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Outline 

• Challenges in radar precipitation estimation 

• New techniques in automated QPE 

• QPE SUMS technique description 

• QPE SUMS case results 

• Algorithm evaluation efforts 

• Latest improvements and diagnostic products  



Quantitative Precipitation 
Estimation (QPE) by Radar 

• Reflectivity to Rainfall Conversion Problems 
 Drop size distributions 
 Mass flux 

• Sampling Problems 
 Anomalous propagation 
 Ground clutter 
 Beam overshooting 
 Mixed-phase sampling 
 Hail contamination 
 Bright band contamination 



Z-R Problems 

• Precipitating clouds have different drop size 
distributions (DSD) requiring different Z-R 
equations. 
 Z=1mm6m-3 Z=.25mm6m-3 

Same rainfall amount, but different reflectivities! 
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“Mass Flux” Impacts 
from Dotzek and Fehr (submitted to J. Appl. Metr.) 

• KAMM (Karlsruhe Mesoscale Model) shows the 
impact of vertical velocities on rainfall rates 

w=0 w=“on” 



Anomalous Propagation 

• Results from nonstandard beam propagation 



Ground Clutter 

• Results from radar returns from nearby trees, 
mountains, buildings, towers, etc. 



Hail Contamination 

• Reflectivity 
factor sensitive 
to hydrometeor 
diameters and 
water-coating 



Beam Overshooting/         
Mixed-Phase Sampling 

• Creates a range-
dependence in 
precipitation 
estimates 



Bright Band Contamination 

• Region of high reflectivity caused by melting 
hydrometeors 
 Steady state 
 Horizontally  
 homogeneous 



And the Result is… 

• Overestimations can be as large as an order of 
magnitude 

Springfield Phoenix 



New QPE Strategies 

1. Merging radar products with gauges - NWS OHD 
2. Satellite-based QPE (Hsu et al. 1996; Vicente et al. 

1998) 
3. Correction of accumulations by using a Vertical 

Profile of Reflectivity (VPR; Joss and Waldvogel 
1970) 

4. Use of Dual-polarization variables (Ryzhkov et al. 
1997) 

5. Multisensor QPE (Gourley et al. 2002) 



5. Multisensor QPE 

A little history first…. 
• Gourley et al. (2002) found radar-only QPEs were 

of little use in AZ during cool season 
• Inclusion of satellite data = better QPE amounts 
• NSSL redesigns precipitation algorithm from 

scratch 
 Use of CRAFT network permits real-time experience 
 C++/Object Oriented Design 

• Quantitative Precipitation Estimation and 
Segregation Using Multiple Sensors is born 
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Polar 

Modules in Polar Coordinates 

• Radar data ingest and QC 
• Determination of precipitation type/character 

 Convective/Stratiform segregation 
 Bright band identification (BBID) 

• Identification of regions that are sampled 
adequately by radar based on: 
 Precipitation type/character 
 Radar beam heights 
 Environmental data (RUC2 analyses) 

 
 
 



Polar 

Radar Data Ingest 

• WSR-88D (DoD and NWS) and TDWR (FAA) 

• Level II format (all tilts, full resolution) 

• Via LDM compression/networking software  

 Read in real-time from CRAFT network 

 56k modem sufficient 

• C++/OO design accommodates ingest of data in 
any format 

 



Polar 

    AP and GC removal 
(Phoenix, AZ) 

before 

 + 
KIWA 

after 

 + 
KIWA 

 Hybrid Reflectivity Level 
 Vertical Continuity 
 Nonzero Velocity 



Polar 

Precipitation Typing 

• Identifies and segregates precipitation type. 
 

Precipitation 

Convective Stratiform Warm Cloud 

Good Bad 

Bright band/RUC 0C 
Beam heights 



Polar 

Conv/Strat Segregation 
• dBZ > 50 in any bin or, 
• dBZ > 30 at temperatures < -10 C or, 
• 1 lightning flash  

Composite Reflectivity Precip Flags 



What else is lightning used for? 
• Accumulations of flash density and % positive 

  5-m, 1-h, 24-h 



Polar 

Bright Band Identification 
(BBID)  

• 3-D Reflectivity Field 
• ID Layer of Higher Reflectivity 
• Vertical Reflectivity Gradient 
• Spatial/Temporal Smoothing 



Comparisons of BBID with 
RUC2 0°C Heights 

KRAX 

KAKQ KCAE 

KLTX 



Polar 

Comparisons of BBID with 
Vertically-Pointing Radar Data 

 



 Identification of Contamination 
in Precipitation Rate Maps 

 



Polar 

Radar Sampling of  
Precipitation Type 

• Identifies and segregates precipitation type. 
 

Precipitation 

Convective Stratiform Warm Cloud 

Good Bad 

Bright band/RUC 0C 
Beam heights 



Polar 

 Identification of Good Radar 
Rainfall Measurements 

QuickTime™ and a
None decompressor

are needed to see this picture.

Strat Rain (good) 
Convective (good) 
Bright Band (bad) 
Frozen (bad) 

? 



