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pressingly when considering data collected by a C-band radar system, becanse of the bigher o f

fraquency range.

Some techniques were ilhustrated {n previous papers [1, 2], which exploit polarimetnc
Doppler radar capabilities for attempting mwltiparameter classification of dual polarised echoes
from rain against clutter and consequent filtering of relsted data with the sim a1 obtainig
ramfall maps cleaned Fom ground rfering och When some soomafies of data are
detected by applymg the discrimination tests, the first siep is to recogaize the presence and,
possibly, the type of these aomalies. Once the presence of ground clutter @ the observed
resolution cell cansot be considered as the cause of unrelishility of dets, the comparison of
results from the difforent discrimsination tests can caphasize the presence of the otber nparing
phmomens. Thes this multiparametric analysis of data tums out in 1a effective tool for
detecting and  discriminating the different types of phenomens that can affect nds
measuretients 1o a ranfall event

For an casier uaderstanding of this paper contents, bercafler we recall boefly some basic
coacepts of radar meteorology

The term “mubiparametric” indicates acquisition of different nature parumeters, specifically
in the rader application feld it refers to exploitstion of backscartered mformation witha
diffevent domains: frequency-, time/space- or polanization domain.

This paper refers to diffierest parameters, obteined by means of messurements: avenage
Doppler velocity, absolute reflectiviry both in p and in absence of precipitativn, whes
the same polarization is set 1 trasmission 3ad oa reception, differential reflectivity that account
for different behaviour of ramdrops whea ilhamsinated by differently polarized waves.

The sbsolute reflectivity Z is delfined as:

A
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where Dygyy is the lugest mindrop dimension, A is the wavelength (mm), KI% is the
refractivity factor of water for C-band propagation in our case, ofD) i the equivalent radar
cross section of camdrops, D is the diameser of an spherical drop which vohume equals that of
actual ramdrop, N(D) is the ruindrop dimension disttidution (2).

When acquiniog data related to absolute reflectivity we obtemn differcnt values for the same
precipisstion cell, whick account for the different polarization used for measurements, the same
n trasoussion and on reception,

The differential reflectivity parsmeter, Zpg, was first wiilized by Scliga and Brmgi [3), who
shiowed ts importance for produciag improved sstimates of minfall rate, R, a5 compared to the
covventional radar measurement schemeos.

Zpg ~ 1010 (Zy'Zy) (dB)

where the parameters Zgg and Zy are the radar refectivity factors (mayS w3} obtained
with horizostal and vertical polarizstions [ 1), respectively.
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size increases.

«  Waterdrops fall with 1 high degree of alignment with their simmetry axes (minoe axes)
alung the vestical axes)

In the Rayleigh regime, owing to thase properties, the horizontal polarized radar returp
mﬁwnni-ﬂhdmnhgvohu.uwmkmhnlm
polarized wave, This effect is the basis of the dual-polarized differential reflectivity techuique
of radar minfall estimation that imroduces the Zpg radar observable i sddition to Zyy for

distribution.

sstipmating parameters of the raindrop-size

Exploitation of frequency domam requi of dats relating to precipRation mass
motion: when the illumisated region is charscterized by uniform reflectivity i is possible to
assumo that the power spectrum of the recerved signal is charscterized by a Gaussian
distribution. Thus, average velocity v, and Doppler standard deviation oy are necessary and
sufficient parzmeters for definition of Doppler Spectrum. Methods for spestral anabysis of
precipitation ate then imterested in evalusting both parameters above, which give 2 complete
nformation os pawer spectrum,

In this paper we consider the possibility of detecting and then correcting errors which affect
meaeured data. collected by means of & coberent C-band radar system in Tuscaay (ltaly),
Corrected parameters are then compared with those collected by raingasuges locited within the
radar coverage area, for an efficsency evaluatian of comrection algorithm which we propose for
4 camplete restoration of dsta. The raingauges’ sites are characterized by differeat arographic
:ﬁauadmmhnbmmmmmmmmmm
phesomenon,

The Grst pant of the paper reponts characteristics of messurcnsests, togetser with the radar
sysiem configuration, s sie, the ramgaages’ number snd allocation with a brief description of
ﬂemuﬁmmpiy.mwmoﬁlsnnmwmmw
previously proposed {1, 2] for chutter detection m S-band radars. The third part is devotad to
correction procedure for removing  disturbamces on acquired data Fimally resalts of
companisons betwoen rainfall rate estimates by raipgauges'data 2nd corrected rainfall rate
estimates desived by radar acquired parameters. are presented and results are  illustrated,
timing 2t evaluting eficicacy of correction algorithm.

