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Abstract. This paper describes a new multi-sensor approachused to measure precipitation from space. Notably, in order
for continuously monitoring convective rain cells. It exploits to achieve a spatial resolution that is consistent with the hor-
lightning data from surface networks to propagate rain fieldsizontal variability of the geophysical parameters of interest
estimated from multi-frequency brightness temperature meaflike precipitation), MW radiometers have been flown, so
surements taken by the AMSU/MHS microwave radiometersfar, on Low Earth Orbiting (LEO) satellites. This, however,
onboard NOAA/EUMETSAT low Earth orbiting operational generates coarse temporal sampling since a satellite-borne
satellites. Specifically, the method allows inferring the devel-MW radiometer usually produces, at middle latitudes, only
opment (movement, morphology and intensity) of convectivetwo snapshots per day for any given location over the Earth.
rain cells from the Spatial and temporal distribution of ||ght' Several MW radiometers are present'y 0perati0na| on LEO
ning strokes following any observation by a satellite-borne satellites — three SSM/I's and one Special Sensor Microwave
microwave radiometer. Obviously, this is particularly attrac- jmager Sounder (SSMIS) onboard four sun-synchronous
tive for real-time operational purposes, due to the sporaditear-polar-orbiting satellites of the US Defense Meteoro-
nature of the low Earth orbiting satellite measurements andogical Satellite Programme (DMSP) (F15, F16, F17 and
the continuous availability of ground-based lightning mea-F18 have ascending equatorial crossing times, ECT's, at
surements — as is the case in most of the Mediterranean rer9:37, 20:04, 17:31 and 08:00 LST, respectively); two Ad-
gion. A preliminary assessment of the lightning-based rain—anced Microwave Sounding Units — A and B (AMSU-A,
fall propagation algorithm has been successfully made byaMSuU-B) couples and two AMSU-A/Microwave Humid-
USing two paiI’S of consecutive AMSU Observations, in Con-ity Sounder (MHS) Coup|es onboard four Sun_synchronous
junction with lightning measurements from the ZEUS net- near-polar-orbiting NOAA operational satellites (NOAA-15,
work, for two convective events. Specifically, we show that.16 -18 and -19, having ECT’s at 16:38, 18:49, 13:59 and
the evolving rain fields, which are estimated by applying 13:38 LST, respectively); one AMSU-A/MHS couple on-
the algorithm to the satellite-based rainfall estimates for thepoard the first Meteorological Operational (MetOp-1) satel-
first AMSU overpass, show an overall agreement with thejite of the European EUMETSAT Polar System (EPS), hav-
satellite-based rainfall estimates for the second AMSU overing ECT at 21:31 LST; one AMSU-A/Humidity Sounder for
pass. Brazil (HSB) couple and the Advanced Microwave Scan-
ning Radiometer (AMSR-E) onboard the sun-synchronous
near-polar-orbiting NASA AQUA satellite, having ECT at
01:30 LST; and finally, the TRMM Microwave Imager (TMI)
onboard the equatorial TRMM satellite. Nevertheless, it is
Mi- €vident that because of the sporadic nature of MW obser-
vations from LEO satellites, fast evolving processes (such

pecially after the launch of the Tropical Rainfall Measuring &S Convective precipitation) can not be adequately monitored

Mission (TRMM) space observatory in 1997 — passive mi- USing these measurements only.

crowave (MW) radiometry has been widely and successfully The situation will certainly improve with the launch of
the future Global Precipitation Measurement (GPM) mission

) (seehttp://gpm.gsfc.nasa.gpwsee also Smith et al., 2007)
Correspondence td=. Di Paola which is presently scheduled for 2013, since the GPM con-
BY (francesco.dipaola@artov.isac.cnr.it)  stellation of LEO satellites carrying MW radiometers will
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1 Introduction

