Nat. Hazards Earth Syst. Sci., 13, 269365 2013 Natural Hazards &
www.nat-hazards-earth-syst-sci.net/13/2695/2013/ g
doi:10.5194/nhess-13-2695-2013 and Earth System >
© Author(s) 2013. CC Attribution 3.0 License. Sciences &

Definition and impact of a quality index for radar-based reference
measurements in the H-SAF precipitation product validation

A. Rinollo!, G. Wulpianil, S. Pucd, P. Pagliaral, J. Kafnak?, E. Labé®, L. Okon 2, E. Roulin?, P. Bagui¢, E. Cattani®,
S. Laviola®, and V. LevizzanP

Litalian Civil Protection Department, Rome, Italy

2Slovak Hydrometeorological Institute, Bratislava, Slovakia

3Hungarian Meteorological Service, Budapest, Hungary

4Royal Meteorological Institute of Belgium, Brussels, Belgium

SInstitute of Atmospheric Sciences and Climate, Italian National Research Council, Bologna, Italy

Correspondence tAA. Rinollo (angelo.rinollo@protezionecivile.it)

Received: 16 November 2012 — Published in Nat. Hazards Earth Syst. Sci. Discuss.: —
Revised: 18 June 2013 — Accepted: 24 July 2013 — Published: 28 October 2013

Abstract. The EUMETSAT Satellite Application Facility on range distance, radial velocity, texture of differential reflec-
Support to Operational Hydrology and Water Managementtivity, texture of co-polar correlation coefficient and texture
(H-SAF) provides rainfall estimations based on infrared andof differential phase shift) and some obtained by external
microwave satellite sensors on board polar and geostationsources (digital elevation model, freezing layer height). In
ary satellites. The validation of these satellite estimations issome cases, corrections were applied for clutter and beam
performed by the H-SAF Precipitation Product Validation blocking.
Group (PPVG). A common validation methodology has been The DPC quality index was calculated and applied to some
defined inside the PPVG in order to make validation resultsrelevant meteorological events reported by a radar test site in
from several institutes comparable and understandable. Italy. The precipitation field derived by radar data was com-
The validation of the PR-OBS-3 (blended infrared— pared with the PR-OBS-3 precipitation product, with varying
microwave (IR-MW) instantaneous rainfall estimation) thresholds of quality index: the impact of the introduction
product using radar-based rainfall estimations as ground refef the quality index defined on the statistical results of the
erence is described herein. A network of C-band and Ka-satellite product validation as well as their sensitivity to the
band radars throughout Europe ensures a wide area coveragfgeshold choice were thus evaluated. Results show that PR-
with different orographic configurations and climatological RMSE (a relative RMSE here introduced) is reduced from
regimes, but the definition of a quality control protocol for values between 2.5 and 3 to values around 1 when the quality
obtaining consistent ground precipitation fields across sevthreshold is increased from 0 (no threshold) to 0.8. Fractional
eral countries is required. standard error also decreases, from values around 2 to values
Among the hydro-meteorological community, the evalua- around 1.5 in the same span of the quality threshold.
tion of the data quality is a quite consolidated practice, even
though a unique definition of a common evaluation method-
ology between different countries and institutions has not
been set up yet. 1 Introduction
Inside H-SAF, the first definition of the quality index of
the radar rainfall observations has been introduced at thd he EUMETSAT Satellite Application Facility on Support
ltalian Civil Protection Department (DPC). In the evalua- {0 Operational Hydrology and Water Management (H-SAF)
tion of the DPC quality index, several parameters are considProject started in 2005, with the objective of making avail-

