITALY Tipping bucket
12 | ARG100/ENV. MEAS. Lmt. BRASIL / UK Tipping bucke
13 |[MRW500 METEOSERVIS CZECH REP. Weighing gauge
14 | VRG101/VAISALA FINLAND Weighing gauge
15 | PLUVIO/OTT GERMANY Weighing gauge
16 | T-200B / GEONOR NORVAY Weighing gauge
17 | TRWS/MPS SVOLACK REP. | Weighing gauge
18 | ANS 410-H/EIGENBRODT GERMANY Pressure sensor
19 | Electrical rain gauge/KNMI NETHERLAND Level sams

Table 1 — WMO Field Intercomparison of RI gaugest:df catching type instruments involved in
the preliminary laboratory phase.

Summary results

The results of the preliminary laboratory testseveynthesised in the form of two types of graphs:
in the first form — used in this paper — the rekaterror for a sample gauge is plotted versus the
reference intensity obtained as specified abovelewh the second form calibration curves are
presented, where the measured intensity is pl@tginst the reference one. The relative error is
calculated as follows:

e = I’“I—IrELOO %

r

where }, is the intensity measured by the instrument atitelactual reference intensity.
An error curve can be fitted to the experimentahda the (e, ) space, a second order polynomial
being usually suited to represent the behaviouhefgauges over the whole range of operation of
the investigated instrument. The error curve igesged as follows:

e(l,)=ad?®+b0, +c

where the coefficients a, b, ¢ are experimentathgdnined.

In Figure 2, sample results for a well-calibratgaping-bucket rain gauge installed in the pit are
presented, and a comparison is shown between ge\aua performances on aggregation scales of
1 and 10 minutes for rainfall intensity figures dandicate the range and standard deviation of all
tests performed). In the graph, the two dashedzbotal lines indicate the + 5% accuracy limits that
were originally proposed by WMO for assessing teggrmance of rainfall intensity gauges [1].
Since the gauge is in this case one of the selewbeking reference instruments, performances are
very good and the actual accuracy is even bet#er tie requirements set by WMO.
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Fig. 2: Sample results from the laboratory phase,a well-calibrated tipping-bucket rain gauge

installed in the pit, and comparison between thgepbed performances on aggregation scales of 1

and 10 minutes for rainfall intensity figures (bamslicate the range and standard deviation of all
tests performed).
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Fig. 3: Sample results from the laboratory phase a weighing gauge with a short response time,
and comparison between the observed performancaggmegation scales of 1 and 10 minutes for
rainfall intensity figures (bars indicate the rangad standard deviation of all tests performed).



The main contribution of these first two graphs @&é results in terms of the overall accuracy were
already obtained for this specific gauge within W&1O Laboratory Intercomparison) is that the
variability of the one-minute rainfall intensity lnere fully reported, as well as the variabilitytioé

ten minutes aggregation. Apart from the trivial closion that aggregation will lead to a reduced
variability, so that the rainfall intensity at temnutes time intervals can be measured with a nighe
accuracy than the same process at the one-minsgutien, we can see from the graphs that this
rain gauge is also good in resolving the high ngsmh variability of the rainfall process in time.
This is evident from the fact that not only the r@ge figures, but also the standard deviation and
range bars are well within the limits of the reqdilaccuracy for rain intensity measurements.

In Figure 3, sample results for a weighing rainggawith a short response time are presented, and a
comparison is shown between the observed perforesamt aggregation scales of 1 and 10 minutes
for rainfall intensity figures (bars indicate thenge and standard deviation of all tests performed)
In the graph, again, the two dashed horizontalslimelicate the + 5% accuracy limits that were
originally proposed by WMO for assessing the penfance of rainfall intensity gauges.

In this second case the variability of error valaésone-minute resolution is a bit more spread
around the average figures, with some higher vdit\abbserved at the low rain rates. Also in this
case, as expected, the aggregation leads to aegtdaciability, so that the rainfall intensity ant
minutes time intervals can be measured with a higlbeuracy than the same process at the one-
minute resolution. Although this type of graph esd significant for a weighing gauge, where the
response time was identified in the previous WMdratory Intercomparison as the critical
factor, it is also evident that the accuracy ofdlerage figures is very high, and is generallyeoet
than the one shown by any tipping-bucket rain gauge

The conclusion is that currently available instratse(in this case one traditional tipping-bucket
gauge and one weighing gauge) have the potentiahlltov high resolution rain intensity
measurements with sufficient accuracy, at leaghe controlled laboratory conditions. In many
cases, like the one presented in Figure 2, sudbrpgainces are actually obtained by the instrument
as provided from the manufacturer, while in otheeses — to be accounted for in the Final Report of
the Field Intercomparison expected within June 20@@ditional adjustments are required either in
the hardware or software components, although bfectve can be easily met by the manufacturer.
Exceptions can be observed for some specific typastruments, e.g. some non-catching type of
rain gauges, which however could not be testedhénldaboratory, since their performances in the
field drift away from the behaviour of both the \kimrg reference and other type of gauges [6].