Since the launch of the first Special Sensor
crowave/lmager (SSM/I) radiometer in 1987 — and es-
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ensure a 3-h temporal sampling over the World. Yet, everal. (2008); Bonelli and Marcacci (2008). On the other hand,
that sampling frequency will be scanty for monitoring and the problem of using lightning data for quantitative precipi-
nowcasting fast evolving precipitating systems — such adation estimation is still an unresolved one, since the relation-
those that are responsible for flash floods in Mediterranearships between rainfall and lightning occurrence appear to be
countries (see Llasat et al., 2010). Following the sensitiv-highly ambiguous and variable due to the complex nature of
ity study of Gasiewski (1992) on the potential of millimeter- the electrification/precipitation processes, for example, Piep-
submillimeter frequencies for precipitation retrieval from grass and Krider (1982); Sheridan et al. (1997); Tapia et
space, preliminary attempts have been made to evaluate thed. (1998); Soula et al. (1998); Petersen and Rutledge (1998);
scientific/technological prospect of sub-hourly rainfall ob- Rivas Soriano et al. (2001); Adamo et al. (2007, 2009).
servations from space using submillimeter MW radiometers In this paper, we describe a new morphing technique —
onboard geostationary (GEO) satellites (e.g., Bizzarri et al.which we call Lightning-based Precipitation Evolving Tech-
2007; Di Paola and Dietrich, 2008). Nevertheless, we mushique (L-PET) — that employs lightning data to propagate
emphasize here that while some national and internationaforward in time the rain fields estimated from the last avail-
space agencies have seriously considered this option, for exable MW observations from space. In addition, a prelimi-
ample, the studies that have been carried out by Bizzarri ehary assessment of L-PET is carried out by using two con-
al. (2005) and Mugnai and Pinori (2005) for the Europeansecutive AMSU observations (at 13:00 and 15:55UTC) in
Space Agency EUMETSAT, the launch of a GEO satellite conjunction with lightning measurements from the National
carrying a MW radiometer can not be foreseen for the presenObservatory of Athens ZEUS detection system (Kotroni and
decade. Lagouvardos, 2008), for a scattered convection event that oc-
In the last two decades, various attempts have been madeurred over the island of Sicily, in southern Italy, on 10 Oc-
to tackle the MW sampling problem by combining the tober 2009 and for a convective storm occurred over central
MW observations of precipitation from LEO satellites with Europe, on 7 July 2009.
much more frequent, (yet indirect as compared to MW), in-
frared (IR) observations from GEO satellites. While some
MW-IR combined techniques focus on 3-h or longer time 2 The MW algorithm for instantaneous rainfall
scales (e.g., Adler et al., 1994; Huffman et al., 2007), other  retrieval from space
techniques aim at precipitation estimation on the GEO time
scale (every 15/30min) — e.g., the Naval Research LaboSince our goal was to develop a technique for real-time mon-
ratory (NRL) blended technique (Turk et al., 2000; Turk itoring of convective precipitation events, we have consid-
and Mehta, 2007; Torricella et al., 2007), the University ered only the MW radiometers onboard operational satel-
of Birmingham technique (Kidd et al., 2003, 2007), and lites — i.e., the cross-track scanning AMSU-A and AMSU-
the Climate Prediction Center (CPC) morphing techniqueB/MHS couples onboard five NOAA/EUMETSAT sun-
(CMORPH - see Joyce et al., 2004, 2007; see also Kubota etynchronous near-polar-orbiting operational satellites. While
al., 2007). It must be noted that international validation ac-a detailed description of these radiometers can be found in
tivities have shown that CMORPH often produces more re-Kramer (2002), we wish to give here some essential infor-
liable precipitation estimates than other operational satellitenation that is useful for the reader.
algorithms (Ebert et al., 2007). In the morphing approach to These cross-track scanning AMSU-A and AMSU-B/MHS
satellite-based precipitation mapping, the estimates derivedIW radiometers provide images with constant angular sam-
from the upwelling multi-frequency MW brightness temper- pling across tracks, that implies that the Instantaneous Field
ature () measurements are propagated by motion vector©Of View (IFOV) elongates as the beam moves from nadir to-
derived from GEO IR data. Again, it is important to take ward the edge of the scan. The elongation is such that for
into account that CMORPH is not a precipitation estimation AMSU-A the IFOV is approximately 48& 48 kn? at nadir
technique, but rather a technique that creates spatially andnd 80x 150 knt at the edge of the 2250 km swath, while for
temporally complete information using existing precipitation AMSU-B and MHS it is approximately 18 16 kn? at nadir
products, like those derived from MW observations. Unfor- and 27x 50 kn? at the edge. For each radiometer, the spatial
tunately, CMORPH needs two MW-estimated rain fields to resolution is constant at all frequencies — 48 km at nadir for
generate the in-between rain fields, and obviously this cirrAMSU-A and 16 km at nadir for AMSU-B/MHS. AMSU-A
cumstance absolutely does not allow the usage of that toolvas originally intended for atmospheric temperature profil-
for real-time applications. ing and, therefore, most frequencies lie in the 54 GHz O
Lightning measurements from ground-based networksband. On the other hand, AMSU-B or MHS were intended
may provide useful information for real-time monitoring and for humidity profiling and, therefore, most frequencies lie
nowcasting of convective cloud systems. Indeed they arén the 183 GHz HO band. In the presence of precipitating
good proxies to identify location and intensity of convective clouds, the temperature/humidity profiling mission fails and
cells and are continuously and promptly available with a highprecipitation is observed instead. Since channels are in ab-
time rate (usually, every few minutes), for example, Betz etsorption bands, the observation is particularly valuable over
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land because the effects of the highiy variable land emissivity Correlation index between AMSU rain field and lightning occurrences
. . 31 T T T T T T
are largely damped. The drawbacks with respect to conically
. . relati d
scanning radiometers (such as, SSM/I-SSMIS, AMSR and o3 5 <econts corrent mean i
Max correlation

