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RESUMEN

La red de radares de la Administración Meteorológica Nacional de Rumania (NMA, por sus siglas en inglés) 
integra cinco radares de la banda S y cuatro radares de la banda C. La observación de procesos de convección 
en Rumania mediante la red de radares Doppler ofrece una nueva perspectiva para comprender el riesgo 
climatológico de ciertas regiones y entornos de mesoescala. Se observan mejor los sistemas convectivos 
altamente organizados, como las supercélulas, y su amenaza subsiguiente puede predecirse mejor durante el 
pronóstico a muy corto plazo (nowcasting) utilizando campos de velocidad Doppler y algoritmos de detección 
eqoq"oguqekenqpgu"*OGUQ+"{"Ýtocu"fg"x„tvkeg"fg"vqtpcfqu"*VXU."rqt"uwu"ukincu"gp"kpinfiu+0"Ukp"godctiq."
rctc"Ýpgu"fg"rtgxgpek„p."guvcu"jgttcokgpvcu"pq"rwgfgp"wvknk¦ctug"ukp"wpc"xcnkfcek„p"uwdlgvkxc"fgdkfq"c"nqu"
errores asociados y limitaciones de las observaciones de radar. En este trabajo se presentan varios casos en que 
la presencia de granizo de gran tamaño dentro de la tormenta produjo un artefacto de radar llamado “pico de 
granizo” (three-body scatter spike, TBSS) que alteró el campo de velocidad Doppler. Los casos presentados se 
observaron con radares de banda S y se compararon con informes de granizo sobre el terreno. El primer caso 
muestra un TBSS cuyas velocidades Doppler radiales son negativas debido a la presencia de hidrometeoros. 
El segundo exhibe una situación menos frecuente, cuando las velocidades Doppler en la región TBSS son 
positivas debido a la corriente ascendente. El tercer caso muestra valores positivos y negativos en la región 
TBSS; representa una supercélula con granizo de gran tamaño que afectó a la ciudad de Varna, en Bulgaria. 
Los valores positivos se asociaron con la región sobresaliente de la corriente rotacional ascendente a alturas 
superiores, en tanto que los valores negativos en las regiones externas de la corriente rotacional ascendente a 
alturas inferiores, se asociaron con las corrientes descendentes. Algunas anomalías producidas por el TBSS han 
alterado los resultados de los algoritmos TVS y MESO, introduciendo valores falsos de viento de gradiente 
hwgtvg"swg"ug"jcp"kpvgtrtgvcfq"eqoq"tqvcek„p0"Fg"guvc"ocpgtc"ug"igpgtctqp"Ýtocu"hcnucu"fg"oguqekenqpgu"{"
vórtices de tornado. En algunos casos se reportaron tornados débiles y granizo de gran tamaño, por lo que 
nc"rtgugpekc"fg"VDUU"hwg"wp"tgvq"rctc"swkgpgu"tgcnk¦cp"rtgfkeekqpgu"fg"ow{"eqtvq"rnc¦q0"Gp"nc"rctvg"Ýpcn"
de este trabajo se analiza el vínculo entre la aparición de TBSS con informes de 2009 sobre granizo de gran 
tamaño en tierra en el área de cobertura de los radares de banda S en Rumania, que también abarcan zonas 
de Hungría, Bulgaria, Moldavia y Serbia. Los resultados muestran que la distorsión ocasionada por el TBSS 
es un fuerte indicador de granizo de gran tamaño.

ABSTRACT

Vjg"Tqocpkcp"Pcvkqpcn"Ogvgqtqnqikecn"Cfokpkuvtcvkqp"*POC+"tcfct"pgvyqtm"eqpukuvu"qh"Ýxg"U/dcpf"cpf"
four C-band radars. Observation of convection in Romania through the Doppler radar network offered a new 
perspective in understanding the climatologic risk of certain regions and mesoscale environments. Highly 
organized convective systems, such as supercells, are better observed and their subsequent threat can be 
dgvvgt"cpvkekrcvgf"fwtkpi"vjg"pqyecuvkpi"rtqeguu"wukpi"Fqrrngt"xgnqekv{"Ýgnfu"cpf"fgvgevkqp"cniqtkvjou"
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such as mesocyclones (MESO) and tornadic vortex signature (TVS). However, for warning purposes, 
these tools cannot be used without a subjective validation because of the associated errors and limitations 
of radar observations. In this paper several cases are presented where the presence of large hail inside 
the storm produced a radar artifact named three-body scatter signature (TBSS) that disturbed the Doppler 
xgnqekv{"Ýgnf0"Vjg"ecugu"rtgugpvgf"ygtg"qdugtxgf"ykvj"U/dcpf"tcfctu"cpf"ygtg"cuuqekcvgf"ykvj"jckn"tgrqtvu"
qp"vjg"itqwpf0"Vjg"Ýtuv"ecug"ujqyu"c"VDUU"yjqug"tcfkcn"Fqrrngt"xgnqekvkgu"ctg"pgicvkxg"fwg"vq"vjg"hcnnkpi"
hydrometeors. The second case is a less frequent event; there the Doppler velocities in the TBSS region 
are positive due to the updraft. The third case has both positive and negative values in the TBSS region; it 
ocurred in a supercell that affected the city of Varna in Bulgaria with large hail. The positive values were 
associated with the overhang region in the rotational updraft at upper heights, while the negative values in 
the regions outside the rotational updraft at lower heights, were associated with the downdrafts. Features 
produced by the TBSS have perturbed the output of the MESO and TVS algorithms by introducing false 
strong values of wind shear that have been interpreted as rotation. Thus false mesocyclonic and tornadic 
vortex signatures were generated. In some of the cases large hail and weak tornadoes were reported, so the 
presence of a TBSS was a challenge for the nowcasters. In the last part of the paper we analyze the link 
between the TBSS appearance with reports of large hail at the ground in 2009 within the coverage area of 
the Romanian S-band radars, which also cover parts of Hungary, Bulgaria, the Republic of Moldova and 
Serbia. The results show that the TBSS artifact is a strong indicator of large-size hail.

