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Rainfall rate estimate from the rain profiling algorithm “ZPHI”
applied to X-band polarimetric radar data
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Abstract. With dual polarisation capabilities, low-cost X- (iv) the Kpp-R transform is quite less sensitive tg Maria-
band radars regain their initial interest associated with a tions than Z-R one.

small antenna size for a given angular resolution. To ob-

tain such improvement in correct operational conditions for ~Additionally, some multi-parameter estimates usingsK
hydrological applications, the association of this techniquehave been proposed to completely remove the latiese-
with algorithm ZPHI is proposed. Indeed, besides its capasSitivity (e.g. Matrosov et al., 2002). Howeverpi has to
bilities to solve the three major causes of uncertainty in thePe derived from®pp, but estimating it is uneasy in prac-
rainfall rate estimate (along-path attenuation; variability of ticé because of random phases errors. Unless operating with
the raindrop size distribution; and radar calibration) zPH| Sufficiently long dwell time, that would be unsatisfactory for
admits a short radar dwell time, authorising fast scanning veoPerational use, conventional solutions consist of involving a
locities. This algorithm has been validated with C-band radarcertain range interval for smoothed or weighted finite differ-
data, through comparisons with ground measurements giveBNce, or for slope estimate by regression approach. Anyway,
by rain gauge and disdrometers. such an estimate alters the spatial resolution.

Very first results of ZPHI applied to X-band radars are ~Moreover, X-band may suffer the backscatter effecon-
presented in this paper. The data are provided by a Xdiributing to®pp, so Kpp estimation may be strongly biased
band dual-polarised radar developed and recently upgradeiit is not preliminarily removed.
by NOAA/ETL. Alternatively, using the rain profiling algorithm ZPHI to
derive Kpp and then R is proposed in this paper. Indeed, be-
sides its ability to solve the three major causes of uncertainty
1 Introduction in the rainfall rate estimate (i.e. along-path attenuation; vari-

ability of the raindrop size distribution; and radar calibration)
While a number of advantages makes X-band radars appealPHI admits a short radar dwell time, authorising fast scan-
ing for local applications when compared to C- and S-bandning velocities.
radars (smaller antenna size, good portability, fine scale res- While some validation of ZPHI has ever been performed
olution, low-cost), propagation effects are stronger. Namely,with C-band radar data through comparisons with raingauge
attenuation is so limiting that it has made X-band radars un-and disdrometers measurements (Le Bouar et al., 2001), this
suitable to estimate rainfall rate (R) from reflectivity (Z) mea- paper focuses on a very first application of ZPHI to X-band.
surements only. The measurements used come from “Hydro” (NOAA/ETL),

Thanks to dual polarisation capabilities, quantitative rain-a recently upgraded dual- polarized X-band radar, and
fall rate estimate is possible, by taking advantage of the speequipped with Kp capability (Martner et al., 2001). Ta-
cific differential phase shift Kp. Several reasons make this ble 1 gives some of its basic characteristics. The dataset il-
parameter particularly eligible for X-band radar: lustrating this paper were measured from the Wallops Islands
(37.86'N, 75.5W) on 11 April 2001 at 03:30 UTC.

(i) itis insensitive to attenuation;

(ii) itis insensitive to calibration error;

(iii) it is inversely proportional to wavelength, so that its 2 ZPHi algorithm

magnitude is higher than in C- and S-band, and thenAIgorithm ZPHI (Testud et al

: : 2000) has been specially de-
more usable for light rain;

veloped for dual-polarized radars in attenuating frequencies.
Correspondence tcerwan.lebouar@cetp.ipsl.fr It is a profiling algorithm that uses the profile of measured
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reflectivity, and a constraint based &, difference of®pp
measurements between two selected range bounds. The ba-
sic hypothesis assumes tha*Nintercept parameter of drop

