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I. Introduction 

II. Methods 

Objective  

Determine the feasibility of using Bragg scatter for estimating 

systematic ZDR biases on operational WSR-88Ds 

Bragg Scattering 

Radar bins from 17-19Z that meet the 
following criteria are used for ZDR bias 
estimates: 

•VCP 32 (cuts 5,6,7), 21 (cuts 5,6,7,8)  

• Elevations ≥ 2.5 deg   

•Range – 10 to 80 km 

•Correlation Coefficient > 0.98 & < 
1.05*  

•Reflectivity  -32 to 10 dBZ 

•Signal to Noise Ratio  -5 to 15 dB 

•Velocity > 2 ms-1 or  < -2 ms-1 

•Spectrum Width > 0 ms-1 

IV. Summary 

Step 2:  Statistical Filters 

•Developed an automated method for estimating systematic ZDR bias 

with Bragg scattering on operational WSR-88D using Level ll data  

•Estimates from Bragg scatter method applied across the fleet are 

comparable to systematic ZDR bias estimates to the light precipitation 

method, but may be slightly more positive  due to  seasonal variability 

in the light precipitation method 

 Bragg scattering is an alternative external target to light 

precipitation for estimating systematic ZDR bias 

Step 1:  Data Filters 

Figure from Melnikov et al. 2011 

Test Definition 

Minimum Bin Count # of Bins > 10000 

Yule-Kendall Index (YKI) 

Symmetry  

Interquartile Range (“Spread”) 

Systematic ZDR  

Bias Estimate 

Data 
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Step 2 

Examples of Statistical Filters 

III. Validation 

Light Precipitation 

Z (dBZ) 20 22 24 26 28 30 

ZDR (dB) 0.23 0.27 0.32 0.38 0.46 0.55 

Average empirical values of ZDR corresponding to Z bins at S band 

(Ryzhkov 2011, personal communication).  The ROC currently uses 

light precipitation to estimate systematic ZDR biases and is used as  

“truth” for the purposes of this study.  

Sep 2013 Oct 2013 

Nov 2013 

ρ = 0.65 

p-value = 2.5 x 10-10  

*Each circle represents a 

single radar site’s 30-day 

median.   ρ is the Pearson 

correlation coefficient. The p-

value is the probability of 

correlation coefficient being 

equal to zero (based on 

Student’s two-tail t-distribution) 
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Fleetwide 

30-day median Systematic ZDR Bias (dB) 
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ρ = 0.66 

p-value = 8.7 x 10-12 

ρ = 0.82 

p-value = 2.3 x 10-20 

Key 

Light Precipitation Systematic ZDR Bias Estimate 

2 0 -2 -1 1 

Site A Site B 

09/01 10/01 11/01 12/01 09/01 10/01 11/01 12/01 

2 

0 

-2 

2 

0 

-2 

D
if

fe
re

n
ti

a
l 
R

e
fl

e
c

ti
v
it

y
 (

d
B

) 

Acknowledgments 
We appreciate Dr. V. Melnikov’s insight and contributions to our 

understanding of Bragg Scatter and Mr. Robert Lee for providing light 

precipitation bias estimates.   
* 

30-day median = 0.3125 (dB) 

30-day median = 0.3125 (dB) 30-day median = -0.5 (dB) 

30-day median = -0.5 (dB) 

 

* Dual-Polarization Parameter 

Light Precip Method 

Bragg Scatter Method 

Mixing of wet and dry air at the top of 

the boundary layer creates turbulent 

fluctuations in temperature and 

humidity. Radiation is scattered by 

turbulent eddies which are oriented 

randomly in the turbulent air giving a 

ZDR of 0 dB. 
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