Chapter |:

VVhat do you need in order to use
polarimetric information




Radars
Infrastructure to operate then effectively

The more sophisticated are the radars the more
sophisticated must be the infrastructure

People, not machines, are the key element

Friday, 9 August, 13



Absolute requirements for effective radar operations
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Absolute requirements for effective radar operations

The engineers can be external, but the Super-User, the user that
understands data quality, monitors data regularly and has a
common language with the engineers, must be in-house.
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Polarimetric Radar

|Isztar Zawadzki




Polarimetric implementations

E, E,
Circular polarization
A Alternate H and V
E . L (older systems)
! Linear polarlzatlon/
= \ Simultaneous H and V
on transmission and reception

(research radars)
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Polarimetric implementation
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Polarimetric implementation

Because of the drops’ deformation

the medium 1s anisotropic
for EM propagation
and scattering.

Thus, the vertical and the
horizontal components of the
electric vector,

Ey and Ey, are scattered
differently and propagate at

different speeds.
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Polarimetric implementation

Because of the drops’ deformation

the medium 1s anisotropic
for EM propagation
and scattering.

Thus, the vertical and the

CONSIDER A TRANSMISSION % 4 horizontal co.mponents of the
AT 45 DEGREES: ) electric vector,
EQUAL POWER IN Ey and Ey ) d Ey and Ey, are scattered

/ differently and propagate at

different speeds.
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Polarimetric implementation

Because of the drops’ deformation
the medium 1s anisotropic
for EM propagation
and scattering.

AND A SIMULTANEOUS, BUT SEPARATE, Thus, the vertical and the
RECEPTION OF THE VERTICAL AND horizontal components of the
HORIZONTAL COMPONENTS OF THE electric vector,
ELECTRIC VECTOR. Ey and Ey, are scattered

differently and propagate at
different speeds.
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Return from a single drop

Transmitwave < % 7 % 7% 7% 7%

/2

' 2A :
. 'II'\ "
SEnd AVAVAVAR (VAVAVAVAVAVAVA

w2
Received signal Combined retum™ Individual retums

= R.PH’\"\ \.\ \/ / i}
\\\\‘\\\ /./- |
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Return from two drops moving relatively to each other

Transmitwave < % ¢ % 7% 7% 7%

m2 Sampling volume atrange r

WA

- I'2
Receiv:d signal Combined retum™ Individual retums

Friday, 9 August, 13



Return from many drops moving relatively to each other

Transmitwave < % 7 % 7% 7% 7

/N\ Sampling Vaufme atxanger © |
2A - . '61\0‘ ~‘ ‘:V. "' 2 - e l

" A

\

-2
Received signal

Amplitude
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Returns from dual-pol from many drops moving relatively to

each other

Transmitted horizontally polarized (H pol) wave Transmitted vertically polarized (V pol) wave
<— Pulse length —> <— Pulse length —>

Reception at H pol. Reception at V pol.
_— - (- S .
I o @ \/W\/\* .
o Amplitude L\/W
View from above View from the side
T /\ / Amplitude/phase time series at H & V polarizations
| //_///\ f S //% > > ! T X \
! - HH TN VvV
Time
_ Zn _ Puy Complex) _ 5 .
ZpR = Zy = Pwy ( correl. )HH,VV— (PHHPVV) exp(2j dop)
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What information do we obtain from polarization diversity at 459

transmission and simultaneous reception of Zy and Zy?

7+ Equivalent reflectivity (horizontal and vertical).
e

omrrorxixcounr>»>m=a
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What information do we obtain from polarization diversity at 459

transmission and simultaneous reception of Zy and Zy?

7+ Equivalent reflectivity (horizontal and vertical).
e

(prolate) particles. Measures the average deformation of

targets.

* It is zero for spherical particles; positive (negative) for oblate
Ly ]

y4
ZDR = 1010g£—H

omrrorxixcounr>»>m=a
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What information do we obtain from polarization diversity at 459

transmission and simultaneous reception of Zy and Zy?