size distribution) is constant between these two bounds. This

20

OM il M

hypothesis is reasonable when the interval is covering an< 0 0 o) %0 10
unigue kind of rain. Consequently, ZPHI operates a sys- C>m? : : : .
tematic segmentation along each beam, in order to ensure | — i R
an optimal variability of N*, constant in each interval, but F E
variable along the segmented beam. T E
The primary output parameters are the specific attenuation £ *°F E
A (in dBkm~!) and Ny* (in m—%). The rainfall rate R is © a0 4
deduced in the following way: 20 B
x(1-q) 5 q S | ‘ »
R = P NO A , (1) 0 10 rong§O<km) 30 40
Where_ p and g are coefficients depending on tempere_lture aleg. 1. Profiles along a radar bearta) Measured reflectivity (thin
elevation angle. Attemperature T =XDand at 0 elevation, |ine) and corrected one (bold linglb) Measured differential phase
p=1.66 and q = 0.756. shift ®pp,_._ (thin line) and estimated on@pp,_, without (bold

Since A and Kyp are nearly proportional, ZPHI may be dashed line) and with (full bold line) modelled backscatter effect.
considered as a sophisticategh K retrieving method, and (c) Rainfall rate derived from ZPHI (bold line) and from a Z-R re-
the resulting R as a R(i) estimate. The difference is that lationship without correction of attenuation (thin line).

Kpp is not directly derived from the “local” lot of measured
dpp, but it is in part deduced from the estimation constraint
by A®. In addition, ZPHI is capable to correct the differ-
ential reflectivity 4,r for attenuation, utilizing a power-law
relationship between gy (specific differential attenuation)
and A. A concrete example of ZPHI performance is provided
by Fig. 1, in which correction for attenuation applied to Z
and contrast between the derived R and the classical one a

Differences betwee®pp_, and ®pp,__, besides noise
fluctuation, are likely to originate from effect. The latter
can be estimated posteriorifrom Zpgr corrected for atten-
uation by ZPHI. Note that in X-band, the increasedofs.
R (Fig. 2, obtained from a T-matrix scattering model with
a mixed oblateness law described in Le Bouar et al. (2001))

hown.
Show is perfectly independent of the DSD, as shown in Fig. 2f of
Testud et al. (2000). A roughly estimate ®from Zpr can
3 Qualification of A retrieval be given by the following relation:

In ZPHI, retrieving the profile of A along the whole range

interval [r,, r,] requires the measurements®fp at ranges 5(Zpr) = { (3.95Zpr — 4.76) for Zpr > 1.2 dB @
r. and §, only. In order to prevent any contaminationdoéf- 0 otherwise

fect, r, and i, are selected wheré(r,) — d(r,)] is suspected

to be negligible.

Owing to the A-Iyp relationship, ®pp can be re- The &pp_, including the resulting) is quite consistent
constructed in [r, rp] (see Fig. 1b). Two forms ofopp, with ®pp___. This comparison is generalized by Fig. 3, that
almost independent of each other, are then obtained: one isxtends it over a whole sweep. The slope of the resulting
directly provided by measuremen®{p_ ), and the other linear fit approaches unity (0.99 withagainst 0.88 without
is deduced from a retrieved parametépe..,). d).

est
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Fig. 2. Backscatter effeci (in degrees) againstpg (in dB), sim- I
ulated by a T-matrix scattering model. Dashed lines stands for the 0.0l .-'_i._ 5 | | | 1

approximation used in this paper.
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Fig. 3. Scatter plots ofpp,,, withoutd againstbpr.,... (ingrey),  Fig. 4. Scatter plots of R(A,3r) against Rpur before (left panel)
and of ®pp,, With § against®pp,,.. (in black). The dashed line  ang after (right panel) applying a 0.8dBZ calibration correction.

refers to the pure unity slope, while the full lines are the linear fit The full lines are determined by the slope of R(A)/Rzpmu: ob-
for each scatter plot. In the grey case, the linear Pearson correlatiogyjined by mean least square.

coefficient is 0.942 while in the black case it is 0.963.

