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The problem
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The problem

Composite Daily Rainfall over Germany

RADOLAN RY Cumulative 2018-01-15T23:55:00

 Circles surrounding radar stations

* Lowest radar beam intercepting the ML
(lower than 1 km)
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* Beam overshooting the ML sampling snow
results in underestimation of precipitation
amount at the surface
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PVPR: Polarimetric Vertical Profile Reflectivity

Idealized vertical profile of Zy and pny

Radial profiles of Z bias and p, , are
correlated. Deeper minimum of p,

corresponds to higher Z bias and
one can quantify the Z bias using
radial profile of p,,.

Height Phy

min(pm)< t

Hy, = Height of ML bottom
AH = ML thickness



Methodology

1) Establish correlations between AZ and pxv from statistical analysis of
QVP

« Adapted to C-band and German climatology using 5 years (2015-2020) with the
Protzel radar — Julian Giles, Uni Bonn (talk on Friday at 10:00)
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Methodology

1) Establish correlations between AZ and pxv from statistical analysis of
QVP

2) Generate several radial profiles of Zy and puv for a typical stratiform
cloud at low antenna elevations typically used in QPE

* For a multitude of ML heights and ML thicknesses

« Store in lookuptables



Methodology

1) Establish correlations between AZ and pxv from statistical analysis of
QVP

2) Generate several radial profiles of Zy and puv for a typical stratiform
cloud at low antenna elevations typically used in QPE

3) Characterize observed radial profiles through
* pnv dip in the ML and
* the height of the ML bottom
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Methodology

1) Establish correlations between AZ and pxv from statistical analysis of
QVP

2) Generate several radial profiles of Zy and puv for a typical stratiform
cloud at low antenna elevations typically used in QPE

3) Characterize observed radial profiles through
* pnv dip in the ML and
e the height of the ML bottom

4) Find in the lookuptables the modeled profile that best fits the
observation and use it to retrieve the intrinsic Z4 profile at the surface



Methodology

1) Establish correlations between AZ and pxv from statistical analysis of
QVP

2) Generate several radial profiles of Zy and puv for a typical stratiform
cloud at low antenna elevations typically used in QPE

3) Characterize observed radial profiles through
* pnv dip in the ML and
e the height of the ML bottom

4) Find in the lookuptables the modeled profile that best fits the
observation and use it to retrieve the intrinsic Z4 profile at the surface

5) Use the corrected Z, profile to calculate rain rates



The Lookuptables
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Application of PVPR Method

NoO correction PVPR correction

PVPR-corrected Zy
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Testing different parameters

AZ = Zmax - Zruin

AH =H,-H,

Z: Phv

dzcor (dBZ)
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Default jupdates

Max AH (km) 0.55 0.65
B (dB/km) 4 3.5

5
Zmax (dBZ) 30 28
Multiplicative factor to a within the ML 2.0 2.5

3

4
Decreasing slope after the ML peak 1.25 1.5

1.75
Relationship min pyy - AZ USA stats | Germany

Combination of the blue colored parameters




Testing different parameters

dzcor (dBZ)

dzcor all runs

— "

default
DeltaH max = 0.65
B=35

B=5

Zmax = 28

ML att coef= 2.5
ML att coef= 4.0
dec slope=1.5
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New Rel DZ-RhoMin
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Differences are mostly small
Largest impact for:

e [3 at far ranges

* Decreasing slope after the
ML

* New rel. min pyy — AZ
 Combination of both
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« Validate against rain
gauges

Corr. Coeff.

[ ZOAHOUE Mm3U + 54 T=0]5 23p

[ ZO-AHOUY Map

F 6 T==dojs 2ap

F 5 T==ado|s 23p

[ 0% =4200 332 W

[ ST =4200332 W

[ 8z = xewz

ra=1

[SE=9

[ 59°0 = XeW HEY=]

i RIAKDP)

= RIZ)
--

[ Anes=n

0.650
0.625
0600
0.575
0.550
0.525
0.500
285
280
275
270
265
260
255
250
245

RMSE

[ Z0-AHOUY M3U + 57 T=0js 23D

[ Z0-AHOUH ManN

—%- R(ZKDP)
& R{AKDP)

—+ R(Z}

Fg¢ T==dojs 2ap

r g T==dojs Jap

[ OF =4200 3327

[ 5T =400 1870

MeanBias

[ 8z = xewz

[SE=13

[ 59°0 = ¥elW HEY=]

%= R(ZKDP)
A R{AKDP)

—+ R(Z)

