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Abstract. Conventional radars, used for atmospheric re-rainfall products are crucial for input to runoff and flood fore-
mote sensing, usually operate at a single polarization andasting models and for statistical characterization of extreme
frequency to estimate storm parameters such as rainfallrateinfall frequency (Krajewski and Smith, 2002).

and water content. However, radar measurement of rainfall over mountainous

Because of the high variability of the drop size distribu- regions is a difficult task due to the requirements of avoid-
tion conventional radars do not succeed in obtaining detailedng beam-blockage as well as contamination by melting layer
information because they just use horizontal reflectivity. (Gorgucci et al., 1996).

The potentiality of the dual-polarized weather radar is in- This paper is organized as follows: first, we describe the
vestigated, in order to reject the ground-clutter, using differ-rainfall monitoring system over the target area, based on the
ential reflectivity. polarimetric Doppler radar Polar 55C and on raingauge net-

In this light, a radar meteorology campaign was conductedvork with 53 tipping bucket gauges. Second, the procedures
over the city of Rome (ltaly), collecting measurements by used to remove the background noise and the ground clutter,
the polarimetric Doppler radar Polar 55C and by a raingaugeased upon the backscattering signal variance of the differ-
network. ential reflectivity and of the differential phase shift, are pre-

The goodness of the results is tested by comparison ofented.
radar rainfall estimates with raingauges rainfall measure- Furthermore, the raingauge measurements and radar esti-
ments. mates of rainfall are compared. Finally, results of this paper

are discussed.

1 Introduction 2 Radar and raingauge data at the study site

Rainfall estimation over a catchment area is a key issue irRadar and raingauges analyse through fundamentally differ-
many hydrological applications (Bras and Rodriguez-lturbe,ent processes to estimate rain: raingauges collect water over
1976; Chua and Bras, 1982; Bastin et al., 1984). As a mattea period of time, whereas radar obtains instantaneous snap-
of fact, the input of hydrological models is often subject to shots of electromagnetic backscatter from rain volumes that
strong uncertainty (Paoletti, 1993; Vaes et al., 2001). Thisare then converted to rainfall via some algorithms.
input is usually given by raingauge measurements so that the Spatial and temporal averaging of radar and raingauge
output accuracy depends on the raingauge network densitglata has always been used to reduce the measurement er-
configuration and on the instrument accuracy (Maheepala etors and the discrepancies between radar and raingauge es-
al., 2001). Raingauge pointwise measurements, in turn, neetimates. Therefore, extensive analysis of space-time averag-
to be interpolated in order to estimate rainfields over a basining of rainfall over the basin is conducted to study the error
and different interpolation methods can lead to significantstructure of the comparison between radar and gauges.
differences in rainfall estimation (Dirks et al., 1998). In the case study, the raingauge network consists of 53
In this context, weather radars have several advantagegauges located on the whole radar coverage area (see Fig. 1).
since a single site is capable of obtaining coverage over a
vast area with high spatial-temporal resolution, and the radar-
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whereZ,, is determined by the average 8f, values of the
last 2 range-bins (1 range-bin=75 m) of every record,-apg
is the range of the farthest range bin.

If Z,(r)<Z;(r)+T, beingT=0.5dB (used to take into ac-
count residual fluctuations and quantization error), the mea-
surements at rangeare suppressed.

4 Identification of cells contaminated by ground clutter

Ground clutter is generally defined as radar return from non-
meteorological, ground-based targets. It is more evident
when low elevation angles are used since the radar energy
travels close to the earth’s surface especially at ranges close
to the radar. In presence of meteorological returns, the stan-
dard deviation of the polarimetric measurements can be ex-
pressed in terms of the correlation between signal samples at
lag! (p [1]) expressed in terms of the Doppler spectrum width
(0v), the co-polar correlation coefficieti., |, and the num-

ber of samplesv (refer to Bringi and Chandrasekar (2001)
for details). In the case of high signal to noise ratio, they are:

Fig. 1. Raingauge network shown against the radar location (at thes (z,,) = 10log,,
figure centre) and the coast-line.
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The raingauge network is integrated with the meteorologi-

cal radar Polar 55C managed by the Institute of Atmospheric oy L

Sciences and Climate of the National Research Council. Th8 (¥4 = 22N

Polar 55C is a C-band (5.5 GHz=5.4cm) Doppler radar 1 "D ; N NI ;
with polarization agility and with a 0®9beam width. The J[(mmm’1),:,%1,(”*‘””“”” } [(mfm)l;%mw*VW[?IH]I}
radar is located in the South-East of Rome at a distance of 4)
15 km from the downtown in the “Tor Vergata” research area