Interesting consequcncies of this stady are pointed out ot the cad of this paper, Specifically,
this approach allows alse 10 select thase providmg reliable data, which can
profitably be correlated with the radar data i the presence of raimfall, when calibration through
data miegration is spplied.
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1. THE RADAR MEASUREMENT SET

2.1 The radar system and its site ) ' ;
The mumin characteristics of the basic coufiguration of the radar seesor wtilized for
wmmMWMgmhmanmmm
mw:wmmm—smu-cmmwu
Eupoh&dumuh;tﬁﬂporﬁxmamhsmhmmw
@ Tadlel.

The radar sysem, awned by [FA-CNR, was mstalied i Moutsgnana, which is sbout 17 K
&x&ml-'lom:u.iumduuafhsmy.nemmmmnpodvﬂikyofm
Amoﬁmbﬂ'.w&hh.ﬂds‘huoﬂhﬂlﬁ_dmm%mohqta‘.m
hmwcm«hlmuumwwmummmmm
of Hydrological Disasters and the Minister Co-ordination of Civil Pr

40 - 5.65) GHa
> 500 k'W
05.19-30 ms
1200-600-300 Hz
300~ 450- 450 W

457Tm
Caoula
43.5

of Limear

3.3

——

Table L. Bask configurstion of the radar set.

‘The mitial rader coafiguration was then wpdated with the tmplementation of a domble
rmhu(fummhofpohwmmwwxamnhmudunmw

processor that allows the wse of X chitter 1cj filter, n addation Lo more
esmates of both the reflectivity and Dopyler parameters.
2.2 Description of radas dats from wessurcments :
For the purpose of evalustion sad valdstion of the data p i procedise proposed
m,m«.mhmmupmmmmmmm«wwq
1he above radar system, durmg A logical cvest fe strong ipitation, whick

oceurred duing the night of October 3 1. 1962, Such a precpitaion caused the flask food of
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both some rban 1ommests and some Amo river confluents. These data kave been collectod in
the PPI acquisition mode, with elevation angle of sbout 1.8 degrees, while the acquired scans
were time-spaced out about ten minutes Additionsl notes on the acquisition mode are reported
in Table 2, where vg, aod 0y indicste measarement of the average value and the standard
devistion of radial velocity, respectively, 23 decived from the Dopph wm of the ohserved
phepomence

-

Mode ALL-MODE
Polartsseicn | v
Pulse widd 0Ss Table 2:
SRF 1100 Hz
- it Zog Vo Ty
| letograed putsne 04 pulme
Asleans rotation rde 350 dag)man
Different digital cups were picked up from messured scans, which dlustrate values of
differcet parameters ch rizing precipat They refer 10 & complete rader scan thus
showing the entire radar coverage at a set elevation aagle, For the classification tests dry maps
of the coverage region are nesded 100, such registrations were carmied owt oe July 28, 1992, m

i b

Acgquistion mede durmg

2.3 Raingauge netwark

We compared dats obtsined by radar observations with those collected by mingauges 2
aetwork of 43 tclemetered ruingauges & sited aver the Amo basio, caainly apstream of
Flotence (within Sieve basin. Valdaro and Casentino areas). Such rampauges are coanected
with Tuscasy Regwon Officas (in Florence) and “Servizio |drografico ¢ Mareografico” in Pisa.
Raimfall depth measureteots are then muade available a1 each mingsuge location, st the same
tie and with & sempliog period of 15 minutes.

