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Outline

In the National Weather Service (NWS) operational radar QPE:
1) significant advances that have been made;

2) remaining issues need to be addressed;

3) challenges to solving the issues; and

4) What's needed to address the challenges.



Advancement of NWS Radar QPE 3

PPS (Fulton et al. 1998): DPR (Giangrande & Ryzhkov 2008):

single radar, single-pol single radar, dual-pol
single R(Z)/per radar; manually set
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MRMS-Q3RAD (zhang et al. 2(;16):

Stage-ll (Balawin & Mitchell 1996) Multi-radar, single-pol :

multi-radar, single-pol )
Inverse distance weighted (IDW) |
mosaicking :
4km, hourly \4

MRMS-Q3DP (Ryzhkov et al.

2014, Zhang et al. 2017):
Multi-radar, dual-pol
R(A)/R(Kpp) in rain and hail
Q3RAD in mixed and ice phase
Evaporation correction

Z: reflectivity; Lpg: differential reflectivity;
Kpp: specific differential phase; A: specific attenuation
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Single-radar, Single-pol (PPS) 4

» Methodology
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» Single R(Z) per radar, set by forecasters and chosen from 5
pre-defined relafions
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» Capped at 75 ~ 150mm/hr depending on locations
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> Advances (vs. gauge-based QPE):

> Significantly improved resolution and coverage

> A major improvement for flash flood warnings
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PPS 24n 127 7/3/18 5

Photos by Alex Roeber,
Hand County emergency
management director

“+" hourly gauges
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Anomalous propagation


Single-Radar, Single-Pol

» Contamination of non-hydrometeor echoes
» R(Z) uncertainties

» Sensitivity to Z calibration bias

» 0.5dBZ bias would cause 8.6 (10.1)% error in QPE based
on continental (tropical) R(Z) relations

» Range dependent errors
» bright band
» Overshooting of lower level precipitation processes

» Evaporation below the lowest radar beam
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Biological echoes (“blooms”)/AP
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Single-Radar, Dual-Pol (DPR) 6

» Methodology

_[KMHX - HCA " 06/15/2018 08:15 UTC
- 'u"

» Hydrometeor Classification Algorithm (HCA)

» R(Z, Z5s). R(Kgp)., and R(Z) synthetic based on HCA
R(Z. Zpg) for light/mod rain: 1) Continental: R=0.007 70927 75343
2) Tropical: R=0.0142 70770 755 1-¢7

R (Kpp) for heavy rain and rain/hail mix: R=44.0 | Kyp | 9822
R(Z): e 0),0)] 7 1971 '_

S H Lgt/Mod Rain Biological Dry Snow
Multipliercissetto  forwetfsnow,  for graupel, and  for dry snow s cmd Clutter Bl Wet Snow
Ond CWSTC”S. Rain/Hail Unknown Crystals

Big Drops Graupel



Single-Radar, Dual-Pol (DPR) 7

» Methodology
» Hydrometeor Classification Algorithm (HCA) ) r,

> % g 'ﬁ Py

> R(Z Zsr), R(Kpp), and R(Z) synthetic based on HCA ] [4%

R(Z, Zo) for light/mod rain: 1) Continental: R=0.007 70927 7,343 £ .3

Ty 3 g ¢ .
raw reflectivity ;ongcncc ui000 f° . Single-pol QC’d Reflectivity viydC0%0"
—
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2) Tropical: R=0.0142 70770 755 1-¢7

R (Kpp) for heavy rain and rain/hail mix: R=44.0 | Kyp | 9822
R(2): R= *0.017 70714

. . . ! }‘6
Multiplier c is set to for wet snow, for graupel, and for dry snow &
Oﬂd CWSTO'S. <" Dual-pol QC'd Reﬂectivity“‘?cuwy,
> Advances: Biological echoes (“blooms”)/AP

> Major improvements in the identification of non- goRlEggm@e_@
hydrometeor echoes

> Improvements in convective storms i Ry
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Single-Radar, Dual-Pol (DPR) 8