TMI) are the changing pixel size and incidence angle across
the swath (implying changing effect of polarization) and the
coarse resolution of AMSU-A.

We adopt the AMSU precipitation retrieval algorithm that
was developed by Surussavadee and Staelin (2008a) at th 27|
Massachusetts Institute of Technology (MIT). This algorithm
is based on a neural network trained with simulafgdat
AMSU frequencies.Tg are obtained with a two-stream ra- 0z - - s o - o . o
diative transfer model applied to meteorological fields simu- Time defay t, [5)
lated with a mesoscale numerical weather prediction (NWP)
model (MM5), initialized with the National Centres for En- Fig. 1. Example of time delay computation for event over center
vironmental Prediction (NCEP) data. Training was made us-taly, 1 October 2009 at 13:00 UTC.
ing 122 representative storms covering a wide range of pre-
cipitation types between July 2002 and June 2003, selecting
only storms for which the maps of simulated brightness tem-Cross-track direction to a-16-km regular grid. Then rain
peratures matched simultaneous AMSU observations nedf€lds are propagated forward in time by means of morph-
18347 GHz. The global nature of these storms addressedd techniques making use of lightning data organized in a
the principal weakness in statistical methods trained withhigher-resolution grid. For our applications over the Mediter-
radar or other non-global data. The validity of these sim-ranean region, we use the lightning data provided by the
ulated storms is supported by their general agreement witfEUS long-range lightning detection network, manufactured
histograms of concurrent AMSU observations. by Resolution Displays Inc. This network allows us to re-

The algorithm involves a set of signal processing whosetrieve the lightning location with accuracy pf 4—'5 km (Lagou—
outputs are fed into the neural network to produce a rain rat/ardos et al., 2009) by means of the arrival time difference
estimate at AMSU-B/MHS grid. The signal processing uti- (ATI_D) t_rlangulanon techrilque. ZEUS’ receivers are located
lizes techniques such as bilinear interpolation of AMSU-A &t Six sites over Europe (in UK, Denmark, Romania, Cyprus,
data to AMSU-B/MHS grid and principal component anal- Grgece and Portugal) and .recor.d thg radio noise (sferics)
ysis to identify the signal principal component related to emitted by cloud—tp-ground lightning discharges in the very-
the precipitating cell and to attenuate noises related to surloW-frequency regime (7-15kHz).
face effects and angle dependence. The algorithm was origi- !N detail, the working grid is upscaled to 5.33-km reso-
nally validated by the authors (see Surussavadee and Staeliiftion grid in order to reduce the beam filling effects due
2008b) through numerical comparisons with similar prod- {0 the satellite 16-km resolution and to take advantage of
ucts derived from other systems such as AMSR-E aboardh? higher resolution of the I|ghtn|rig data. To this end_, the
the Aqua satellite, SSM/I aboard the DMSP F-13, F-14 and@in rates are further re-sampled in a new regular grid by
F-15 satellites, TMI aboard the TRMM satellite and sur- dividing each 16-km pixel into 3 3 pixels having sizes of
face precipitation rate product (NOWRAD) using the Next- 5.33km. In addition, lightning occurrences are counted for