NRMSE2

Statistics for all rain events in January 2018

[ une=n
~ o i 4 " g 4 g w g2 4 g o g
" " " " " S 9 § $ 7 F 7 7 9
g8 <« b 7q-nuouy mau + of 1=ais 39p
S
TEE
L [ Z0-AHOUYH map
pra

[ g4 [==dojs 23p

r g T==dojs Jap

I 0'b =J303 338 T

m
= ST =4200 080
=
[ 8z = xewz
rs=9
== rse=9
T &
oo
e
R [ 59°0 = ¥ew Heyag
& EE ef
'
+._.A [ unegEp
=y m ~ - [=] (=1} =] - w0 (=] "} (=] 'y (=] w (=] w o
w w [-] w w ] [Tl u un = ~ W - (=1 ~ W - (=1
[=] (=1 [=] [=1 [=] [=1 [=] =1 o (=] [=] [=] [=] — — — — ™~
T ? 9 9 9 9 % 7 9



default
ery small impact

Ty

ts ML

ML thickness
Max Zh in ML
Coefficien
attenuation

Corr. Coeff.

i RIAKDP)

| ZOAHOYY Mm3u + 5¢ T=01s 93P

[ ZO-AHOUY Map

F 6 T==dojs 2ap

F 5 T==ado|s 23p

[ 0% =400 32 T

F 52 =4200 32 T

[ 8z = xewz

ra=1

[SE=9

[ 59°0 = XeW HEY=]

[ Anes=n

RMSE

L= T = o T = .
2 4 2 o 2 ua
wo oW W W
s & 3 2 4 17
&

oo
_g¢g
R
[= N -ay- 4

. .

* 4

MeanBias

%= R(ZKDP)
& R(AKDP)

—+ R(Z)

[ Z0-AHOUY M3U + 57 T=0js 23D

[ Z0-AHOUH ManN

Fg¢ T==dojs 2ap

r g T==dojs Jap

[ OF =4200 3327

[ 5T =400 1870

[ 8z = xewz

[SE=13

[ 59°0 = ¥elW HEY=]

[ unesEp

37
36
35

34
33
0.00
-0.25
-0.50
-0.75
-1.00
-1.50
-1.75
~2.00

=%- R(ZKDF)
e RIAKDP)

NRMSE2

Statistics for all rain events in January 2018

NMB

~®- R(ZKDP)
& R(AKDP)

—+ R(Z}

[ Z0-AHOUY M3U + 57 T=0js 23D

[ Z0-AHOUY MaN

[ g4 [==dojs 23p

r g T==dojs Jap

[ OF =4200 32 W

[ 9T =42300 3270

[ 8z = xewz

[ 59°0 = ¥elW HEY=]

I anesp

064
063
062
061
0.60

0.000
—0.025
—-0.050
-0.075
—0.100
-0.175
—0.200



Statistics for all rain events in January 2018
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Statistics for all rain events in January 2018
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Improvement
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Significant
in all metri
Except NRMSE
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Statistics for all rain events in January 2018

NRMSE2 RMSE Corr. Coeff.
0.64 =+ R(Z) A — RiZ)
: -%- R(Z.KDP) 37 T -%- R(Z.KDP) 0.650 1
~a RIAKDP) & R(AKDP)
0.63
0.625 -
0.62 36
0.600
0.61 4
0575 1
0.60 35
059 | 0.550
34
058 4 0.525
057 4 | = R(Z)
13 05007 - rizxoP)
- a &+ RIAKDP)
056 T T T T T T T T T T T
NMB MeanBias MAE
0.000 {
—— R(Z) A 000 1=~ Riz) A 2385 1 A —— R(@)
-%- R(Z.KDP) d -%- R(ZKDP) : -®- R(ZKDP)
~0-025 1 & R(AKDP) -0.25 { & RIAKDP) 250 | & RIAKDP)
-0.050 -
-0.50 275 1
-0.075
-0.75 270
-0.100 1
-1.00 265 1
-0.125 A
-1.25 260 4
—0.150 4
-1.50 255 4
-0.175 A
-1.75 250 4
-0.200 4
—2.00 245 A

25]
404

E=35

default 4
Zmax = 2§
ML att coef:

DeltaH max = 0.65
ML att coef:

15

dec slope:

175

dec slope

New RhoHV-DZ |

dec slo=1.75 + new RhoHV-DZ

3.5
25
4.0
=15 4
1.75 4

default 4
DeltaH max = 0.65
Zmax = 2§

ML att coef:

ML att coef=

dec slope:

dec slope=
Mew RhoHV-DZ
dec slo=1.75 + new RhoHV-DZ

B=354

default 4

DeltaH max = 0.65

2.5
4.0 4

Zmax = 28

ML att coef:
ML att coef:

15

dec slope

1754

dec slope:

New RhoHV-DZ

dec slo=1.75 + new RhoHV.DZ

default

Enhanced

decreasing slope
+

New AZ-minpuy rel.

