Advances in Geosciences, 2, 13455 2005 "* .
SRef-ID: 1680-7359/adgeo0/2005-2-151 G Advaqces In
Geosciences

European Geosciences Union
© 2005 Author(s). This work is licensed -
under a Creative Commons License.

Sampling errors in rainfall measurements by weather radar

F. Piccold* and G. B. Chirico?

Linstitute of Atmospheric Sciences and Climate, CNR, Rome, Italy
2Department of Agricultural Engineering, University of Neaples Federico I, Italy

Received: 13 December 2004 — Revised: 15 April 2005 — Accepted: 18 April 2005 — Published: 13 May 2005

Abstract. Radar rainfall data are affected by several typesof this volume depends on the distance from the radar and
of error. Beside the error in the measurement of the rain-t covers an area varying from a few hundred squared me-
fall reflectivity and its transformation into rainfall intensity, ters up to a few squared kilometres. The rainfall rate is es-
random errors can be generated by the temporal spacing dimated from the received echoes. A single radar is able to
the radar scans. The aim of this work is to analize the senscan an area of hundreds of squared kilometres in a few sec-
sitivity of the estimated rainfall maps to the radar sampling onds (Sauvageot, 1992).

interval, i.e. the time interval between two consecutive radar However, the estimation of the rainfall from radar mea-
scans. This analysis has been performed employing data coburements is affected by different sources of errors (Za-
lected with a polarimetric C-band radar in Rome, Italy. The wadzki, 1984; Austin, 1987), which have to be well consid-
radar data consist of reflectivity maps with a sampling in- ered and quantified for a proper interpretation of the collected
terval of 1 min and a spatial resolution of 300 m, covering data. Radar errors can be grouped in three classes (Jordan,
an area of 1296 ki The transformation of the reflectivity 2000).

maps in rainfall fields has been validated against rainfall data The first class concerns with all those errors which can
collected by a network of 14 raingauges distributed acrosse removed by simply adjusting the radar reflectivity maps.
the study area. Accumulated rainfall maps have been calcuthis is the case of the errors due to ground clutters, anoma-
lated for different spatial resolutions (from 300 m to 2400 m) lous propagation and beam blocking.

and different sampling intervals (from 1 min to 16 min). The  The second class concerns with all those systematic er-
observed differences between the estimated rainfall maps angrs in the transformation of the radar reflectivity maps in
significant, showing that the sampling interval can be an im-rainfall maps, due for example to wrong radar calibration or
portant source of error in radar rainfall measurements. contaminations in the reflectivity measurements induced by
ice in the atmosphere. This kind of errors can be removed
by improving the algorithms employed for transforming the
reflectivity data and validating the results against raingauge
data collected over long periods of time.

The meteorological radar is a very powerful and useful tool _The third class concerns with random errors. This kind
for hydrological applications, since it can provide estimatesOf errors can be generated, for example, by rainfall gradients
of rainfall fields with a high spatial and temporal resolution Within the sampling volume, a variability in the distribution
over large areas. After the NEXRAD weather radar network©f the hydrometeors within the elementary volume and sam-
has been established in USA (Ogden and Julien, 1994), othdiling errors a_ssomat(_ed with the temporal spacing o_f_the radar
countries have been investing significant resources for crea¢@ns. The aim of this study is to evaluate the significance of
ing a weather radar network at national scale. Soon a largé€ sampling error. _ .
amount of radar rainfall data will be available for hydrologi-  From a general point of view, the sampling error depends
cal applications. on the temporal and spatial scales of the measurement. The
The weather radar emits electromagnetic pulsed radiatiogc@/€ of the measurement can be defined by three factors,
and it measures the backscattered echoes coming from thghich can be applied to both the spatial and the temporal di-

hydrometeors included in an elementary volume. The sizd"ensions (Bdschl and Sivapalan, 1995): 1) the aggregation
scale of the observation (support); 2) the interval between

Correspondence td=. Piccolo two contiguous observations (spacing); 3) the extent of the
(f.piccolo@isac.cnr.it) observation itself (extent).
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Fig. 1. Accumulated rainfall map of the storm event of the 6 August Fig. 2. Mean areal pluviographs with a temporal resolution of
2004. The coastline, the Tevere river and the Great Highway Belt of1l5 min, estimated respectively with the radar data (top panel) and
Rome are depicted. The red asterisk marks the radar position. Ththe raingauge data (bottom panel).

square highlights the area selected for this study.

In the case of a raingauge network, the observation of thdhe data collepted during a summer storm monitored with a
precipitation field is characterised by a very small supportC-band radar in Rome.
(equal to the size of raingauge) and by a large spacing, equal
to the distance between the raingauges. For this reason, rail}— . ld
gauge data need to be interpolated in order to obtain contin= Experimental data

uous prepipitation fields. On '.[he'other hand, the ra}ing.augel.he experimental data employed in this work have been col-
observations are continuous in time (null spacing in t|me)Iected with a C-band polarimetric radar, the POLAR 55C

and are _char_actenzed by a very small_temp_oral support (th?ocated at the Institute of Atmospheric Science and Climate
automatic raingauges are able to provide rainfall data with a

. of National Research Council of Italy, 20 km far from centre
temporal resolutions of a few tens of seconds).