ered, some measured by the radar itself (static clutter mag2Ple hydrological parameters estimations (instantaneous and
cumulated rain rate, soil moisture at the surface and in the
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root zone, snow cover, quality and water equivalent) de-its components, the framework of the radar data used for val-
rived from satellite observations. The H-SAF project in- idation and the validation technique.
volves experts from 12 EUMETSAT member or cooper- The theoretical treatment of the radar quality index, as well
ating states (Austria, Belgium, Bulgaria, Finland, France,as the procedure derived from it and applied to data from an
Germany, Hungary, ltaly, Poland, Romania, Slovakia andltalian C-band radar, is described in Sect. 4.
Turkey), and from the European Centre for Medium-Range Finally, the impact of the introduction of this quality in-
Weather Forecasts (ECMWF). The H-SAF is hosted by theformation on the validation of the PR-OBS-3 is evaluated in
National Centre of Aeronautic Meteorology and Climatology Sect. 5 for different quality thresholds. Conclusions are pro-
(CNMCA) of the Italian National Meteorological Service.  vided in Sect. 6.
The space- and time resolution of H-SAF satellite prod-
ucts is tuned to satisfy the needs of operational hydrology.
Raw data from European and American satellites (Meteosat? PR-OBS-3: precipitation rate estimation by GEO/IR
NOAA, DMSP, NASA) are processed through specifically data blended with LEO/MW measurements
developed algorithms in order to obtain estimates of hy-
drometeorological parameters. A detailed presentation of th&he PR-OBS-3 is an instantaneous precipitation intensity
H-SAF programme and its associated activities, as well aproduct at the spatial and temporal resolution of the geo-
of the satellite-based precipitation algorithms and productsstationary Spinning Enhanced Visible and InfraRed Imager
that have been developed so far, can be found in Mugnai e{SEVIRI) sensor on board the Meteosat Second Genera-
al. (2013). tion (MSG) platform, generated by the rapid-update blended
In order to evaluate the performance of the products, itPMW-IR technique originally developed at the Naval Re-
is very important to validate them by using independentsearch Laboratory (Monterey, CA) by Turk et al. (2000). The
datasets, i.e. data obtained by different sensors, and not ircombined use of IR brightness temperatures with the pre-
volved in the product build-up. The independent validation cipitation intensities from PMW allows for the scarcity of
is also necessary to verify the usefulness of the new productsuitable PMW overpasses to be overcome, and provides an
for monitoring and mitigation actions against floods, land- instantaneous precipitation intensity product with the spatial
slides and avalanches, and for evaluating water resources. Fand temporal resolution of the GEO sensor on timescales
details about the H-SAF precipitation product validation, seeconsistent with the nature and development of the precipi-
Puca et al. (2013). tating cloud systems. The geographic area covered by PR-
The previous works on satellite-based precipitation prod-OBS-3 is the whole H-SAF area (Puca et al., 2013), where
uct validation (e.g. Ebert and Manton, 1998) adopt mainlythe resolution degrades with increasing latitude.
the approach of re-mapping both satellite and ground datato The PR-OBS-3 product is based on the correlation, by us-
the same reference grid. Inside the H-SAF, a different ap-4ng the statistical probability matching technique (Calheiros
proach was chosen: to validate the satellite estimations irand Zawadzki, 1987) between the IR (10.8 um) brightness
their native grid by remapping only the ground data. temperatures measured by the SEVIRI sensor and PR-OBS-
In particular, when dealing with validation using radar- land PR-OBS-2 (Casellaetal., 2012; Sano et al., 2013) prod-
based estimations as reference data, these data come naiets of ground precipitation rates derived from conical and
mally at a finer resolution than the one of satellite grids. cross-track PMW scanners, respectively. Look-up tables of
Thus, radar maps have to be upscaled. It is important to ingeolocated relationships between the geostationary bright-
troduce quality information for radar measurements in ordemess temperatures and PMW precipitation rates are generated
to select the radar pixels to be involved in the upscaling or toby considering space and time co-located observations, and
weigh them on the basis of their liability. updated every time new coincident PMW rainfall estimates
The definition of an algorithm for radar quality calculation and geostationary data are available. These relationships are
has been dealt with in recent years by different authors (e.gbased on the assignment of a rainfall intensity value to each
Friedrich etal., 2006; Szturc et al., 2011). The algorithm hereSEVIRI pixel by taking into account that relationships older
presented is based mainly on already assessed techniquéban 24 h with respect to the acquisition time of the process-
but introduces also some new approaches. ing IR SEVIRI brightness temperatures are considered unre-
The present work is the first study focused on evaluatingliable, and consequently no rainfall intensity values are as-
the impact on satellite precipitation estimations validation of signed until a refresh of the relationship is performed.
the introduction of a quality filter on reference radar data be- The calibration of brightness temperatures in terms of pre-
fore the upscaling stage. cipitation rate by means of MW measurements implies the
The validation of the H-SAF precipitation product PR- existence of a good correlation between IR brightness tem-
OBS-3 using ground radar data and carried out by the Hperatures and precipitation rate, which is fairly acceptable
SAF Precipitation Products Validation Group (PPVG) is herefor convective precipitation, but less so for non-convective.
presented. The first section outlines the PR-OBS-3 satellité\ctually, in spite of the high spatial resolution and short re-
product, and the second gives an overview of the PPVG andresh time, these kind of algorithms based on the IR data have
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often some difficulties in retrieving precipitation in the case
of warm rain, or erroneously assign precipitation to cold, thin

clouds such as cirrus. This is due to the fact that the blendec|_AWsuNKs [~
technigue assumes that the colder the cloud tops, the highe

~ 3-hourly sequence
of MW observations

the associated precipitation intensity values. Nevertheless Computation of the Assigning a rain
. . . . SEVIRI statistical relationships Updated ey
the rapid update algorithm is currently the only operational |is.min images |y rain rates vs Tes | Lookup tables [ | Itensity value at

each SEVIRI pixel

T

Fig. 1. Flow chart of the LEO/MW-GEO/IR-blending precipitation
rate processing chain.

algorithm allowing for precipitation rate estimates with the ‘
time resolution required for nowcasting.

The architecture of the PR-OBS-3 product generation
chain is shown in Fig. 1.