Keywords: Vjtgg/dqf{"uecvvgt"ukipcvwtg."tcfkcn"Fqrrngt"xgnqekv{"Ýgnf."jckn."fqypftchv."wrftchv0

1. Introduction

In November 2000, the Romanian National Institute 

of Meteorology and Hydrology (INMH), today Na-

tional Meteorological Administration (NMA), began 

to modernize its capabilities for detecting, monitor-

ing and predicting meteorological and hydrological 

phenomena, by implementing the National Integrated 

Meteorological System – SIMIN project. SIMIN 

kpvgitcvgu"Ýxg"YUT/;:F"U/dcpf" tcfctu"ykvj" hqwt"
existing C-band Doppler radars, to form a nine-unit 

Fqrrngt"tcfct"pgvyqtm"*Hki0"3+0"Vjg"YUT/;:F"ku"c"
enqpg"xgtukqp"qh"vjg"YUT/::F"u{uvgou"wugf"kp"vjg"
WU"Pcvkqpcn"Ygcvjgt"Ugtxkeg" pgvyqtm0"Ewttgpvn{."
SIMIN produces individual site and national com-

posite radar products every 6 minutes.

Advances in computer and radar technology, 

coupled with a dramatic increase in meteorological 

data sets, were not the only challenges to the fore-

casters. New conceptual models had to be learned 

and assimilated in operational practice as S-band 

radar allows the detection of severe weather asso-

ciated with convective storms. Thus, mesocyclones 

(MESO), tornadic vortex signatures (TVS), low level 

and mid altitude convergence zones, became nolens 

volens usual terminology in nowcasting activities, 

despite a general belief that tornadic storms did not 

occur in Romania. Observing convection in Roma-

nia through the new S-band radar network provides 

a sharper perspective on mesoscale environments 

and the storms these environments create. Highly 

organized convective systems, such as supercells, 

can be better anticipated using useful radar pattern 

recognition software routines such as the MESO 

(Stumpf et al.."3;;:+"cpf"vjg"VXU"*Okvejgnn"et al., 

3;;:+"cniqtkvjou0"Jqygxgt."yjkng"vjgug"cniqtkvjou"
do demonstrate some skill they also are susceptible 

to radar artifacts and sampling limitations. Moreover, 

they sometimes fail to detect critical signatures that 

may be subtle or fail to meet certain thresholds. For 

this reason the meteorologist must carefully examine 

Hki"30"Vjg"UKOKP"tcfct"pgvyqtm<"Ýxg"YUT/;:F"U/dcpf"
tcfctu"*cp"writcfgf"xgtukqp"qh"vjg"YUT/::F"tcfct"wugf"kp"
vjg"WU"PYU"pgvyqtm+"cpf"hqwt"E/dcpf"tcfctu"*vyq"htqo"
GGE"ÎFYUT/4722E" v{rg" cpf" vyq" htqo"IgocvtqpkmÎ"
METEOR 500C type).
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the base data, so as to evaluate potential signature 

existence or non-existence.

In some of the cases radar artifacts can contam-

kpcvg" vjg" tgÞgevkxkv{" cpf" xgnqekv{" uvtwevwtgu0" Hqt"
example, the three-body scatter signature (TBSS) can 

be a challenge for the operational environment (Lem-

qp."3;;:="Nkpfng{."4229+0"Vjg"VDUU"ku"c"okf/ngxgn"
Doppler radar signature, generally a 10-30 km long 

region of artifact echo aligned radially downrange 

htqo"c"jkijn{"tgÞgevkxg"*@"82"fD¥+"gejq"tgikqp0"Kv"ku"
caused by non-Rayleigh radar microwave scattering 

qt"Okg"uecvvgtkpi."cu"Ýtuv"gzrnckpgf"d{"¥tpk5"*3;:9+"
and is widely used by operational forecasters as a suf-

Ýekgpv"dwv"pqv"pgeguuct{"kpfkecvkqp"qh"xgt{"nctig"jckn"
within a severe thunderstorm (Carbunaru et al., 2010; 

Stan-Sion et al.."4229+0"Yknuqp"cpf"Tgwo"*3;::+"cnuq"
concluded that this radar echo artifact is the result 

qh"vtkrng"tgÞgevkqpu."ecwugf"d{"pqp/Tc{ngkij"tcfct"
microwaves scattering from a region of large hydro-

ogvgqtu."nkmg"ygv"jckn0"Vjg"vtkrng"tgÞgevkqpu"eqpukuv"
of: (1) a forward scattering by large hydrometeors to 

the ground below; (2) backscattering from the ground 

to the large hydrometeor region aloft, and (3) back-

scattering to the radar (Fig. 2). TBSS is also known 

cu"Þctg/gejq"*Yknuqp"cpf"Tgwo."3;::+"qt"jckn/urkmg"
*¥tpke." 3;:9+0"Ngoqp" *3;9:." 3;;:+" rtgugpvgf" vjg"
TBSS and the operational application of this feature 

cpf"fguetkdgf"uqog"curgevu"qh"YUT/::F"fgvgevkqp"
and display of the signature, correlating the TBSS 

with other radar characteristics of hail producing 

storms; he also mentioned that the TBSS can mask 

internal storm velocities. Combinations of TBSS 

cpf"tgÞgevkxkv{"oc{"cnuq"dg"wugf"vq"kfgpvkh{"vjg"uk¦g"
of the hail stones if the backscattering cross-section 

qh"vjg"itqwpf"uwthceg"ku"mpqyp"*¥tpke"et al., 2010).

For warning purposes, the TBSS cannot give an 

anticipation of more than 30 minutes because the 

general life cycle of hail formation is of that order 

and it is easier detected at high levels in the storm 

where the geometry of the interactions produces a 

longer spike; however the hail spike can affect the 

radial velocities and can produce disruptions in the 

tcfkcn"xgnqekv{"Ýgnf0"Vjgug"ecp"igpgtcvg"wptgcn"og-
socyclonic and tornadic vortex patterns that can be 

ctvkÝekcnn{"kfgpvkÝgf"d{"vjg"cniqtkvjo."fwg"vq"wptgcn"
ujgctu"fgvgevgf"d{"vjg"tcfct"cniqtkvjou."cpf"ctvkÝekcn"
labels can be produced (MESO, TVS). Also a true 

tqvcvkqpcn" Ýgnf" ecp" dg" cnvgtgf" d{" vjg" qxgtncrrkpi"
TBSS velocities. However, while these algorithms 

do demonstrate some skill they also are susceptible 

to radar artifacts and sampling limitations.