€

Zy

Z =101 —=
DR OgLZV]
Opp = Oy — Oy

omrrorxixcounr>»>m=a

7+ Equivalent reflectivity (horizontal and vertical).

* It is zero for spherical particles; positive (negative) for oblate
(prolate) particles. Measures the average deformation of
targets.

* Phase difference between E; and E,, produced by the

anisotropy of the optical density of the propagation medium.

It is zero for spherical particles; positive for oblate, and negative
for prolate, particles. Measures mass*deformation It is
independent of radar calibration.
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What information do we obtain from polarization diversity at 459

transmission and simultaneous reception of Zy and Zy?

7+ Equivalent reflectivity (horizontal and vertical).
e

(prolate) particles. Measures the average deformation of

targets.

* It is zero for spherical particles; positive (negative) for oblate
Ly ]

y4
ZDR = 1010g£—H

* Phase difference between E; and E,, produced by the

¢DP — ¢V _ ¢H anisotropy of the optical density of the propagation medium.
It is zero for spherical particles; positive for oblate, and negative
for prolate, particles. Measures mass*deformation It is
independent of radar calibration.

— ——\ * T'he overbar indicates the average over
_ %
P, = (ZH —Zy ) (ZV B ZV) several consecutive pulses.

If the shapes, orientations and distributions of targets do not change

in time py,,=1; if there is a complete reshufflings at every pulse p,,,=0.
Measures the time change in the variety of particles, their shapes and their

orientations

omrrorxixcounr>»>m=a
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Polarimetric Measurements in Rain

106 T T T T T T RN 106:””\‘ T T BN R
E\\\NO.4<KDP>1-O.1<ZDR>O.6 | ~ 0.4<Kpp>1-1.8<Zpp>2.2 |

%\ low low low high

—
o
N
=5 ==
2 <
P
|

N(D) [mm-1m-3]

L L L LR B ! ! ‘7‘ 106““‘ !
0.1<Kpp>0.2 - 1.8<ZpRr>2. \ .8<ZpRr>2.2 - 4<Kpp>10

lower high 1 \A\ high high
104&
\

N d ook

N(D) [mm-1m-3]
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Polarimetric Measurements in Rain

ZDR [dB]
N

T T T T T ‘ T T T ‘ T T T ]
- Brandes et al., S-BAND, 196 days of DSDs -

0.70 0.75 0.80 0.85 0.90 0.95

Reflectivity weighted deformation

Zpr has a simple interpretation.
All others polarimetric measured
guantities have a more complex
mathematical expressions and
must be “tamed”.
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Drop Size Distributions (DSDs) provide a

guidance to understanding

For a given reflectivity there is a large variety of DSDs:

29</<30 dBZ

o N By N

W& LIy

Q \\ \ \i\\
NN

AT AN
AR
\ LR \\\\

Moments of the distributions:
Mg=Z7= j DON(D)dD

Mo M, = j D?N(D)dD

Roc My = j D*V(D)N(D) dD

j DD N(D) dD
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Some polarimetric relationships for rain

(climatology of over 34,000 DSDs, from |96 days with convection)

Mean 10 min Elevation: 0.0 C-band

T I T T T I’I T T

Zdr=0.06*Z %%
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Some polarimetric relationships for rain

(climatology of over 34,000 DSDs, from |96 days with convection)

- Elevation: 0.0 Wavelength C- band Mean of 10 min

Zdr [dB]

oA A 60

2*Yh [dB/km]

Kdp [deg/km]

=

-
-

—
=
N

Zh [dBZ]

10} Kdp=148e4'Z°% « & |

Zh [dBZ]

0.995 -
>
§ 0.990 }
c

0.985 +

0.980 t

Wavelength: S-band

2*Yh [dB/km)

Kdp (deg/km]

Bt ;

2*Yh=1.92e-5'7 457 7

§
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The most important use of polarization diversity is
target identification.

For C-band radars it is attenuation correction.