3 \Validation service for the H-SAF precipitation ) o o
products 4 Quality of radar-based precipitation estimation

The PPVG is composed of experts from the national mete-Quantitative precipitation estimation from ground-based
orological and hydrological institutes of Belgium, Bulgaria, weather radars is a cumbersome tgsk considering it is influ-
Germany, Hungary, Italy, Poland, Slovakia and Turkey, un-€nced by several error sources (Wilson and Brandes, 1979).
der the coordination of the Italian Civil Protection Depart- Even though some of these sources can be addressed to a
ment (DPC). Hydrologists, meteorologists and precipitationreasonab|e extent, any quantitative use of radar rainfall prod-
ground data experts are involved in the product validation ac{Cts should take into account the quality of input radar data
tivities. A network of 4100 rain gauges and 54 meteorologi- and related precipitation estimates. This is necessary both for
cal radars provides reference ground data (Puca et al. 20135;;1dar data assimilation and validation of satellite-based pre-

Since the beginning of the project, the importance of defin-CiPitation products. _ o o
ing a common validation procedure has been clear in order Starting from the paradigm that the quality is a subjective
to make the results obtained by several institutes comparabl@Uantity, there is no unique way to determine it, nor is there a
and clearly understandable. The main steps of this methodolMnique way to deal with the radar error sources. However, it
ogy have been identified inside the validation group, in col-!S pos§|ble to prowde a_t_heoretlcal definition for data quality
laboration with the product developers. The common val-that might require specific setup for every radar system.
idation methodology is based on ground data (radar, rain The quality is a random variable ranging between 0 and
gauge and integrated) comparisons to produce large statisw Which depends on the considered quality indicators (ran-
tical (multi-categorical and continuous) and case study anald0m variables related to the error sources). For each quality
ysis. The products differ in data retrieval technique, Space|nd|c_ator, a relative quality index can be_def_med. The over_all
and time resolution such that every product needs a specifigu@lity can then be computed as combination of the relative
validation procedure tuned on its features. quality indices. o

In the case of the radar data used as ground reference, the ASSUMIng the radar systems are well maintained, the anal-
main steps of the common validation methodology are as fol-YSIS will be focused on the following error sources: clutter,

lows: beam blocking, distance from the radar, height of measure-
ment and attenuation.
— Ground data error analysis. As aforementioned, the present work is based on data from

the DPC C-band radar named Il Monte (located in central
Italy) at 700 ma.s.l., with significant orographic obstruction
— Temporal comparison of precipitation products (satel-In the W-SW direction (see Fig. 2).

lite and ground).

— Upscaling of radar data versus satellite native grid.

4.1 Ground clutter
— Statistical score (continuous and multi-categorical)
evaluation. The ground clutter can be evaluated using several methods,
among which those employing only the Doppler information
Initially, every institute participating in the PPVG had de- (ground clutter is expected to be basically stationary) might
veloped its locally implemented validation software, follow- produce a suppression of precipitation echoes having the ra-
ing common guidelines. As the project progressed, the neegdial component of velocity close to zero. Consequently, any
for an improvement in the validation quality and consistency efficient clutter identification algorithm should also consider
resulted in the definition of all the details of a unified valida- other information. A potential approach to discriminate the
tion software to be used by all the member institutes. radar echoes generated by non-meteorological targets from
weather returns relies on the combination of different quality
indicators. Joss and Lee (1995) propose an approach based
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Fig. 3. Reflectivity Z measured by the DPC radar “ll Monte” on
Fig. 2. Geographical position and coverage of DPC radar “Il 1 June 2009 at 14:00 UTC, elevation ©.4
Monte”, and elevation map of the surrounding region. The eleva-
tion in the color scale is expressed in meters a.s.l.

The relative quality indey; associated t ; is then de-

] ) fined as the complementary &f (i.e.q; = 1—d;):
on static clutter map, while other authors such as Ryzhkov et ‘ '

al. (2005) adopt a polarimetric approach, also for hydrome- n

teor discrimination. The treatment here presented is a com- ijqj

bination of the two approaches (Vulpiani et al., 2012) taking gcjytter = ’n . 2
into account the following quality indicators: static clutter Y w;

map (CMAP), radial velocity ¥), texture of differential re- J

flectivity Zqr (TxZdr), texture of co-polar correlation coeffi- _ _ o
cient phy (TXRho) and texture of differential phase shify, ~ Radar returns with associated low quality (gguter < 0.6)
(TxPhi). CMAP is a volumetric map obtained by averaging ¢a" be finally rejected. No correction is applied. Figures 3-5
a wide set of reflectivity data (expressed in fmr3) ob- ~ Show an example of radar image, the correspondigter
served in clear-air conditions. It is worth noting that CMAP Map and the clutter-filtered image. o
is dependent on the propagation conditions, so it would be Some radar sites might not be able to measure polarimetric
recommended to build CMAP on a seasonal basis. variables. An algorithm for clutter quality calculation suit-
For each quality indicatoX ; (i.e. X1=CMAP, Xp=V, ab!e for such radars is presently in the course of implemen-
X3=Txzdr, X4=TxRho, X5=TxPhi) the degree of mem- tation.
bership to the non-meteorological target cldgss defined

through a trapezoidal transformation function: 4.2 Beam blocking

0 if X; <Xy, 0rX; > Xa, In order to properly take_ into account the beam shielding ef-