The paper is structured as follows: section 2 

describes the operational aspects of the TBSS 

artifact, emphasizing the impact of the positive 

and negative Doppler velocities associated with 

the TBSS on radar data. The errors of the MESO 

algorithm produced by the presence of the TBSS 

are discussed in section 3. A short description of 

the spatial distribution of the TBSS observed with 

Romanian radar network is presented in section 4, 

followed by the conclusions.

2. Operational aspects of the TBSS

2.1 Negative Doppler velocities associated with TBSS

Yjkng"vjg"uvtwevwtg"qh"vjg"VDUU"kp"tgÞgevkxkv{"ku"ygnn"
known, the structure of the radial velocities in the 

spike region is less known and studied. In order to 

compute the vertical velocities associated with hydro-

meteors (hail stones), knowing the Doppler velocities 

kp"vjg"uvqto"cpf"kp"vjg"VDUU"ctgc"tgurgevkxgn{."¥tpke"
*3;:9+"rtqrqugu"vjg"gswcvkqp<

v"Ã"vr + wsin(しr)  (1)

where v are the velocities in the TBSS area, w are 

the downdraft or updraft velocities associated with 

hydrometeors, しr is the theta angle in Figure 2 and vr 

are the velocities associated with the maximum radar 

tgÞgevkxkv{"eqtg"qh"vjg"uvqto0"

Fig. 2. Scheme of the radar signal path responsible for 

the three-body spike. The nucleus of the hailstone has 

tgÞgevkxkvkgu"qxgt"vjg"82"fD¦"eqtg"*cfcrvgf"htqo"Yknuqp"
cpf"Tgwo."3;::+0
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Yg"ecp"ytkvg"Gs0"*3+"cu<

w ≈ 
v – vr

sin (θr)
 (2)

For the considered geometry, , because the TBSS 

jcu" c"Ýpkvg" ngpivj" kp" vjg" tgÞgevkxkv{" cpf"Fqrrngt"
xgnqekv{" Ýgnfu" *ngpivj" qp" vjg" uecvvgtkpi" cping" qh"
electromagnetic radiation by hydrometeors), so that 

angle しr cannot be zero.

Next we used the bin notation for the radar res-

olution volume in the plan position indicator (PPI) 

tgÞgevkxkv{" cpf"Fqrrngt" xgnqekv{" Ýgnfu" htqo" vjg"
principal user processor (PUP) application. In these 

two-dimensional representations the radial resolution 

of the radar bin is about 1 km2 (along the radar beam), 

ockpvckpgf"cv"3"mo"kp"dqvj"tgÞgevkxkvkgu"cpf"Fqrrngt"
dcug" xgnqekvkgu" Ýgnfu" *jvvr<11yyy0yfvd0pqcc0iqx1
eqwtugu1fnqe1kpfgz0jvon+0"

Hqt"vjg"Ýtuv"dkp"kpukfg"vjg"VDUU"*dkp"3"kp"Hki0"4"
]vjg"Ýtuv"yjkvg"uswctg_+."cping"しr"ku"ヾ140"Vjwu<

sin(しr) = 1 (3)

from which

w"Ã"v – vr (4)

The next bins (next two or more white squares in 

Fig. 2) inside the TBSS area are subject to the next 

considerations: 

̋" They were obtained considering the geometry of 

triangle ABC in Figure 2.

̋" The height above the ground AB = h inside the 

vtkcping" ku" mpqyp" htqo" vjg"YUT/;:F" tcfct" cn-
gorithm.

̋" AC represents the distance between the conside-

tgf"oczkowo"tgÞgevkxkv{"eqtg"cpf"vjg"pgzv"tcfct"
bins in the TBSS area, which is equal to h + kc, 

c being the distance between the middle of the 

radar bins in the TBSS area: c = 1 km and  k = 

1,2,3,4,...etc.

̋" Considering the tangent plane to the ground below 

vjg"oczkowo"tgÞgevkxkv{"eqtg."vjg"vtkcping"CDE"
is rectangular and the angle between r (AC) and 

h (AB) is *ヾ14"Î"しr).

Thus:

cos = sin(θr) = .– θr
�

2( ) h

h+kc
 (5)

And for the secondary bins in the TBSS area:

w ≈ (v – vr) .
h

h+kc
 (6)

Yg"wugf" vjku" hqtownc" vq" eqorwvg" vjg" xgtvkecn"
velocities for the studied cases because all variables 

are known from radar measurments. An example of 

the process through which negative velocities occur 

in the TBSS area when there is hailstone with neg-

ative velocities is rendered in Figure 3, where we 

consider an area (blue) with hail nuclei. Since those 

nuclei have negative (downdraft) speeds, the distance 

travelled by the pulse in two successive moments 

decreases. The Doppler processing assigns negative 

velocity to this change in the path length in the area 

where TBSS is initiated (green area in Fig. 3).

In our studies of Romanian cases we have ob-

served that velocities in the spike region are most 

frequently negative. These vertical velocities are 

found in storms that produce large hail stones and 

have a high component downward that gives negative 

values in the spike region.

In order to exemplify the process described above 

we present a case study from June 19, 2006.

2.1.1 Case study – June 19, 2006

The case presented was observed with the Iasi sys-

vgo"*c"YUT/;:F"U/dcpf"tcfct+"qp"Lwpg"3;."4228."kp"
the northeast part of Romania. This storm exhibited 

classic TBSS signatures. The Iasi radar was operat-

ing in volume coverage pattern (VCP) 21 with nine 

Fig. 3. Schematic representation of the physical and 

radar-analysis processes yielding negative speeds in the 

TBSS area.
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gngxcvkqpu"uecpu"gxgt{"8"okp0"Vjg"Ýtuv"hqwt"gngxcvkqpu"
used in the operational environment were: 0.5o, 1.5o, 

2.4o and 3.4o.