Generation Weather Radar (NEXRAD) programme. each pixel of the same grid over the adjoining time inter-
It should be noted that the Surussavadee and Staelida!s of widthAr (usually,Ar =5 min) that are centred at time

algorithm has been adopted by us for the EUMET- steps;, =t0+nAt+td,Whel’etQ is thgtime of the i:onsidered
SAT Satellite Application Facility on support to Opera- AMSU overpassy =0, ..., N is the integer that indexes the
tional Hydrology and Water Management (H-SAF) — see propa_ganon process anglis the delay betw_eer_1 ralnfle_ld_and
http:/www.meteoam.it Presently, it is under validation ightning occurrences (Adamo, 2004). This time lag is intro-

within that EUMETSAT programme. duced in order to synchronize the starting tirgeof light-
ning occurrences with rain fiel@R;o and it is dynamically

computed for each case examined, evaluating the correlation
3 The Lightning-based Precipitation Evolving index betweerRR;o and lightning occurrences matrix in the
Technique (L-PET) intervalry £ Ar/2 varyingz). Figure 1 shows an example of
this procedure, for the case study occurred on 1 October 2009
The Surussavadee and Staelin algorithm provides instantsever Italy, analysed in Sect. 4. In this case, the correlation
neous precipitation estimates having the same spatial sanfetween the AMSU rain fiel&R,o and the lightning occur-
pling and resolution of AMSU-B/MHS data described in rence exhibits its maximum value at abet®00's, defining
the previous section. In our L-PET, the retrieved rain ratesthezq used for the whole propagation process.
are first re-sampled by linear interpolation in the satellite

X

Correlation inde;
o
n
o

AMSU Overpass
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Fig. 2. Schematic of the Lightning-based Precipitation Evolving Fig. 3. (aandb) Example of lightning occurrence mati®, and
Technique (L-PET). O:tn+ar Showing, in different colours, three different 8-connected
cellsO;, (a) and the corresponding celig,+ A; (b). The numbers
indicate the lightning occurrences in the various 5.33-km resolution
pixels of the three cells(c andd) Corresponding portion of the
By so doing, the initial rain rates are organized as one pretranslation matrixX;, andY,, in the cross-track and along-track
cipitation matrixRR;o, the elements of which are the AMSU direction, respectively.
estimates at = rg for all 5.33-km resolution pixels of the
working grid; correspondingly, all lightning measurements
are organized a& occurrences matriced,, to be used to  representative of different convective cells (or multicell sys-
propagate forward the rain fiel@R,o. Figure 2 provides tems) and the aim is to follow their evolution in time and
a schematic representation of the L-PET algorithm. Basi-Space. Figure 3a shows an example of this identification pro-
cally, the technique consists of determining, for each timecedure. Here, the lightning occurrences maBjx, contains
stepr, = fo+nAt, three matrices to apply to the precipita- three different 8-connected regions (i.e., three different con-
tion matrix RR;,, in order to build the precipitation matrix Vvective cells, or multicell systems) that are identified by three
RR;+; for the following time step, 1 =1, + At, i.e., two different colours; for each region, the same colour is used
matrices K, andY,) to identify the horizontal movements both for the number of lightning occurrences in each of the
in the track and cross-track directions, respectively, and on®.33-km resolution pixels of the cell and for marking the bor-
matrix (I;,) to modulate the rain rates. Note, for each time ders of the corresponding sub-mat®x, .
stept,, all these matrices are derived by analysing the light- The second step consists of identifying the translational
n|ng occurrences matrices at time Ste’pand tn+At (Otn movements of the various cells. This is accomplished by
and O, »;, respectively). Therefore, since the lightning first evaluating the correlation indices of each sub-matrix
data is acquired in a very short time through the ZEUS net-Oy, With all sub-matriceO,, 4, of matrix Oy, 44, that
work and the time intervah is of the order of a few minutes, are within 4 pixels (i.e., within-16 km) along the track and

this procedure effectively allows for real-time monitoring of Cross-track directions — a requirement necessary to limit am-
convective storms. biguities in detecting cell movements (the 4-pixel value cor-

responds to an upper limit of about 130 km'tfor the ve-
locity of the convective cells). Then, the translational move-
ment having the maximum correlation index is chosen and