A second synthetic result presented in this papdéng ensemble of the error curves obtained after
the laboratory tests for all catching type gaugeschiding the companion instruments submitted as
spare parts and the working reference gauges te@lagainst the reference intensity (see Figure 4).
It can be noticed that the set of curves remaimgimed in between the + 5% accuracy limits for
most of the instruments under test, some of theesuactually comply with those limits only for a
reduced range of reference intensities, while émly of them lay completely outside the acceptable
range.

In Figures 5 and 6 the same curves are presentedeparate form for the two main categories of
measuring principles involved in the Intercompamispamely the tipping-bucket rain gauges and
the weighing rain gauges. Evidenced in green aetinves obtained for the reference instruments
pertaining to the relevant category. The tippingk®i category clearly shows a larger variability in
the behaviour of the various instruments, and #sger errors for some of the instruments
involved. However, a few well calibrated instrungedb demonstrate very good performances. The
weighing gauges show in general less disperse sualthough the response time characteristics of
such instruments should be taken as well into adcou

Finally, in Figure 7 the ensemble of the calibmataurves obtained in the laboratory phase for the
working reference gauges, including the spareunsténts, compared with the £ 5% accuracy limits
defined by WMO are reported (one of such instrumemas later excluded from the working
reference set due to the observed reduced perfaesan
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Fig. 4: Ensemble of the calibration curves obtaimethe laboratory phase for all catching type
gauges, including the spare instruments, compatddtive 5% accuracy limits defined by WMO.
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Fig. 5: Ensemble of the calibration curves obtaimethe laboratory phase for all Tipping-bucket
rain gauges, including the spare instruments, camgavith the £5% accuracy limits defined by
WMO.
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Fig. 6: Ensemble of the calibration curves obtaimethe laboratory phase for all weighing
gauges, including the spare instruments, compaiéudtive £5% accuracy limits defined by WMO.
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Fig. 7: Ensemble of the calibration curves obtaimethe laboratory phase for the working
reference gauges, including the spare instrumeaisipared with the 25% accuracy limits defined
by WMO (one of such instruments was later excldided the working reference set due to the
observed reduced performances).



On-site calibration using a portable device

Instruments were also tested on site, on a redpdais, during the field Intercomparison using a
portable calibration device (see Figure 8). Fiadts and checks performed by this device had
several purposes, such as verifying the operatistadlis of catchment-type gauges, investigating
possible drifts in calibration/operation status hwitespect to the laboratory phase and, as a
consequence, providing as much information as plesdor the quality control of data. In
particular, tests results helped in understandinthleetter evaluating real rain events and theeélat
intensity measurements.

The portable device was developed at the Univedditgenoa [7] with the aim of providing the on-
site capability of performing the same kind of setat were preliminarily used for verification of
the calibration of all submitted catching type rajauges under controlled conditions in the
laboratory.

Fig. 8: The portable device for field calibratioh @atching type gauges in use during the WMO
Field Intercomparison of Rl gauges.

The same methodology is indeed adopted, basedeogetteration of a constant water flow from a
suitable hydraulic device within the range of opieral use declared by the instrument’s
manufacturer. The water is conveyed to the funhti@instrument under test in order to simulate a
constant rainfall intensity. The relative differenbetween the actual flow of water conveyed
through the instrument and the “rain intensity” sw@&d by the instrument itself is assumed as the
relative error of the instrument for the given refece flow rate.
The principle exploited by this portable devicehat of preserving a constant hydraulic head over a
given orifice area by ensuring the automatic andtinaous pressure adaptation of the air/water
contained inside a closed container. The transi¢ of the water level between two fixed limits is
the only variable to be measured to complete thieateany reference rainfall intensity. In order to
reduce the sampling error, with reference to etgpm@ng-bucket rain gauge having a resolution of
0,2 mm (bucket volume of 20 g) and a collectorsaaof 0,1 f, the container should be filled in
with at least 2 litres of water, so that at led¥ fips of the buckets will occur.
The developed portable device allows to perform:
* high precision tests for rain intensity measurementertainties rather than for the sole rain
accumulation over a given time period;
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» dynamic calibration tests rather than just volumeir single intensity tests;

» the generation of rigorously constant water floasthe entire duration of each test;

* the entire calibration procedure recommended by WIHKD rain intensity measurement
instruments, with one single apparatus and on-site;

* non invasive tests that do not require modificatiai the instrument and changes from its
current operational conditions;

» tests that are immediately available, since no iapgmost-processing of the data measured
during the tests is required.

From the operational viewpoint the portable dewhes the advantages to avoid taking down the

rain gauge for delivery to the laboratory, to pariothe tests rapidly — with durations that are

comparable to the usual time spent for ordinarynteaiance interventions, and to require non

specially trained personnel to perform the testiie to the very simple operations required. Also,

the portable device is well suited for use in leghRistrialised countries, where simple and readily

understandable technologies are required, withewal rior any sophisticated component and just a

limited volume of water required to perform thetses

Finally, the proposed portable device is an ideadl @ost effective solution for metrological

qualification of rain intensity instruments withine framework of the quality assurance procedures

that are now widely adopted by the organisationscirarge of managing meteorological

measurement networks at the regional, nationairgedhational levels.