g = | X —X1))/(Xa ;= Xa,j) if X1j < X; <Xz, (1) fects an.elecfcromagnetlc propagat_|on _modgl (EPM) can _be
’ (Xaj = X))/ (Xaj—X3)) 1f X3;<X;<Xa; ’ used to identify the obstructed radial directions. The partial
1 if X2 <Xj<Xaj beam blockage (PBB) map, representing the occultation de-

gree at a specific antenna elevation, can be retrieved by ap-

whereX; ; is theith vertex of the trapezoid relative to thith lying the simplified obstruction function proposed by Bech

quality indicator. Table 1 shows the parameterization used’

for definingd; in the present work. With future adoption of etal. (2003):

a unified algorithm for quality index calculation by differ- 55, 2 |

ent countries, those parameters might be locally tuned, eveppp — yvar—y +a Srcsma— T2 , ©)
though the use of the same parameter values by all validators Ta

would be preferable. wherey is the difference between the height of the terrain

and the height of the centre of the radar bean &nda is
the radius of the beam cross section. The height of the centre
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Table 1. Parameters of the applied system for evaluadigigiter- Z, (clutter filtered) (dBZ) - 2009/06/01
Xj w Xl,j Xz,j X3’j X4’j
CMAP 05 10 30 oo oo e
\Y 03 -0.2 -0.1 0.1 0.2

TxZdr 0.4 0.7 1.0 00 40

00
TxRho 0.4 01 015 o0 00
0

TxPhi 0.4 15 20 o0 430

Clutter Quality - 2009/06/01

Distance North {km)

180 o 3 o o

-150  -100 -50 0 a0 100 150
Distance East (km)

50

Fig. 5. Reflectivity Z measured by the DPC radar “Il Monte” on
P4 1 June 2009 at 14:00 UTC, elevation Q.&ith clutter quality field

applied gelutter< 0.6).

50

Distance Morth (km)
=

SAog k- A - .....

spherical divergence of the electromagnetic waves or for the

: : : : increasing height with respect to terrain (due to the Earth’s

50 00 -50 a 50 100 150 curvature and the vertical variability of the refractive in-
Distance East (km) dex of the atmosphere). Following the approach proposed by

Fig. 4. Clutter quality map associated with the reflectivilymea- Friedrich et al. (2006), PUt introducing a square root, it can
sured by the DPC radar “ll Monte” on 1 June 2009 at 14:00 UTC, be evaluated as follows:

R n e ........ o ........ .....

elevation 0.4(see Fig. 3). 0 for r>r
— 'max
] ) ) qrange= for < rmin ) (7)
of the radar bearn at a distance can be written as (Doviak \/@ for rmin <7 < rmax
max—/ min

and Zrnt, 1993)

_ - wherermay can be set to 150 km anghin = Ar/2 (Ar is the
h=Vr?+ (ke R)?+ 2rk RSN — ke R + Ho, ) radar range resolution) (Fig. 8).
whereR is the Earth radiug the antenna elevation arfd The square root is introduced in order to ensure that quality
the radar antenna height, akgd=4/3 (assuming the wave does not drop too fast with the range distance. In the future,
propagation of the standard atmosphere). a more empirical approach will be adopted, evaluating the
The quality associated with the beam blocking can then baange distance quality for each radar on basis of a comparison
computed as the complementary of the PBB: with rain gauge measurements.
qree =1-PBB. ®) 44 vertical variability

The estimated PBB might be compensated up to 0.7 as in

Tabary (2007): consequently, the resulting quality would beAS @ result of the storm vertical variability, the radar obser-
(Fig. 6) vations made at relatively high altitudes are not representa-

tive when estimating precipitation at ground level. In order to

qrBE = { for PBB< 0~7' 6 deal with such an issue the reflectivity field can be projected

1-pPBB for PBB>0.7 onto the surface by estimating the so-called vertical profile

As example, Fig. 7 shows the reflectitivity factor filtered for of reflectivity (VPR), and this is the approach adopted in the

clutter and corrected for partial beam blocking. present work. Thus, after correction for VPR, the associated
quality is assumed equal to 1.

4.3 Range distance In case the compensation of this effect is not introduced

in the radar data, the quality index associated to VPR can be
The quality of radar data decreases with increasing distanc@stimated as in Friedrich et al. (2006):

from the radar either for the beam broadening related to the

www.nat-hazards-earth-syst-sci.net/13/2695/2013/ Nat. Hazards Earth Syst. Sci., 13, 260835 2013
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Fig. 6. Map of quality associated to beam blocking for radar “II Fig- 7- Réflectivity Z measured by the DPC radar “Il Monte” on

Monte” on 1 June 2009 at 14:00 UTC, elevation®.4

4qVPR =

JaadsheLs200  for)_aym < b 4200 andhyads > hFLy200 aNdh_3ds > hFL-500

1 June 2009 at 14:00 UTC, elevation ©.4orrected for clutter, fil-
tered with a two-dimensional median filter and corrected for partial
beam blocking (PBB <0.7).