4 Derived rainfall rate and its dependency on N* tionship. By applying ZPHI to data from the BMRC C-band
radar at Darwin (Australia), and comparing the deduced R
One advantage of choosing A orpiK to deduce R lies in  to rain gauge measurements, it was found in Le Bouar et
their insensitivity to attenuation. However, estimating R al. (2001) that when attenuation effects had been avoided, a
from these two parameters necessarily remains subject t80% error remained in R whengilvariations were not con-
No* variations, though less than by using some R-Z rela-sidered. In X-band, this error would have been of the same
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Fig. 5. Hydro PPI views at 2.7 elevation, 11 Apr 2001 at 03:30 UTCa) decimal logarithm of N* being in m™*; (b) reflectivity factor
corrected for attenuation, in dBZg) rainfall rate derived from ZPHI, in mmT'.

order. subsequent error factor ingKis 101 €»/(1=P) " The im-
More generally, a 3 dB variation of ¥ leads to some 15%  pact of C in R estimated by ZPHI (hereafter notegbR;)
variation for X-band R(A) or R(lp) estimates. is a factor error ofl0~0-1CP(L-a)/(1=b)y " Wijth b = 0.756

and g = 0.785, these factor errors are 48! © for Ny*, and
10-9:067C for R,

5 Calibration error As described in Le Bouar et al. (2001), such calibration
error may be internally corrected by comparingpR; with

In ZPHI, Ny* is determined through an A-Z power-law ex- an alternate estimate R(Ap& ) that combines A and the cor-

pressed as [A/N] = a[Z/No*]°. From the latter relation, it rected Z. Because of attenuation correction, the determi-

follows that if a calibration error C (in dBZ) affects Z, the nation of Z,r depends on calibration error in a complex way
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due to the fact that Ap itself depends on ). Neverthe- 7 Summary and conclusions

less, retaining only points measurements where differential

path attenuation is relatively weak (e.g. close enough to theSeveral reasons make ZPHI particularly designed for X-
radar), makes calibration error influence negligible on R(A, band, at which both propagation and backscatter effects

ZDR). are strong when compared to C- and S-bands: Not only it
So, admitting that R(A,3g) = R and Rpm = R corrects for attenuation, but also it systematically removes
100967 C, C can be found as below: backscatter effects, provided the bounds of the treatment,

i.e. r, and §,, are properly selected. Despite the unavail-
C=10(1~-Db)/[b(1 —q)]log;o[R(A, Zpr)/Rzpm]  (3)  ability of collocated validation data like disdrometer or rain
. . ' : . . gauge ones, self-consistent validation procedures have al-
This expression can be used as a first guess in an |terat|v? S )
. - . . lowed some validation of ZPHI. For one, systematic compar-
procedure when the differential integrated path attenuation IS ons between measured and deridah constitute a self-
not so negligible. Figure 4 shows a log-log plot of R(A)

. : uality control for the retrieval of the specific attenuation A.
against Rpur. The [R(A,Zor)/Rzpui] slope obtained by gor th)i/s purpose, modelling parameﬂeﬂ%rns out to be nec-

least square method is 0.885 (corresponding to a vertical Shiféssary. For another, comparison between R derived from

of 0.053 in the plot). From this value, the calibration error is zp; ‘and R(A,%r) may control the retrieved N, sensi-

found to be 0.8 dBZ. When correcting this error, the resultingyjye 1o radar calibration errors. Obviously, self consistency is

slope becomes 0.953. reached out only if applied to rain data. For this reason, these
control procedures may constitute a tool for detecting some
non rain hydrometeors like hail.

6 Results on a particular PPI Furthermore, ZPHI automatically adjusts the R-A relation-
. . ) o ship through the matching of N. This aspect is of major
Figure 5a shows the relatively wide variability 06N Ar- 55 14ance. particularly in some situations like the one illus-

eas where log(No*) = 6.9 stand for ray segments Whose ya1aq by Fig. 5, characterized by a large variability gFN
A® is lower than the threshold required for running ZPHI: in

this case, * is forced to an arbitrary value (here, Marshall AcknowledgementThe authors wish to acknowledge NOAA/ETL
Palmer’s one). This imposed value explains some ray-to-rayor providing their Hydro X-band radar data.
contrast in the derived R sweep in Fig. 5(c).
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the mean volume raindrop diameter. e - . . ]
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