This case is indicative of the complexity that oc-

ewtu"kp"vjg"Fqrrngt"tcfkcn"urggf"Ýgnf."yjgp"vjgtg"ku"
a rotation associated with the updraft of the storms, 

and the TBSS is also present (Fig. 4). The velocity 

Ýgnf"ujqyu"c"ujctr"fkueqpvkpwkv{"dgjkpf"vjg"eqtg"qh"
the cell (Fig. 5), in the TBSS region. The values are 

Ýtuv"rqukvkxg"cpf"ejcpig"kpvq"pgicvkxgu"kp"vjg"urkmg"
(orange values). The hail on the ground was about 

16 mm in diameter. It was recorded at Roman weather 

station (southeast of the storm in Fig. 5). The vertical 

velocities computed in the TBSS area are shown in 

Figure 6. They are negative (from –5 to –20 m s–1), 

being associatnes with negative speeds reside there is 

rtgugpvgf"kp"Hkiwtg"9."yjkej"ujqyu"vjcv"vjg"fkuvcpeg"
vtcxgnngf"d{"vjg"gf"ykvj"vjg"fqypftchv"Þqyu0

2.2 Positive Doppler velocities associated with the 

TBSS

For the positive velocities in the TBSS area, which are 

much rarer in the analyzed cases, the same relation-

ship (1) is used as in the case of the negative velocity. 

These positive velocities are associated with strong 

updraft speeds, able to keep large suspended hail 

stones (5-10 cm in size). The process through which 

positive speeds occur in the TBSS area when hail 

storadar pulse at two successive moments because 

Hki0" 70"TgÞgevkxkv{" fcvc" *fD¥+" cv" 3368"WVE"qp" Lwpg."
19 2006 at 2.4º . The AB line along the TBSS indicates 

the radial along which the values were analyzed and the 

distance along which the values for velocity were plotted.

2

0

0 2 4 6 8 10 12 14
TBSS lenght (km)

V
e
rt

ic
a
l 
v
e
lo

c
it
y
 (

m
/s

)

–2

–4

–6

–8

–10

–12

–14

Fig. 6. Vertical velocities computed with Eq. (1) for the 

June 19, 2006 case at 1354 UTC.

Hki0"60"VDUU"*{gnnqy"tgevcping+"fgvgevgf"qp"Lwpg"3;."4228"cv"3368"WVE"d{"vjg"YUT/;:F"Kcuk"tcfct"cv"406³0"*c+"Tcfkcn"
xgnqekvkgu"Ýgnf"*o"u–1); the purple circle compasses the region of strong downward velocities that produced a downdraft 

qp"vjg"uwthceg0"*d+"TgÞgevkxkv{"fcvc"kp"fD¥0

(a) (b)
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of the positive velocities of the hail stones, yields 

positive values in the area where the TBSS occurs 

*ctgc"octmgf"ykvj"tgf"kp"Hki0"9+0

2.2.1 Case study – 20 May 2006

In this case the storm produced hail stones with diam-

gvgtu"qh"cdqwv"9"eo"cv"Pgitguvk."c"xknncig"kp"Oqnfcxkc0"
Vjg"VDUU"*Hki0":+"eqpvcokpcvgu"vjg"dcug"xgnqekv{"Ýgnf"
with positive velocities due to the presence of a strong 

updraft at lower level. This updraft promoted the 

growth of very large hail, and the growing hailstones 

were carried across the updraft by the conserved, 

low-level, horizontal momentum feeding the updraft 

from below. For this reason the Doppler unit detected 

horizontal positive velocities in the hail region with a 

eqorqpgpv"qh"vjg"nqy/ngxgn"uvqto"kpÞqy0
Vjg"tcfkcn"Fqrrngt"urggfu"cpf"tgÞgevkxkv{"rtgugpv-

gf"kp"Hkiwtg":c."d"ctg"vcmgp"cnqpi"vjg"CD"ugevkqp"kp"
Figure 9. The section starts from the center of maxi-

owo"tgÞgevkxkv{."qp"vjg"tcfct"tcfkwu"*gzcevn{"qrrqukvg"
vq"vjg"tcfct+."vq"vjg"ncuv"7"fD¥"tgÞgevkxkv{0"Wpnkmg"vjg"
previous case, here the Doppler velocities associated 

with the TBSS are positive, which indicates the pres-

gpeg"qh"wrftchv"kp"vjg"tgikqp"qh"uvtqpi"tgÞgevkxkv{"qh"
the overhang. The vertical velocities have values of  

10 to 20 m s–1 (Fig. 10).

Hki0";0"TgÞgevkxkv{"fcvc"*fD¥+"cv"3737"WVE"qp"Oc{"42."
2006 at 1.5º . The AB line along the TBSS indicates the 

radial along which the values were analyzed and the dis-

tance along which the values for velocity were plotted.

Hki0":0"VDUU"fgvgevgf"qp"Oc{"42."4228"cv"3737"WVE"qp"vjg"YUT/;:F"Kcuk"tcfct"cv"307³0"*c+"Tcfkcn"xgnqekvkgu"Ýgnf"
(m s–1+="vjg"rwtrng"ekteng"eqorcuugu"vjg"tgikqp"yjgtg"vjg"dcug"xgnqekv{"Ýgnf"ku"eqpvcokpcvgf"ykvj"rqukvkxg"xgnqekvkgu"
cuuqekcvgf"ykvj"vjg"VDUU."kpfkecvgf"d{"vjg"{gnnqy"tgevcping0"*d+"TgÞgevkxkv{"fcvc"kp"fD¥0

(a) (b)