KAMX Zpg bias 9/9/17

> SenSiTiViTy TO Z & ZDR COlibrOTion biOS ZDR (tilt 1) vs DHR Scatter ZDR (tilt 1) vs DHR Scatter
osioer2017 23:15utc. 23152 09/09/2017 23:20 UTC 23202
dBZ Z,; (dB) R (frop) (mm/hr) | R (cont) (mm/hr) ~ ~
0.6 24.4 6.7
0.8 (+0.2) 9.1 (-63%) 4.1 (-39%)
1 35.7 16.8
1.2 (+0.2) 19.1 (-46%) 12.4 (-26%)
» Underestimation in stratiform and tropical rain ZOR (il 1) v OFR Scater Z0R (il 1) vo DAR Scattr

» Range dependent errors
» Bright band
» Overshooting of lower level precipitation processes

ZDR {tilt 1) [dB]
ZDR (tilt 1) [dB]

» Evaporation below the lowest radar beam

20 30 40 50 60 ) 10 20 30 40
DHR [dBZ) DHR [dBZ]

AZpg = +0.4dB AZpg = -0.8dB
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PCP type 09:507 8/28/17 IS

» Methodology
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» Dual-pol QC

Rain Rate (mm/hr)
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» Multiple R(Z) based on precipitation classification
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» Tropical rain enhancement based on precip climatology
(R= *2.447x103*7083, )

» Vertical Profile of Refl (VPR) correction for bright band

» Physically based mosaic to minimize impact of virga and i
beam overshooting ] = o i 2k s s

> Advances

Q3RAD 24h 127 10/29/12 M
After correction
Bias R/G: 1.07
CC:0.78
= RMSE 0.62

Before cormrection
Bias R/G: 1.75

> Improved QPE accuracy in bright band and atfar [ (&%) BEHN
ranges

» Reduced underestimation bias in tropical and
stratiform rain




Multi-Radar, Single-Pol (Q3RAD) 10

> 47144 DSDs collected in Oklahoma
100000 R(thnmi ..... B

» Uncertainfies in R(Z) relationships

R(2) (mm/h)

» Range dependent errors

0.01 l

» Overshooting of lower level precipitation processes

» Evaporation below the lowest radar beam i

10.00

1.00

R(Kop) (Mm/h)

0.10

0.01
100 1000 w0t 10 100 1000 1000.0)
R (mmh) R (mm/h)

S gl Poas, | =it | R(300BZ) = 3mm/hr
MAE = 0.80 ir® e R R L iz | R(40dBZ) = 21.6mm/hr

Rain Rate (mm/hr)

Reflectivity (dBZ)
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Multi-Radar, Dual-Pol (Q3DP) 11

» Methodology
» R(A), R(Kgyp) and R(Z) synthetic based on hydrometeor

phase and intensities

In melting layer and above: Multiple R(Z) with VPR correction Z5(r)C (b, PLA)
A(r) = ‘

At S-band:

0.46b ["* Zbds + 0.46b([* Zbds)C (b, PIA)

Below melting layer:
1<48dBZ: R(A): R=4210 A'-03
L. attenuated reflectivity

75480BZ: R(Kop): 1) py>0.9: R=44.0 | Kyp | 0622
1o p 0.77 r, & ry: beginning and ending ranges of
2) py = e R rain segments in a given radial

» Evaporation correction C(b,PIA) = exp(0.23bPIA) —1

08/06/2017 08:40 UTC

0.049-0.75K K <0.045 PIA(r,1,) = O‘[Cbpp(rz)_ (pr(’"l)]
0.015 K >0.045 |

b:=0.62
: determined in real-time

ZDR (tilt 1) [dB]

Ryzhkov et al. 2014; JTECH

M Zhangetal 2017;

30 40 50 60
DHR [dBZ] AMS radar Conf




QPE (in)

Multi-Radar, BllcEREIRE S DP 12

» Advances

KGRK calibration issues: Z bias = -4dBZ; Zpg bias = -1.8dB

lPPS 24h 127 8/27/17 P — (Q3DP 24h 127 8/27/17

Q/G bias = 0.98 Q/G bias =0.76 Q/G bias =0.83
MAE =1.45in MAE =1.13 in MAE =1.03 in
C=0.88

Q/G bias =0.32
MAE = 2.51 in
C=0.84

» insensitive to partial blockage
» Insensitive to calibration errors in Z and Z;

» Reduced overestimation in dry environment
» Improved accuracy in exireme heavy rain

DR X Gauge
= Q3DP w/o evap corr
===~ Q3DP w/ evap corr

Accumulated Precipitation (mm}

Gauge (in)

