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Objective and DefinitionsObjective and Definitions

•• True Rainfall:True Rainfall: Amount of rainAmount of rain--water falling on a water falling on a 
specified area in a specified intervalspecified area in a specified interval

•• RadarRadar--Rainfall (RR):Rainfall (RR): An approximation of the True An approximation of the True 
Rainfall based on radar dataRainfall based on radar data

•• RR Uncertainties:RR Uncertainties: All discrepancies between RR and All discrepancies between RR and 
the corresponding True Rainfallthe corresponding True Rainfall

•• Actual Rainfall (RA):Actual Rainfall (RA): Approximation of True Rainfall, Approximation of True Rainfall, 
based on rainbased on rain--gauge measurements, used to evaluate gauge measurements, used to evaluate 
RR RR 

Development of a generator of empirically-based 
synthetic radar-rainfall fields



RRaa = = h(Rh(Rrr) ) ⋅⋅ e(Re(Rrr))

where:where:

•• h(Rh(Rrr) ) = E [= E [RRaa | | RRrr = = rrrr]                  deterministic function]                  deterministic function

•• e(Re(Rrr) ) = = RRaa / / h(Rh(Rrr)                         random component)                         random component

Mathematical ApparatusMathematical Apparatus





Oklahoma DataOklahoma Data
ResultsResults

(after considerable QC/QA)(after considerable QC/QA)



Range effectRange effect

Number of rain gauges



Overall BiasOverall Bias

Hourly DataHourly Data Cold Cold 
(NDJFM)(NDJFM)

Warm Warm 
(AMO)(AMO) Hot Hot (JJAS)(JJAS)

Entire Entire 
datasetdataset

Zone I 0.95 0.78 0.76 0.82
Zone II 0.88 0.76 0.73 0.78
Zone III 0.87 0.68 0.65 0.72
Zone IV 1.29 0.78 0.65 0.83
Zone V 2.33 1.11 0.75 1. 12
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 y  =  1 .3 5  x 0 .8 7  

RRaa = = h(Rh(Rrr))⋅⋅e(Re(Rrr))

•• Deterministic distortion functionDeterministic distortion function

−− h(Rh(Rrr) ) = = a (a (BiasBias..RR)RR)bb

•• Random component ~ N[1, Random component ~ N[1, σσee(R(Rrr) ]) ]

−− σσee(R(Rrr) = c + d () = c + d (BiasBias..RR)RR)ee

−− threethree--parameter exponential function parameter exponential function 

for the correlation in space and timefor the correlation in space and time

Model FittingModel Fitting
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Scenario 1: Probability MapScenario 1: Probability Map

The models allow answering probabilistic question:
Given a radarGiven a radar--rainfall accumulation map, what is the probability rainfall accumulation map, what is the probability 

that the true rainfall exceeds a certain threshold (e.g., FFG vathat the true rainfall exceeds a certain threshold (e.g., FFG value) lue) 
over a basin?over a basin?

Radar scanRadar scan Probability mapProbability map

P [ RR > FFG ] = 0.22

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1

FFG / DPA*



Scenario 2: Ensemble generatorScenario 2: Ensemble generator

The models allows generating a space-time ensemble of synthetic 
radar rainfall fields, congruent with the error model’s characteristics

Radar scanRadar scan

Synthetic radar fieldsSynthetic radar fields



•• Realistic error model based on extensive empirical Realistic error model based on extensive empirical 
analysisanalysis

•• Confirmation of strong range effects and seasonal Confirmation of strong range effects and seasonal 
dependencedependence

•• Strong dependence on radarStrong dependence on radar--rainfallrainfall

•• Random component correlated in space and timeRandom component correlated in space and time

•• The model allows:The model allows:
–– estimating the probability of the true rainfall to exceed estimating the probability of the true rainfall to exceed 

some arbitrary thresholdssome arbitrary thresholds
–– generating a spacegenerating a space--time ensemble of empiricallytime ensemble of empirically--

based synthetic radar rainfall fieldsbased synthetic radar rainfall fields

ConclusionsConclusions



Thank You!  Thank You!  

The EndThe End
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