Hki0"90"Uejgocvke"fkurnc{"qh"vjg"rj{ukecn"cpf"tcfct"cpcn{uku"
processes through which positive speeds in the TBSS area 

are obtained.
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2.3 Positive and negative Doppler velocities asso-

ciated with the TBSS during the same storm

Qp"Ugrvgodgt"49."4226"vjg"U/dcpf"tcfct"kpuvcnngf"
at Medgidia, Romania detected a very strong storm 

in the city of Varna, Bulgaria. According to the 

Gwtqrgcp"Ugxgtg"Ygcvjgt"Fcvc"Dcug"*GUYFD+"vjg"
storm produced 4 cm hailstones and two victims in 15 

minutes. According to the radar data, at 1222 UTC the 

storm was situated southwest of the city, and a TBSS 

eqwnf"dg"qdugtxgf"dqvj"qp"vjg"dcug"tgÞgevkxkv{"cpf"
Fqrrngt"xgnqekv{"Ýgnfu"cv"vjg"Ýtuv"vknv"*Hki033+0"Vjg"
TBSS region displays negative velocities associated 

ykvj"vjg"fqypftchv"tgikqp"enqug"vq"vjg"jkij"tgÞgevkx-

kv{"eqtg"qh"82/92"fD¥."yguv"qh"vjg"ekv{"qh"Xctpc0"Qp"
the storm relative velocities we can observe a rota-

tional structure close to the city of Varna (Fig. 11c), 

and we notice the presence of negative relative ve-

locities in the TBSS region.

The upper tilt (1.5o+"kp"vjg"tgÞgevkxkv{"Ýgnf"fku-
rnc{u"cp"gzvgpfgf"kpvgpukxg"eqtg"qh"87/92"fD¥0"Vjku"
nucleus is situated closer to the city and eastward and 

upward of the previous one (Fig. 12a). In the base 

Ýgnf" *Hki0"34d+"yg"qdugtxg"pgicvkxg"xcnwgu" kp" vjg"
region of the TBSS. The upper negative velocities 
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Fig. 10. Vertical velocities computed with Eq. (1) for the 

May 20, 2006 case at 1515 UTC.

Hki0"330"Dcug"tgÞgevkxkv{"*c+."dcug"xgnqekv{"*d+"
and relative velocity (c) at 0.5º and 1222 UTC 

hqt"Lwpg"49."4226"htqo"vjg"YUT/;:F"tcfct"cv"
Medgidia. The white rectangle indicates the 

position of the TBSS.

(a)

(c)

(b)
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maxima overlap the lower maxima. In the region 

of the TBSS, negative velocities at the 1.5o tilt are 

displaced to the left (in the downdraft region). At 

this height we can notice the cyclonic rotation close 

to the city of Varna, negative velocities just over the 

city, and zero velocities to the west of the city. The 

rotational structure becomes clearer in the storm rel-

cvkxg"Ýgnf"cv"vjg"307o tilt (Fig. 12c, the yellow circle 

indicates the cyclonic region). Negative velocities in 

the region of the TBSS can be observed much better 

cpf"ctg"oqtg"tgrtgugpvcvkxg"kp"vjg"tgncvkxg"Ýgnf"vqq0"
The downdraft region is also correlated with a region 

qh"eqpxgtigpeg" kp" vjg" tgncvkxg"Ýgnf."gzcevn{" kp" vjg"
tgikqp"qh"vjg"oczkowo"tgÞgevkxkv{"*Hki0"34c."e+0"Cv"
the 2.4o tilt in upper levels, the nucleus of maximum 

tgÞgevkxkv{"qh"92/97"fD¥"ku"rncegf"enqugt"vq"Xctpc"cpf"
vq"vjg"gcuv"qh"vjg"oczkowo"tgÞgevkxkv{"htqo"nqygt"
vknvu" *Hki0"35c+0"Vjg"dcug"xgnqekvkgu"Ýgnf" ku"ukoknct"
to the one at a lower tilt and displays the rotational 

structure and region of the downdraft (Fig. 13b) as-

uqekcvgf"ykvj"vjg"VDUU"tgikqp0"Yg"cnuq"pqvkegf"vjg"
positive velocities in the TBSS region (Fig. 13b, c) 

that can be produced by the hydrometeors from the 

upper part of the updraft, which is collocated with 

the rotational structure.

Yg"eqpenwfg"vjcv"kp"vjg"ctgc"qh"vjg"VDUU"vjgtg"
are also positive velocities because at the 0.5o and 

2.4o"vknvu."kp"vjg"Fqrrngt"xgnqekvkgu"Ýgnf"qp"vjg"tkijv"
side of the TBSS, the negative values decrease and 

vjg" rqukvkxg" xcnwgu" kp" vjg" tgncvkxg" xgnqekvkgu" Ýgnf"
increase and expand.

The overhang region of the supercell is observed 

at the 3.4o"vknv."yjgtg"vjg"oczkowo"tgÞgevkxkv{"ku"rquk-
tioned over the city of Varna and aligned on the same 

vertical axis with the mesocylone (Fig. 14a). The 

base velocities in the region of the TBSS (Fig. 14b) 

display values around zero in the updraft region, 

yjkng"vjg"tgncvkxg"xgnqekvkgu"Ýgnf"*Hki0"36e+"fkurnc{u"
positive values in the updraft region. At 1222 UTC, 

just before reaching Varna city, the mesocylone had 

Hki0"340"Dcug"tgÞgevkxkv{"*c+."dcug"xgnqekv{"*d+"
and relative velocity (c) at 1.5º and 1222 UTC 

hqt"Lwpg"49."4226"htqo"vjg"YUT/;:F"tcfct"cv"
Medgidia. The white rectangle indicates the 

position of the TBSS.

(a)

(c)

(b)
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tqvcvkqpcn"xgnqekv{"qh"39"o"u–1, cyclonic wind shear 

of 0.004 s–1"cpf"c"fkcogvgt"qh":"mo0"Vjku"tqvcvkqpcn"
velocity and shear are the most intense in the lifetime 

of the mesocylone.

In summary, in the region of the TBSS artifact we 

can have negative values associated with the down-

draft region and positive values associated with the 

updraft in the overhang region (Fig. 15). The storm 

that affected Varna displayed the TBSS artifact on 

the S-band radar at Medgidia one hour before the 

hail fell on the ground.

2.4 TBSS and the mesocyclone detection algorithm

The apparent location of the positive or negative ve-

locities inside the TBSS due to hail stones can overlap 

with the actual locations where motions within the 

storm are sensed, i.e. the rotation of the updraft. The 

possible effects can be: (1) enhancement of the in-

ward component of the mesocyclone in the case with 

negative velocities of the spike; (2) enhancement of 

the outward component of the mesocyclone if the 

spike has positive velocities; (3) decrease of either 

inward or outward true velocity component inside 

the mesocyclone. These situations are challenging to 

operational forecasters as they produce false alarms. 