(41°5024" N, 1223850 E, 102 m above sea level). Using the ranges dfo.,| ando,, in precipitation it is possi-

In order to convert the radar data to rainfall rates, an al-Ple to define the corresponding bounda_riesd@@,) and
gorithm based on a Z-R relation is used. Rainfall values? (®ap). If values ofo(Zq,) ando(®qp) lie outside these
are simulated varying the parameters of the gamma Rainboundaries, measurement is considered as belonging to a
drop Size Distribution (RSD) over a wide range as suggeste!Utter contaminated volume. _
by Ulbrich (1983). For each RSD the corresponding reflec- The method has been implemented by evaluating the stan-
tivity factor, Z;,, was computed. For C-band by means of dard deviations using 5 consecutive range bins.
a non-linear regression analysis, the following Z-R relation N @ range bin affected by ground clutter the measurement

was obtained (Russo et al., 2005): is linearly interpolated only if the distance from the nearest
non-contaminated range bin is shorter than one range bin on

Rz, = 7.27 x 10727062 (1) either side, otherwise a no-data value is applied to the range
bin.

whereZ;, is the reflectivity factor [mPrmm—3] and R, is Results of background noise and ground clutter removal

rainfall [mm*h~1]. procedures are illustrated in Fig. 2; the same picture allow

to focus on the case-study region with respect to the radar
) location (at the centre), to the city ring road, to the coast-line
3 Background noise removal and to the hydrographical network of the Tiber river.

The level of background noise is determined in each radar

reflectivity map (plan position indicator), considering that at 5 Comparison of radar rainfall estimates and rain-

far distances from the radar and even for small elevations the gauge measurements over the study area

radar samples above the layer of precipitation. Therefore,

using reflectivity factor at such distances, it is possible toThe radar does not measure rainfall directly, radar-based

determine the level of background noise, as follows: rainfall estimation algorithms must be calibrated using di-
rect observation. Those observations come from raingauge

Zs(r) = Zpg + 201l0go(r/rend 2) networks.
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Generally speaking, a source of difference in rainfall es- <
. . . . 3
timates of the two different instruments is that radar usually E . x
looks above the earth’s surface while a raingauge is located<
n 10
right on the ground (Ground Truth Problem). A sample of
rain which might be above the raingauge when the radar mea: . .
sures it can move away from the raingauge location by the
time it reaches the earth’s surface. This problem becomes s, 10

more and more remarkable when the range from the radai 800 1000 1200 1400 1800

. . . . . Range-bin

location increases, especially in thundershowers where rain-
rate can strongly change from one location to another. - D<AF<05

Furthermore, there are significant temporal differences be- -@ 05<=AF<|
tween raingauge and radar samples. Raingauges usually have @ 1<=AF<15
a temporal resolution of 1 min or longer while radar makes . @ 15<=AF <3
mstanta_neous rainfall estlmgtes (Rinehart, 1991). In any L@ 1= AF <15
comparison between these instruments, therefore, a tempo- o BF =25

ral averaging has to be done to the radar data.

The rain event analysed for the case _study regards the 1Eig. 4. Reflectivity factor values [dBZ] averaged in time plotted
and 11 November 2004, but already during the 9 Novembet,gainst thet F values on the study area.
there was a decrease in the atmospheric pressure over the
Tyrrhenian Sea, preceding a further worsening of the weather
in the city of Rome during the afternoon of the same day.whereG; andR; are the cumulative depths at the same mo-
Moreover, storms occurred in the evening and in the two daysnent from the raingauge and the radar.
after. Then we plotted the trend of theF according to the dis-

In order to apply the proposed procedure, we have builttance of the raingauge stations from the radar (see Fig. 3).
square pixels (2km by 2km) centred on each of the rain-We noticed that thed F worsens as the distance from the
gauges where we had the cumulative depth. The rainfall iradar increases because of the attenuation. Figure 3 shows
the pixel is evaluated as the mean value of all range-bin valalso some outliers represented as squares which are caused
ues falling within the same pixel. by the fact that raingauges are located in an area where there

Having calculated the cumulative depths from the radar,is a significant beam-blockage — caused by the mountainous
it was possible to compare them with the cumulative depthéﬁerl’ain - resulting in a remarkable decrease in the reliability
from raingauges. Thus, we calculated the adjustment factoef the comparison.

(AF) per each raingauge station in order to check the match The evaluation of the bias resulted in a correction of
of the two measurements. The adjustment factor can be caP.8 dB, which is lower than 1dB, i.e. the accuracy of the ab-
culated as follows: solute calibration. The NSE is 35%, therefore the variability
5> of the system (rainfall radar and raingauges) is quite good.
G,

AF =
DR

()
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