Two raingauges, placed in the radar system coversge srea, have been selocted for our
purpeses; selection bas been carned out basing on charscieristics of crography surroundsg
their stes a gauge site is iluwmated by the radar agtensa beam in clear 2ir (Sta) |, the other
gauge's ste (VaBombrosa) is ch ized by sroag clutter,

3. CLASSIFICATION TESTS

In previous papers some algorithras for coultiparameter adar data classfication wese
proposed [1,2], mainky aiming at clutter detection. Swch algorithems give positive results for
decection of wareliable precipitation data caused by chutter when applied to experimental dats
froo » S-band polarimetric radar,

The used chassification algorithms are based oo “clementary lests®, applied 1o single
paramecers, wdepesdent of csch other, extracted from the multp radar
dma. Improved classification is By op d g (o the “combmed tesis”, which
are a proper logxal combinatics of the “elensentary tests®,

ier
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In this paper these tests’ capabilities to detect also ervor caused by beam shadowmg, as well
13 sttenuation due (o stromg precipitation, a8 occurring m C-band radars, are considered and
dlustrated.

3.1 The clementary tests devised for clutter detection

The processmg steps of the different clementary tests are summarized hereafter: for fisrther
details on these techniques the reader is referred 1o [1,2).

| Stauc techniques. The mnalysis of radar coverage dry maps, which report absohste
reflectivity parametess (for i 2y data) d within each call of the radar coverage
mnmm occuss, allows 1o estimate inteasity sod spatial distrbution of grousd

er.

The related test which compares p of wet (Le. in presence of rain) and dry maps
(Le. m absence of rain) from the same area i, up 10 now, the most used method fior detection
of radar cells contammed by grousd clutter, Those cells, where the difference between “wet
2" and “dry Zy4" is lower than & fixed threshold (15 dBZ in our case) are clasafied as clutter
This test shows, in gencral, good performance, even if » fully saccessfial detection of chatter s
generally obtained only for central areas of zooes filled by ground chatter,

2 Doppler specorum amalysiz. The backscattered sgnal from land & gemerally
ch rized by 2 P with zero mean and small deviation, which is due to both
vegetation mavements and random signal Sluctuation, The precipitation Sgual can have o lerge
spectrum, which is larger i the C-band frequency range than m the S-band, with an sverage

depending on radial velocity of precipitstion, which is relsted to flling velocity of
reindrops and frost movement direction. A satisfactory discrmmation is realized whes the
spectra of ground and ram are not superimposed.

The test related to this kind of amalyss clasafics, s "cluster cell®, that resolution cell
from each sub-area, where the absobute value of mean velocity is less than 3 mandsrd
threshold, thus assuming zevo mean velocity for the grousd chittes Indecd this test sametimes
failes: this is case that » very low radial velocity of precipistion froat occurrs (near woll
Doppler frequency), which inmplies that the associated cells are classified g5 comtamined cven If
#0 grousd churter is present.

3 Polarimetric techmigues. These techaiques are here casialy based on the features of the
Zpg ad Zyy parsmeters’ (3]

Typwcal patterns of these parsmetery valuss in of “ram alone® caa be thus
syOuthesised [1]: low values of Zy (because of limted dimensions and pumber of ramdrops):
positive and low values of Zpp (because of shape 1nd akignment of min particies), locally
uaiform spatial distribution of Zpy, statistical vanations of Zy parallel to these of Zpg.

in the preseace of “ground clutter™, n large variery of shapes und dimensions of mtercepted
obstacles causes a low comelation betwees measwed Zyy aod Zpp Morcover these
parameters can take on high values. Spatial soo-undform and negative values of Zpp sre
charsctengic patterus of ground chuter superinposed 1o rain. A plain represeatation of Zyj-
ZpRr parameters, repoeted @ Fig. |, allows to draw & typical clustering rogion, which 15
shrdowed m the picture, where cochr pomt pentains 1o am derived parsmeters, while data
points outsade that region are obtainedl Bom costamaned data.