) ) . o .~ the components of the selected displacement are stored in
matrices that include the 8-connected regions with I|ghtn|ng
matricesX;,, andY,, (see Fig. 3c and d). Note, since at this
within that matrix — where 8-connected means that for each
stage only the shape of the cells is considered, the correlation
pixel (with lightning) of the region, there is at least another :
is computed using the binary versions@f,, andO,/,1 a;,
pixel (with lightning) of the same region that is vertically that are obtained by assigning 0/1 to the various 5.33-km pix
or horizontally or diagonally contiguous to the considered y gning b
els depending on the absence/presence of lightning strokes.
one. Thus, we can consider these 8-connected regions a5

The first step in determining th%,,,, Y,, andl;, matri-
ces consists of identifying all sub-matric®g,, of the light-
ning occurrences matri@,/,,, that are defined as the smallest
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@) Lightning cellat, (0,) ~b) Lightning cellat {+Ats,,,) ) Lighning cel at, 0,) ) Lighining cel at At () cells. As a matter of fact, working dn, allows the increase
G|0)7 0l0]5 Glefs]|a] SI0|6])8]S or decrease of the precipitation of an existing cell, including
0]2]0 ojoj4 2]0j0jo 2]2j0jo the eventual complete extinction of the cell, but the formation
5|00 —»0]9]0 ) X-as tansiation 1 Y-as transiation of new cells is not possible since the modulatioRét;,, for
3|8)0 2]17]0 0fo0jo0]o0 0j]1j0]0 each pixel without precipitation is always null because the
2|5]0 11410 0jojojfo oftfojo I, is applied toRR;, by means of a simple multiplication.

) Lightning cel at, (o,) 1 Lightning cell at 1+t (5,.,) To solve this problem, we defind,, as the averaged pre-
g’g'a‘i‘(;”"s'z‘” “’;‘a“s(’)”"“a(‘)“" 0|7 02 cipitation corresponding to one lightning stroke, that is com-
ERE ilnlh 2|/ |7 puted as thg ranq between the total pr¢C|p|tat|on and the total
e ilals 1_ 0 ‘ 1v 0 | number of I|ghtn|ng sf[rokes occqrred in the whole area un-
oS ToTs m)x-ag'“’ag'a“"" ”0‘1“ der exz_;lmmatlon. This nguM,_n is then used as a factor
AR AN T oE to multiply the avergged I|gh_tn|ng strok_es_ occurring in each
box (3x 3) around pixels having no precipitation®R;,+ a;
0]0 0]0 matrix. In so doing, new precipitative cells will appear where

Fig. 4. Example of pixel scrambling for three lightning cell: 8- NeWw lightning cells are detected.

connected cell®;, of O,, at timer =1, (panelsa, c andi), relative Finally, the propagated precipitation field is averaged over
matricessy,+ar Of Ogypa; at timer =1, +At (panelsb, d andl), box (3x 3) and resampled to 16 km resolution in order to
and correspondin¥;, andY;, translation in the cross-track and obtain the same resolution of the original AMSU-based pre-
along-track direction, respectively (panedsf, g—handm-n). cipitation estimate.

Defining s,,,+a; the sub-matrix ofO,,,; correspond-
ing to the position of the celD,,,, after the previous step,
in the third step, to each cdl,, is applied a pixels scram-
bling and/or a shape morphing procedure in order to obtain
new cellm,,, (that we call “morphed”), having the same to-
tal lightning occurrences of th®,,,, but having maximized
the correlation with matrix,,, ; o,. This operation ove®,,

