
   PANELIST: Bill Kappel  

       President/Chief Meteorologist 

       Applied Weather Associates 



Probable Maximum Precipitation 
•• Definition:Definition:  The The theoreticallytheoretically  greatest depth of greatest depth of 

precipitation for a given duration that is precipitation for a given duration that is physically physically 
possiblepossible  over a given storm area at a particular over a given storm area at a particular 
geographic locationgeographic location  at a certain time of year (HMR at a certain time of year (HMR 
59, 1999)59, 1999)  

•• Types of PMP studies:Types of PMP studies:  
•• Generalized (Hydrometeorological ReportsGeneralized (Hydrometeorological Reports))  

•• Provides PMP values for a regionProvides PMP values for a region  

•• HMR 51 HMR 51 --  East of the 105East of the 105thth  Meridian from Canada to MexicoMeridian from Canada to Mexico  

•• Regional/StatewideRegional/Statewide  
•• Provide PMP values over regions with varying topographyProvide PMP values over regions with varying topography  

•• Individual basins are included in the regional/statewide resultsIndividual basins are included in the regional/statewide results  

•• SiteSite--SpecificSpecific  
•• Provides PMP values for individual drainage basinsProvides PMP values for individual drainage basins  

•• Considers unique meteorology and topographyConsiders unique meteorology and topography  



NWS HMR Coverage 



AWA PMP Study Locations 



Probable Maximum Precipitation 
•• Weather Bureau (now National Weather Service) Weather Bureau (now National Weather Service) 

published first HMR in 1940published first HMR in 1940  
•• HMR 1HMR 1--OmpompanoosucOmpompanoosuc  Basin, VermontBasin, Vermont  

•• Latest HMR published in 1999Latest HMR published in 1999  
•• HMR 59HMR 59--CaliforniaCalifornia  

•• All followed the stormAll followed the storm--based approachbased approach  

•• Significant advancement applied throughout the yearsSignificant advancement applied throughout the years  

•• Storms continually analyzed and added Storms continually analyzed and added   
•• HMR 51HMR 51--only through 1972only through 1972  

•• HMR 55A, HMR 57, HMR 59 added storms relevant to their regionsHMR 55A, HMR 57, HMR 59 added storms relevant to their regions  

•• All HMRs can be downloaded from NWS HDSC PMP All HMRs can be downloaded from NWS HDSC PMP 
websitewebsite  



Probable Maximum Precipitation 

•• Storm Based ApproachStorm Based Approach--Deterministic Deterministic   

•• Maximize stormsMaximize storms  

•• Transposition stormsTransposition storms  

•• Combine into PMP design stormCombine into PMP design storm  

•• By storm typeBy storm type  

•• Subjective decisions involvedSubjective decisions involved  



Probable Maximum Precipitation 
•• HMRs have become outHMRs have become out--ofof--datedate  

•• Based on outdated methods and techniques Based on outdated methods and techniques   
•• Better understanding of meteorologyBetter understanding of meteorology  

•• Storm datasets not updatedStorm datasets not updated  
•• More than 40 years missing from HMR 51More than 40 years missing from HMR 51  

•• Effect of topography not accurateEffect of topography not accurate  
•• SubjectiveSubjective  
•• Lack of empirical dataLack of empirical data--unknowns unknowns   

•• Many processes subjective and not Many processes subjective and not 
reproduciblereproducible  
•• Several inconsistencies between each reportSeveral inconsistencies between each report  
•• Not clear how storm data used to develop the PMP values Not clear how storm data used to develop the PMP values   
•• No or limited working papers/notesNo or limited working papers/notes  
•• Limited to no external/independent reviewLimited to no external/independent review  



Example HMR 51 PMP Contours 

 



Wyoming Statewide PMP Example 

 



Site-Specific PMP Example 



Improvements in the PMP Process 
•• NEXRAD weather radarNEXRAD weather radar  

•• Very important for spatial distributionVery important for spatial distribution  

•• Must be calibrated firstMust be calibrated first  

•• GISGIS  

•• Computing power/speedComputing power/speed  

•• Updated understanding of rainfallUpdated understanding of rainfall  

•• Updated understanding of topographic effectsUpdated understanding of topographic effects  

