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Radar Algorithms: Looks at V6. Big Changes occurred in V3-V5...V6 generally
looks similar to V5

Launch E.g., KU + G|V” . 2018
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ITE607 (V6)
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Version Evolution by Rain Types: 2AKu
All Rain

KU V05

KU V04 KU ITE601

DMeiee L M. )

KU V04

Satellite vs. Reference

Satellite vs. Reference

Satellite vs. Reference

- J) T Fp—— e . e .
- £00 = s
- ~cd -cd
- - -~ 4
S s =
£ w H ,
- o - - = - N:
2 B 3
= = =
2 n 8 F 3
2 H 3
e [ & | ST
[ -~ |
I |
= I = | e J
a I T T T 1 o r T T T 1 o r T T T )
om 01 1 I 100 a01r 01 1 10 100 a6 01 1 10 100

Rofarance [ mm.h ']

Stratiform

KU V05

Refarance [ ms

KU ITE601

Satellite vs. Reference

Convective

CMB-MS/NS VO5A CMB-MS/NS ITE607

Satellite vs. Reference

Satellite vs. Reference Satellite vs, Referance Satellite vs. Reference 8 S
8_;__-;-_ e (3% oy remem———— U [TV L | mimiter ekt -
) I B : 43
| - | - =
> | - | - 4] -
- = . ..
! E I E E
[ - S | E E -
ot | c ] | — € w £
: : ' = g7 T
£ P i 2
| 2 | S | —] = s »
- - —] = a
-~ r A - r | —] o < "
= I I 5 A = | | | - n "
| 1| B | | = : :
! I i | I : . 1
3 : ! S- - ! r T I T T ) .
A J A " - o " . R a 01 0.1 1 10 00
001 31 10 100 0.01 0.1 1 15 100 : \
Reference {mm.hr '] Reference [mm.hr ') Reference [mmuhr '] = -
o T T 1 o T T :

0.1 | o 100
Reference [ mm.br " |

T
.1 1 10
Reference [ mm.hr ' |

100



Are we arriving at consistent answers for phy5|cs? Versmn 6 (5) Modes of DSD- D vs. GV
Function of Algorithm Type (DFR, si '
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Right Answers for Right Reasons? Version 6 (5) Modes of DSD- N, vs. GV
Function of Algorithm Type (DFR, single freq, combined) and Precipitation Type (C/S)
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Improving Light Rain Retrievals on thes Small drop End?
Advertisement for Berne/Thurai Talk Thursday 11:30

DSD measurements can be truncated on large (> ~5 mm) or small (< ~0.4-0.5 mm) ends of the size spectrum
depending on the instrument used. Creates a biased view functional form of the DSD.

2016-04-11 19:24 + 1 min 2015-05-29 21:00 + 1 hour 2017-10-08 00:00 + 1 day
Huntsville Greeley Huntsville
1e+07 - Complete DSD:

— N, =737 m™ N,=3302m MPS+2DVD
7 1e+04 R=106mmh- R=131mmh”

g & % . Dp=138mm D, =1.06 mm
T o/ =26.97 dBZ o = 2579 dBZ DSD type

£ ] - * Complete

= le+01 5 ; < Incomplete

5‘ MNy=487 m~ MNe=4036 m™

— R=0893mmh R=133mmh

< 1e-024 D,=1.52mm D =097 mm )

Z =26.94 dBZ Z=25.86 dBZ Cf. A. Berne, M. Thurai

— e v 0 ] etal talk
0.1 1.0 . 1.

Is there a way/how might the double moment normalization/generalized gamma approach be applied for improved
light rain retrieval?



IMERG Continental to Regional Scale Validation

Lewel-3 hourty {or half-hourty) paupe-adjustedfiltered NMQ rainrates at 0.01° resolution are used in this study to compare with gauge
me3surements over vanious areas (Nassawadox, VA, Pocomoke, MDO: Seuth Fork Basin, |A4), as well as TMPA 2842 and IMERG owver the

https://gpm-gv. gsfc nasa.gov/

Lewsl-2 NMQ instantaneous rainrates are usad to compare with 2AGPROF, 2ADFPR, 2BCMGMI, 28KL, as well 35 MHS (Microwave Humidity
Sounder flowen on the NOAA and METOPS satelites) over the CONUS.

