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The Vertical and Horizontal Pulse 



What  Are Some of the New Products Available? 

• Base data products 
– Differential Reflectivity (ZDR) 
– Correlation Coefficient (CC) 
– Specific Differential Phase (KDP) 

 
• Algorithm-based products 

– Hydrometeor Classification (HC) 
– Quantitative Precipitation Estimation (QPE) products 



New Base Data Product:  Differential Reflectivity (ZDR) 

1. Rain: ZDR >0 
Bigger drops fall like 
hamburgers, more Zh, 
more ZDR  

2. Hail: ZDR ~ 0  
Tumbles, appears spherical  

3. Snow/ice crystals: 
     Aggregates: ZDR ~0 
      Crystals: ZDR 0.5-2.0 
4. Clutter/biological: 

ZDR ±0  
Really varies ZDR 

• ZDR provides information about target shape 
• Zh-Zv: The more horizontal the particle, the larger the 

ZDR 

1 

2 
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New Base Data Product #2: Correlation Coefficient (CC) 

CC 

CC > 0.98 

CC 

CC < 0.90 

• CC provides information about target variety 
• The more variety, the lower the CC 

Nearly uniform targets:  
Precipitation 

Noisy, non-uniform 
targets:  Ground clutter 



Well-defined Melting Layer 

• CC lower because of a variety of hydrometeors 
• ZDR noisy 

Freezing 
Rain 

CC ZDR 



New Base Data Product #3:  
Specific Differential Phase (KDP) 

KDP 

When you see KDP, 
think liquid water 
content, DENSITY 



New Algorithm #1:  
Hydrometeor Classification 

• Determine most likely classification 
– Pre-defined list of echo classes 
– Base data analyzed 

 



New Algorithm #2:  
Rainfall Estimation Products 

• Relations derived from Oklahoma research 
• Sometimes better than legacy QPE (non-DP). 



QPE Relationships 

Rate Hybrid Hydrometeor Class 
0 mm/hr Non-meteorological (BI, ND) 

R(Z, ZDR) Light/Moderate Rain (RA) 

R(Z, ZDR) Heavy Rain or Big Drops (HR, BD) 

R(KDP) Hail, mixed with Rain (HA) below top of melting layer  

0.6 x R(Z) Wet Snow (WS) 

0.8 x R(Z) Graupel (GR) 

0.8 x R(Z) Hail, mixed with Rain (HA) above the top of the melting 
layer 

R(Z) Dry Snow (DS) below the top of the melting layer 

2.8 x R(Z) Dry Snow (DS) above the top of the melting layer 

2.8 x R(Z) Ice Crystals (IC) 

~liquid 

~frozen 

• DP QPE uses a simple multiplier based on HC 
 



April 20, 2012: The Old vs. The New 

Legacy STP 
verified slightly 
worse than DP. 

 
  
Notice melting 

layer on CC and 
close correlation 
to max in 
STP/STA. 

 

STP STA 

STA minus STP 0.5 CC, Melting Layer 



Winter Applications 



Using Shape and Variety Info to Differentiate Rain, 
Snow, and Melting Snow 

Reflectivity 

Correlation 
Coefficient 

Snow 

Snow 

Melting 
Snow 

Melting 
Snow 



Well-defined Melting Layer 

• CC lower because of a variety of hydrometeors 
• ZDR noisy 

Freezing 
Rain 

CC ZDR 



Ice Crystals 

• Pure ice crystals have a 
preference toward horizontal 
axis. 

• ZDR! 1-1.5 

    

Z ZDR 



Dry Snow (Aggregated) 

• Clumps of ice 
crystals 

• Low reflectivity 
• High CC 
• Low, positive ZDR 

(~0.2 dB) 



Sleet Diagnostics: The Refreeze Layer 

• ZDR max ring just above surface: ice crystals!   
– Local max 1-1.5 dBZ: ice crystals, Zh dominates 
– Lower below: Round ice pellet.  

ZDR Z 



Drizzle 

• Very small, spherical 
drops. 

– ZDR ~0 
– CC (> 0.97) 



Below Beam Effects 

• Can discriminate snow from rain above ground 
• Uncertainty about precipitation type at the ground 



Summer Applications 



Using Shape and Variety Information to Better 
Detect Hail Cores 

Arrow – Rain,  
likely mixed 
w/melting hail 

Circle – Hail, 
most likely 

Z 

CC ZDR 

= Large ZDR 



Large Hail: August 9 2012 

• This storm 
produced up to 
2” diameter 
hail. 

  
• Dot: Golfball-

sized hail 
– CC (~< 0.85) 
– Lowest ZDR 

(~< -2.0) 
– Inflow side of 

reflectivity 
gradient 

 

ZDR Z 

CC KDP 



June 18 2012 Clark County: Reflectivity 

• 1913Z  
• Reflectivity core 

of ~72-73 dBZ 
above freezing 
level 

• Inflow overhang 
impressive.  

~ 7 mins prior to golf ball hail.  

Last Scan 

-20C 



• Heart of large 
hail.  

• Largest hail, no 
rain in lower Z 
(20-40 dBZ). 

~ 7 mins prior to golf ball hail.  

Last Scan 

June 18 2012 Clark County: CC 



• Updraft: High ZDR 
column seen on the 
inflow side of the 
storm 

• Large Hail: ZDR 
min is seen on 
downdraft side of 
ZDR max.   
– ~ -2.7 dBZ 

~ 7 mins prior to golf ball hail.  

June 18 2012 Clark County: ZDR 

Lowering 

Last Scan 



Heavy Rain Detection Should Improve w/ the Dual-
Polarization Upgrade 

Locally heavier rain 

Z KDP Z 



Tornadic Debris Example 

• Debris signatures 
robust 
 

• Require 
integration of 4 
base products 
 

• Identified by 
trained 
meteorologists 
 

• Don’t try this at 
home! 

SRM 

ZDR 

ZDR ≈ 0 dB 

CC 

CC ~ < 0.80 

Z 

Z locally high! 

Velocity couplet 



Non-Precipitation Example 

• Non-precip echoes 
easily spotted w/ 
Z & CC 
 

• Can be obvious 
what radar sees 
 

• Sometimes it’s not 
so obvious 
 

• Focus on larger 
data regions, not 
single pixels in GR 



Mayflies  
• ZDR very high 6+ dBZ  

Z ZDR 
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