4 Analysis of 1 October 2009 case study over Sicily

On 30 September 2009, a depression developed over North-
%rn Africa with a warm advection from the Sahara to the
Mediterranean region, culminating in an extraordinary in-
tense rainfall from 12:00 to 20:00 UTC on 1 October 2009.
. . ) The heavy rainfall had discharged an amount of more than
is described by two further movement matrices whose val-,,4 . in southern ltaly, near the island of Sicily. Fig-

ues will be added &, andYy,. In case of different pixel ure 5, left panel, shows a map of mean sea level pressure and

scramblings generating the same maximum correlation iN500hPa geopotential at 00:00 UTC on 1 October, in which

dex, again the smallest movement is preferred (see Fig. 4). there was a low over Algeria corresponding to a southern

As for X, and Y, matrices, also the modulation matrix fj,x at a non-divergent level. Figure 5, right panel, shows
I1» will be the composite of cell-by-cell sub-matrices, each 5 map of winds and thermal field at 850 mbar level, which
one obtained by computing the ratiomf, andsy,+a; ad  hoints out the strong warm advection over Northern Africa.
averaging the result on the boxX3). Finally, to avoid in-  The interaction with the complex topography generated grav-
stability, the elements of the above matrix are limited in the, \yaves and convergence lines that triggered extensive and
empirical interval (0.5-1.5) to generate the final matix  grong convection over the sea with the dispersal of moisture
that will be applied tRR;, A, in order to modulate the in-  ,rqughout Italy. During the day of 1 October, the cyclone
tensity of precipitation according to the increase or decreasgeepened and it moved east creating a sustained condition of
of the lightning strokes frequency. _ bad weather over Sicily with heavy convective rainfall that

At this stage not all of the elements of the matrie&s,  provoked a large landslide near Messina, claiming two vic-
Y:, andl,, are defined because there are regions withoutjms.

lightning. To complete the matrices, each not defined ele- Figure 6 shows the evolution of the precipitation ev-
ment is filled with the average of the contiguous defined eIe—ery 15min on a 16km regular grid, from 13:00UTC to
ments, iterating until each element is defined. 15:45UTC, as estimated by the L-PET algorithm with
This treatment is necessary to propagate the informatiorequal to 5min, starting from the rain field provided by the
provided by lightning to the whole rain field, covering also AMSU-based algorithm at 13:00 UTC. In each panel, as ref-
the precipitative regions without registered electrical activity. erence, the lightning occurrences matix, on 5.33 km reg-
As depicted in Fig. 2, the movements matrices, Y, ular grid has also been included.
and the modulation matril, are applied to the rainrate ma- ~ The first panel, corresponding to 13:00UTC, shows an
trix RR;,, creating in this way the morphed mat®R;,+A;,  overall correlation between the pattern of precipitation, as
that is the new rain field to propagate in the next iteration.  provided by the AMSU-based algorithm, and the position
However, the algorithm also includes a part necessary taf lightning occurrences. Pattern similarities are more evi-
take into account for the generation of new precipitationdent where higher precipitations are estimated, such as over
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Fig. 5. National Centres for Environmental Prediction (NCEP) Global Data Assimilation System (GDAS) model output on 00:00 UTC of
1 October 2009 — Left panel) Mean sea level pressure and 500 mbar level geopotential — Right panel) Winds and thermal field at 850 mbar
level.