Glalbhal Precipi Eirvieent

I I BT I et S R

GPM Ground Validation Data Archive

Wealcome 1o the Global Prec son Measurament (GPM) mssion Ground Valdaton
GV) web panal. The goal of this sile is 1o provide a one-stop-shopping portal for
CCessIng tha vanous radar, disdrometer, gauge and other Instrument 0ata sets
upporting GPM GV actvites. Use the tabs above to access the vanous datasets
Including

Radar

+ Gauge

Disdrometer

MRNS/NMQ

Field Campawgns

Validation Network

Wallops Precipitation Research Facility

* Precipiation Measurement Missions {PMM) Data Access Portal

oftware and Tools

T

[5imEA I SIMBA

[NasA's Radar Software Liorary Radar Software Library (RSL)

i
[nasas Rs | RSLIn DL

+ Scatter plot for area-aw

+ PDF plot for 0.1° hourly rain occurrence and volume with different rain

Special and International Partner Projects

« BranliCemaden
L) FIMMC. University of Helsinki Forestry Station in Hyytidla Finland.
: BAECC/SnEx (Snow Exparirnent) - University of Helsinki Forestry §
: DSD plot images are now copied to the webserver, and Lo

Eftacts on Clouds and Chimate (BAECC) sitg
» Database of Arclic Research Cenle
» Map of Arctic Researy geatons

ent of the data plots of the Biogenic Aerosols

« Mission-to-date (Mar 2044 - Oct 2017) rzinfall [mmiday] contours at 0.1° resclutions.

Comparisong with near-realtime IMERG (Late and Early Runs) over the CONUS
Comparisons with 3B42 & final-run IMERG over the CONUS CO N U S
Comparisons with GMI over the CONUS M R M S
Comparisons with MHS from NOAA18, NOAA1S, METOPA and METOPEB over the CONU
Comparisons with GMI, DPR, CMB and KU over the CONUS (footprint-matched)

Comparisons with gauges over Nassawadox, VA and Pocomoke, MD

Comparisons with gauges over Pocomoke, MD

Comparisons with gauges over South Fork Basin, 1A

Comparisons with gauges from HalfDeg Gauge Network over Delmarva Peninsula near MD-VA boundary

- Arsa-averaged daily rainfall

[gsily ] [Land ~|[Z078 w|[Jan_w|| Get the plat

Al data (rain and no rain) from each produet at its native resolution (QPE: 1km, 1h; IMERG: 0.1°, 0.5h) are accumulated
‘to daily rainfall. and aweraged over the land, ocean. or entire srea. Click here for the Land/Ocesn mask
The daily rainfall cutoff time is D0Z.

Rain maps (30
minute, hourly, daily,
monthly, annual,
seasonal...mission to

d hourly rainrates

hourly v][Land ~ [Jan |[QPE vs IMERG_Early || Gesthe plot |

[Fourly w][Land | [Mission to Date | [CPE vs IMERG_Early ]| Getthe plat |

+ Density plot for 0.1° houry rainrates

[fourly | [Land ] [Mizsion to Date ] [GPE vs IMERE_Early ]| Get the plat |

[4an | [rain>=0.7 mmih ~|[ Getthe piat |
toDate /| [r3in=0.1 mmih ][ Getthaplot |

[hourty ] [Land_v][2
[Fouty | [L3md_| [Wi=

The number listed in the upper left panelis the total rain aocumenc in all bins for each product

. date)

[2017 ~][Jan | [MERG_E=rly ][ Getthe piet |
Wission 1o Date ~|[IMERG_Eary +| | Getthe gt | Ko rea

Rainino-rain threshold is sat to 0.1 mmih.

e sag KMA RAR PDFs, scatter, scatter

Hourly rainrate for each product is accumulated from its native temporsl resolutions (1h for QPE, 0.5h for IMERG) at 0.1°

. . Q
spatial resolution. QFE data are resamgled to 0.1° for sasy comparisan with IMERG. 0 and non-0 rain rates are all n I l m rl
inciuded ) e

+ Daily rainfall [mm] contours at0.1%

2018 w|[Jan_w Getthe plot

Daily rainfall for 2ach product is accumulated from its native temporal resclutions (1h for QPE, 0.5k for IMERG) at D.17

spatial resolution QFE data sre resampled 1o 0.1 for essy comparison with IMERG. 0- and non-D rain rates are all 3 B4 Z a n d I M E RG
included. LL LN N

The daily rainfall cutoff time is DOZ

+ Monthly, seasenal, yearly rainfall [mmiday] contours at 0.1° resolutions

Manthly, seasanal, or yearly rainfzll for each product is scoumulated from its daily rainfall

Mission-to-date rainfall for each product is accumulztad from its daily rainfall
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Continental Bias Error Assessments: CONUS GV-MRMS
IMERG-Late 0.1° 30 minute
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Clear improvements over C. U.S. (likely in response to GPROF improvement in V5)
False alarms and "Hit" bias have larger net contribution to Total Bias- both can be tied to sensors and algorithms.