Range Distance Quality - 2009/06/01

beam width and the antenna elevatiohpeamis the beam

A0

2(h3d8—h—3dB) IER S 00000 RN
.5 for h_sdg > hrL+200
1 for i1 348 < hFL-500 (8)
0 forh_sdg > hrL—s00 @andi 4308 < hFL+200 ok A
;f#m forh_age < hrL—so0 andiiads > hFL-500
E
where hp is the freezing layer heights 348 = hpeam+ = E0f
. . = 0.6
Sup, h—3dB = hbeam— &dn, Sup =7 SIN(P)/SIN(Y + @), ddn = s
rsin(g)/sin(y —¢), ¢ = 0.5®34g andy = arctar{(R + Hp) - Z 0 0.5
co90))/(r+(R+ Hp)-sin(®)), and withdzqg being the 3dB § 04
k]
[m]

height defined in Eq. (4).
4.5 Attenuation

Rain path attenuation is one of the main impairments when
estimating rainfall using frequencies higher than S band.
While for dual-polarization systems there are a variety of

possible solutions all based on the use of differential phaserig. 8. Range distance quality map associated to radar “Il Monte”

-100

-180F

-150

-100

-50 0 a0 100 150
Distance East (km)

shift (Vulpiani et al., 2008), for conventional single-polarized on 1 June 2009 at 14:00 UTC, elevation®.4

radar the solutions are potentially unstable. For this reason
it is recommended to evaluate them only qualitatively. The
quality index associated with rain path attenuation can be de-
fined as

r

1 forPIA < PlAnin
forPIA > PlAnax
for Pl1Amin < PIA < PlAmax

PIA(r) = Z/a(s)ds, (10)

. (9) 0

where specific attenuatiam in rain (below FL-500) can be
where PlAnin = 1dB and PlAnax= 5dB; PIA is the path- estimated with a recursive formula, based on Le Bouar et
integrated attenuation that can be computed from radar real. (2001):

flectivity Z (expressed in mAm=3) as follows:

Gattenuation— 0
PlAmax—PIA

PlAmax—P1Amin
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Fig. 9. Attenuation quality map associated to radar “Il Monte” on Fig. 10. Overall quality associated to reflectivity measured by the
1 June 2009 at 14:00 UTC, elevation .4 radar “Il Monte” on 1 June 2009 at 14:00 UTC, elevation°0#he
dominant component in quality is the range distance.

was used as a filter in the radar validation of the PR-OBS-3
product for 12 case studies, using radar data from the DPC
radar “Il Monte”: the radar pixels considered in the upscal-

(11) ing phase are all the ones for which the associated overall
quality index exceeds the considered threshold. Those with

Before evaluating the attenuation quality, it is recommendedjuality index lower than the threshold are discarded.

to remove unrealistic “spikes” in the field by applying a two- _ . . .

dimensional median filter. Figure 9 shows the path-integrated*/  Surface rainfall intensity calculation

attenuation for the sample radar image.

a=a-(ng ")z with a =1.08x 107,
np=0.8x 10’ =0.798 and
Zpia = Z(r) + PIA(r — dr).

In order to use the radar measurement for rainfall estimation,
the surface rainfall intensity (SRI) is to be calculated, start-
ing from raw data and applying Z2-R (reflectivity—rainfall-
The final radar data quality can be retrieved by combining allintensity) relationship. It is worth remembering that any pos-
the considered quality indicators. A multiplicative combina- SibleZ—R relationship choice is strongly sensitive to the drop
tion rule is proposed: size distribution variability. However, in the present work the
Z—R relationship proposed by Marshall and Palmer (1948)
0 =] 12)

has been adopted,
whereg, are defined in Egs. (2) and (4)—(8). The quality as- Z = 200- RS, (14)
sociated with the rain rate products at tlmeQR”? 'S the_ because it is the most widespread in the operational radar
same as for the radar data (errors associated with the inver-

. . . : . 8ommunity in Europe, even though it is more suitable for the
sion process are not considered), while the quality associated .. . A LS, o
estimation of stratiform precipitation. For the specific geo-

;V:;Z;hgfgl;r?_u:s;??sra'nfa" can be estimated as the time aV_graphic area considered in the study, Vulpiani et al. (2012)
v ' found that the use of radar reflectivity for estimating precipi-

tation is frequently subject to underestimation, mainly due to

the orographic obstruction of radar beam, precipitation over-

shooting and attenuation. This is more pronounced when the
with N, being the number of integrated rain rate fields. Fig- lowest beam map (LBM) is the reflectivity product used for
ure 10 shows the overall quality for the sample radar imagerainfall estimation. In order to reduce this effect, it was cho-
sen to derive the SRI from the vertical maximum intensity

The quality index calculated with the methodology illus- (VMI), ground-projected by means of the retrieved VPR.

trated above is still not introduced in the common valida- The quality index associated with the VMI map is, for
tion activity of the group. The present paper describes how iteach pixel, the quality index related to the PPI from which