Detectable hydrometeores other than rain

snow, dry or wet
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Detectable hydrometeores other than rain

snow, dry or wet

N4t
g

N,
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Detectable hydrometeores other than rain

snow, dry or wet
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Detectable hydrometeores other than rain

snow, dry or wet

From Pruppacher and Klett 1997
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Detectable hydrometeores other than rain

snow, dry or wet

From Pruppacher and Klett 1997
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Target ID - Particle Classification

® Temperature — from soundings

Radar measurements Maniwaki (WMW) and Albany
used in algorithms ALB)Aircraft soundigns, model
outputs
o /
® ZpR
o Kpp
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Automatic detection of hydrometeor

type from polarimetry using fuzzy logic

Membership functions
Example Zpr membership for hail and rain-hail:

Tbl.Zh.ZdrHa (50.0,70.0) (-10.0,1.0)(-3.0,1.0) (0.5,1) (0.8,0) TblL.Zh.ZdrRh (45.0,47.0) (-0.1,0) (0.2,1) (1.1,1)(1.4,0)

T

Hail For50<z <70 coordinates of the function Rain-hail For45< z <47 coordinates of the function

A A

1

Large hail ~ medim-
(prolite): (tumblin

‘ » Zdr » Zdr
-10dB -3dB 05dB 0.8 -0.1dB 0.2dB 1.1dB 14

For each parameter these functions give a membership value: O< Py4PR <1,
in the example of Zpr membership for hail, and O< Prn4PR <1 for rain-hail
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Particle Classification

Take a weighted average of these values for each particle type l:

D

Q, = ZP W. = MaxQ, — particle type
PyPhv_—

PHde
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IDENTIFICATION OF ARTIFACTS, etc. (on a 0.9° PPI)

BEFORE DUAL POLARIZATION
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IDENTIFICATION OF ARTIFACTS, etc. (on a 0.9° PPI)

BEFORE DUAL POLARIZATION

ROUND
CLUTTER
identified
By zero
Doppler
velocity)
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IDENTIFICATION OF ARTIFACTS, etc. (on a 0.9° PPI)

BEFORE DUAL POLARIZATION

\ -~

Ve

_-':::_- - ‘
s e, ™

~ e 4
| oM

ROUND
CLUTTER
identified
By zero
Doppler
velocity)
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IDENTIFICATION OF ARTIFACTS, etc. (on a 0.9° PPI)

AL POLARIZATION

e I
{

BEFORE DU

ROUND
CLUTTER
identified
By zero
Doppler
velocity)

FhiOP 0.9%deg 23:472 15Sepl882 RHO_HY 0,9deg 23:47Z 165ep1 998
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IDENTIFICATION OF ARTIFACTS, etc. (on a 0.9° PPI)

BEFORE DUAL POLARIZATION

ROUND
CLUTTER
identified
By zero
Doppler

- velocity)

GROUND
CLUTTER

FhiOP 0.9%deg 23:472 15Sepl882
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IDENTIFICATION OF ARTIFACTS, etc. (on a 0.9° PPI)

BEFORE DUAL POLARIZATION

- rd
H

- -
,Ltf-

- ..i:_

™
' Al I
C\, "'_Em'a AAE

ROUND
CLUTTER
identified
By zero
Doppler
velocity)

GROUND
CLUTTER

PRy [ s

FPhiOoP 0.9%deg 23:472 16Sepl8s8? RHO_HY 0,9deg 23:47Z 1652p| 998
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IDENTIFICATION OF ARTIFACTS, etc. (on a 0.9° PPI)

BEFORE DUAL POLARIZATION

\ -~

\.
1
)

~ e 4
' \‘E\ m
o

;,1; : ‘
s e, ™

ROUND
CLUTTER
identified
By zero
Doppler
velocity)

GROUND
CLUTTER

FPhioP 0.8deg 23:472 I1S8sepl3382 RHC_HYV 0,9deg 23:47Z l16s5epl 998
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Target ID by polarimetry

r=l£0km «Cheneville GrndEcho

(h =2.6km) ,UFO []
| SuperLD =
Dry Snow O

T IrIceCry
| e ii IceCryst []
l[-l,.': - S |"
" ! Wet Snow B

Drizzle
'Lt Rain
Md Rain [
Hv Rain M
FrezRain
raupel L]
NHailRain
»Mail .
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Data cleaning