Fig. ! - Scatter plot repoting Zg4 values as functioas of Zpg valees

Two different polarimetric tests were suggested [1):

»  "Zpg Satial variability te”. Basmg om 1be property that differentual reflectivity Zpgr
shows a larper vanabidity m the presence of chatter, snull areas with high range of values for
Zpg wre classified as contaminated. A check is performed oa the standard devistion of Zpg o
movimg windows which size is 3 aximuth cells times 3 range cells, scanning the eutire radar
anage. If the standard deviation is gresver than a threshold, the central clement of the window
is supprossed. This text works well oaly when the observed values of Zpp are not large.

o CRamfall cluster test®. A region of the plise ZgpZpg I8 selected, which is
charscterized by points where pair Zg-Zpg s typical of ruin: wheo a radar cell shows & Zyg-
Zpg pair that falls outside this region, it is classified as anomalous darum.

3.2 Effectiveness of the elementary tests,

Elementary tesis, 35 introduced i (1], mainly aim at discriminating rain derived echoes from
those obtzined by ground chater, but their effectivencss can fail i the presence of sdditional
sources of errors. In particular, this is the case of C-band radar, especially when operming in 3
complex orography eavironment. In such a case, additional and relevant problecis arise in the
prescoce of bigh intenszry rainfall, causmp comulstive signal attenuaticn along propagation
pach and when the beam shadowing occurs, due to interception of ground relieves.

Heavy precipitation causes indeod stroag seenuation of the propagating c.on. wave, which is
different for the horizostsl aad vertical waves, thus csusing a progressive
reduction, slong path, of the observed vahies of both Zpg and Zyy. The polarimetnio tests
necessardy suffer from these effects. Their performasce @ ram/chutter discrinimation degrades
due to alteration of Zpg (snomslous, low, siso segative, values are observed).biut also duc to
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the isted displ: of the cl d Zgg-Zpg ares, which causes the “cluster tesg*

detecting an anomalous datum even i the presence of rain alose. Conversely the high
atienuation causes that the value of the estimated rzinfall rate, as obtained from transformation
of the radar reflectiviry data, is considerably lower than the actual one.

Mareover in the case of high intensity rainfall, Zg; end Zy can be higher thas that of groasd
cluter, thus rainfall can mask the presence of interfering chutter, In this conditions both the
polanimetric 10d the Doppler spectrum apalysis tests can wdeed sometimes G} in ground
chuter detection, akhough ground chatter is sull sgnificantly affectmg accuracy of radar

Even beam shadowing can reduce mtessity of the radar sigmal thus affecting radar

meaauremeats accuracy, as it s typically occurring along the propagation path, Thus, = this
case, typical errors are wromg =stimstes of rainfall rate values and missed detection of ground
chutrer,
Some more considerstions can be devoted 1o the sparial variabality test, which doesx't seem
suffermg from beam shadowing and attenustion effects in data classfication, i both a small
window sizz is used far processing and oqual sptenna pattems for the borizostal and vertical
polarizations are applicd, because it is sensitive to spatial gradicot of parameters alone.

Even if classification processing suffers of problewms highbghted befors, comparison among
resuhts obtamed by the dafferent elementary tests can help in detecting the presence of besn
shadowiag or intense ramfall,

3.3 Combined tests

Ag mmprovement @ data discriminatioa can be schieved when the elementary techniques are
combimed, aiming st exploiting the complementary classificstion propertics of the differcns
compotienl tests and, i some respect, at compenssting ther errors, when singly operated.

The frsz combmed algorithm, that we call *Complex test 1", is reponted in Fig, 2. It can
give three autcomes: ‘clutter’, raim’ and ‘rasn with unreliable cstimate’. The last output ocours
wiien po altemative choice is acceptabls because of a contrast between results from
polarimerric tests and those from static test.

A simplfied test was also proposed (*Simplex test "), which does mot require Doppler
radar capability, [t is 2 simplificd version of the combined algorithm shove, a5 depicted @ Fig
3, which utifizes oaly three clementary Lests, among those above described, providing omly two
outcomes ("chotter” and "rain"). Obvicusly the performance of the simplified test & oot so
good as that of the composed one, but the cascade of the polarimetric tests is still capsble of
assurmg good compensation of errors.