MRMS and IMERG 7-Day Rain Accumulations: Hurricane Florence 10-16 September 2018

Max Rain Accumulations:
MRMS: 890 mr
IMERG _E: 744 mt
IMERG _L.: 862 mr

Gauge maximums of order

30-36 inches (762-914 mm) wony

Correlations (Accumulated)

IMERG-E: 0.84
IMERG-L: 0.83
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Multi-Year IMERG Validation Over Korea Using KMA RAR: Error Components

GV QPE 'MERG_E IMERG_L IMERG_F
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IMERG Final
03/2014 - 05/2018

Hit bias dominates total bias error with some contribution by false alarms
IMERG F (with GC correction) actual makes things a little worse.......

RAR Data kindly provided by
Dr. G. Ryu, International
PMM Science Team member



Strange Behavior 2017

a4
125°E

2017 makes a significant contribution to

the multi-year statistics (not sure why ..,

Final makes things worse.

Big contributor is *HIT* bias
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Diurnal Amplitude
Ratio (IMERG/RAR)

Amounts

Frequency

Intensity

Diurnal Cycle Behavior of IMERG
IMERG/RAR(GV)

Amount amplitude ratia
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% of Variance in S1 and S2

Pattern may contribute to the
bias and hence provide
information on key

regime/precip type contributorsze

Work to be done.
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IOP: 2/18-4/18

 Good test of models and observations!

* Numerous observational data types/sets moving from coast to the mountains. (rain, mix,
snow)- nice D3R, PIP and disdrometer datasets! Data in QC/review.

* Relatively small, but manageable number of cases- light to heavy snow.

127.80 128.00 128.20 128 40 128.60 128.80 128.00

[earm s @ - ii ¢ A i PR
. :. ‘“_ e . -
| e

* Numerous *good* GPM overpasses- no DPR overpasses during
precip.

* Complex physics observed.

- S5 * How consistent will satellites, ground
RSN B B | TR o observations and models be for QPE?
#® Ku/Ka-— D3R (NASA) ; , st ;
: = 4= ) N
(Wos 2o y . Acknowledgement: We are grateful to the KMA and WMO
ko for making ICE-POP 2018 possible during the Olympic and

Paralympic Winter Games PyeongChang2018




40

20

 20180228-060229 UTC

Reflectivity
20180228-060023 UTC

0.0

0.5

10 1.5 20 25 30 35 40 45 50 (mm/hr)

| NESDIS SFR Algorithm (MHS; NOAA 19)
D Snowfall rates consistent with KMA radar and
20 PIP (4-6 mm/hr)- but south. (GFS- issue!)

-20 0 20
km

Reflectivity

40

Differential Reflectivity DFR
8+ _ 20180228 060229 UTC dn — 20180228-060229 UTC dB
R M ‘“J % & , bl ' N
0o /. - Ku-ZDR
es \“"L"’ |||" ;] 12
it 6 i 1 1 |
l 1 10
— 1 4
20 E 5 3l s
V oA
¥ i ) g ILE L 1 $
iy s ! K
© %
0 T3 Wi o 41 ‘.4"# L ‘ ' 4
”e x' i )
" |
7 gl :
AN Nl
o
1 o g XA 0
20 i | »
Q 10 20 30 40

Range (km) Range (km)

Height (km)

D3R: Complex, turbulence-enhanced heavy snow event 2/28/18

w

S

w

PIP 0556 UTC: Large Aggregates
(largest ~2.5 mm)

Spectral Width
20180228-060316 UTC

Range (km)




Expanding snow products




Implementing Dual-Pol and PQPE SWER in VN Products

Testing against GPM GV - NWS Marquette Pluvio Gauge Network

Example Case: April 15, 2018

KMQT SWE Dual-Pol

SWEZA SE| Icwwest” sweep, oll valid somples
B0 : :

DPR NS SWE PQPE25 SWE .| 4

...............

