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Ground-based Radar Validation
Networks for GPM satellite products

Satellite Measurements — Ground-based Measurements

Ground- based{adars bridge the
gap to reference meas‘yrements

statistical assessment of GPM retrieval
algorithms
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evaluate precipitation retrieval algorithms for GPM

radar and radiometer:

» 2ADPR: DPR profile + Model T + Attenuation
correction + variability

R » GPROF: GMI Tbs + a priori CRM simulations

4/ 118 ground based radars > CORRA: 2ADPR + 1CGMI + a priori hydrometeor

(G R). March 2014-present profiles from CRM simulations and observations

Polarimetric Radars
depiction of physical processes in the algorithms:
WSR-88D (NEXRAD) NPOL
_ * Rainfall rate
CEMADEN (Brazil S-band) CSU-CHILL o _
* Liquid and ice water content
Meteo-France La Reunion (S-  C-POL (Darwin) 5 e distributi
band pol.) rop-size distribution
KPOL (Kwaijalein) * Hydrometeor type
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GPM Validation Network (GPN) ..
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GPM core satellite: Dual-frequency Precipitation Radar (DPR) at Ku- and Ka-band (JAXA), Microwave Radiometer (NASA)

Research Operatjonal
Radars S

X
GPM Overpass T e T —
within 200-km of v ! [GRbins -~ - GRrays
GR? GR Quality GR Retrieval of e
»  Geophysical Variables s S steragea inGRiveam <
/’N . (_:0ntr0I (Tokay et al. 2020; Dolan et al. 2013; - Yo ersecten L/
’ (Pippit et al. 2013) Ciffeli et al. 2011; Bringi et al. 2004) o
RSL in IDL & PyART " Schwaller & Morris, 2011 - 2
- A 4 4
DPR/GMI-GR =D
. . .
o : o : —  Geometric matchup ool
20-in-100” criteria: 20 footprints of DPR with Matchin files DQ-... :
Rain_Certain in 2AKu within 100-km of GR & . laad

Current version of VN software: v2.4
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Vertical motion included in the GPM VN matchups (GP)

% & [
98AL PRECIPITATION MEASUREN® BC(05,

GPM Validation Network Coverage (100-km range rings)
with dual-Doppler 3-D wind retrievals (red)

f.”f :

10 radar pairs in GPM Validation Network

PyDDA with automated cost function weights (auglag)

5
%

Quality Control to remove range folding artifacts in level 2 data

. Compute Wmax' Wmin' W::,tdev

.......... ' rays = VN matchup files

of GR gates within intersecting DPR

o & Compa rison (KGSP+N POL) with Airborne Doppler Radar
ol - 20 " \ean EXRAD  —— Mean DDA |
IPHEx 23 May 2014 18 can o |
o | T B . _ e+« Med. EXRAD  ---- Med. DDA |
North Carolina — 16 i
! . = b bbbl
o | Hailstorm ”E" 14 o
%W e ww T W Battaglia et al., 2016 g 12 D
IPHEx - 2014 May 23 - 2248 UTC ﬁ' 10
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Similar to clustering method used on TRMM profiles by Boccippio et al., 2005

Inputs: 45 fields from GPM VN matchups of GR with DPR inner DPR rays for T;. 210°C Weights for dBz profile

* Corrected DPR reflectivity at 40 temperature levels—> various weights (see right) —> \\ :
* Precipitation type from 2ADPR (convective, stratiform, other) 2 weight=0.5 b <
* Bright band flag from 2ADPR - weight 1.5 b ”
* GRretrieved rainfall rate (CSU_HIDRO) = weight=2.0 ED% 55
> 1.34 million DPR profiles (>57,000 overpass events) E I w
Preparation, Initialization, Results g -20°Cre ==
* Principal components to reduce dimensionality of dataset for clustering -
> 8 PCs describe > 92 % of variance in profiles o OPC e s 4:0
e PCscores provided to k-means initialized from 2 to 20 clusters o =
* Elbow plotting technique to identify optimal number of clusters et / \:/ il M;:
eight

> 12 clusters identified
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- Results of clustering: Comparison of clustered DPR profiles (iMP
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Structural Similarity (SSIM): Compares structure,

DPR profiles of reflectivity in each cluster luminance, contrast of two images - mean square error

SSIM computed with scikit image package in Python
SSIM=1.0->same structure
SSIM=0.0-2>no similarity

SSIM for Clusters 10 and 8 SSIM for Clusters 11 and 8
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-70
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Clusters with reflectivity depicting variations of intense stratiform precipitation (e.g., trailing stratiform
of mesoscale convective systems) have SSIM from 0.6-0.8
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Comparison of MCS-like Trailing Stratiform Features (GP)_ 7.
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Distinct differences in rimed ice and dry snow fractions
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~54,000 DPR profiles (5%) have corresponding wind information
* Clustering depicts different modes/stages of

Maximum Vertical Motion . . .
25 convective intensity correspond to observed
m_f mass distributions in DPR profiles
5 | e Stratiform and mixed profiles have weak upward
[ _ motion (< 5 m/s)
E 1 T _ T (b) Mininum Vertical Motion
z 104 T T T 7T T 10 i
8 . | ] |
T r
g 0] | ] T T
] 1 1 4 11 E | |
s — = 1 =z
: 8 I
_1ﬂ ] ! I I ! I ! I I ! I I I : I I I E ]
-5 12-5 10-5 2-M 4M 5M M BC 11-C &C 3-0 1.0 5 T 0O E _5'
* Profiles with active riming have larger W (e.g., 2 _
deep convection, deep trailing stratiform of MCS) ™1
* Most convective profiles have W<10m/s _ :
_15 I I I I ! I I I I ! I I : ! I I

* Deep convective profiles have strongest vertical 7S 12.5 10.5 2M 4M 5M 9M 8C 11.C 6C 30 10 1S t$C PO
motions and exhibit most variability
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Characteristics of DPR profiles through Deep Convection (ilb
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* Leveraging the Program-of-Record is essential to achieving AOS goals

~ Implications for satellite missions that study deep convection (;Ph, /?‘
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* NASA’s future Atmospheric Observing System (AOS) will use satellite-based Doppler radars to provide a
global-view of vertical air motions and precipitation properties in convective storms

» Use tools like the VN to extract kinematic & microphysical information from existing satellite-based
radar observations (e.g., TRMM PR and GPM DPR) on a global scale
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