A few considerations on standard rainfall intensity measurements

The results of the two Intercomparison efforts utadeen within WMO seem to provide the basis
for the development of recommendations for the afseinfall intensity gauges that are currently
under consideration within national and internaglostandardization bodies, in close collaboration
with the WMO Expert Team members. Indeed, by inspewf the presented (even preliminary)
results, it is clear that most of the catching typs#ruments involved behave (or have the potential
to behave) quite accurately in measuring rainfatémsity, both in the laboratory and in the field
(see e.g. Figure 4).

Although with some exceptions, and regardless efriteasuring principle involved, the currently
available gauges from various manufacturers dematest to be suitable for measuring rainfall
intensity at the resolution of one minute with @zable accuracy. The limits for such a reasonable
accuracy were already defined at the Expert Meatimdrainfall Intensity Measurements held in
Bratislava in 2001 [1], and it is now confirmedeafthe Intercomparison results that they can be set
within £ 5% under laboratory conditions. It is alegpected that the accuracy obtained in the
laboratory can be approximately confirmed for operal use in the field, although no reference is
available to fully demonstrate such figures in tede.

Moreover, the one-minute time resolution for theasweement of rainfall intensity is confirmed as
a feasible requirement, and obviously any aggregaierformed at larger time scales starting from
data obtained at such resolution would simply lead better accuracy and reduced variability (see
e.g. Figures 2 and 3). It is clear however that albtapplications will require such a detailed
information about the rainfall process and the usédl be able to select gauges with lower
performances in any other cases, with consideragioen to other relevant economic and/or
operational factors.

Following the above indications, it seems reasanablavoid thinking at the development of a
standard rain gauge station, but rather propodediragauges suitable to any specific use willdhav
standard performances to be guaranteed by propkborat®n procedures. The expected
performances can be initially quantified based ba tlemonstrated behaviour during the two
Intercomparison efforts, and instruments can besdiad accordingly. Finally the calibration
procedures (already recommended by WMO) can bedatdised as well for both the related
laboratory and field tests.
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All such matters are presently the subject of atjanitial CEN/WMO standardisation process,
within the framework of CEN/TC318 — Hydrometry, wbe Technical Report is in preparation to
synthesise these concepts and to start the posdvelopment of a new standard on rainfall
intensity measurements. A possible joint effort Wwé soon proposed within ISO.

Conclusions

The laboratory phase of the RI Field Intercomparipooved to be very useful in providing basic
information on the behaviour of the catching typstiuments involved. The tests were performed
under known and constant flow rates in closely wded conditions, according to the
recommended procedures developed during the peWIMO Laboratory Intercomparison of Rl
gauges. The results of the laboratory calibratienegally confirm the findings of the Laboratory
Intercomparison, although with significant diffecess due to the fact that a larger number of
instruments were involved here, and also that sofrtke instruments have been upgraded by the
manufacturers in the time period between the Laboyaand the Field Intercomparison. All such
information is now under consideration by the ral@vExpert Team / International Organising
Committee, for proper use within the ongoing datquasition and analysis effort at the Vigna di
Valle test site, in Italy.

In particular, the objective is now to exploit tkrowledge gained from the laboratory phase in
order to single out counting errors from the assess of the overall accuracy of the instruments,
with specific reference to their catching errorgl amcertainties due to the operating conditions
(dynamic performances, wind and atmospheric cambti etc.). In this view the laboratory
calibration tests were performed at the resolutbone and ten minutes, so that the spreading of
the errors around their average value already tmated during the previous Laboratory
Intercomparison could be also evaluated. The déroadibration curves were not applied to the
output data obtained from the individual gaugescesionly the manufacturer’'s calibration was
allowed for the Intercomparison purposes. As fa thference rain gauges, installed in the pit,
calibration curves were provided to assess thelwabkicounting errors and their spreading as a
function of the rainfall intensity. For all otheatching type gauges the curves will be useful to
assess the potential improvement that can be attdip any possible additional software correction
that the manufacturer might wish to implement fettéx accuracy.

The development of a portable Field Calibration ibevo be used for checking the instruments as
installed — with no need to return them to the tabmry where standard calibration tests can be
performed — was very effective in keeping the béhavof the instruments under control
throughout the measurement campaign. The operafpooeedure is that of comparing on a regular
basis the calibration data of each instrument @wacalibration points (constant flow rates) with
the full calibration curves preliminarily obtainéa the laboratory, and this is currently used as a
criterion to assess the correct behaviour of tlatiqular instrument. The device was also used to
perform rapid assessment of the functionality ef ittstruments when relevant rain intensity events
were expected from weather forecasts over theatest

It was clear from the experience derived from gasond RI Intercomparison that the synergy of
the laboratory and field tests was really usefud appropriate, and it is recommended that both
kind of tests are performed in future performangseasment of rainfall intensity gauges. Moreover
the possibility of performing calibration tests tbe instruments as installed, using the developed
portable device, significantly improved the managetrof the installation and data quality control.
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