the Strait of Sicily. The correlation decreases with decreas- the main cell and decreasing it in extension and in intensity
ing precipitation intensity and lightning occurrences, such asuntil it disappears completely in the following panels. Itisin-
over Tunisia and over eastern Sicily or Sardinia. The goodteresting to observe that the L-PET algorithm restructures the
correlation between large lightning occurrences and heavyshape of the low precipitation cell over Sardinia, remodulat-
precipitating storms is a well-recognized consequence of théng it along corresponding lightning occurrence cells. Also,
fact that the generation of charged clouds is due to intens¢he weak precipitation cell over Eastern Sicily at 13:00 UTC
convection coupled with the updraft of graupel and ice par-follows the lightning evolution, falling rapidly and disappear-
ticles (i.e., Solomon et al., 2005). The following lightning ing altogether at 13:30 UTC. The small precipitation that ap-
discharge and following precipitation have temporal and/orpears over Calabria at 14:00 UTC, associated with very weak
spatial displacement depending on the dynamical charactetightning occurrence, is an example of the L-PET algorithm’s
istics of the storm. Fixedj by using the procedure in Fig. 1, capability to generate new cells in case lightning appears in
now in Fig. 6 we recognize that precipitation and lightning areas without precipitation.
are spatially correlated. For our purposes, this is enough to In the last 6 panels of Fig. 6, between 14:30UTC and
hook precipitation to lightning and propagate the rain field 15:45 UTC, one can observe a progressive movement east-
using lightning until a new estimation of precipitation from ward of the main lightning occurrence cell as it splits into
one LEO satellite will update our storm view. Unfortunately, two cells, the largest over the Strait of Sicily and the smaller
we have few lightning strokes in some regions of Fig. 6 thatone over Northern Sicily. This lightning activity intensifica-
mainly correspond to a lower precipitation part of the storm.tion near Sicily is accompanied by the gradual disappearance
It makes the reconstruction of the whole rain field objectively of sporadic lightning over Sardinia and the Tyrrhenian Sea.
less accurate. In addition, the situation is further complicatedThis evolution of lightning field is followed by the L-PET
due to the fact that MW remote-sensing is more efficient inalgorithm with equivalent changes in the rain field, with the
observing high precipitation (Bennartz et al., 2006). Thisformation of two high precipitation cells and the end of the
explains the low correlation observed between low precipitadow precipitation areas over Sardinia and the Tyrrhenian Sea.
tion and low lightning occurrences. Note also a new weak precipitation cell over eastern Sicily
In the following 5 panels of Fig. 6, between 13:15UTC corresponding to sporadic lightning occurrence in the Strait
and 14:15UTC, it is possible to observe that the most intensef Messina.
lightning cell tends to stretch and move south while the light-
ning occurrences to the north of Sicily, over the Tyrrhenian
Sea and Sardinia, tend to decrease. The L-PET algorithn® Evaluation of performances
correctly follows this development, stretching and shifting to ) . ) i
Tunisia the most intense precipitation cell and decreasing thé&€nerally, the comparison with available radars or rain

precipitation area over the Tyrrhenian Sea, separating it fronf2Ugeé measurements represents a good reference to under-
stand the reliability of rain fields estimated by satellite-based
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Fig. 6. Event over southern Italy, 1 October 2009. L-PET estimated rain field evolution from 13:00 UTC to 15:45UTC, starting from the
rain field provided by the AMSU-based algorithm applied to TB from NOAA 18 satellite, and contemporary lightning occurrences used for
the algorithm.

instruments. In this paper, the focus is on the evaluation ofof the AMSU-based retrieval algorithm from the evaluation
the L-PET algorithm in reproducing the AMSU estimates of the results, it is more interesting to compare the perfor-
when AMSU instruments are not passing over the region. Sanance of the L-PET versus the next AMSU-based retrieved
that, to exclude the uncertainties related to the performanceain field following the first one. This comparison is shown
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Fig. 7. Rain field provided by the AMSU-based algorithm applied to TB from NOAA 15 satellite compared with contemporary rain field
provided by L-PET algorithm and lightning occurrences used for the algorithm, over southern Italy region, 1 October 2009 at 15:55 UTC.

in Fig. 7, where the rain field propagated from 13:00UTC  ,* . ‘ ‘ ‘
to 15:55UTC is compared with the new satellite-based rain = ZJEE l;ain :.e::g: gc: ;gg: 1222
field at 15:55 UTC. ain field - 01 Oc , 15:

Although the precipitation values pixel-by-pixel are differ- 3 Mo 56,11 mi
. . . . . nd ax: o mm. &
ent in the two panels, the maps describe a quite similar pre- 10 Mean: 1.30 mm/h
cipitating pattern and similar values, showing an overall re- $id;dev:y4.35 mm/h

liability of this technique. The most interesting result shown
in Fig. 7 is the correct identification of the two most intense
cells, at~20mm 1, and the tail of the main precipitation
cell, at~10 mm b1, near the coast of Tunisia, especially for
distributions of precipitation intensity values. In this case, ,
we note that the estimates of the whole precipitation area by ' {
the L-PET algorithm are a bit shifted, if compared with those
derived from AMSU, by about 15 km to the east and 30 km
to the south. Looking at the third panel of the same figure, "

it is clear that this shift is a direct consequence of lightning ~ ° 10 S % %
positions in respect to the most intense precipitation region

in the AMSU-based rain field estimates. Another problem Fig. 8. Statistics of rain field provided by the AMSU-based al-

that emerges in observing Fig. 7 is that few low precipita- yorithm applied to TB from NOAA 15 sateliite (blue) and rain
tion areas are not correctly reproduced, such as over Northeriig|q provided by L-PET algorithm (red), over southern ltaly region,
Sardinia in which the precipitation pattern is not well iden- 1 October 2009 at 15:55 UTC.