4.6 Overall quality

1
Qcr= EZQR,I, (13)

www.nat-hazards-earth-syst-sci.net/13/2695/2013/ Nat. Hazards Earth Syst. Sci., 13, 2680835 2013
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Table 2. User requirements for the PR-OBS-3 product. B
PR-OBS-3 " .
Precipitation Requirement (PR-RMSE) g o0
class threshold target optimal i "
>10mmirl 9 80 25 T R 8
1-10mmh? 120 105 50 s g
<immt?t 240 145 90 T et

Upscaled radar rainfall Satellite rainfall
44 44

the pixel is extracted, calculated as described in Sect. 4.6, -
Eqg. (12). In the present work, the uncertainty related to the
applied inversion algorithm has not been taken into account. =

z 42 g 42
- 415 - 415
5 Upscaling of radar measurement on the satellite 4 ] 41
native grid and statistical scores calculation 405 CR g w05 s T e
. ot - R
40 40
. . . . 12 13 14 15 16 17 12 13 14 15 16 17
The common validation methodology established for precip- LonE () LonE ()

itation products implies the upscaling of radar data at the na-F, 11 Surf infall intensit d by the DPC radar ‘Il

: ; ; O : _Fig. 11. Surface rainfall intensity measured by the radar

tive grid of the satellite. While in some cases (microwave Monte” on 1 June 2009 at 14:00 UTC on basis of VMI (top): same

based products) the aggregation of radar data has been . . .
iahted di - | f .__image upscaled on the grid of PR-OBS-3 (bottom, left); section

yvelg. ted over a two-dimensiona antennq pattern ungtlonof PR-OBS-3 image (corresponding to the radar-covered area) at

in this case (PR-OBS-3), due to the satellite product higher 3.57 ytc (bottom, right).

resolution, the upscaling is performed through a simple arith-

metic average. All the radar pixels falling into one satellite

grid cell are averaged, generating an upscaled value (Fig. 11)< 1 mm hr1), moderate rain rate (between 1 and 10 mnih
Upscaling of radar images might introduce a potential and high rain rate (> 10 mntH).

error source in validation. The overall validation eriy The following statistical scores are calculated:

would be then composed as _ - s
— Continuous statistics (for 3 precipitation classes)

Ey = Er+ Ey (15) mean error, standard deviation, mean absolute error,
multiplicative bias, correlation coefficient, root mean
where ER is the radar rainfall retrieval error andy the square error and PR-RMSE (Puca et al., 2013).

upscaling error, appearing where satellite grid cells contain
radar pixels for which no rainfall data are retrieved. Both er-
rors are very difficult to estimate because of their strong local
variability and dependency on rainfall type, season, orogra-
phy, radar elevation and other factors. Yet there is a way to

— Multi-category statisticscontingency table (for 3 pre-
cipitation classes in the instantaneous products and 5
classes in the cumulated ones), probability of detec-
tion, false alarm ratio, critical success index (Puca et

. . al., 2013);
reduce both errorstr can be reduced by introducing a qual- )
ity index and filtering with it the radar pixels (see Sect. 3), — Probability distribution function30-class distribution
retaining the ones with quality value above a selected valida- of satellite and radar data.

tion threshold.Ey, on the other hand, can be nullified by

considering only the satellite pixels which are completely Every institute calculgtgs the statlstlcs_ overthe|rsurve_|llance
area. An overall statistics for the entire H-SAF area is cal-

covered by valid radar pixels; that is, where all radar pix- : h h N ina th
els have quality index above the selected threshold (this apSulated by the DPC, as the coordinating institute, using the

proach, however, strongly reduces the sample size). upscaled ground data provided by the member institutes.
During the routine validation activity of the H-SAF The reference score for verifying the fulfilment of product
project, statistical scores are calculated on a monthly basiéeduirements in H-SAF is PR-RMSE, defined as follows:
on the satellite—radar data pairs. Three different statistics are 5
. “ » « " « ” 1 Sat — Groun
cglculated. one for “land”, one for “sea” and one for “coast” pn_ RMSE— _Z f d . (16)
pixels. Ground
The satellite measurements below 0.25 mrh are con-
sidered as no rain. For the measurements above this thresfiable 2 reports the user requirements to be achieved as a
old, three precipitation classes are introduced: low rain ratdunction of precipitation regimes in terms of RPRRMSE.
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o 1,
olds (from top to bottom: 0, 0.2, 0.4). Case study of 1 June 2009
radar image at 14:00 UTC; PR-OBS-3 image at 13:57 UTC. %’ !
o 05
o
0
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6 Evaluation of the impact on the validation of the Quallty threshold

quality threshold
Fig. 14. Plot of PR-RMSE depending on the quality threshold for

During the present work, in order to evaluate how the intro-all case studies merged together.
duction of a quality threshold in the upscaling impacts the
validation results, the same validation has been performed The statistical scores typically calculated in the H-SAF
for different quality thresholds: 0 (no threshold — as if no precipitation product validation were evaluated for the dif-
quality information were available), 0.2, 0.4, 0.6 and 0.8. All ferent values of the quality index threshold.
radar pixels having a quality index above the chosen thresh- Some noticeable results were obtained, in particular re-
old were considered (Figs. 12 and 13). Every satellite pixelgarding the fractional standard error (FSE), and the PR-
is compared with the arithmetic average of the correspondindRMSE, which is the reference score to assess the achieve-
radar pixels, regardless of their number. ment of the product requirements defined inside the project.