In addition fo the above tests, in this paper we consider two modified versions of them:
thetr block diagrams are reported in Figs. 4 ("Consplex test 2) and § ("Simplex test 27). Both
tess geoerste three different and altersative owtcomes. “ran®, “clutter” and “ram with
unrelisble estimate”

[n the first algorithm ail elementary 1ests arc utilized: "clutter” s detected caly when both
Doppler based and satic tests agree, otherwise the polarimctric tests are carriod out; thes
“ram" s detected when both thepolarimetric tests agree. The sccoed figure shows a very
simple test, which is based on the use of the polanimetric clomentary tesis ouly, which can thus
be geoerated by  pon-coherent radar system too

Pig 3 Semplex test 2

4, PROCEDURE FOR CORRECTION AND RESTORATION OF CORRUPTED
RADAR DATA

In this paper section a procedure is prescoted for testing and restorimp quality of data
scquired through 3 metcorologics! radar, which receiver sxploits multiparameter processiag

Thooe different causes of ervors can corrupt data quality: grousd clutier, beam shadowmg
due to ground relieves mterception and signal stenustion due to propagation of e m. wave
slong path i» a rain filled madiom

The first cause of erors, the presesce of grownd clutter superimposed ov meteorological
echoes, was widely amalysed in pravious papers I, 2), which bighlighted that different
behaviors of Zy aad Zpp parameters characterize rainfall data sod ground chuter data,
specifically Zpp-Zi scatter plots of rsinfall are clustered within  specific ares (s Fig 1):
this is not the case for ground clutter's. Parameters' reconstruction of the contamined ares is
carried out starting from contour cells. A soction of 7x7 cells (abaut 20 Km? ) is selected
around the comtidered cell Each cell contribution is suitably weighted by coefficients, which
are the marmalized Fioaneee fnm the window conter  This nracedure asaures wood resuls
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when the cootamined arca is swoall, because m 1his case the ostunated value of the contamine
unpmwqumdmﬁdwchmthudmeds When parameter
of the comtour cells are reconstructed. the ined ares is restricted wnd 8 new comtour can
be processed.

With reference to the second ph RI00§ 08 can be led on both
bon | and vertical comp of the wave backscattered by the ares under abservation,
!hucm“;-qduuunmﬂvauofdiﬁuﬂdnﬂuiﬁy-d.hwvduolm
reflectivity, The sxpected effecs oo Zpr-Zy plots s 2 <kift of the shadowed region in the
direction of Zy axs

Once the p of ing is & d, the smnplest way is (o determise the percentage
of blocked beam by messs of 3 digtal temsin model (DTM) snd an stmospheric propagation
mdeLhnsuhlndodisaikoluﬁrnMdnlorhmobmduis
coucermned.

fn the present case 8 geometrical algonithm is used. The theoretical position of radar beesy
upoa the terain level is evaloated timg 10 & reghooal DTM, isting of a matrix of
quotesn(etw‘lno.ho.-!lnrenmmw‘
m;wmmmituwdu-mpwmmwu
cortesponding radar azinssth sad range r, for tbe given clevation f, the 15 tical height of
the ocmtre of the beam can be computed. The altwude of the corrispondsog surface pomt below
the radar besm is evalusted

The attenuation correctica coafBcient can then be computed. The radar beam was somubated
mn;xmmwmumwwwmohwm
function, hecause the same Gaussian p is d for both H sed V polanzatonwhbere
The estimate of the attenuation affecting the absolwe reflectivity is thus exp d by the
(atio between the sam of contributions by mou-obscused besm cells and the total power
radiated.