Shows the most
improvement in all
metrics

Except NRMSE



th the DWD products

Comparison wi

NRMSE2

Corr. Coeff.

RMSE

RW

adjusted to rain

gauges
e performs better for

* Hourly product
all metrics

=®- R(Z,KDP)
& R[AKDP)

- RW

- RY

09 1 — RiZ}

0.8 4

0.7 4
0.6
0.5 1

product 5 min

resolution
* performs worse

* Radar only

RY

for all metrics

rAd

®

[ ZO-AHOUY M3u + 5/ T=0]s 23p
[ ZO-AHoUY Man
r 54 T==dojs 2ap
r g T==dojs J3p
F0'F =400 92 T
57 =4200 19 T
I8z = xewz
rsa=1

rse=1

F 59°0 = ¥ew Heyag

I 3nes=p

35
25

20

15

=
=

L ]

~®- R{ZKDP)
& R(AKDP)
& RY

MeanBias

- RY

-%- R(ZKDP)
& R(AKDP)

-+ RiZ)

rAd

r

[ Z0-AHOUY Mau + g T=0|5 22p
[ Z0-AHoUY Man
r 54 T==dojs 2ap
r g T==dojs J3p
F0F =4200 192 T
57 =400 92 T
ez = xewz
ro=41

rse=9

[ 590 = Xew Hel2g

I 3nes=p

25 | = R(Z)
20 ] -@ RW

35
3.0 1
25 1
20 1

154

L

NMB

057 - Rw

104
0.0 4

—0.5 1

-1.0 1

-15

=2.0 1

& R(AKDP)
-8 RW
- RY

-+ R(Z)

rAd

rd

[ ZO0-AHOUY M2u + 5 [=0|s 22p
[ Z0-AHoUY Man
r 54 T==dojs 2ap
r g T=ado)s 2ap

[ 0'F =420 198 T
57 =400 92 T
ez = xewz
ro=41

Frse=3

[ 599°0 = ¥ew HEY=d

I unesap

05 4
0.4 4
0.3 4

0.15 | -®= R{ZKDP)

0.10
0.05
0.00 4

—0.05 1

—0.10
—0.15 1

—0.20 A



Example 24h accumulation
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Summary

PVPR technigue shows clear improvements in QPE
* Removing the effect of the ML
* Improving the rainfall at far ranges

Updates were made to the parameters based on local climatology

The best results were achieved with a combination of the enhanced decreasing slope
and the updated relationship between AZ and minpuy.

Comparing with existing products:
* PVPR better performance than RY (comparable product fully radar derived with 5 min resolution)

 PVPR performs worse than RW (product adjusted to the rain gauges measurements)

Comparisons with other R(Z) relationships used in Germany showed that the derived
R(Z) relationship from Chen et al. 2021 performs the best (not shown)
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Tests with different R-Z relationships

Tabelle 4.1: Verieinerte Z/R-Beziehungen

dBZ < 36.5 36.5 ... 44 > 44
Schauerindex A <35 35..75 >7.5 Z = - Rh
Parameter a 125 200 320 200 77
Parameter b 1.4 1.6 1.4 1.6 1.9
DWD1 | DWD2 | DWD3 | DWD4 | DWD5 | DWD2 = DWD4

R-Z Relationships

R(Z) (mm/h)

100 ]
— Ju-yu I
DWD1 H
01 - owos
— Dpwpa Ju-yu’s relation:
—— DWD5
60
R (Z) = 0.052 - Z,°
p Z=179 - R
) a=179 : b=1.75
0 - - b
0 10 20 30 40 50 60

ZH (dBZ)
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R(Z) 4 is the best
by all metrics.
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The Lookuptables

* H =0.2,04,..3.0km (15 values) Lookuptable:

mm) dzcor.shape = [15,8,600]
* AH=0.55,0.53,0.51, 0.49, 0.45, 0.40, 0.36, 0.32 km (8 values)

H, = Height of ML bottom

Example DZ correction AH - M |_ thicknesg

ZH,cor = Zy - dzcor

DZ (dBZ)

300 400 500 600
range (ngates)
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Appllcatlon of PVPR Method
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Application of PVPR Method
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