Polar 

Generate Polar Products 
(Text, Nids, Binary, NetCDF) 

• Base Reflectivity (raw and qc’d) 

• Base Velocity 

• Spectrum Width 

• Hybrid Reflectivity 

• Composite Reflectivity 

• Precip Rate 

• Precip Flags 



Radar 

Satellite 
IR 

Surface 
Obs 

Upper 
Air Obs 

Lightning 

 Model 

 
 
 

PRECIP 
ESTIMATION 

 
 
 

INGEST 
POLAR 

DATA 
And  
Run  
algs 

 
MOSAIC 

 



Cartesian 

Modules in Cartesian 
Coordinates 

• Mosaicking of polar rates and flags 

• Assignment of precipitation phase based on 
gridded RUC 0C height vs. surface elevation 

• Ingest and remapping of satellite IR data 

• Regression between good stratiform rates and 
collocated satellite cloud top temperatures 

• Application of multisensor precipitation rates 

• Product generation 
 



Cartesian 

Adaptive Mosaicking 

• Maximizes amount of low-level radar coverage 

All Radars No KIWA/KICX No KFSX/KICX 



Cartesian 

  Determination of Precipitation 
Phase at Surface 

• Compare RUC 
 0°C heights with 
 terrain heights 

 
 
 

• Create 2-D surface showing  
 precipitation phase Rain/Snow Line 

RUC 0C Isotherm 



Satellite/Radar Regression 

QuickTime™ and a
None decompressor

are needed to see this picture.

QuickTime™ and a
None decompressor

are needed to see this picture.
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Generating Multisensor Field 

QuickTime™ and a
None decompressor

are needed to see this picture.

QPE SUMS Rainfall 
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QuickTime™ and a
None decompressor

are needed to see this picture.



Gauge Calibration 

• Ingest all available rain gauges in domain 
(ALERT, USGS, Mesonet, LARC, Co-op, Prisms) 

• Perform QC on gauges based on Shafer et al. 
(2000) 

• Software capable of performing mean field bias 
and local bias adjustment (Seo et al. 2002) 

• However, gauge data are withheld from current, 
operational version:  permits evaluation 

 
 



QPE SUMS Product Generation 

• 3 different flavors of precipitation algorithm 
 Radar-only 
 Satellite-only 
 Multisensor 

• Rates are accumulated over time  
 5, 15, 30-min accums 
 1, 1.5, 3, 6, 24, 72-hour accums 
 User-selectable time period 

• Product resolution 
 45 products every 5 mins 
 1x1 km grid covering roughly 400 x 600 km region 

 



WISH Deployments 

Operational Deployments Future Deployments 

Arizona/SRP Oklahoma/FAA 

Alabama/NASA 

N&S Carolina/ 
Sea Grant 



Evaluation Efforts 

• Case study approach (NC and AZ Domain) 

• Comparison with gauges (OK Domain) 

• Future Work:  Uncertainty estimation using 
generalized likelihood measures with a hydrologic 
model 









Centennial Wash Flash Flood 

• 4-6” of rain fell in the headwaters of Centennial 
Wash, near Wenden AZ on Oct. 22, 2000 

• Resulting runoff reached depths of 12 feet and 
discharge exceeded 20,000 cfs 

• 125 mobile homes were inundated and transported 
downstream 

• Property damage exceeded $6M 

• One migrant worker was killed 



Centennial 
Wash 

Yuma Radar 

Phoenix Radar 



AutoEstimator - Storm Total 
Precipitation 

Centennial 
Wash 



QPESUMS Radar Only -   
Storm Total Precipitation 

Centennial 
Wash B

right band 
contam

ination  



QPESUMS Multisensor -   
Storm Total Precipitation 

Centennial 
Wash 



Gauge Comparison: 
Storm Total Statistics 

ALERT 
Gauges (9) 

QPESUMS 
Multisensor 

QPESUMS 
Radar 

Auto  
Estimator 

SUM 20.96 24.83 29.61 8.6 

BIAS 1.13 1.32 0.41 

RMSE 1.31 1.94 1.49 

CORR 
COEFF 0.76 0.75 0.67 



Gauge Comparison: 
Hourly Statistics 

ALERT 
Gauges (9) 

QPESUMS 
Multisensor 

QPESUMS 
Radar 

Auto  
Estimator 

BIAS 1.24 1.50 0.67 

RMSE 0.28 0.32 0.27 

CORR 
COEFF 0.66 0.67 -0.02 



6-Month Statistics in OK 
Domain: Bias 

 Multisensor 
Radar-Only 



Correlation Coefficient 

 Multisensor 
Radar-Only 



RMS Error 

 Multisensor 
Radar-Only 



Conclusions 
• QPE SUMS is equipped with internal modules 

that have many diverse uses 
• Multisensor algorithm performs similarly to radar-

only for convective events 
• Differences arise where radar-only estimates of 

precipitation suffer: 
 Complex terrain 
 Stratiform precipitation 
 Orographic precipitation 

• Multisensor approach offers hope in these “radar 
hostile” regimes 
 



Latest Improvements and 
Diagnostic Products 

• Radar calibration differences plotted on web page 

• New occultation files and hybrid scans for all 
radars in US 

• Overlay of gauge amounts on products 

• Additional AP removal using satellite/RUC data 



Effects of Radar Calibration 
Differences 

Mosaics show  
boundaries in  
QPE amounts  
from adjacent  
radars 
 
500 ft. rule also  
creates artifact  
around KTLX  
radar 
 
 
 



Radar Calibration Differences 

 



NSSL Occultation Files and 
Hybrid Scans 

• Uses 30-m DEM from EROS 

• Models power density weighting of beam 

• Adaptive - allows investigation of new VCPs 

• Derivation of hybrid scans removes the “500 ft. 
rule” 

 Cleans up artifacts due to prior use of higher tilts near 
radar 

 Permits integration of dual-pol data when available 
 



KIWA Hybrid Scan  

 

Before After 



AP Removal using 
Satellite/RUC 

 



Questions??? 
gourley@ou.edu 
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