The hon of due to propagation throsgh 3 rain flled medium is assumed to
be nat necessary for S-band radars, whilk it i peeded for C-band radars, wn pasticulas if dual
Wiwbﬂhﬁab&mddﬂhmﬂmmtm.mzuﬂd
Zmuchyawulmuuﬁﬂ.pm'ﬁwndmmmmwu&;ll
ramfull totensity aloag the path. Such effects affect beavilly adar data, especially in the
presence of high rainfall mtcusity

The scatter plots obtained in this <15e showing a shif of the sadowed region along batd
directions of the representation planes.

Advanced metbods for the of propagation stteouation refer o phase
mestirements, primarlly 1o the specific differential propegation phase (5] which, on the other
hand, are oot frequestly avalable om i radar 5 Thercfore, i one assumes 10
uwwymmwwm-:mhmm.mmhm
umzmmnmnahn;mn&nybyuuisit.wﬂbyoﬂ.wmumk
dorived from reflectivity 4nd empkrwed fior the comection @ the carrmt cell and 1he evabaation
of total atrenuation shang cach radase iy,

The Brst recursve meshod fior C-band menoparametric radars was ntroduced by
Hildedrand [6], while lster Aydin ot ol (7] proposed 3 smilar procedure using slso ZDR
values ﬁcmm.mw:blownumtewiﬁomm“
&emhtioubipsthnmwnmnﬁuuha;mdﬁeumnww
oservables Z snd ZDR , and posssibly to olber parametess like temperature, Since
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reflecaivity factors are comepted by aticuuation, Zy and ZpR values to be mtroduced @ the
dforementioned relationships shoald be previously d ing the cupulative
Mmedbyutmolbemmbdhmubiumnuudumm
gmuy.mmmoqbydhmwbmwnﬁumm
reummqsﬁcwm-dmm&nhqum
M(MMWLhMMdManuMM
coefficients. Such & corection scheme cam be summarized by the following equaticas -

=25~ Wiﬁm

=k

Zhe, -255.02&24;“

-k

where superscripts ¢ and m stand for * d* and " d”, respectively, while the
MRBMﬂnhrhwmpdeqﬁhm.MMAm md Ay are
specific tioss  dB/Am, competed by means of relationships relating them to the
redlecevities obtained at the preceding range biss

m«wqmdaﬂwwhnuhr“dwﬁ&hnﬂy.wﬁdhdsm
unrefisble amd wmomalous comrected reflectivity data. This may be due cither to witial
mdihx(mamiﬁ;uuubm)uuuwmdm:m:

smce i 200 b critical, Jeadmg 10 svely
orszMmmmmw‘o&em

In this context, & & ratker obviows that a correct kards calibration of the radar receving
system is mundatory and prefminary to any otber reflectivity cor cth i o particular,
moﬂkmniuwmwbﬂmw-dm:fwmmM
55C, & sy ic bias i was 4 of 2 dBZ and 0,2 dB, affectmg Z and
Zpm respectively.
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& COMPARISONS BETWEEN RADAR DATA AND RAINGAUGES DATA.

mmipma:mmmmmmmmm.bm:om
different characieristics of sampling. both in time sod m space domam, by thase two sensors.

NMW.NMWW.MWW&MM&W
which the ramfall depth s cunulated. Raimgauges are not unifornly displaced and B from
each other over Tuscamy region. Moreover their sites oftea are not signficant for comparison
with radar data.

Cmsmly.m:nummmkmumsmuofnhﬂmmm
tervals that are pot uniform diring reasarements, but they last less than fifteea msies. Dma
are coBected from & large arca, with meximum range up to 122.5 Km far from Mantagnana,
with an asbmuth resolution of 0.96 degress.

Data processing is thus y far comparing dats coBected from these differes sensors.
Eaehu-ﬁldqdmbhmuimuh-vmdmubenhwﬂ(lsﬁ.).
1bus obisining samples of the average rainfall rate aver each smple ramguge.