•• Updated climatologies for maximizationUpdated climatologies for maximization  
 



PMP Since the HMRs 

•• Many PMP studies completed last 30 yearsMany PMP studies completed last 30 years  
•• Private industryPrivate industry--numerous sitenumerous site--specific, statewide, specific, statewide, 

regional studiesregional studies  

•• Need for updating PMP to better design/update spillwaysNeed for updating PMP to better design/update spillways  

•• Understand flood hydrology/PMFUnderstand flood hydrology/PMF  

•• State dam safety, FERC, NRC main usersState dam safety, FERC, NRC main users  

•• Bureau of Reclamation, Corps of EngineersBureau of Reclamation, Corps of Engineers  

•• NWS no longer involvedNWS no longer involved  
 



PMP Since the HMRs 

•• Storm database updated continuouslyStorm database updated continuously  

•• Use of current meteorologyUse of current meteorology  
•• NEXRAD NEXRAD   

•• GISGIS  

•• Updated climatologiesUpdated climatologies  

•• Trajectory modelsTrajectory models  

•• Latest technology continue to be employedLatest technology continue to be employed  

•• What about modeling?What about modeling?  

•• Still subjectivity/uncertaintyStill subjectivity/uncertainty  
 



Uncertainty in the PMP Estimation 

Process 
•• Areas of UncertaintyAreas of Uncertainty  

•• Storm selectionStorm selection  

•• Storm transpostionStorm transpostion  

•• Storm adjustmentsStorm adjustments  

•• TopographyTopography  

•• Representativeness of historical recordRepresentativeness of historical record  

•• Maximum storm efficiencyMaximum storm efficiency  

•• Surface dew points representing saturated atmosphereSurface dew points representing saturated atmosphere  

•• Accuracy of storm analysesAccuracy of storm analyses  

•• Rain gaugesRain gauges  

•• Radar coverageRadar coverage  

•• OthersOthers  
 



END OF INTRO SECTIONEND OF INTRO SECTION  

 

• End of Intro Section 



AWA SPAS Analysis Locations 

 



Catskill, NY July 1819 

•• Catskill, NY 1819Catskill, NY 1819  
•• 10+ inches in 110+ inches in 1--hourhour  

•• American Journal of ScienceAmerican Journal of Science  

•• Enough data to analyze todayEnough data to analyze today--not used in HMRsnot used in HMRs  

•• Unofficial observations very importantUnofficial observations very important  

•• Bucket surveysBucket surveys  

•• AnecdotalAnecdotal  
 



Catskill, NY July 1819 



Catskill, NY July 1819 



Smethport, PA July 1942 

•• World record rainfall at 4.5 and 6 hoursWorld record rainfall at 4.5 and 6 hours  

•• Hard to believe reportsHard to believe reports--but it rained a lotbut it rained a lot  

•• Lots of data for 1942Lots of data for 1942  

•• Unofficial observations very importantUnofficial observations very important  

•• Bucket surveysBucket surveys  

•• AnecdotalAnecdotal  
 



Smethport, PA July 1942 
Rainfall Rainfall 
observation site observation site 
for the worldfor the world  

RRecord rainfall ecord rainfall 
amount amount   

•• 30.8 inches30.8 inches  

•• 4.5 hours4.5 hours  

•• 88””  pickle jar pickle jar 
with 3.5with 3.5””  
opening!opening!  

•• ~22~22””  from from 
rooflineroofline  
  
 



Smethport, PA July 1942 



Smethport, PA July 1942 



Holt, MO June 1942 



Thrall, TX Sept 1921-USACE Analysis 



Thrall, TX Sept 1921 



Thrall, TX Sept 1921 



Gibson Dam, June 1964 



Gibson Dam, June 1964 



Hurricane Agnes, June 1972 



Colorado Front Range, Sept 2013 



Sept 2013-In-Place Maximization 



Sept 2013-In-Place Maximization 



Sept 2013-In-Place Maximization 



Temporal Distribution of PMP 



Temporal Distribution of PMP 



What’s Next-Probability-RIDM 

•• Regional LRegional L--moments Methodmoments Method  

•• StochasticStochastic  Storm Transposition (SST) MethodStorm Transposition (SST) Method  



INSERT SLIDES 