Vjg"Ýtuv"ecug"qdugtxgf"kp"Tqocpkc"ycu"rtgugpvgf"d{"
Stan-Sion and Antonescu (2006b). Similar cases were 

reported in different places (Smallcomb, 2006). In 

qtfgt"vq"gzgornkh{"vjgug"qrgtcvkqpcn"fkhÝewnvkgu"yg"
present a case study from June 3, 2006.

2.4.1 Case study – June 3, 2006

A severe hailstorm affected some villages in the cen-

tral part of Romania. It was observed with the radar 

at system Bobohalma during the afternoon of June 3, 

2006 (Stan-Sion and Antonescu, 2006a). The storm 

was not only a “hail monster”, but also a tornadic 

storm that prompted the forecaster to issue a tornado 

warning, which is a rare occurrence in Romania. At 

the fourth tilt (3.4o+"vjg"ngpivj"qh"vjg"urkmg"ycu"3:"mo"

Hki0"350"Dcug"tgÞgevkxkv{"*c+."dcug"xgnqe-

ity (b) and relative velocity (c) at 2.4º 

cpf"3444"WVE"hqt"Lwpg"49."4226"htqo"
vjg"YUT/;:F"tcfct"cv"Ogfikfkc0"Vjg"
white rectangle indicates the position 

of the TBSS.

(a)

(c)

(b)
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fqyptcpig"qh"vjg"jkijguv"tgÞgevkxkv{"eqtg"qh"95"fD¥."
situated at a height of 4.2 km. Along the spike the 

tgÞgevkxkv{"fgetgcugf"vq"7"fD¥."yjkej"ku"vjg"vjtgujqnf"
hqt" tgÞgevkxkv{"fkurnc{"ykvj" vjg"YUT/;:"rtkpekrcn"

user processor (PUP). At lower elevations the length 

of the TBSS spike becomes shorter (10 km at 0.5º), 

as expected. It appears that the TBSS perturbed the 

xgnqekv{"Ýgnf"rtqfwekpi"OGUQ"cpf"VXU"uvtwevwtgu"

Fig. 15. TBSS artifact. Negative values are associated with the downdraft region and positive values are associated 

with the updraft in the overhang region: (a) horizontal section, (b) vertical section.

Hki0"360"Dcug"tgÞgevkxkv{"*c+."dcug"xgnqekv{"
(b) and relative velocity (c) at 3.4º and 

3444"WVE" hqt" Lwpg" 49." 4226" htqo" vjg"
YUT/;:F"tcfct"cv"Ogfikfkc0"Vjg"yjkvg"
rectangle indicates the position of the 

TBSS.

(a)

(c)

(b)
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yjkej"ygtg"wptgcn"*Hkiu0"38"cpf"39+."yjkng"vjg"og-

socyclone detected to the south was consistent with 

vjg"tcfkcn"xgnqekvkgu"Ýgnf0"Vjg"uwrgtegnn"ycu"oqxkpi"
from southwest to northeast producing a “relative 

vq"vjg"uvqtoÑ"kpÞqy"kp"nqy"ngxgnu"qtkgpvgf"htqo"vjg"
northeast direction. This inbound component of the 

nqy"ngxgn"kpÞqy"kpvq"vjg"uvqto"ecp"dg"c"tgcuqp"hqt"

the enhanced negative velocities in the TBSS spike.

The storm structure shows a very strong supercell 

ykvj"c"xgt{"ygnn"fgÝpgf"oguqe{enqpg."kfgpvkÝgf"d{"
vjg"cniqtkvjo"*Hkiu0"3:"cpf"3;+0"Jqygxgt."vjg"ugeqpf"
mesocyclone was a false one, caused by the dealias-

kpi"hcknwtg"*Hkiu0"3:"cpf"3;+0"C"enqugt"kpxguvkicvkqp"
shows that there are real and relatively strong positive 

Hki0"390"Dcug"xgnqekv{"cv"406³"cpf"3676"WVE"qp"Lwpg"5."
4228"htqo"YUT/;:F"cv"Dqdqjcnoc0"Vjg"{gnnqy"ektengu"
enclose the MESO and the red triangle represents the TVS 

as detected by the algorithm.

Fig. 16. Base velocity at 1.5º and 1454 UTC on June 3, 

4228"htqo"YUT/;:F"cv"Dqdqjcnoc0"Vjg"{gnnqy"ektengu"
enclose the MESO and the red triangle represents the TVS 

as detected by the algorithm.

Hki0"3:0"Dcug"tgÞgevkxkv{"cv"207³"*c+."307³"*d+."406³"*e+."cpf"506³"*f+"cv"3676"WVE"qp"Lwpg"5."4228."qdvckpgf"
htqo"vjg"YUT/;:F"tcfct"cv"Dqdqjcnoc0"OGUQ"cpf"VXU"cu"fgvgevgf"d{"vjg"cniqtkvjo0

(a)

(c) (d)

(b)
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velocities that lead up to the beginning of the TBSS 

where sharply negative velocities begin. This very 

strong false convergence leads to a dealiasing failure. 

This strong shift may be produced by the high down-

yctf"urggfu"qh"vjg"jckn"uvqpgu0"Yg"qdugtxgf"vjcv"vjg"

TBSS disturbs the velocity continuity and thus the 

eqpvcokpcvkqp"qh"vjg"xgnqekv{"Ýgnf"ecp"dg"tgurqpukdng"
for the failure of the MESO and TVS algorithms. 

The presence of hail can produce different patterns 

qp"tgÞgevkxkv{"qt"xgnqekv{0

3. TBSS spatial distribution and frequency

The Romanian experience with an S-band network, 

ceswktgf"kp"vjg"ncuv"hqwt"{gctu."eqpÝtou"vjcv"vjg"VDUU"
artifact is associated with hail reports, has the same 

characteristics as those previously reported and does 

have an important operational value (Donavon and 

Jungbluth, 2004).

