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Radares com dupla porlarizacéo podem estimar dirvespsguades do
sinal retro-espalhado, muito alem-dos radares conveaisidéais cComo 0s
radares doppler de polarizacéo simples-(horizontal).

Considere um radar de dupla polarizacao linear ondes\m transmitir
e receber polarizacao horizontal (H) e vertical (Qpbs: a polarizacao é
definida como o plano aonde o campo elétrico esta orckmta

Assumindo esta configuracéo radar pode medir algumaswast

Refletividade do radar na polarizacédo H e V

Razé&o entre as Zh e 2 ZDR

Diferenca de fase entre o sinal de retorno em H edy)
Grau de correlacao de entre o sinal de retorno em Hghy) (

Razao entre o ortogonal e um dos sinais de retorno (LDR)




Artigo classico-em radar polarimétrico

JANUARY 1976 . . GA AND V., N, BRINGI

Potential Use of Radar Differential Reflectivity Measurements at
Orthogonal Polarizations for Measuring Precipitation

T. A. SELICA AND V. N. BrINGI

Atmospheric Sciences Program and Depariment of Elecirical Engineering, The Olio Sitate University, Columbus 43210

(Manuscript received 27 December 1974, in revised form 10 October 1975)

ABSTRACT

The |Jn||:.nlin| use of differential reflectivity measurements at orthogonal polarizations to determine rain-

fall rate is examined. The method involves measurements of Zy and Zy, the radar reflectivity factors due to

tally and vertically polarized incident waves respectively. The differential Ieﬂs:rtnlty Zpp=10 log

}, which should be precisely determinate, occurs as a result of the distortion of raindrops as they fall

inal velocity. The approximate theory of Gans for electromagnetic seattering by spheroids is applied

to the distorted 4, Assuming a general exponential form for the raindrop size distribution, equations

are derived relating the distribution parameters to the measurements. The determination of rainfall rate

follows directly. Finally, the sensitivity of the distribution parameters to radar inaccuracies is examined, and

several methods of 1rnp1en1vent1ng the measurements are suggested. It is concluded that good Eﬂtll'llﬂ.fl.':s of
rainfall rate using a single non-attenuating wavelength radar are possible under ideal conditions,

Seliga e Bringi, 1976 J. Appl. Meteor.




A matriz de espahamento descreve o campo elétricoalaadetro-espalhamento de um
espalhador individual . Os valores “S” representammend complexo que depende da
forma do espalhador, orientagao e constante diedétric

Os subscriptos sao a transmissao e recepcao da partir do
referencial de uma particula

LEb& Shv Shﬁr Einch

Os maiores termos Campo incidente
sao os elementos “co- devido a transmissao
polares” (subscritos de um pulso do radar
repetidos) da matriz

Campo elétrico devido
ao retroespalhamento,
contendo tanto a

polarizacao H como V

Matriz definida por Bringi et al. 1986 part |




Resultadaamultiplicacaodamatriz
deespalhamento

= . =

INC

E,

INC

Onde S, significa o espalhamento vertical
da particula devido a uma iluminacao em h.




Os calculos dos elementos da matriz de espalhamentangdldisados
a partir da adocao de formas de esferoides para asypastic

(a) (h)

Fig. A1.9. Illustrating permanently polarized spheroids with P = Pz inside: (a) prolate

spheroid with symmetry axis along Z-axis, (b) oblate spheroid with symmetry axis along Z-axis.

Appendix 1 do livro de Bringi and Chandra (2001)




Variavel Polarimetrica 1. Razao entre as poténcias de retorno co-
polar H e V: Refletividade Diferencial (4

‘ ik

Za = 10logjp >

Sun(r, D)2

7 = ] [".I'{:l' ] +-'? dr) —

&

Sop(r, D)

Razao da refletividade diferencial: razao de poténcia de
escala linear como definida por Bringi e Chandra (2001);
Esta razao depende explicitamente da razao entre os
eixos maior/menor e diametro da particula




Assumindo as-condi¢coes de Rayleigh-Gans, a matriz de
espalhamento co-polar se torna:

Depende da
COMpOSIcao
e forma !