The dataset considered consists of 12 case studies, eachAs it can be observed in Figs. 14 and 15, the overall
of 1 day, corresponding to relevant meteorological events ofFSE and PR-RMSE calculated for the merging of all cases
different seasons and precipitation regimes between summeronsiderably decrease as the quality threshold increases. The
2009 and spring 2011. same behaviour can be observed for almost all the single

www.nat-hazards-earth-syst-sci.net/13/2695/2013/ Nat. Hazards Earth Syst. Sci., 13, 260835 2013
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w28 Fig. 17. Comparison between fractional standard error depending
= ; on the quality threshold for the 12 case studies over land (top), coast
£ 00 o1 02 03 04 05 06 07 08 09 (centre) and sea (bottom) areas. Each line refers to a single case

Quality threshold study.

Sea
=7
Es
9 5 7 Conclusions and future plans
S 4
g s S
o2 A common procedure for validation of the blended IR-MW
% 1 = precipitation product (PR-OBS-3), as well as for other pre-
@ 0 cipitation products in H-SAF, has been established and is
o
0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 . . . . .
Quality threshold already operational. Satellite-based rainfall estimations are

_ _ _ _ regularly validated by a community of meteorologists and
Fig. 16. Comparison between PR-RMSE depending on the qua“tyhydrologists belonging to eight countries in Europe, with

threshold for the 12 case studies over land (top), coast (centre) anflitferent climatological, orographic and instrumental condi-
sea (bottom) areas. Each line refers to a single case study. tions for reference ground measurements.

In this framework, the importance of the definition of a
cases (Figs. 16 and 17). Only two cases show practicallyquality index for non-polarimetric radar-derived rainfall in-
constant results. This can be interpreted as the signature dénsities was clear.

a strong impact of the radar data quality on the validation of Following a theoretical treatment of radar measurement
satellite-based rainfall estimation using radar data as referuncertainty, here presented, a quality index has been devel-
ence. oped and applied to a test radar site in central Italy. The
These results indicate that the use of low-quality radar datgresent investigation was performed in order to evaluate how
in validating a precipitation product could lead to the productthe introduction of a threshold in the quality index of the
being underrated, wrongly stating that it does not reach theadar data used as reference impacts on the validation results
product requirements (which may result as correctly reachef H-SAF satellite-derived precipitation products. The results
if the validation is performed with high-quality radar data). here presented indicate a noticeable impact, with validation
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results showing better figures at higher radar quality threshdoss, J. and Lee, R.: The Application of Radar-Gauge Comparisons

olds.
In order to obtain more robust results about the impact on

to Operational Precipitation Profile Corrections, J. Appl. Meteo-
rol., 34, 2612-2630, 1995.

satellite-based rainfall products validation of the quality in- L€ Bouar, E., Testud, J., and Keenan, T. D.: Validation of the rain

dex introduction, and to extend the concept of radar-derived
rainfall data quality index to polarimetric radars, the follow-
ing steps are in progress:

profiling algorithm ZPHI from the C-band polarimetric weather
radar in Darwin, J. Atmos. Ocean. Tech., 18, 1819-1837, 2001.

Marshall, J. S. and Palmer, W. M.: The distribution of raindrops

with size, J. Meteorol., 5, 165-166, 1948.

— Extension of the present investigation to a larger Sam_Mugnai, A., Casella, D., Cattani, E., Dietrich, S., Laviola, S., Lev-

ple comprising rainfall events of different geographical
areas.

— Evaluation of the impact of the quality index being in-
troduced in validation of other satellite products (e.g.
microwave-based products).

— Definition of a quality index also for polarimetric radar
measurements, and evaluation of its impact on satellite
product validation.

Acknowledgementsie wish to thank all the people and in-
stitutions involved in the HSAF project who contributed to
the assessment of the common validation methodology for the
HSAF precipitation products. In particular, we are grateful to the

izzani, V., Panegrossi, G., Petracca, M., Sano, P., Di Paola,
F., Biron, D., De Leonibus, L., Melfi, D., Rosci, P., Vocino,
A., Zauli, F., Pagliara, P., Puca, S., Rinollo, A., Milani, L.,
Porcu, F., and Gattari, F.: Precipitation products from the hy-
drology SAF, Nat. Hazards Earth Syst. Sci., 13, 1959-1981,
doi:10.5194/nhess-13-1959-2012913.