Fifty seven cases with hail were analyzed, as 

tgrqtvgf" kp" 79" nqecnkvkgu" htqo"Tqocpkc." Ugtdkc."
Bulgaria and the Republic of Moldova over the 

May-September 2009 interval:

̋" 26 of the cases, i.e. 46% of the total number of 

analyzed cases, had a TBSS associated with the 

convective cell that produced hail (the TBSS 

occurred at least once during the cell’s evolution 

– one and the same cell being capable of travelling 

over more localities);

̋" 31 of the cases (i.e. 54%) did not have a TBSS 

associated with the cell that produced the hail, or 

Fig. 20. Coverage domain of the S-band radar units (10 

eo+"cetquu"Tqocpkc0"Itggp"fqvu"tgrtgugpv"tcfct"nqecvkqpu"
and transparent circles represent the coverage domains 

of the radar units. Orange is for localities where the cell 

yielding hail had a TBSS and red for localities where the 

cell did not have a TBSS.

Fig. 19. Base velocity at 0.50 (a), 1.5 (b), 2.40 (c), and 3.40 (d) at 1454 UTC on June 3, 2006, obtained 

htqo"vjg"YUT/;:F"tcfct"cv"Dqdqjcnoc0"OGUQ"cpf"VXU"cu"fgvgevgf"d{"vjg"cniqtkvjo0

(a)

(c) (c)

(b)
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vjg"VDUU"eqwnf"dg"ocumgf"d{"vjg"tgÞgevkxkv{"Ýgnf"
of the neighboring cells;

̋" VDUU"kfgpvkÝecvkqp"ycu"rgthqtogf"kp"vjg"dcug"tg-
Þgevkxkv{"cpf"xgnqekv{"Ýgnfu."yjgtg"vjg"eqpfkvkqp"
was for the TBSS to occur in at least one elevation.

The analysis was performed with the S-band ra-

dar units (10 cm) from Medgidia, Iasi, Bobohalma, 

Oradea and Timisoara, where the PUP application 

wugf" d{" vjg" hqtgecuvgt" fkurnc{u" qpn{" tgÞgevkxkvkgu"
jkijgt" vjcp"7"fD¥0"Vjg"VDUU" ku" nkmgn{" vq"fkurnc{"
xcnwgu"uocnngt" vjcp"7"fD¥"vqq"*Uocneqod."4228+."
dwv"vjgug"eqwnf"pqv"dg"qdugtxgf"fwg"vq"c"tgÞgevkxkv{"
vjtgujqnf"cv"7"fD¥0

The abovementioned coverage domain and 

location of the S-band radar units are rendered in 

Figures 20 and 21, where the green, transparent 

circles represent the coverage domain and the 

green dots the location of the radar units. The area 

of the C-band radar units (5 cm) was disregarded 

in the analysis.

Localities are represented on the map in Figure 

42."yjgtg"jckn"gxgpvu"ygtg"tgrqtvgf"kp"vjg"GUYFD"
base. The red color represents the localities where 

the hail event was not associated with the presence 

of TBSS and the orange the localities where hail was 

associated with the presence of TBSS.

Yg"hqwpf"c"dgvvgt"eqttgncvkqp"dgvyggp"vjg"tgrqtvgf"
jckn"cpf"VDUU"kfgpvkÝecvkqp"kp"vjg"pqtvjgcuvgtp"rctv"
of the country (Fig. 20), where the TBSS was present 

in supercellular storms with a longer life time, some 

Fig. 21. Coverage domain of the S-band radar units (10 

eo+"cetquu"Tqocpkc0"Itggp"fqvu"tgrtgugpv"tcfct"nqecvkqpu"
and transparent circles represent the coverage domains of 

vjg"tcfct"wpkvu0"Yjkvg"ku"hqt"vjg"rqkpvu"yjgtg"VDUU"ygtg"
detected.

of the cells travelling over more than one locality. 

In the other areas, the correlation might have been 

affected by the position of the storm within the con-

vective system. Regarding the localities beyond the 

Romanian borders, situated too far from the radar, the 

radar beam only passed through the upper part of the 

storm, whereas hail could have been rallied by down-

ftchv"Þqyu."cv"gngxcvkqpu"nqygt"vjcp"vjcv"qh"vjg"dgco0"
Figure 21 renders all the cases where the TBSS was 

detected, irrespective of whether hail on the ground 

was reported or not. Those cases were distributed as 

follows: 9 TBSS cases, Megidia (MD) radar; 9 TBSS 

cases, Barnova (IS) radar; 5 TBSS cases, Oradea (OD) 

radar; 10 TBSS cases, Bobohalma (BB) radar. 

For each of the cases mentioned in the Severe 

Ygcvjgt"Fcvcdcug"*jvvr<11yyy0guun0qti1eik/dkp1guyf1
eswd.cgi) archive, an analysis of TBSS occurrence 

was performed (Fig. 21). The analysis tracked the 

TBSS occurrence along the trajectory of the storm 

that yielded hail on the ground. In all the correlated 

cases, the TBSS occurred prior to the hail falling or 

right at that moment.

The performed analysis highlights that TBSS is 

associated with some of the hail-yielding cells (in the 

cdqxg"cpcn{uku."kfgpvkÝecvkqp"ycu"ocfg"kp"vjg"ctejkxg"
qh"vjg"ecugu"ykvj"jckn"tgrqtvu."vjgp"vjg"tcfct"Ýgnf"ycu"
analyzed). Those cells displaying TBSS in the course 

of their evolution were generally sparse cells of high 

tgÞgevkxkvkgu"cpf"oguqe{enqpgu"*uwrgtegnnu+0

4. Conclusions

A first conclusion is that TBSS occurrences 

(Fig. 21) are not rare in Romania. The second 

conclusion, highlighted by the performed analysis, 

is that the TBSS is associated with some of the 

hail-yielding cells (Fig. 20) and these cells were 

igpgtcnn{" urctug" egnnu" qh" jkij" tgÞgevkxkvkgu" cpf"
mesocyclones (supercells). This second conclusion 

leads us to think on “conceptual models for severe 

hail” in the same way we were deriving conceptual 

models for mesocyclonic storms (Stan-Sion and An-

tonescu, 2006a). The last conclusion is that, exactly 

kp"vjg"oquv"fkhÝewnv"ukvwcvkqpu."nkmg"vtcemkpi"ugxgtg"
convection, the forecaster should not blindly trust 

the algorithms.