HARPI

40
distance [km]

60

0.5°
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S

-. ‘
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TID (1-15)

hai |
hail rain
graupel
frz rain
hv rain
md rain
It rain
drizzle
wet sno
ice
irrice

dry snow:

upcool w
non-id
gr echo

80

r [km]

1124

122

o0 aso O S e e
azimuth [deq]
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Data cleaning

Sensitivity thresholds are added to select good data

40

distance [km]

60

80
Z [dBZ]
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10

1121

1105

21/07/2010 18:29:53 HARPI
LY

196

azimuth [deg]

r [km]

1124

1113
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Data cleaning

Sensitivity thresholds are added to select good data

40 60
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hail rain
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Automatic detection of hydrometeor type from polarimetry
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RHI @ 12°
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Still better signal processing

PH (SNR db)
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Polarimetry and precipitation measurements

Friday, 9 August, 13



Kpp as alternative to Reflectivity

Computed from DSDs

60 F T rrrrmm

50 -

- Z = 43.23 +10.58X -0.13X* -0.05X +

b /i

- X = log(KDP)

40 -

:
OEI R R AR B R R R R

10°% 10 10° 10’

KDP [deg/km]

10°°

KDP [deg/km]

0.01

Measured by an S-Band radar

PP10.69

rerryyrrrrroeeeYyeeyerrerYYrrvrerrrrrr1rreeyeyreeyTeyTTYT YT Y T M 7 YT YT T YT
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Specific attenuation computed from DSDs

Yn [dB/km]: specific attenuation at horizontal polarization
Ypop [dB/km]: specific differential attenuation = Yu-Yv

10°F Zdr 0.0-0.5 [dB] - :
- Zdr 0.5-1.0 [dB] X >°< P
[ Zdr 1.0-1.5 [dB] F
. 10" Zdr>20[dB] / ] _
£ 2 =
S, 102 X .3
X X
10-3 E =
10-4 E AT BT B NI B AT TIT] BT I,
10* 10°® 10% 10" 10° 10 10* 10°® 10% 10" 10° 10
KDP [deg km™"] KDP [deg km™']
100? LR T T T T "'x%
107 L
>
% 102k
o
Al 10-3;
10 ¢
107!

10* 10° 102 10" 10° 10
KDP [deg km™]
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R [mm/h]

Advantages of K4y over Z

- KDP =22 R*" x
102 ;_ ;-.“ "‘
10",
10%;
107

10* 10° 10% 107 10° 10
KDP [deg km™]

Computed for C-band
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Advantages of K4y over Z

0.6

It has a better relationship with rain rate:
the relative error of the conversion of Kqp into
R is smaller than that of the Z-R relationship

Relative Standard Deviation

0.0_ N B B B
0.1 1 10 100 1000

R [mm/h]

It is not affected by attenuation

It is not affected by partial beam blocking

The disadvantages is that it is difficult to
measure values below |°/km

And at C-band it is sensitive to resonances at
the very large drops:
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Advantages of K4y over Z

0.6

It has a better relationship with rain rate:
the relative error of the conversion of Kqp into
R is smaller than that of the Z-R relationship

Relative Standard Deviation

L Lol Lol L
0.1 1 10 100 1000
R [mm/h]

It is not affected by attenuation

It is not affected by partial beam blocking

PP10.698

The disadvantages is that it is difficult to
measure values below 1°/km

And at C-band it is sensitive to resonances at
the very large drops:

KDP [deg/km]

P |

10 20 30 40 50 60
Z [dBZ]
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Critical issue: computing KDP from CIDDP

18/11/2009 05:10 - 118# azimuth

PhiDP
PhiDP

measured

Fit a quadratic to 9 points and
take the derivative at the
center point; go to next range

N
)]
T ‘ T T T

polyfit

)\
o

) Eliminate outliers: if a value is
greater that the 5 next reject.
If a values is lower than the

| preceding 5 reject.