2

A (prolate) = _ . T = 0 - =1

(A1.22a)
L. (oblate) = ft — ko fi: . _ b =
(A1.22b)

V = volume da particule, = indice de refragcéo; a e b = tamanho do eixo maiar e
menor do esferoide, = fator de depolarizagéo

Bringi e Chandra (2001), eq 7.5b,c e apendicet




Razoes padroes, 35S, para espalhadores oblatos

g, — permissividade dielétrica relativa - coluna em azul claro

Agua = 80 + 16i e gelo solido = 3,6 + 0,001i

Raz&o dos eixosL[E! Gelo ZDR
“excentricidade” Sdélido

0,6 (oblato) 1,79 1,32

0,9 (oblato) 1,13

Ponto importante: A sensibilidade de Zdr diminui conazao de aspecto
a medida que a densidade da particula diminui (expresao pe
permissividade relativg)




Z,. de uma simples particula em fungao da razao de aspeatia. cLirva
representa diferentes hidrometeoros (densidadespalitgrentes

permissividades,

Z4, (dB)=10 logy ((Sy/ Sw)?

0.5

—

AXIS RATIO

Fiz. 2. Calculations of Z, in decibels as a function of particle axis
ratio for spheroids having the effective dielectric properties of
raindrops, solid ice, graupel, and aggregate snow. As axis ratio de-
creases from 1 toward 0, particle (spheroid) shape becomeas more s
oblate. Curves shown for graupel cover bulk densities of 0.3 g em™ G rafl COS d e H e rzeg h an d
(lower boundary of shaded region) to 0.6 g cm™ (upper boundary).
Values shown for aggregate snow cover bulk densities of 0.03 g ‘] ameson (1992)
cm™ (lower boundary of shaded region) to 0.12 g cm™ (upper
boundary). Calculations use the scattering theory of Gans (1912).




A forma de uma gota em equilibrio € o balanco entre a&tessperficial e a
distribuicao de pressao aerodinamica ao longo da gota

Fig. 7.1. Equilibrium drop shapes for drop diameters of 1-6 mm. From Beard and Chuang
(1987).




Diferentes formas de uma gota,
desde 2 a 6 mm de diametro
em intervalos de 0.5 mm;
Beard e Chuang




relacdes entre o tamanho e forma

ruppacher e Beard (1970) PB,;

— 1103_ 0,062D meseidas em tunel de vento

Interv

b
a

Beard e Chuang (1987) BC,; Ajuste polimonial para simulag

D ~1,0048+5.7x10" D-2,628x10°D* + 3,682x1°D* - 1,6

a
Intervalode 0 <D <7 mm

Os resultados sao similares para D> 4 mm
A relacédo de P-B apresenta um pouco mais de particulas obl

do que a de B-C paraD <4 mm



Valores de £ assumindo espalhamento Rayleigh-Gans (uma gota em emilib

DROP DIAMETER (mm)

Fia. 1. Calculations of Z__ in decibels as a function of drop
diameter for the drop-size shape relationship of Beard and Chuang
(1987). Calculations use the scattering theory of Gans (1912).

Plot de Herzegh e Jameson (1992)




Por outro lado, temos que as oscilacdes na forma da goiteeat
assim que ela excede ~1 mm

RAINDROP OSCILLATION STUDIES - Dept. Atmospheric Sciences

SIDE YIEWS OF THE LOWEST ASYMMETRIC MODE (m =1)
FOR THE TWO LOWEST HARMONICS (n =2 &3)

Imagens modeladas a partir de estudos de K. Beard UIUC




Os vortices e fluxos podem modificar e sustentar dagsm das gotas

FIG. 3. Three images of drop wakes behind levitated water drops obtained
using a high-speed digital camera. The airflow is directed upward, the grav-
ity vector points down, and the laser light sheet enters from the left. Visual
anomalies due to laser reflection are described in the text. The dimensions of
the drops are (a) p=2.51 mm, A=2.91 mm, (b) p=2.20 mm, A=2.90 mm,
{c) v=2.40 mm, #=3.10 mm.

Saylor e Jones, Physics of Fluids (2005)




Na média, temos que as gotas de chuva sao de algmarmnes oblatas do que
esperariamos com o balanco da forca de equilibrio.vilentos turbulentos e colisos
de gotas podem alargar a largura da razao de aspectopa@do diametro.

