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Operational Radar QPE: A Brief Summary  
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• Until 2012, radar QPE primarily consisted of the use of a reflectivity (Z) to rain rate (R) relation 
to estimate precipitation rates [R(Z)]

• Warm season: convective or tropical R(Z) often used…Cool season: list of R(Z)s made available 
• Any R(Z) changes were forecaster initiated and applied to entire radar field of view

• After 2012,  Radar Operations Center (ROC) & the MRMS Project transitioned to operations QPE 
algorithms that automatically assigned a rain rate relation depending upon echo classification 

• Below melting layer (ML), ROC Dual Pol (DP) QPE used R(Z,ZDR) & R(KDP); within ML, a multiplication 
factor times R(Z) and R(Kdp) (for > 50 dBZs) were used  

• MRMS QPE used multiple R(Z)s and applied Bright Band reflectivity corrections w/in & above ML 

• Despite advances, the need continued for rain relations less sensitive to the precipitation 
microphysics 

• R(Z) relations sensitive to Z calibration & drop size distributions (DSD) changes
• R(Z,ZDR) sensitive to calibration challenges
• R(KDP) cannot capture all DSD variability and can be noisy

• Studies by Ryzhkov et al. (2014) & Wang et al. (2014) indicated potential in using Specific 
Attenuation (A) to estimate rain as it was generally immune to the previous challenges

• RRDD & WRRD began to work together to develop an automated QPE algorithm utilizing A



• Specific Attenuation A fields provide 
a measurement of the amount of 
attenuation  caused by rain (dB/km)

• Despite the complicated equations, 
all that is needed to calculate A are 
uncorrected radial Z and the span of 
differential phase along the radial  
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Z(r1)
Φ(r1)

Z(r) Z(r2)
Φ(r2)

where

Total span of PhiDP along radial

PIA => Path Integrated Attenuation

How to Calculate Specific Attenuation 

R(A) = 4120*A1.03

• Key to calculating A is the Path Integrated Attenuation term 
(PIA) which is composed of the differential phase span 
multiplied by the parameter ‘α’   which needs to be estimated

• α is currently estimated by slope of Zdr to Z             

• After calculation of A fields, rain rates estimated by the 
equation at right as long as

• radar beam remains below ML and adjustments made to 
span of PhiDP in localized regions along radial where hail 
likely present                                                            

 constants were optimized for S band radars



• Technique developed from ROC/other funds utilized a net α, 
updated each 0.5 deg tilt, for radar FOV to calculate PIA and 
hence spec. att. A

• However, technique doesn’t directly address spatial variability of 
α 

• Consider conceptual MCS ( figures A & B): if net α = 0.020 (dashed 
purple, figure A) it will be:

•  too large (small) w/in convective (stratiform) rain where ZDR is 
larger (smaller) 

• This spatial variability is partly mitigated via the use of :
• Code checks of ZDR vs. Z distribution to determine potential for α 

mismatches & mitigations applied
• R(KDP) in convection where hail is likely (Z ≥ 50 dBZ)  

• Specific Attenuation also becomes very large in ice, especially 
from hail but also within melting layer:

• Using R(KDP) where hail likely present
• Use of model sounding data to diagnose simplified ML structure

• More recent work uses model 1st guess & Dual Pol RhoHV to 
diagnose more realistic ML structure 

α  vs Z
DR

 from disdrometer simulations. 

For S band, T = 20°C

Smaller Drops                Larger Drops
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Radar FOV of conceptual MCS 

Stratiform rain where α 
larger due to smaller 
ZDR

Convective line, 

α smaller due 
to larger ZDR 

B:

A:R(A) Limitations: 
α Variability & Ice Contamination



R(A) Version 1 Performance:
• Systematic performance assessments 

were made of the initial R(A) 
algorithm and the ORPG Dual Pol (DP) 
QPEs via comparisons with 24-hr 
totals from CoCoRaHS rain gauges

  
• At left: scatter plots of initial R(A) 

algorithm (B and D) and DP ORPG (A 
and C) QPEs for warm (May - 
September 2017) and cool (October 
2017 – April 2018) seasons east of the 
Rockies

• In both seasons there is a dramatic 
difference between the two QPEs 
with regards to higher rain totals 

• The R(A) algorithm generated QPE 
showed significantly better results

DP ORPG : R(Z,Zdr), R(Kdp), R(Z)
Pairs: 41,750
G/R B = 1.23
R = 17.2 mm
MAE = 9.5 mm
C = 0.86

Green:  ≤ 75 km
Blue : 75 – 150km
Yellow: 150 – 225 km
Red: > 225 km

R(A), R(Kdp), R(Z)
Pairs: 41,750
G/R B = 0.98
R = 12.7 mm
MAE = 7.1 mm
C = 0.92

DP ORPG : R(Z,Zdr), R(Kdp), R(Z)
Pairs: 25,259
G/R B = 1.59
R = 16.6 mm
MAE = 10.7 mm
C = 0.82

