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The QPF Sub-Project of RealPEP

Central targets

o Improvement in
short-term forecasts of
quantitative precipitation
by NWP models

I,
o Achievement of a

Strategies to be tested

Assimilation of ...

o radar reflectivities/radial winds

o pre-convective information from
satellite observations

o dual-polarimetric radar data

directly via dual-polarimetric
radar observation operator

seamless prediction of i,

guantitative precipitation
from minutes to hours

indirectly via pseudo-observed
model state variables such as
hydrometeor mixing ratios

o howcasted states




Assimilation of Dual-Pol Observations via
Hydrometeor Mixing Ratios

Advantages ﬂ this study we \

Circumvent ... o focus on liquid water
o costly polarimetric forward operator running content (LWC) & ...
simultaneously with the NWP models o assess existing LWC
o difficulties due to e.g. the rather rudimentary algorithms for C-band
appreciation of particle size & shape radar & ..
distributions in the NWP models o improve & adjust these
Disad existing LWC relations
Isadvantage to German climatology
o Need for retrieval algorithms introducing by analyzing a large DSD

additional uncertainties K data set of DWD. /




Data

/DSD data

(@)

About 818 thousand DSDs
observed by DWD’s Thies-
disdrometer network

All seasons & large variety
of rainfall types included

Dual-pol radar quantities

i. reflectivity Z

ii. specific attenuation A
iii. specific diff. phase KDP
iv.  diff. reflectivity ZDR

simulated for each DSD by

A

@)

T-matrix code /

/Radar data @

7 warm rainfall events

i 3 convective
ii. 2 stratiform
iii. 2 mixed

observed by 6 of DWD’s
dual-pol C-band radars

0.5 deg elevation with
range-resolution of 1 km

RHOHV > 0.95

A derived via ZPHI-
method (Testud et al. 2000)

Z & ZDR corrected for att.

/

Latitude (degrees north)

6.0

75

9.0 105 12.0

%0 105 120
Longitude (degrees east)

15.0




Methodology:
Assessment of LWC-Algorithm Quality

How to assess the quality of retrievals? 05 7, Grene & Clark (197
A. By skills to follow observed interval-wise 0 ]
-0.5

mean log(LWC) IML(+) along all intervals
of retrieval input variables

»  Skills quantified by RMSE between IML(-)
& curve of retrieval called RMSE,

log(LWC) in gm 3
-2
=

»  RMSE, , much less dependent on statistical 2.5 1
data distribution than “classical” RMSE 10 '
30. I
B. By skills to follow expected course of the -3.51 RMSE; = 0.30 g m3
IML(-) beyond data boundaries properly 4042

30 20 -10 0 10 20 30 40 50 60
Z indBZ




Methodology:
Development of New LWC-Algorithms

How to develop new retrievals? 0.5  Qudmiern Lo
IML{Z i
o Deriving least-squares fits to DSD data 00 |
-0.5 1

o Focus on low-order (i.e. max. 3" order)
polynomial or rational functions to

i. keep extrapolation errors low

ii. reduce potential for overfitting

o Consider a new retrieval as improvement

log(LWC) in gm 3
-2 —_
S

over another relation if it 3.0 -
i.  reduces the RMSE, , by at least 0.01 g m™3 351 4
ii. shows an appropriate extrapolation 4.0

30 20 -10 0 10 20 30 40 50 60
Z in dBZ




/-Based LWC-Algorithms

| == Greene & Clark 1972

RMSE RMSE 0.5 = = Carlinetal. 2016
log(LWC(Z)) = im| 00l — E‘;‘S;l .

(gm3) (gm3)

l?h 1.0
G & Clark -
e 0.057Z — 2.46 0.30 033 5 ;|
@]
5 2.0
Carlin et 0.066Z — 2.80 0.53 050 = 23
al. 2016 ' ' ' ' -
3.0
. —22. 3.5
The present 0.4277 —22.55 0.06 0.30
0.0005Z2 + 0.046Z +9.92 20l
"30 20 <10 0 10 20 30 40 50 60
Z in dBZ

Z: horizontal reflectivity factor indBZ  LWC: liquid water content in g m3




A-Based LWC-Algorithms

054 =~ Carlin et al. (2016) _.,a s
) = Rational fit g
004 © ML®

log(LWC(A)) =

-0.5 1

-1.0 1

g
= s
Carlin et Eé
2.0
AL 2016 0.7801lo0g(A) + 1.04 0.36 0.25 %ﬁ
= 25
3.0
3.187 log(A4) + 3.09 3.5
The present | o 4oz1iog(a) + 1.730l0g(4) + 8.19 | 006 0.09 4o
' 50 40 30 20 -1.0 00
log(A) in dB/km