Puca, S., Porcu, F., Rinollo, A., Vulpiani, G., Baguis, P., Campione,

E., Ertirk, A., Gabellani, S., Iwsski, R., JurasSek, M., K&k, J.,
Kerényi, J., Koshinchanov, G., Kozinarova, G., Krahe, P., Lapeta,
B., Labo, E., Milani, L., Okon, L., Oztopal, A., Pagliara, P.,
Pignone, F., Rachimow, C., Rebora, N., Roulin, E., Sénrez,
Toniazzo, A., Biron, D., Casella, D., Cattani, E., Dietrich, S.,
Laviola, S., Levizzani, V., Melfi, D., Mugnai, A., Panegrossi, G.,
Petracca, M., Sano, P., Zauli, F., Rosci, P., Agosta, E., Gattari, F.,
and De Leonibus, L.: The validation service of the Hydrological
SAF geostationary and polar satellite precipitation products, Nat.
Hazards Earth Syst. Sci. Discuss., submitted, 2013.

EUMETSAT consortium for supporting and funding the activities Ryzhkov, A. V., Schuur, T. J., Burgess, D. W,, Heinselman, P. L.,
object of the present paper. Special thanks to Emanuela Campione Giangrande, S. E., and ZmiD. S.: The Joint Polarization Ex-

from DPC and to Emilio Guerriero from Selex, for their important
support, especially during the manuscript revisions.

periment: Polarimetric Rainfall Measurements and Hydrometeor
Classification, B. Am. Meteorol. Soc., 86, 809—824, 2005.

Sano, P., Casella, D., Mugnai, A., Schiavon, G., Smith, E. A., and

Edited by: A. Mugnai
Reviewed by: two anonymous referees

References

Bech, J., Codina, B., Lorente, J., and Bebbington, D.: The sensitiv-

Tripoli, G. J.: Transitioning From CRD to CDRD in Bayesian

Retrieval of Rainfall From Satellite Passive Microwave Mea-
surements: Part 1. Algorithm Description and Testing, IEEE T.
Geosci. Remote Sens., 99, 1-25, 2013.

Szturc, J., @rédka, K., and Jurczyk, A.: Quality index scheme for

quantitative uncertainty characterization of radar-based precipi-
tation, Met. Apps., 18, 407-420, 2011.

ity of single polarization weather radar beam blockage correc-Tabary, P.: The new French operational radar rainfall product. Part I:

tion to variability in the vertical refractivity gradient, J. Atmos.
Ocean. Tech., 20, 845-855, 2003.

Calheiros, R. V. and Zawadzki, 1. I.: Reflectivity rain-rate relation-
ship for radar hydrology in Brazil, J. Clim. Appl. Meterol., 26,
118-132, 1987.

Casella, D., Dietrich, S., Formenton, M., Mugnai, A., Panegrossi,
G., Sano, P, Smith, E. A., and Tripoli, G. J.: Verification of
Cloud Dynamics and Radiation Database (CDRD) passive mi-

methodology, Weather Forecast., 22, 393—-408, 2007.

Turk, F. J., Rohaly, G., Hawkins, J., Smith, E. A., Marzano, F. S.,

Mugnai, A., and Levizzani, V.: Meteorological applications of
precipitation estimation from combined SSM/I, TRMM and geo-
stationary satellite data, in: Microwave Radiometry and Remote
Sensing of the Earth’s Surface and Atmosphere, edited by: Pam-
paloni, P. and Paloscia, S., VSP Int. Sci. Publisher, Utrecht, the
Netherlands, 353-363, 2000.

crowave precipitation retrieval algorithm using TRMM satellite Vulpiani, G., Tabary, P., Chatelet, J. P. D., and Marzano, F. S.: Com-
radar and radiometer measurements over southern Mediterranean parison of advanced radar polarimetric techniques for operational

basin, in: IEEE Proc. MicroRad 2012, 12th Specialist Meeting on
Microwave Radiometry and Remote Sensing of the Environment,
Rome (ltaly), 5-9 March 2012, 4 pp., 2012.

Doviak, R. J. and Zrmj, D. S.: Doppler radar and weather observa-
tions, 2nd Edn., Academic Press, 562 pp., 1993.

Ebert, E. E. and Manton, M. J.: Performance of Satellite Rainfall

attenuation correction at C band, J. Atmos. Ocean. Tech., 25,
1118-1135, 2008.

Vulpiani, G., Montopoli, M., Delli Passeri, L., Gioia, A. G., Gior-

dano, P., and Marzano, F. S.: On the Use of Dual-Polarized C-
Band Radar for Operational Rainfall Retrieval in Mountainous

Areas, J. Appl. Meteorol. Clim., 51, 405-425, 2012.

Estimation Algorithms during TOGA COARE, J. Atmos. Sci., Wilson, J. W. and Brandes, E. A.: Radar measurement of rainfall —

55, 1537-1557, 1998.

Friedrich, K., Hagen, M., and Einfalt, T.: A quality control concept
for radar reflectivity, polarimetric parameters, and Doppler ve-
locity, J. Atmos. Ocean. Tech., 23, 865—-887, 2006.

www.nat-hazards-earth-syst-sci.net/13/2695/2013/

A summary, B. Am. Meteorol. Soc., 60, 1048-1058, 1979.

Nat. Hazards Earth Syst. Sci., 13, 260985 2013


http://dx.doi.org/10.5194/nhess-13-1959-2013

