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Background 2

US weather radar network was upgraded with polarimetric capabilities during
2010-2013

How should this upgrade improve operational radar QPE?

Several polarimetric radar QPE tfechniques were evaluated (2012-2014)
A specific attenuation (A) based synthetic QPE was developed (2015-2017).

Extensive evaluations and refinements were performed in a pseudo operational
environment across the confinental US (2017-2019)

Transitioning into operations Oct. 2020

Advantages and challenges are documented



R(A) Methodology 3

At S-band:
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C(b,PIA) = exp(0.23bPIA)—1
Wang et al. 2019: A Prototype Quantitative Precipitation Estimation Algorithm for Operational S-Band

Polarimetric Radar Utilizing Specific Attenuation and Specific Differential Phase. Part I: Algorithm
PIA(r,1y) = @[ (ry) — Dpp (1)] Description. J. Hydromet. 20, 985-997.

b:=0.62 : : : Lo - :
Estimating a using Zpe-slope minimizes R(A)’s sensitivity to Zpr biases.

Ryzhkov et al. 2014: Potential utilization of specific attenuation for rainfall
estimation, mitigation of partial beam blockage, and radar

networking. JTECH, 31, 599-619.



How is R(A) applied in operationse

Inputs: Z, Zpr, Pryv. Pop, €NVironmental dafa

Dual-pol radar Quality Control
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: A dual-polarization radar synthetic QPE for operations.
J. Hydromet. https://doi.org/10.1175/JHM-D-19-0194.1.



https://doi.org/10.1175/JHM-D-19-0194.1

Evaluation: 1 year categorical hit/miss s

CONUS, May 2017 — Apr 2018. QPE/gauge pairs: ~122K

Gauge VL

Multi-R(Z)
based

Very Light.(VL):
Light (L):
Moderate (M):

VL 0.804
L 0.194
M 0.002
0
0

24hr Accumulation Categories:

G<12.7mm
12.7< G <38.1mm
38.1<G<101.6mm

Heavy (H):
Extreme (E):

101.6 <G < 152.4mm
G=152.4mm

A large scale analysis indicated significant improvement
of R(A) over R(Z), especially for warm season heavy
rainfall. This has important implications for flash flood
Weliallale}$

Detailed analysis event-by-event was done to
understand R(A) performance on local scales.

A few examples follow...

Statfistic scores are based on 24hr QPE vs. manual
gauges:



A) performance in heavy warm rain ¢

R(A) had less bias and random errors than R(Z) in heavy warm rain.
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Enhanced (B=1.25)

underestimated heavy rain above 2 in
and resulted in a underestimation
overall.

R(A) QPE eliminated the dry bias and
reduced the MAE by 30%.

ranged from 0.022 to 0.034 indicating
a mixed to tropical rain.
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R(A) performance in convective rain 7

R(A) had less bias and random errors than R(Z) in strong convective rain.

Q3RAD 24hr QPE ending 127 10/10/18 i ERATEN il y e Convective/stratiform R(Z) resulted in o
Y CC: 0.88 N N T underestimation overall.
MAE: 0.33 in

R(A) QPE reduced the bias by 17% and
reduced the MAE by 30%.

Warm
Stratiform

ranged from 0.016 to 0.031 indicating
convective to mixed rain regimes.

ZDR (tilt 1) vs Z Scatter
10/09/2018 13:20 UTC
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R(A) performance in partial blockage 3

R(A) is insensitive to partial beam blockage. The Zpyg-slope is insensitive to small areas of “bad” Z and Zy; data.

: e PCP_type 18:25Z 9/5/19| & PN Enhanced (B~1.5) captured
Q/G bias: 0.80 # o by Ol b :
CC: 0.47 , T the heavy rainfall well but some tfree
MAE: 1.49 in y ¢ - e f2l  blockage caused a significant underest.

W R(A) reduced bias by 20% and MAE by
33%.

ranged from 0.024 to 0.037 indicating a
super tropical rain.

The use of Zpr slope reduced impact of
“bad” Zpr data in tree blockage areas.
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R(A) performance in severe blockage 5

R(A) had less bias and random errors than R(Z) in severe blockage areas.

| Q3RAD 24hr QPE ending 142 10/28/18 — AT - . . .
i \N‘ = Q/G: 0.69 P s Stratiform R(Z) underestimated rainfall by
- F 3 CC: 0.83 bS : Hybrid scan and azimuthal smoothing were

MAE: 0.41 in N W applied in R(Z).

R(A) reduced bias by 15% and MAE by 36%.

Default stratiform «.=0.035 was applied for the
whole period.

Azimuthal discontinuities were observed in R(A)
in severe blockage areas.
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R(A) performance in light stratiform rain =,

R(A) underestimation due to 1) the default stratiform a (0.035) was too low and 2) the path integrated differential phase was small.
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Refinements of R 5

ZDR (tilt 1) vs Z Scatter
10/08/2018 14:55 UTC
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To account for highly nonuniform DSD distributions: Underestimation:

Apply maritime a,4; everywhere.

ZDR (it 1) [dB]

R(A) adj. = 4120.0*A".03*

ZDR (tilt 1) vs Z Scatter
09/01/2020 23:30 UTC

Q.4 (£) curves Stratiform/strong convection

Overestimation.

Fitted Curves Legend
Solis Greon: NoarLinear
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Apply maritime a.,q4; for Z>45dBZ

Maritime rain

ZDR (tilt 1) vs Z Scatter
10/03/2018 05:35 UTC

—wao3888

Weak convection

=)
@
Py
[a1)]
2

o

o
=

.

Overestimation

Apply confinental a,g; everywhere.

o.00[ Continental rain

10 20

) L \
10 20 30 40 50 60 70dBZ
Reflectivity [dBZ]




Refined R(A) Performance 13

Stratiform/convective mixed regimes (/7 radar/events)
Multi R(Z)

H3,vs G: 6378 B=1.05 R=16.4 C=0.85M=10.7 E=16.3
Q/G bias: 1.05

CC:0.85
MAE: 10.7 mm

N
(=1
o

Q/G Bias =1.13

CC: 0.91

MAE: 9.2 mm

Q/G bias: 1.11
CC: 0.92
MAE: 8.6 mm

N
(=3
(=}

N

a

o

£
=
£
n
[
)
©
E
e}
7}
w
o
©
°
«©
(14

(3,
o

Radar Estimates in mm
N
(e
[=]

100 150 200 250
Gauge Totals in mm

(3, ]
(=]
Radar Estimates in mm
-—
(3]
[=]

100 150 200
Gauge Totals in mm

(%))
o

100 150 200 250
Gauge Totals in mm




Refined R(A) performance 14

Pure stratiform regimes (24 radar/events)
Multi R(Z)
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Summary 15

" A specific attenuation based S-band radar QPE (“R(A)”) was developed for operations

>

- R(A) had significantly lower bias and random errors than R(Z) in warm season heavy rain

regardless of precipitation regimes

- R(A) is insensitive to partfial beam blockage
- R(A) is insensitive to systematic errors in Z and Zpg
- R(A) is insensitive to localized Zpg errors

- R(A) is only applicable in liquid phase
- There was a dry bias of R(A) in light stratiform rain due to an unrepresentative o (=0.035)
- R(A) had larger random errors than R(Z) in some stratiform/convective mixed rain due to @

domain mean « not capturing highly non-uniform DSD distributions

- A Z-based R(A) adjustment is under development to address the non-uniform DSD distributions



Thanks for your attention!

Contact: Jian.Zhang@noaa.gov
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