Martinaitis et al. 2018
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9 1o /13/2018 =

» Range dependent errors

» Overshooting lower level precipitation enhancement
due to warm rain or orographic processes

» Underestimation in light stratiform rain

Ipp =0 & Zpp Slope =0

t
Bias R/G: 0.92

vic =l QPE (in) Plot Scale | 12 in 91

Q3DP 24h 11Z 9/17/18 : weh
* RS G bias =0.71
R= 4120 AlO 03 0 cC=0.83

MAE = 0.77 in S
: 2 ZDR (tilt 1) vs Z Scatter
: 09/16/2018 17:20 UTC
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QPE |

Single radar
Single-poal,
1 R(Z)

Single-radar
Dual-pol

R(Z, Zpp),
R(Kpe). R(Z)

Multi-radar
single-pol
Multiple
R(Z)s, VPR
coIr

Multi-radar
dual-pol

R(A). R(Kpp),
R(Z), VPR &
Evap corr

Cocks 2018
Gauge —» VL L M H E CONUS, May 2017 —Apr 2018
VL QPE/gauge pairs: ~122K
« “'I"is when QPE category matched
corresponding gauge category;
otherwise, a ° ;

—

* Multi-radar outperformed single-radar
QPEs in the High to Extreme categories

R(A) performed the best in moderate to
extreme categories.

24hr Acc Categories:

Very Lgt.(VL): G <12.7mm
Lgt. (L): 12.7 < G < 38.1mm
Mdt (M): 38.1< G <101.6mm
Hvy (H): 101.6 <G < 152.4mm
Ext (E): G2 152.4mm

MIZr< MIICr< MIZIC S MIZr
[ ]



Advances at a Glance

Cocks 2018

May-Sep 2017;
east of -105W
gauges: 41,750

May-Sep 2017;
west of -105W
gauges: 3,936

Radar Estimates in mm
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Oct 2017 — Apr 2018;
east of -105W
gauges: 25,259

s in m
8 8 &

Radar Estimates in mm
g2 8

160 180 200 G 80 100 120 140 160 180 20

Oct 2017 — Apr 2018;
west of -105W
gauges: 9,476

s in m
g 8

Radar Estimates in mm

Color-coded range:
Green: £ 75 km; Blue : 75 - 150km

P L s . ) scd} L s N s L L s .
8 100 120 140 160 180 200 0 60 80 100 120 140 160 180 200 ) 60 80 100 120 140 160 180 200 80 100 120 140 160 180 200 — 7)) /B
Gauge Totals in mm Gauge Totals in mm Gauge Totals in mm Gauge Totals in mm /v’“ / / oy / v /} 22472 [ Red: > 225 km
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1) Radar data quality — calibration, hardware issues

2) Underestimation in light stratiform rain

3) Parfial/complete overshooting of precipitation processes
4) Uncertainties in snow water equivalent estimation

5) Quality of validation data at hourly and sub-hourly scales,
especially for snow
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Challenges: Snow, Quality of Hourly Gauges
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CoCoRaHS: daily, manned gauges by volunteers MADIS: hourly, automated, ASOS, local mesonets, gauges by

https://www.cocorahs.org/
QSDP 24h VS COCOR HS i QPE (in) Plot Scale | 2.0in " . q i Plot Scale | 20in %

state agencies, etc. hTTps://modis.nooo.qov/

Snow/roln

; y
IWﬂ!M!a
) Frozen/stuck gauges?

Q3DP 24N vs. MADIS 127 3/14/2018 ,, CPE(im)
Snow i ‘

Overshooting/
radar gaps



https://www.cocorahs.org/
https://madis.noaa.gov/

To Address the Challenges

Radar data quality — calibration, hardware issues
< Radar hardware improvements

<«  Software to mitigate the impact
Underestimation in light stratiform rain: more studies with radar data
Overshooting of precipitation processes at lower level and radar gaps:
<+ VPR correction (for large scale, relatively homogenous systems) 2
<+  Gap-filling radars
<+ Satellite and atmospheric models
Uncertainties in snow water equivalent (SWE) estimation
<+  More basic studies
<« Initial experiment with WSR-88D dual-pol SWE estimation
Quality of validation data at hourly and sub-hourly scales, especially for snow

<«  Multi-sensor gauge QC

19
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Thanks for your attention!
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