A: horizontal specific attenuation in dB km*  LWC: liquid water content in g m3




KDP-Based LWC-Algorithms

Due to noisiness:
log(KDP)>-3.5 g m3

RMSE,, RMSE
(gm3) (gm3)

log(LWC(KDP)) =

IR

Bringi & lgh
Chandrasekar 0.770log(KDP) — 0.03 0.40 0.57 g
2001 &)
Doviak & Zrni E
ovViaK & £INIC | 6 70010g(KDP) + 0. 04 0.24 040
2006 =
Carlin et 30 2 = = Carlin et al. (2016)
arlin e -3.0 4 = = Doviak & Zrnic (2006)
al. 2016 0.710 lOg(KDP) UL 0.24 0.39 = == Bringi & Chandrasekar (2001)
-3.51 m— (Juadratic fit
IML(KDP)
0.0266log(KDP)? 40 | L . .
The present +0.590log(KDP) — 0.09 0.02 e ' 3.0 2.0 -1.0 0.0 1.0
log(KDP) in deg/km

KDP: specific differential phase in deg km LWC: liquid water content in g m3




/-/DR-Based LWC-Algorithms

=l New relation 10000
RMSE,, RMSE )
log(LWC(Z,ZDR)) = 5 = 0.01
(gm3)  (gm?) T s o 2000
g ]
2 1.0 =
Carlin et > o000 5
0.070Z — 0.079ZDR +0.11 | 0.48 0.55 o 7
al. 2016 B0 o
= 207 L4000 3
% 75 E
The present 0.054Z — 0.169ZDR — 2.30 0.22 0.29 =l
5
3.0 2000
Z: horizontal reflectivity factor in dBZ ZDR: differential reflectivity in dB 3.5
. -4.0 T T T T T T T T T 0
More complex relations such as 4.0 35 3.0 25 2.0 -1.5 -1.0 -0.5 0.0 0.5

. . . . . -3
bivariate polynomial equations showed log(LWC) in g m

increased errors in real-world application




Summary of New Retrievals

051a) LWC(Z) . 051bh) LWC(A) .
» 00 - " 00l i._d
; 0.5 a4 r 0.5 -
= 101 J 1.0 1l
5 151 —';r 2 -1.51 r
SR 7 JRR R
E -2.51 j m 2.5
5 B - B
B 3.0 r RMSE =0.30 -3.01 RMSE =0.09
5| A~ ro =092 sl i ol r =099
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051¢) LWC(KDP) 051d) LWC(Z, ZDR) =
» 0.0 0.0 r = 2
g |
S 051 ] 0.5 .
'5 1.0 "‘.- 1.0 = 3
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% 2ol il il ol ' 4 .._F'
E -2.51 2.5 —= 3
E -3.01 RMSE =0.28 3.0 4 — RMSE =0.29
a5 ro =078 | 5] M r =093
0 Orer  =0.78 40 Orer =096
"40-35-30-2520-15-1.0-0.5 0.0 0.5 "40-35-3025-20-1.5-1.0-05 0.0 0.5

log(TWC) in g m™3

log(LWC) in g m™3
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According to simulation ...

o The LWC(A)-retrieval shows best
results with the lowest RMSE &
lowest correlation r

o The LWC(Z, ZDR)-relation is slightly
superior to the relation based on Z
exclusively

o For the highest LWC values the
LWC(KDP)-relation is best

Fig.: DSD-based comparison of actual
log(LWC) with log(LWC) retrieved via new
retrieval-relations based on T-matrix code
simulated dual-pol variables




Evaluation of New LWC-Algorithms
/Strategy \

= e

o Estimate LWC from 0,401 & bestareas | RSE IWCLE 200 o )
dual-pol radar observations ~ 038 I i i _3000_§
via new LWC-algorithms li 0361 —_for LWC{KDP) %

o Compare radar-retrieved g S] -2000%
LWC averaged over =IO AR N e e N D NG L LIPS S A £
suitable area with 0.30 - S == 1000 :
disdrometer-observed LWC 0.28 1
at disdrometer locations 0.26

T T T T T T T T T T T T T T T T T T T 0
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
o Measure real-world skill of area of averaging (km?)

K retrievals by RMSE, r & o

rel Evolutions of RMSE between radar-retrieved and disdrometer-observed log(LW()
for 4 new LWC-algorithms (colored curves) and of number of comparisons (black
curves) as functions of the area over which the radar-retrieved LWC is averaged




Evaluation of New LWC-Algorithms

Elevation: 0.5 deg Area of averaging: 4.5 km?