of Rome. The radar has been specifically designed to obtain

On the co.ntrary, ra‘?'ar obseryations are chargcterized the polarimetric observables at a high quality level. The an-
a good spatial resolution (spacing and support in the radafyn, consists of a 5 m off-set paraboloid, the azimuth beam
measurements are equal to the target volume), but they are: i1 is 0.92 degree, without radome

not continuous in time, since they are characterised by a For this specific study, the radar has been operated in order

ter(‘jnporal spalflng WE'Ch CNaEXbF?AO[]; several m|nl|J|tes. Nat|odng[0 get reflectivity maps with the highest possible temporal
radar networks, such as , are generally operate ' nd spatial resolution. The pulse repetition frequency has

order to provide volume scans with an interval of 5-10 min been set at 1200 Hz, producing the maximum unambiguous

and a spatial resolution of 1km. For this reason, CONSECUzange at the distance of 120 km. The pulse duration has been

'[IV(; rqdar raqulelds need_t(_) b(_a m}'garlzolabed ":I tm;](_a In Orderset at 0.5us, the shortest possible, in order to get the highest
to derive continuous precipitation fields. Usually this tempo- possible spatial resolution, equal to 75m in range. Radar

ral interpolation is performed by assuming that the precipita-g.o 1< have been performed at a single elevation angle (L.7

tionfield is stationary within the sampling interval. However, o466 sych as a complete PPI could be acquired in just one
this assumption can generate significant errors in the es“fninute
mated precipitation fields, which can be interpreted as tem- . e ctivity data have been corrected for ground clut-
poral §ampllng errors. o . ter contamination by a cascade of two filters (Giuli et al.,
While the errors in the estimation of the instantaneousygg1). The first filter has been derived by comparing reflec-
prempltatlpn field have peen extensively studied in Iltergturgtivity maps collected respectively during rainy and no-rainy
(ZaW§1del, 1984; Austin, 15_387? Chandrasekar _a”d Bringl, periods. The second filter has been derived by analysing the
1988; Gorgucci et al., 1996; Sharif et al., 2002; Krajewski siandard deviation of the differential reflectivity. Then rain-

and Smith, 2002), the errors due to the temporal sampling 0f5)| maps have been calculated by transforming the reflectiv-
the radar scans have been barely studied (Fabry et al., 1994i}y maps with the classical equation:

The aim of this work is to illustrate the effect of the tem-
poral spacing between the radar scans, using as case study= az” Q)
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Fig. 3. Accumulated rainfall observed at the raingauge of Rome
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Fig. 4. Effect of the spatial aggregation on the accumulated rainfall
maps.

whereR is the rain in mm/h and is the reflectivity factor These grids have been sampled in time and aggregated in
(mmP/m?3). The parameters andb have been set respec- space in order to evaluate the sensitivity of the estimated ac-
tively to 0.1407 and 0.5413, based on an optimization algo-cumulated rainfall maps to the sampling temporal interval,
rithm specifically developed for C-band radars (Gorgucci etfor different spatial resolutions. The accumulated rainfall
al., 1998). The derived rainfall maps have been validatednaps have been calculated by assuming the rainfall fields sta-
against rainfall data measured by 14 automatic raingaugegonary within the sampling interval.
distri_buted across the area, with a temporal resolution of Rajinfall grids have been sampled with 7 different sampling
15 min. intervals,Ar, ranging from 2 to 16 min. This set of sampling
After a long monitoring period, an interesting data set hasintervals covers the range of sampling intervals usually em-
been collected on the 6 August 2004, during an intense conployed by operational radars. The sampled rainfall grids have
vective storm of three hours. The storm is characterised byheen scaled by a factor, such as the total rainfall volume cal-
high spatial and temporal variability. Figure 1 shows the culated across the entire selected area does not change with
accumulated rainfall map estimated with the POLAR 55C.the sampling interval. The application of this scale factor is
Figure 2 compares the areal pluviographs estimated respeequivalent to adjusting the parameteof Eq. (1) after em-
tively with the raingauge network and the radar. The averageloying an optimization algorithm (Collier, 1996).
rainfall volume is about 6 mm, with local peaks higher than  The rainfall grids have been also aggregated at three dif-
30mm. In some points, the storm released the entire rainfalferent spatial scales, respectively 600 m, 1200 m and 2400 m,
volume in half an hour (Fig. 3). which are close to the typical spatial resolutions of opera-
A squared area with side 36 km long, where rainfall datational radars. The effect of the spatial aggregation on the
is available with an average spatial resolution of 300 m, hasaccumulated rainfall map is illustrated in Fig. 4.
been selected for this study. This area includes the entire The accumulated rainfall maps obtained for different sam-

urban area of Rome (Fig. 1). pling intervals have been compared to those obtained with a
The analysis performed on the selected dataset is illussampling interval of 1 min at different spatial scales of aggre-
trated in the following section. gation. The differences have been evaluated by the Normal-

ized Standard Error (NSE), defined as:

3 Experimental data analysis Nas 2
1 ) (PAtAs,i - st,i)
. . i—1
The selected dataset has been transformed into a series 1205E (As, At) = 5 ' i 2
A

squared grids of 120120 pixels, representing on a Cartesian
system the instantaneous precipitation fields with a spatialvhereAs is the spatial scale of aggregatiafy is the num-
resolution of 300 m and a temporal interval of one minute. ber of pixels of sideAs included in the selected areBa;as.i



154 F. Piccolo and G. B. Chirico: Sampling errors in rainfall measurements

2004 August 6 herein presented are based on data of a single storm event,

‘ | this study highlights that the effect of the temporal spacing
of the radar scans is not negligible, especially when radar
O data are employed to assess the rainfall volume over small
' catchments or for distributed model applications (Anagnos-
tou et al., 2004; Dabbert et al., 2000). In order to reduce
S KR R N W W WO T = (. B the effect of the temporal sampling, appropriate radar scan
' - strategies should be designed. As an alternative, methods for
O % effective temporal interpolation of consecutive reflectivity

03k ; ; o i maps should be developed and applied.
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