Anu.momwhmmmumwmun.mmw
raingaige is sited, are idered and reported as R of acquisition tise; » contwuous
mmmmmnmummmkwmmm«
eervals, himg hose of reingauges: the sub ded mreas are compured and averaged over
the relsted time mterval (i e. fifleen minwies)

In this way comparable ti q of the p are ob d

mmpmmmmmvammMmmwm
MWMvaﬁubmlohmdmnhﬂv&nP«
mMmmMMWMMd.AMWmmmw
resocting to Marshall and Palmer standard sxpression:

7y = 200 RLO

mmm,wwmmmmm.&im
presence of licavy precipikstion (for ramfall rates grater than 10 cah)

Thmmdwmmuﬁdalpmﬁdbymadm,wmiw
ﬁiﬁnngthﬂ‘mbﬂuwrhﬁﬂmﬂdwmmhﬂhﬁmndu-du
from raingauges, for the ramfall event prescated in this paper:

2y =926 pl.5625

Both expressions relate the rainfall rate parameter with the messured sbsohue reflectivity
Mmaﬁoun&wtﬁunofMure&:ﬁv&ymgqumlﬂ;mﬂme
10 reccived power and emphssizing lnsses of power asd their canses. The choice of these
wmmmrswwammcumuzwzw relationships,
is due 10 the unrelishility of messured data, which are affected by significant errors. Because
ZpR parsmeter i more seusitive to the different causes of crrors and maimby to ateouation
dn:(opmpo'uiouwmmichdiﬁunﬂynﬂ‘emhbmwunml
mmmmﬁnmemummhndwmmdm.mm
reflectivity alone.

For as spproprate and measingful evaluation of ion procedure efficiency, in the
following pictures four curves. representing ramsfall rate as a fusction of scquisition time, arc
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reponted: the first for from rasgasge (. lime), the second (plus-nmbol
mzmmﬂ Q-Mlmfumﬁmunm}mt:ynm'ngu
tion and to Gorguceds Thke .
symbol fine) reporns Gorgued's rainfall rate esti wwm mum'(x
At the bottom of the figure classBication tests' results are trasscribed: the table of theso
resalts thus shares the tioe axis with the ramfall rate curves. This type of representation would
sot be corrected because ramfail rate data, as already explained, refer to ge vahses, while
classification tests applies 10 punctual data, nevertheless we think that 3 ssmubtzneous
comparison berween those results sod ramfall rate curves, can be useful for evaluation of both
tests’ efficiency and data qualicy, sad & can help intespreting applied i
: M«w?mdmu&mumﬂmwnmunﬂdofuh
is detected & R" symbol is used, while 4 “C* symbol is utized for chatter contamanmted darum,
whes rain wih unrelishle estimte is detected the U symbol ix used. When no rain is
detevied . the "N symbol is used i the table. The symbol *A " is introduced s ble output
of the cluster test alome: it devotes data which are characterized by ers atypical for
rain, which can then be classified 25 anomalous i
Auhempof@nu.lhbd;hofgn-dpwﬂleabonuhmkv&kmnlhndn
sensor and the raibgauge ot hand, is reported as a funcrion of disance from the rader site
Ihui@mabowmdmﬁnpbun.whbﬁn‘uwﬁcmmim
(ww)ywmmm(m&)mwmm the radar
fystem was acquirg data from resolution cells with an sverage elevation aagle of sbout 1%
degrees, but sudden jumps in the slevation wore ob d durmg which ceused
the antenns pointing a different vokune of raincell for the time of s acquisiion.  Thus
produced crrors were removed by resorting to mterpolation procedurss,

F»gomfm»muwtywmpmu'sw_wwm
around the ramgauge site and by no-beam shadowmy, #s abso shown by the height
profile at the top of the picnare. The picture shows & good comelstion amoeg ald the ramfail
r:“auvgauzfdeumhladhhuwm' exhidits 20 evident underestimation of
rete.
The radar derived dats, eves (bose obtained tarough Gorguccis relstion,
.  eves ppear stroogly
along the propag; path through ramfeld, while the comrected curve aearly
maiches the raingauge curve, thus testifying good peric of iom procedu
MMMMummeudhud&MmM
detect ram m the presence of ¢ imtense precipitation event, waile no data are reported i the
Mcoolmum.bdepmofhvyn‘-ﬁlme.uhmudby&enhme.
mwmmd.uummofnhwwﬁol)tﬂkinﬂym:wmehu
uqmmmm-memMummdem
polarized componeats of the wave, thus modifying the differential refloctivity acquired by the
u&m.@munmhdnﬁdumiﬂor:ﬁm&hmmwm
tumm:y'm&-ﬁm“' ion in the presence of besvy rada.
_ an is of radar dats, we cam see that e madar system Giled acquisition w1 two
times. that desoted 45 1365 minutes past midnight and that (440 misutes past nsduight Indeed
scquisition problems were reported durisg recording of relsted data,