R(A), R(Kdp), R(Z) 
Pairs: 25,259
G/R B = 1.08
R = 10.6 mm
MAE = 6.7 mm
C = 0.90

A B

C D

Warm Season

Cool Season



• While 1st R(A) QPE performed well, examples of R(A) wet (dry) 
bias in convective (tropical/ stratiform) rain were observed

• This was related to use of net α over radar FOV 

• To mitigate bias, developed an adjusted alpha (αadj) derived 
from best fit curve to upper 20% of α vs Z distribution (plot A)

• Adjusted α (αadj) is used in a ratio with net α to create a 
correction factor in used in equation at right (B)

• Overall, R(A) QPE generally does well for net α  < 0.020 and no 
correction is needed as rain more continental

• For mixed stratiform/deep convective rain with net α ≥ 0.020, 
alpha adjusted for higher Z (> 40 dBZs) where variability lower

• For predominantly stratiform rain, alpha adjusted for range of 
best fit curve from 25 to 35 dBZs to improve performance

R(A) Version 2.0:

R(A) = 4120.0*A1.03*(αadj / αo)
where αadj & αo are adjusted & net alpha respectively;
for αadj > αo the rates are lowered

B

A

R(A) V1.0: 2,261 pairs
B = 0.77
MAE = 10.2 mm
C = 0.92

R(A) V2.0: 2,261 pairs
B = 0.92
MAE = 7.9 mm
C = 0.94

• Code is under evaluation in real-time testbed; scatter plots C and 
D at right show an example of the improvement obtained in 
stratiform rainfall

C D



Specific Attenuation 
Operational Performance



R(A) vs R(Z,ZDR) during Build 19 Testing

Continental R(Z,ZDR)
(default in Build 18)

Tropical R(Z,ZDR) R(A) with Tropical R(Z,ZDR)



Total Rainfall Accumulation - April 1 to June 11, 2021



24hr Accumulations from KGWX DP QPE - 12Z 9 Jun 2021



24hr Accumulations from KGWX DP QPE - 12Z 10 Jun 2021



3-Day Total of 19.30”



24hr Accumulations from KLZK DP QPE - 12Z 9 Jun 2021



24hr Accumulations from KLZK DP QPE - 12Z 9 Jun 2021



Remnants of Hurricane Ida - 11Z 2 September 2021



Remnants of Hurricane Ida - Below Melting Layer (<90 nm)



Remnants of Hurricane Ida - Above Melting Layer (> 90 nm)



Remnants of Hurricane Ida - MRMS Dual-Pol QPE
Without R(A) Rate Adjustment and 

Dual-Pol VPR Correction
With R(A) Rate Adjustment and 

Dual-Pol VPR Correction





Remaining Challenges



24hr Accumulations from KBOX DP QPE - 11Z 16 April 2021



24hr Accumulations from KCYS DP QPE - 13Z 28 April 2021



R(A) with azimuthally dependent α

1) Constant α for the whole scan in current version;
2) In order to reflect the variations of DSD in a single scan

 we propose a new way to estimate α(θ) for each radial:

where

α(θ)

AvgZ(θ)

AvgZ
DR

(θ)



KFWS 20200901 23-00 UTC El=0.5o

Reflectivity

23:05 UTC 23:57 UTC23:25 UTC



23:00 – 00:00 UTC Correlation Bias Ratio FRMSE MFRMSE

R(A) w/  α(t) 0.763 1.639 1.061 0.454
R(A) w/  α(t,θ) no Zdr corr. 0.824 0.929 0.410 0.213
R(A) w/  α(t,θ) & Zdr corr. 0.823 0.935 0.411 0.206

NumberRG=174

1 Hour Rainfall KFWS 20200901 23-00 UTC
R(A) α(t,θ) w/o Z

DR
 correction R(A) α(t,θ) w/ Z

DR
 correction

Wet radome causes Zdr bias

R(A) w/ α(t)



Discussion
● Specific Attenuation was deployed operationally in DP QPE with Build 19, 

with additional improvements under development

● Main focus of recent research is on optimization of the alpha parameter 
for different types of precipitation and for spatial variability

● In FY22, tech transfer efforts is examining R(A) sensitivity to severe beam 
blockage, and RPI/R2O is pursuing further testing of the azimuthally 
varying alpha.



Conclusions
● Implementation of specific attenuation in Build 19 led to dramatic 

improvement of DP QPE performance in intense rainfall events compared 
to previously used methods like R(Z) and R(Z,ZDR).

● Since the operational deployment of R(A), impacts on the QPE from partial 
beam blockage has been significantly reduced.

● NSSL continues to investigate methods to improve R(A) in light 
precipitation and in convective/stratiform mix events.