PhiDP [deq]
o

—k
o

50 100 150 200 - Works better that SIGMET

Distance [km]
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At C-band and X-band attenuation is a serious
problem

Correction for attenuation is necessary for
guantitative measurements
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Observation of attenuation

at C-band

Comparison of S and C-band
cross-calibrated radars

dBZ
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Observation of attenuation

Comparison of S and C-band
cross-calibrated radars

at C-band
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Comparison of S and C-band
cross-calibrated radars

Observation of attenuation

at C-band
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Comparison of S and C-band
cross-calibrated radars

Observation of attenuation

at C-band

No QPE at C-band
without attenuation
correction!

Radome attenuation
is @ major problem.
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Attenuation correction

YH [dB/km]: specific attenuation at horizontal polarization
Ypp [dB/km]: specific differential attenuation = Yu-Yy

AZ=a ®pp and AZpr=p Ppp

10 4
s @
.(%
S 1F
Z
C-BAND ]
0.1 & sl |\ I ETIT L1
1 10 100
Dpp [deg]
where a and 3 are obtained from Yn=aKpp and Ypp=BKbp
% o T oo
10°F Zdr0.0-0.5 [dB] - d 107¢
- Zdr 0.5-1.0 [dB] )35" » ] :
: ; AL
—. 107k Zdr>2.0[dB] | 10
£ : x >
< X % 102k
T, 102¢ X . E II
> > & 109)
10} .
: ‘ 10
-4 : L
10 5 T: 10-5

10* 10° 102 10" 10° 10

-4 -3 III”“I-ZII I”I“I-1I Y OI Y 1
KDP [deg km] 10 10 10 10 10 10

KDP [deg km™]
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Attenuation correction

YH [dB/km]: specific attenuation at horizontal polarization

Ypp [dB/km]: specific differential attenuation = Yu-Yy

AZ=a ®pp and AZpr=p Ppp

10 3
— F - :
S I )
s | :
g
s TE :
< f ]
v C-BAND |
0.1 & £5 L1 L1
1 10 100
Dpp [deg]
where a and 3 are obtained from Yn=aKpp and Ypp=BKbp
% AL L I L B I R UL R ALY 0l L
10°F Zdr0.0-0.5 [dB] . g Te ) s 107
f Zdr 0.5-1.0 [dB] X g I ] = 2(YwYv)=0.22Yy A 3 -
: , - A Al
. 10"} zdr>2.0[dB] 1 0'1§ g, 3 107
‘.‘E - X _\é _2: ﬁi% . >_> 5
; > < g 10 % s gﬁ? % o 107°¢
o, 107 X 2 R P - 1z
% o L 10°E = & 100
N 37 d a C :ﬂﬁ*: 3
10° 3 X E -4: +++++:+ :
* | e A T 10*
45 7 s f C-band | I
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KDP [deg km™] 2Y,, [dB/km] KDP [deg km'1]
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Attenuation correction; example

YH [dB/km]: specific attenuation at horizontal polarization
Ypp [dB/km]: specific differential attenuation = Yn-Yy

where a and 3 are obtained from Ynh=aKd4p and Ypop=LKdp

18/11/2009 04:30

o,
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Correction for attenuation
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Calibration




Radar calibration with a disdrometer:

Observed radar and disdrometric data

Without filtering With SIFT filtering

W@ | © % S0FTi0 May 2000
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Radar measurements
(r=30 km, H=1.2 km)

Disdrometer measurements

on the ground
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Radar calibration with a disdrometer:
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Consistency:

by a disdrometer by polarimetry
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Consistency:

by a disdrometer by polarimetry
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Consistency between disdrometric and polarimetric calibrations !!
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Radar calibration with polarimetry:

With actual radar data

one radial at 0.9 deg elevation
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Consistency:
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THE END ...




THE END ...

not really