Estudos de Laboratorio
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Range of size/shape relationships g 4 Beardetal. (1991)

. | 0 10 20 30 m Kubesh and Beard (1993)

3.0 3.5 : — : O present experiment
DIAMETER, D (mm) L equilibrium range

b

a
1 <D <4 mm, Ajustado em laboratdrio

=1,012-0,01449 - 0,01028D°

DIAMETER, D(mm)

Andsager et al. 1999; Coluna vertical com 25m delgue




Variacao de Zdr em funcao do tamanho da gota

Raindrops < 0.3 mm —» Zg4;=0dB
Zar~1.5dB Zar~ 2.0 dB Zar~3.6dB

2.70 mm 5.30 mm

Zar4.0 dB Zar~ 6.3 dB

7.35 mm

Zar=0dB

(Wakimoto e Bringi (1988))




/bR (cristals de gelo)

Colunas (1 a 4 dB)
Pratos e dendrites (2 a 6 dB)

| (Pruppacher and Klett, 1997)




ZpR (granizo/graupel e neve)

— Granizo: (-1 a 0.5dB)
— Graupel: (-0.5 a1 dB)
— Neve: (0 a 1 dB)

j
" (Pruppacher and Klett, 1997)




Particulas congeladas a partir de observacoes de aviao

.I.L_.... - N T
-4 -2 0

Differentinl Reflaclivity dB  (Z0R)

dendrites have higher bulk density
and more preferential H oriented
fall wode

YY)

{Z

ivity dBZ

Reflect

aqqr.  oggr  dendr  dendr  groupel  ofher
R M s (unvimed) (rimed) (unrimed) (rimed)
Differential Reflectivily dB (ZDR) agprepates have lower bulk density
and quasi-random orientation
(©) (Z2dr tends to ¢ dB) (d)
Fig. 7. Scattergram of radar parameters Zy,;, versus Zpp and particle classification results obtained for Region I (a) and (b),
and for Region II (¢) and (d)

Vivek et al. IEEE 1994
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Fic. 8. The Z-Z, scatterplocs for different types of
snow. Two curves confine the area where the ma-
jority of the cold-season rain £-Z,; pairs are usually
observed.

Ryzhkov et al. (2005)
Bull. Amer..Meteor. Soc.

Baseado em observacoes do radar
Polarimétrico NEXRAD-KOUN e obs
de superficie
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N(D)=N,D exp(-AD)

i it L1t

- W=lgm™3 Dg=2mm
-\ * © ZE(dBz) Rimm b | ]
. 2 49.0 23.2
104 \ 0 45.7 22,3
i 2 44,5 22.1
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Natural Variations in the Apalytical Form of the Raindrop Size Distribution

CARLTON W. ULBRICH

Lembrando que a distribuicao
Gamma poder ser expressa como:
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Fi1G. 2. Examples of the gamma raindrop size distribution for
g = —2, 0 and 2 and with liquid water content W = 1 g m™? and
median volume diameter D, = 2 mm. The inset table shows the
corresponding values of radar reflectivity factor (Rayleigh approxi-
mation) and rainfall rate.

N(D) = N, DH gD

D, = (3.67+W)/N




Podemos caleular alguns parametros integraveis da D3ibaengtrizar com £,

D, = diametro mediano; 50% do LWC e B diametro medio ponderado pela mas

7 Dy J g - ]
-—pw/ DT N(D)dD = — ——/wa D°N(D)dD = —(W)
6 0 26 0 2

p

/ D*N(D )ydD

/ D3N(D)dD

Bringi and Chandra 2001, eq. 7.14. Ajuste de relagdestir de DSDs em
tempestades

1 £10¢ 0 485
Dy, = 1.619(Z4)"*;  mm

- T T -y,
Do = 1.529(Z4)%*7:  mm




Avaliacao da estimativa Dm a partir dg Bringi and Chandra (2001)
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Fig. 7.5. Comparison of Dy, from aircraft imaging probe versus radar measured 7 g, in Florida
rain cells. The Zg, data are from the NCAR/CP-2 radar during the convective and
precipitation/electrification experiment (CaPE). The aircraft is the University of Wyoming King
Air.




8 de Set, 2002 (tropical) 19-de Set de 2002 (linhiastabilidade)

Z-Z scatterplot

Medidas com o radar polarimétrico -88D (JPOL 2003)




Tipicamente Z é utilizado para ajustar as estimativas de precipitagao a
partir das relacdes Z-R quando temos variagoes,tedic.

Valores baixos de Zem chuva> D, pequeno

Zdr in denominator RZ. Z,p) =a x,r
-

0.927 Simulated D5SD, equilibrium shape BCO1
0.945 Measured DSD {FL), Brandes’ shape BZVi2
1.0 Simulated D5SD, Goddard’s shape IB02

Assumptions

0.770 Measured DSD {OK), equilibrium shape NSSL
0.737 Measured DSD (OK), Bringi’s shape NSSL
0.761 Measured DSD (OK), Brandes’ shape NSSL

Ryzhkov et al. (2005)

A utilizagéo de Z no denominador implica em aumentar a taxa de
precipitacao para valores mais altos.