The TBSS signature is a very important warning 

tool, although it cannot give an anticipation of more 

than 30 minutes, since it is detected at high levels 

in the storm; however, the hail spike can affect the 
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radial velocities and produce disruptions in the radial 

xgnqekv{"Ýgnf"vjcv"ecp"igpgtcvg"wptgcn"oguqe{enqp-

ic and tornadic vortex patterns, and these may be 

ctvkÝekcnn{"kfgpvkÝgf"d{"vjg"cniqtkvjo0"Kp"vjku"ecug"
severe weather (both large hail and tornado) was 

reported at the ground and the warning was correctly 

issued, despite the “interference” between the TBSS 

and the radial velocities analyzed by the MESO and 

TVS algorithms. The problem is most critical when 

a scanned low-level mesocyclone is immediately 

downrange of a hail core, which is not an unusual 

ukvwcvkqp"hqt"c"uwrgtegnn"uvqto0"Uwdlgevkxg"xgtkÝec-
tion of the characteristic pattern of the supercell is 

extremely important in order to “validate” the output 

of the severe weather detection algorithms.

References

Carbunaru D. V., S. Burcea, M. Sasu, B. Antonescu and 

A. Bell, 2010. Three body scatter signature climatol-

ogy in Romania. Proceedings of the Sixth European 

Conference on radar in Meteorology and Hydrology. 

ERAD, Sibiu, Romania.

Donavon R. A. and K. Jungbluth, 2004. Establishing a 

comprehensive severe warning criteria for large hail 

across the Upper Midwest and Central Plains. Severe 

Uvqto"cpf"Fqrrngt"Tcfct"Eqphgtgpeg0"Pcvkqpcn"Ygcvj-

gt"Cuuqekcvkqp0"Yguv"Fgu"Oqkpgu."KC0"
Ngoqp."N0"T0."3;9:0"Qp"vjg"wug"qh"uvqto"uvtwevwtg"hqt"jckn"

kfgpvkÝecvkqp0"Rtgrtkpvu."3:vj"Eqph0"qp"Tcfct"Ogvg-
qtqnqi{."Cvncpvc."IC."Cogt0"Ogvgqt0Uqe0."425/4280

Ngoqp"N0"T0."3;;:0"Vjg"tcfct"Ðvjtgg/dqf{"uecvvgt"urkmgÑ<"
An operational large-hail signature. Weather Forecast. 

13."549/5620
Nkpfng{"V0"V0"cpf"N0"T0"Ngoqp."42290"Rtgnkokpct{"qdugt-

vations of weak three-body scatter spikes associated 

with low-end severe hail. Electronic J. Severe Storms 

Meteor. 2, 1-15.

Okvejgnn"G0."U0"Fg"Yc{pg."X0"Xcuknqhh."I0"L0"Uvworh."C0"
Ykvv."O0"F0"Gknvu."L0"V0"Lqjpuqp."M0"Y0"Vjqocu."3;;:0"
The National Severe Storms Laboratory tornado detec-

tion algorithm. Weather Forecas. 13, 352-366.

Smallcomb C., 2006. Hail spike impacts on Doppler radial 

velocity data during several recent lower Ohio Valley 

convective events. Preprints of the 23rd Conference 

on Severe Local Storms. St. Louis, MO.

Stan-Sion A. and B. Antonescu, 2006a. Radar three body 

scatter signature (TBSS) observed with Doppler radar 

network in Romania – operational aspects. Preprints 

of the Fourth European Conference on Radar in Me-

teorology and Hydrology. Barcelona, Spain.

Stan-Sion A. and B. Antonescu, 2006b. Mesocyclones in 

Romania – characteristics and environments. Preprints 

of the 23rd Conference on Severe Local Storms. St. 

Louis, MO.

Uvcp/Ukqp"C0."D0"Cpvqpguew"cpf"F0"X0"Ectdwpctw."42290"
Three body scatter signature producing uncertainties 

on Doppler radial velocity structures. Proceedings of 

the 33rd AustralianInternational Meteorology Society 

Conference on Radar Meteorology. AMS, Cairns, 

Queensland, Australia.

Uvworh"I0"L0."C0"Ykvv."G0"F0"Okvejgnn."R0"N0"Urgpegt."L0"V0"
Lqjpuqp."O0"F0"Gknvu."M0"Y0"Vjqocu"cpf"F0"Y0"Dwt-
iguu."3;;:0"Vjg"Pcvkqpcn"Ugxgtg"Uvqtou"Ncdqtcvqt{"
oguqe{enqpg"fgvgevkqp"cniqtkvjo"hqt"vjg"YUT/::F0"
Weather Forecast. 13, 304-326.

Yknuqp"L0"D0"cpf"F0"Tgwo."3;::0"Vjg"Þctg"gejq<"tgÞge-

tivity and velocity signature. J. Atmos. Ocean. Tec. 5, 

3;9/4270
¥tpke"F0"U0."3;:90"Vjtgg/dqf{"uecvvgtkpi"rtqfwegu"rtg-

cipitation signature of special diagnostic value. Radio 

Sci. 22, 98/:80
¥tpke"F0"U0."I0"¥jcpi."X0"Ognpkmqx"cpf"L0"Cpftke."42320"

Three-body scattering and hail size. J. Appl. Meteor. 

Climatol. 49."8:9/9220


	Detection of hail through the three-body scattering signatures and its effects on radar algorithms observed in Romania
	Introduction
	Operational aspects of the TBSS
	Negative Doppler velocities associated with TBSS
	Case study Œ June 19, 2006

	Positive Doppler velocities associated with the TBSS
	Case study Œ 20 May 2006

	Positive and negative Doppler velocities associated with the TBSS during the same storm
	TBSS and the mesocyclone detection algorithm
	Case study Œ June 3, 2006


	TBSS spatial distribution and frequency
	Conclusions