tified, or over the Strait of Messina in which the pattern is

a bit too large and the value a bit too intense. Observing the

third panel in Fig. 7, itis clear that there is very low lightning iS pProbably due to the L-PET, it should be noted that the

occurrences in these two regions and consequently it is rewo rain fields of the case study occurred over Sicily at
sonable that the algorithm cannot provide good rain field esti13:00 UTC and 15:55 UTC, are estimated from two different

mates. Figure 8 describes the statistics of rain fields shown igatellites, respectively NOAA 18 and NOAA 15, which have
Fig. 7 using histograms, maximum value, mean and standaréhe high frequency MW instruments (AMSU-B and MHS)
deviation of rain rate (RR), evidencing an overall agreementslightly different. In addition, the NOAA 15 AMSU-B chan-

It is interesting to test the L-PET when applied to a com- nels are.significantly asymmetric and suffer from radio fre-
pletely different precipitation case. Figures 9 and 10 showduency interference (Buehler et al., 2005) that reduces the
results for an intense rainfall occurred in central Europe onduality of the rain field retrieved. Also for the case study
15 July 2009. In this case, due to the large gap between tw@ccurred over Central Europe at 15:28 UTC and 20:08 UTC,
consecutive AMSU-equipped satellite overpasses, the L-PEV€ have two different satellites, respectively NOAA 15 and
rainfall propagation has been used to cover about 5 hours oMetOP-A, and then the high f_fequenc;y MW instruments
the evolution of the rain field (from 15:28 to 20:08 UTC). (AMSU-B and MHS) are also slightly different, in addition
Even if the latitude and the season of this case study s differ{0 the same problem for NOAA 15 AMSU-B channels.
ent, and it is over land, the performances appear very similar, Despite these conditions, we consider the agreement be-

However, there are some differences from L-PET and™€en AMSU-based rain field and L-PET rain field satisfac-

AMSU-based rain field. Even if part of those differences tory.

Max: 53.35 mm/h
Mean: 1.26 mm/h
Std. dev.: 4.69 mm/h

# of pixel
s
~
T
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Fig. 9. Rain field provided by the AMSU-based algorithm applied to TB from MetOp-A satellite compared with contemporary rain field
provided by L-PET algorithm and lightning occurrences used for the algorithm, over central Europe, 15 July 2009 at 20:07 UTC.

158 S A further quantitative analysis of the method will be car-
I L-PET Rain field - 15 Jul 2009, 20:08 ried out by the authors, analysing more case studies in order
B ANSU Rain feld - 15 Jul 2008, 2007 to optimize some technical choices such/s 7q and the
. allowed upper limit velocity for the convective cells. In addi-
10 2180 g tion, future works include also a wider calibration/validation
Std. dev.:2.35 mm/h of the method. Nevertheless, the capability of the L-PET
_ Max: 2125 mm/h to hook the evolution of the pattern has been shown in this
£ o Mean: 0.47 mm/h work, and it is an evident characteristic worthy of being ex-
s Sid:daye2.2immh ploited in satellite-based monitoring. Obviously this tech-

nique works if there is a meaningful presence of lightning
and it depends both on the type of the storm and on the sen-
sitivity of the lightning network. To overcome this problem,
we planto also include IR data in the future release of L-PET
propagation strategy.

AMSU and ZEUS data are available in quasi-real-time, so
o 2 4 & 8 F}g[mm;:] 1“6 18 20 2 an operational tool based on L-PET strategy can represent

a new source of information for meteorologists, forecasters

and other people interested in mitigating catastrophes caused
by heavy rain events.

Fig. 10. Statistics of rain field provided by the AMSU-based al-
gorithm applied to TB from MetOp-A satellite (blue) and rain
field provided by L-PET algorithm (red), over central Europe,
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