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Objectives

1. Know the expected values of ZDR 
for liquid and ice phase 
meterological echoes

2. Apply the knowledge of expected 
ZDR values to real-world 
examples



Outline

1. What is Differential Reflectivity (ZDR)?
2. General Physical Interpretation of ZDR
3. Expected values of ZDR in rain
4. Expected values of ZDR in snow/ice crystals
5. Operational examples



1. Differential Reflectivity (ZDR)

VH ZZZDR 

Definition Possible 
Range of 
Values

Units Abbreviated  Name

Difference between the horizontal 
and vertical reflectivity factors

‐7.9 to +7.9 Decibels
(dB)

ZDR



2.  General Physical Interpretation (Overall)

• Good 
indicator of 
mean drop 
shape

• Horizontal = (+)

• Vertical = (-)

• Spherical = 0

Spherical
(drizzle, small hail, etc.)

Horizontally
Oriented

(rain, melting hail, etc.)

Vertically 
Oriented

(i.e. vertically oriented 
ice crystals)

ZDR  ~ 0 dB ZDR  > 0 dB ZDR  < 0 dB

ZV

ZH

ZV

ZH

ZV

ZH

ZH ~  ZV ZH >  ZV ZH <  ZV

0~VH ZZ  0 VH ZZ 0 VH ZZ



3.  Expected Values in Rain

• Strong relationship 
between raindrop 
diameter and shape

• Leads to strong 
relationship between 
raindrop size and 
ZDR

Major Axis
Diameter
(mm)

Image ZDR (dB)

< 0.3 mm ~ 0.0 dB

1.35 mm ~ 1.3 dB

1.75 mm ~1.9 dB

2.65 mm ~2.8 dB

2.90 mm ~3.3 dB

3.68 mm ~4.1 dB

4.00 mm ~4.5 dB

Data from Wakimoto and Bringi (1988)



4. Expected Values in Snow/Ice

Complex shapes = complex ZDR values



4.  Expected Values in Snow/Ice

Knowing crystal type is crucial to 
anticipating ZDR values

Knowing crystal type is crucial to 
anticipating ZDR values

Snow ZDR

Dry / Aggregated 0.2 to 0.3 dB

Wet / Melting 2 to 3 dB (noisy)

Ice Crystals ZDR

Low‐density / Random orientation < 1 dB

High‐density / Preferred Orientation (Horizontal) As high as 4 to 5 dB

High‐density / Preferred Orientation (Vertical) ‐ 2 to 0 dB



What Are We Seeing in the Real World?

• Rain event  KOHX (22 Feb 2012)

• Rain event  KFFC (21 Jan 2012)

• Rain event  KMHX (Aug 2011)

• Snow event  KAPX (17 Jan 2012)

• Snow event  KAPX (13 Jan 2012)

• Transition event  KAMA (19 Dec 2011)





0.5 deg Z – KOHX (22 Feb 2012)
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0.5 deg ZDR – KOHX (22 Feb 2012)
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0.5 deg Z – KFFC (21 Jan 2012)
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0.5 deg ZDR – KFFC (21 Jan 2012)
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0.5 deg Z – KMHX (27 Aug 2011)
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0.5 deg ZDR – KMHX (27 Aug 2011)
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0.5 deg Z – KAPX (17 Jan 2012)
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0.5 deg ZDR – KAPX (17 Jan 2012)
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0.5 deg CC – KAPX (17 Jan 2012)





0.5 deg Z – KAPX (13 Jan 2012)
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0.5 deg ZDR – KAPX (13 Jan 2012)
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0.5 deg Z – KAMA (19 Dec 2011)
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0.5 deg ZDR – KAMA (19 Dec 2011)
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Summary - Typical Values of ZDR