Mesoscale and Radar Observations .-
of the Fort Collins Flash Flood ™

of 28 July 1997 | \ . _
Walter A. Petersen,* Lawrence D. Carey,” Steven A. Rutledge,” Jason C. Knievel,* - - *

n

Nolan J. Doesken,** Richard H. Johnson,* Thomas B. McKee,**
Thomas Vonder Haar,** and John F. Weaver@

ABSTRACT

On the evening of 28 July 1997 the city of Fort Collins, Colorado, experienced a devastating flash flood that caused
five fatalities and over 200 million dollars in damage. Maximum accumulations of rainfall in the western part of the city
exceeded 10 in. in a 6-h period. This study presents a multiscale meteorological overview of the event utilizing a wide
variety of instrument platforms and data including rain gauge, CSU-CHILL multiparameter radar, Next Generation Radar,
National Lightning Detection Network, surface and Aircraft Communication Addressing and Reporting System obser-
vations, satellite observations, and synoptic analyses.

Many of the meteorological features associated with the Fort Collins flash flood typify those of similar events in the
western United States. Prominent features in the Fort Collins case included the presence of a 500-hPa ridge axis over
northeastern Colorado: a weak shortwave trough on the western side of the ridge; postfrontal easterly upslope flow at
low levels; weak to moderate southwesterly flow aloft; a deep, moist warm layer in the sounding; and the occurrence of
a quasi-stationary rainfall system. In contrast to previous events such as the Rapid City or Big Thompson floods, the
thermodynamic environment of the Fort Collins storm exhibited only modest instability, consistent with low lightning
flash rates and an absence of hail and other severe storm signatures.

Radar, rain gauge, and lightning observations provided a detailed view of the cloud and precipitation morphology.
Polarimetric radar observations suggest that a coupling between warm-rain collision coalescence processes and ice pro-
cesses played an important role in the ramnfall production. Dual-Doppler radar and mesoscale wind analyses revealed
that the low-level flow field associated with a bow echo located 60 km to the southeast of Fort Collins may have been
responsible for a brief easterly acceleration in the low-level winds during the last 1.5 h of the event. The enhanced flow
interacted with both topography and the convection located over Fort Collins, resulting in a quasi-stationary convective
system and the heaviest rainfall of the evening.

B. Amer. Met. Soc., February, 1999




Enchente de Ft. Collins: 29 de Julho de 1997 as02:08 UTC
CSU-CHILL 2km MSL CAPPI

ege Ave

Prospect ‘

- |

1] 3

R(Z) WSR-88D (in / hr)

Usando relacao ZR NEXRAD
R=0.017Z0714

Esta relacéo é truncada em 55
dBZ para evitar contaminacao
de granizo

3

1]

R(Z ZDR) (in/hr)

Usando a relacao com ZDR
R =cZ210 0.1bZdr
Onde a =0.93

-3.43

6.7 x 103




Baixas taxas de precipitacdo R(Z) quando comparadasaerR(Z,Zdr)

Zdr (db) vs. Z (dBZ) - rain rate scatter plot (in / hr)

2 km MSL CSU-CHILL CAFPI : i X a_xiS: R(Z, Zdr)
29 July 1997 0208 UTC : s Y axis= R(Z) W5R-88D

1.5 dB Zdr line -




: Reflectivity
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Zh similar, porém as DSD sao diferentes

NOAA/NSSL




Ecos néo precipitantes: insetos (tem direcao prefeabaeivoo)

Reflectivity (dBEzZ)
Flot Type | £

41.0

B Valores de Zdr

320

|§g:g alcancaram o limite do
i sistema (+9 dB)

17.0
14.0
11.0
8.0
5.0

20 Differential Reflecti
-1.0 Flot Type - ZDR
-4.0 L R 2.98

-7.0 _ = e .24

. 7449
Azimuth © 2.61° . oy 6.74
Range : 46.44km . o . 60
Height: 3.7km {12148k iy @ 595
Walue :14.9 . - N 4.5

3176
im
2.26

Foom  1.0% | ! ! 1.52

Fange : 80km Iy . 0.ry

ScanEl: 2.8 ! 00z
Gates  A034x180m v ) : )

R | 2 e ] g -0.72

! R SRR - -1.47

Altos valores de Z, orientados N R _ o/ s 261

Range : 46.44km

na direcdo do vento - e e (1%

Date thon 19 Aug 02
Time :16:31:00 UTC
Local: 10:31:00 MDT

Zoom o 1.0x
Fange :80km
ScanEl: 28

Gates 1034x150m

Lang et al. 2004 J. Atmos. Ocean. Tech.




