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Summary of JPOLE operational demonstration 
(2002 – 2003)

• Polarimetric rainfall estimation was evaluated at relatively close 
distances from the radar (R < 100 km)

• A “synthetic” rainfall algorithm was suggested which utilizes 
R(Z,ZDR) for light rain, R(KDP,ZDR) for moderate-to-heavy rain, and 
R(KDP) for heavy rain possibly mixed with hail. Switching between 
different relations is defined by Z ( or R(Z))

• The use of the synthetic polarimetric algorithm results in significant 
reduction in the rms errors of hourly rain estimates when compared 
with the conventional relation: 1.7 times for point measurements and 
3.7 times for areal rainfall measurements
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The US National Weather Service requires rain measurements up to 230 km from the radar



Basic concept

• Polarimetric radar is a unique classification tool

• Rainfall estimation should be contingent on the results of radar 
echo classification and preceded by classification analysis

• Different rainfall relations (polarimetric and nonpolarimetric) should 
be applied for different echo classes

• Combining rainfall estimation and hydrometeor classifcation is 
especially important at longer distances from the radar



NEXRAD classification algorithm.
Operational version of the hydrometeor classification algorithm (HCA) 

distinguishes between 10 classes of echo using 6 radar variables

Classes

1. GC/AP – ground clutter / AP

2. BS – biological scatterers

3. DS – dry aggregated snow

4. WS – wet snow

5. CR - crystals

6. GR – graupel

7. BD – “big drops”

8. RA – light and moderate rain

9. HR – heavy rain

10. HA – hail (possibly mixed with 
rain)

Variables

1. Z – radar reflectivity

2. ZDR – differential reflectivity

3. KDP – specific differential phase

4. � hv – cross-correlation coefficient

5. SD(Z) – texture of Z

6. SD(� DP) – texture of � DP



Melting layer detection

• Melting layer detection is a starting point

• The top and bottom of the melting layer are determined from (a)
soundings, (b) numerical forecast model, and (c) polarimetric data

• Polarimetric melting layer detection algorithm is based on the 
analysis of radial profiles of � hv, Z, and ZDR at antenna elevations from 
4 to 10°

• � hv is between 0.90 and 0.97

• Z and ZDR should be 
sufficiently high in the vicinity of 
the � hv dip

El = 4.5°



Rbb Rb Rt Rtt

1.0° 0.5° 0.0°1.    0 < R < Rbb

GC, BS, BD, RA, HR, RH

2.    Rbb < R < Rb

GC, BS, WS, GR, BD,RA, HR, RH

3. Rb < R < Rt

GC, BS, DS, WS, GR, BD, RH

4. Rt < R < Rtt

GC, BS, DS, WS, CR, GR, BD, RH

5. R > Rtt

DS, CR, GR, RH   

Class designation depending on the parameters of the melting 
layer, antenna beamwidth, and distance from the radar

GC – ground clutter, BS – bio, DS – dry snow, CR – crystals, WS – wet snow, BD – big drops, GR – graupel, 
RA – rain (light to moderate), HR – heavy rain, RH – rain-hail mixture 

Melting layer



Example of HCA PPI product (05/13/2005)



The occurrence of different echo types at El = 0.5° in the radar 
coverage area in central Oklahoma as a function of range
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Algorithm formulation

R = 0 or R(Z) of residual Nonmeteorological echo (GC/AP or BS)

R = R(Z,ZDR) Light / moderate rain (RA), big drops (BD), and 
heavy rain (HR)

R = R(KDP) Rain / hail mixture (RH) at R < Rtt

R = 0.6 R(Z) Wet snow (WS)

R = 0.8 R(Z) Graupel (GR) and hail (RH) at R > Rtt

R = R(Z) Dry snow (DS) at R < Rtt

R = 2.8 R(Z) Crystals (CR) and dry snow (DS) at R > Rtt
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The “fudge” factors in the R(Z) relations for nonrain echoes were determined experimentally 
by examining hourly totals for a large dataset containing 43 rain events (179 hours of 
observations) and using more than 100 mesonet gages in the range interval from 0 to 250 km



Accounting for partial beam blockage in HCA and QPE

1. If � < 70% then correct Z using  DEM and leave ZDR intact

)blocked(
DRDRshieldblocked ZZ)),�(Flog(10)dBZ(Z)dBZ(Z =+=

and modify the quality factors for Z and ZDR in HCA by multiplying them by 
exp[-0.69(� /50)2]

2. If � < 20% then use R(Z,ZDR) in rain and R(KDP) in rain / hail

3. If 20% < � < 70% then use R(Z,ZDR) in light-to-moderate rain and 
R(KDP) in heavy rain and rain / hail

4. If � > 70% then switch to the next higher elevation

� is a degree of blockage or “shielding” factor determined from DEM



The use of R(Z) – R(KDP) consistency for Z correction
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The R(KDP) relation yields 
very similar estimates of rain 
at obstructed and 
unobstructed elevations, 
whereas the R(Z) relation 
does not



Bias in Z as a function of azimuth at elevation 0.0°for KOUN 
revealed from the consistency technique

Summary of 3 rain events



Mean bias and rms error of the conventional and 
polarimetric hourly rain estimates as a function of range

43 events, 179 hours of observations



Mean bias and rms error of the conventional and 
polarimetric hourly rain estimates as a function of range

Stratiform rain only. 9 events, 26 hours of observations



Further modifications of polarimetric QPE

• Model-based polarimetric VPR. A spectral bin microphysical model of 
snow /graupel / hail melting along with the statistics of the observed 
vertical profiles of polarimetric variables will be utilized for retrieval of 
vertical profiles of precipitation

• Gradual changes of the “fudge” factors with distance will be introduced

• More aggressive use of KDP will be explored as a result of  
improvements in the � DP / KDP processing

• Adaptable parameters in the rainfall estimation algorithm will be 
optimized in the process of continuous testing / validation of radar 
rainfall products



Conclusions

• Utilizing the polarimetric algorithm instead of the conventional R(Z) 
relation results in a reduction of the bias and rms error of hourly rainfall 
estimates up to 200 km from the radar

• At distances within 50 km, the rms error is reduced by roughly a factor 
of 2, largely attributed to the advantages of polarimetric method in the 
presence of heavy rain and convective echo

• The improvement gradually phases out with distance from the radar. 
The degree of the rms reduction exceeds 50% at ranges up to 140 – 150 
km and drops to about 20% at 200 km

• For the cold season, non-convective events, the algorithm also 
outperforms the conventional one, but to a lesser degree