- Results

0512) LWC/(Z) 051h) LWC(A) _ _ _
_ 00 -~ 00 L Te o Peaks of histograms on ideal diagonals
TE 0.5 1 }'h'd .:.-— 0.51 == dﬁrr - 70 -
z0 .'_=".-_l arL | '“"':1 - -5 o As expected: LWC(Z,ZDR)-relation
2 ol ’ 2o i e, i 60 slightly better than LWC(Z)-relation
= RMSE—l63b ool RMSE ~037 | | |5 o Against expectation: LWC(A)- and
351 b oyl 7S ey LWC(KDP)-relations worse than Z-based
4.0 4.0

4035302520-15-1.0-05 00 0.5 40353025-20-1.5-1.0-05 0.0 0.5

relations === most likely reason:

&
number of observations

051¢) LWC(KDP) 05{d) LWC(Z, ZDR) uncertainties in C-band differential phase
0.0 4 ¥ - 0.0+ - L oy . . . . .
T s e ampeig¥ | . % o Positive bias in KDP (need for investigation)
E,“ -1.0 4 - .=? .H! E. -1.0 -_.II% !Eh=
%) ) 151 ' = A 20 . . .
z 0 o i Fig.: Comparison of disdrometer-log(LWC)
5 29 25 10 with log(LWC) retrieved via new retrieval-
E 3.0 RMSE =0.36 -3.01 RMSE =0.32 .
is f o —044| 4l P =061 relations based on dual-pol DWD radar data
Tl =0.54 ge =064 M
4.0 T T T i T T ; T T 4.0 T i T T T T T T T
40-35-30-25-20-15-1.0-0.5 00 05 4.0-35-30-25-20-15-1.0-0.5 00 05
disdrometer log(LWC) (g m~3) disdrometer log(LWC) (g m~3)




Evaluation of New LWC-Algorithms

Differences between rainfall types

Retrieval Stratiform Convective Mixed Main findings
o For all rainfall types the LWC(Z, ZDR)-
LWC(Z) 0.22 0.42 0.34 is superior to the LWC(Z)-relation
o For all rainfall types the LWC(A)- &
LWC(A) 0.25 0.48 0.38 LWC(KDP)-relations are worse than
the Z-based algorithms
SR 0.28 0.43 0.36 o Stratiform rainfall leads to smaller
RMSE than convective or mixed
LWC(Z,ZDR) 0.21 041 0.33

o Convective rainfall shows largest
values of RMSE

Values of RMSE between disdrometer- and radar-log(LWC)
in g m3 for different rainfall types and retrievals




Evaluation of New LWC-Algorithms

Comparison of new with existing relations

Retrieval Our new Greene & Bringi & Doviak & Carlin et Main fl ndlngS
relations  Clark 1972 Cha"Zd(;g:Ekar Zrnic 2006  al. 2016 o Our new LWC(Z)-, LWC(A)- &

LWC(Z,ZDR)-relations are

LWC(2) 0.32 0.35 0.35 superior to the existing ones
when applied to radar data

S LL2 L o The LWC(KDP)-relation by
Bringi & Chandrasekar (2001)

LWC(KDP) 0.36 0.35 0.37 0.39 shows slightly lower values of
RMSE than our new relation

LWC(Z,ZDR) 0.32 0.34 BUT: should possibly not be
overrated due to positive

Values of RMSE between disdrometer- and radar-log(LWC) in g m3 bias in KDP!

for the different existing and newly developed LWC retrievals




Conclusions

Based on a large DSD data set of DWD we found ...
o that the existing, mainly power-law (on linear scale) LWC-retrieval algorithms are
inappropriate for C-band dual-polarimetric radar observations over Germany

o New, more suitable LWC-relations:
a. Rational functions for the LWC(Z)- & LWC(A)-relations
b. A quadratic function for the LWC(KDP)-relation
c.  Abivariate linear function for the LWC(Z, ZDR)-relation

Based on DWD’s dual-pol C-band radar data & the DSD data we identified ...
o that our new LWC(Z,ZDR)-relation outperforms our LWC(Z)-relation
o that our LWC(A)- & LWC(KDP)-relations show worse skills due to difficulties in A- and KDP-derivation
(maybe a standard problem at C-band?)
o that our new relations outperform the existing relations except for the LWC(KDP)-relation by
Bringi & Chandrasekar (2001) showing slightly better skills than our new LWC(KDP)-retrieval
when applied to radar data (but should possibly not be overrated)




Questions?

Thanks for your attention!