—B8.30 —B3.40 —88.0€ —&7.60

3700 —EBH0 —B8.40 -88.0

..... | | 4780* Z=255 52'42
S* = 1.48KDP0'61ZO'33 : : : :

. e/ A R A g .

| PQPE50 SWE
\ 4 7 Ny Z=59.5 S257

-B8.80 —B8.40 —A80F —87.60 /8120 =BE.BO0 —BA.40 -86.0)

Mean MQT Pluvio 400 Network 11(21) minute mean SWER):

Mean: 2.4 (2.4) mm/hr
Max: 3.2 (3.3) mm/hr
Min: 1.4 (1.4) mm/hr

*Bukovci¢ and Rhyzhkov (2018)

PQPE75 SWE
Z=33.3 §2-°8

Relative to Pluvio Network, DPR NS perhaps a little low;
Dual-pol, PQPE 50 and 75 are closer
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NASA GV, Finland (Moisseev, von Lerber), and ECCC (Hudak, Rodriguez) Collaboration on "tuned" SWE-Rate Maps

Finland 2016/2017, 2017/18 Case Analyses Underway and ECCC Cases at CARE Site for 2014 onward

IKA Radar Snowfall Rate GMI GPROF Snowfall Rate
GMI 2018-01-24 11:37:17 UTC
IKAALINE 24 Jan 2018 11:35:24 UTC SR Elev: 0.30 —M rd " Te0. S—

cesererrrnnasrnpditohleccaann
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IKA precipitation rate [mmh"]

I L. 20 ¢

O 02 MMEELLLTE“
mm hr?
Ikaalinen (IKA Radar) 1/24/2018; Numerous cases from 2016/17, 17/18 with multiple overpasses will be add to existing 2014-
2016 gridded dataset™
(*used to help verify improvements associated with change in algorithm for snow-covered surfaces in GPROF V5)




New Datasets in 2018

Netherlands dual-pol C-band (VN radar; rain rates, DSD etc.) o)

* Den Helder and Herwijgnen radars
* Creating C-band HID, DSD, rain rate files- ingest to VN
* Broader PMM collaboration (H. Leijnse- KNMI, R. Uilenhoet- U. Wagningen)

Darwin CPOL 4-years of reprocessed data (working with Monash U., Australian BOM

e 19-yrs, C-Band dual-polarimetric, 10-min. cycle,
volume scan, RHI and vertically pointing data.

 Calibrated, attenuation-corrected moments hybrid
rain rates, HID, DSD (D, N,,)

* Radar files + two grids (1 km, 70km; 2 km, 150 km)

Collaborators: S. Collis, ANL, V. Louf, A. Protat BOM

CPOL 0.5 Deg, 2017-02-05701:00:06Z
Corrected equivalent reflectivity factor

(km)

ce from radar (km)

North South destance from radar

North South distan:

" East West distance from radar (km)
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1] 20 o] 20 40

CPOL 0.5 Deg. 2017-02-05T01:00:062
Median Volume Diameter

v v v v
-150 -100 -50 0 50 wWe 15
East West distance from radar (km)

Meteo France La Reunion Island (Dominque Faure, Olivier Bousquet; with help from P. Kirstetter)

* S-band dual-pol radar data (VN network) and gridded rain rates (still working formats for pol data)

» 2DVD DSDs (processed and ready)

IFloodS Rain Reference (Contact- W. Krajewski, U. lowa): Gridded radar/gauge rain composites (5) hourly, 500m - 4 km [Seo

et al. 2018, accepted] Also on GHRC DAAC

n o

(collected data), and DOE ANL)

CPOL 0.5 Deg, 2017-02-05T01:00:062
Normalized Intercent Parameter

North South destance from radar (km)

o Y v Y Y
-150 =100 -50 0 50 100 150
East West distance from radar (km)

ARS, NOAA; Walnut Gulch, AZ:- Additional monsoon season of 2DVD DSDs, profiles and rain rates (e.g., Tan et al., 2018).

P
Normalized Intercept Parameter (ALJ)

w

o .- ~
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V6 DPR/CMB similar performance to V5 for DPR/Combined products...........

» But....Moving forward from V6; V7- need more parameter-controlled algorithm validation- e.g., aspects of DSD
parms examined with PIA and markers for NUBF/MS in convection, over orography, etc.- traced to impacts (rain
rate); get the right answer for right reason.

« Expanding focus placed on IMERG product validation and trace back (location/dataset, event types- e.g.,
extreme events, estimator driven)

« Complete extended/new VN (dual-pol, PQPE) and case-based approaches to snow GV datasets for
enhancing/building products. Expanded development of field and partner contributions (ICE-POP, Marquette
network, Finland, ECCC etc.)

 Regimes: New large radar datasets from Netherlands, Maritime Continent, La Reunion coming on line.

Acknowledgements: D. Wolff, P. Kirstetter, J. Wang, D. Marks, A. Tokay, L. P. Addario, T. Berendes, J.
Case, and the GV Team.



