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CURRENT River Operations 
Gauge Rainfall Inputs
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River Ops Rainfall Inputs

Advanced Radar, QPE 
Applications

Objective:
Transition from rain gauge 
(point) estimation paradigm to 
radar (distributed) measurement

Rain Gauge-Dominated Rain Estimation

Radar-Dominated (reduced gauge) Rain Estimation



24 Hour Rain Totals July 6, 2007
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BUT much of the heaviest precipitation missed at individual gauges (this is 
fairly typical)!

Heterogeneity of rain field presents problems for point measurements, even 
for gauge-adjusted  radar maps 

Point (gauge) vs. areal (radar) rainfall estimates



Conventional Radar Estimates of Precipitation

• Radar scans rain/precipitation by sending out a series of microwave pulses along a 1o

beam while sweeping that beam through a 360o circle.

• Executed for several elevation angles and repeated every 5 – 6 minutes.

• Returned power from rain (called reflectivity- “Z”) is typically measured at only one 
polarization (e.g., horizontal) and related to rainfall via “Z-R” power laws:  Z =  aRb

• Raindrops (often the target) 
are deformed by drag as 
they fall.  

• Become more oblate with 
size (diameter)



QPE: Problem with conventional radar-rainfall approaches:  
Reflectivity Factor (Z) - Rainfall Rate (R) Relations

Sample of current operational relationships:
Z = 300 R1.4 - convective rain 
Z = 250 R1.2 - tropical rain
Z = 200 R1.6 - summer stratiform rain
Z = 130 R2.0 - winter stratiform (eastern US)
Z = 75 R2.0 - winter stratiform (western US)

How do we correct these issues?

• Problem:  Numerous rainfall-reflectivity relationships, 
which one is correct?

• Random error up to 100% (instantaneous) can occur.  
Typical space-time smoothing reduces to say 20%-40%. 

• Measurement sensitive to rain drop size distribution, 
presence of hail/ice/snow, and radar calibration.

• Without care, unacceptable errors/bias can be incurred 
for high resolution hydrological applications.

• Even gauge corrections are still beholden to gauge 
calibration/error/sample mismatch- a problem at times 
(more often then we would like to admit).
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50 vs 100 mm/hr 
at 50 dBZ over a 
valid range of 
observed DSDs!!
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