Desvio padréo espacial dg, 2 utilizado para identificar eco n&o
precipitavel, especialmente ecos de terreno

Desvio padrao de Z(dB)

11 MAY 05 00:26:47 00:27.01 PPT FXANG= R e a0 e STl 11 MAY 05 00:26:47 00:27.01 PRI FXANG= 0.5 JAt- 6.9 Xyl -3.2 6.8

VCHIL Origin at EXP DRGN Radar=CHL = 150 M AZi=N) = 90.006 - VCHIL Origin at EXP DRGN Radar=CHL GSP= 150 M AZ{=X) = 90.0 0OG

| I I T | T I
ZDR standard deviation —
over 4 beam X 4 pate areas

Larger standard deviation
in non—-precip echo

E (KM)

STANCE (KM)
Y-DISTANC

Y-DI

PLOT 1 GTS X-OISTANCE (KM PLOT 1 GTS K-OISTANCE (KM
NOT SHODTHED NOT SKDOTHZD

(Giuli et al., J. Atmos. Ocean.. Tech. 1991)




Zpr — Consideracoes finais

 Independe da calibracéo do radar

 Independe da concentracao dos hidrometeoros, mas depende de como
eles estao distribuidos por tamanhos

» Sofre efeitos de propagacao, por exemplo a atenuacao




Razao de depolarizacao linear
LDR

LDR [dB] = 10log(%_ )

» Hidrometeoros esferoides com 0s eixos
maior/menor alinhados ou ortogonais com a onda do
campo elétrico tem LDR - « dB (Pruppacher'and Klett 199

Utilizado para detectar guando os hidrometeoros
estao girando ou inclinados, ou a fase e forma é
Irregular:

« Gotas de chuva grandes (> -25 dB)
» Granizo, mistura de granizo e chuva (-20 a -10 dB)
 Neve molhada (-13 a -18 dB)




Diferanca de Fase ®op

®pp [graus]= OHH — Ovv

®HH, ®VV: apresenta mudancas cumulativas na diferenca de fase para a
viagem completa do pulso (alvo e radar)

®HH, ®VV = diferenca de fase devido ao espalhamento + mudancas na
diferenca de fase ao longo do caminho de propagacao




®pp (efeitos)

 Estatisticamente hidrometeoros isotrgpicos apresentam
mudanca de fase similares tanto para ondas polarizadas H e
V.

 Ja as particulas néo isotropicas produzem mudancas de
fase diferente

Exemplo: volume como hidrometeoros oblatos: gotas'de
chuva grande e cristais de gelo

Uma onda polarizada H se propaga mais devagar que uma V

Logo temos uma mudanca de fase (®xH) maior por unidade
de comprimento - ®pp aumenta.
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Fig. 5.3. Differential phase shift, ¢pp, introduced because the H wave propagates more
slowly than the V wave through a region of oblate raindrops

A. lllingworth, Cap 5, Weather Radar (2003) P. Meischner, Editor (Springer)




®DP (variacao ao longo de ppt)

B2 84 86 88 980 982 94 96 88 100
RANGE (km)

(Doviak and Zrni¢, 1993)




Diferenca de fase especifica - Ky

KDF)[grausk } _ %op(12) — (1)

Z(rz B rl)

 Independe da calibracéo do receptor/transmissor

 Independe da Atenuacao

« E menos sensivel a variacdes de DSD quando comparado a Z
* Imune ao bloqueio do feixe da particula




Coeficiente de correlacao pwv

Correlacéo entre os ondas polarizadas H e V

* Depende
Da mistura dos hidrometeoros (chuva/granizo, por exemplo);
Da diferenca de fase (oscilacboes de gotas gdes);

Da excentricidade;
Da inclinagao dos hidrometeoros e;
Das formas irregulares dos hidrometeoros (granizo e graupelo)

 Independe

Da calibracao do radar
Daconcentracéo dos hidrometeoros e;
Dos efeitos de propagacao
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Caracteristicas

Garoa e chuva leve > ~0.98

Chuva convectiva sem gelo > ~0.96
Granizo e misturado com chuva ~0.90
Banda brilhante: chuva/neve ~0.75

Eco de terreno ~0.6-0.8