Fig. 7 vefers to data collected by the raingauge nansed "Vallombrosa® This is 2 clear sxample
efﬁamo‘mwm within the resobation cell surrounding the ramgauge,
The ramfal rate curve from the mampauge reveals an  itense  precipitation over the







Evaisanion of dure for dwal polerizanon redar data
7 ncuumunmrm:m.x.mm

mmnmno:mmmmmmmmm
outside this time ioterval, which are due to stroeg ground churter. chevw "
precipitaticn evest, radar data agree with those from raingauge even

3
Ez

because of the sume causes previously mentioned. When correction is spphied on radar dua, |

two differest effects can be observed | mereased values of rainfall rate due to cormvection of
Two-way propagation, decreased values of the madar cusve when clanter is detected. However
the comrected curve doesn't match that of raimgauge, even if better peofide than that from aot

mnmhmotmmmmdngorm

In this case the clasgfication tests give different results and thus showing a different
efficiency, If we consider only the combaned tests, we can pote that “complex test 1* and
“simplex test 1" classify as clutter almost all processed dsta, 5o that o data during hesvy
ramfall could be used for estimating rainfall rste. The comected tests ("simplex test 2* and
"compiex test 27) classify as clutter only those data collected outside the peak of precipitation,
wticdmmehuindn‘()’%pmpﬁmomnhwthnhnbﬂn

classificanon show two anomalies, speciBically st [440 min. and » 1550 min past cudaight!
the second s due to = lack of acquisition by the radar system, the first denotes a rainfall datum
m the absence of contammation by ground chotrer, which is duc to » sadden jump @ the
clevation of the acquirmg antenna, which is scquiring at 2.5 deg. of aversge elevation angle,
thus poisting only the precipitatson bank.

The above amalyss wss performed also for other rampamges, among which these
characterized by stroeg beam shadowing, in the same events,
Some devistion (o results of performance evalution were encountered, when the Z-R

coaversion law was not fitting well local ramfall. However, in groeral resuks bave generelly |

confirmed the cffectiveness of such procedure.

6, CONCLUSIONS

I this paper the cfficiency of & correction procedure of dma callected by meaus of 2
coberent C-band polarimetric radar system in Tuscany (laly), is evalusted through comparison
with data collected by two raingauges located within the radar coverage volume. The selected
raingauges’ skes are charscterized by:

«  strong clutter,

. wmdmmymmm—smgmmmmw’ﬁ.

These coeditions hsve thus sllowed 1 evaluation of data classificstios cfficicncy,
significantly extend 1he evaluation made w [1, 2], onlynﬁmutommdumuh
the S-band frequency region, to the case of C-band dual polasization coberent radar.The
oreseated results demonstrate also the sbility of proposed tests to identify anomabous data due
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betb to partial beam blockage, and to sttenuation through rmin filled medis, which for C-band
radar systems ¢an cause strong errors on rainfall estimates.

The compariton stong results obtamed by the differcot tests, aiso based ow the analysis of
dats marching from radar and raingauges, highlights that decisive modification m the origmal
algorithms  significantly Evproves performance of radar data classification, and a new
saphified ter can be used with quite good results,

The presented study reveals usefid not only for the check of radar data refiabifity by #selll
bun also for proper selection of calibration sites with raingsuges: the calibration procedure
based on integration beeween radar and raingsuge can indeed be bounded 1o thoss sainpauges
associated wish refable radur dats,
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