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Probable Maximum Precipitation 
• Definition: The theoreticallytheoretically greatest depth of 

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

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

• Provides PMP values for a region 

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

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

• Individual basins are included in the regional/statewide results 

• Site-Specific 
• Provides PMP values for individual drainage basins 

• Considers unique meteorology and topography 
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PMP History 
• Weather Bureau (now National Weather Service) 

published first HMR in 1940 
• HMR 1-Ompompanoosuc Basin, Vermont 

• Latest HMR published in 1999 
• HMR 59-California 

• All followed the storm-based approach 

• Significant advancement applied throughout the years 

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

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

• All HMRs can be downloaded from NWS HDSC PMP website 
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Coverage of National Weather Service HMRs 
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• Storm Based Approach-Deterministic  
•Maximize storms 

•Transposition storms 

•Combine into PMP design storm 

•By storm type 

•Subjective decisions involved 

 
 

How Is PMP Computed? 
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PMP History 
• HMRs have become out-of-date 

• Based on outdated methods and techniques  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

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

• Effect of topography not accurate 
• Subjective 

• Lack of empirical data-unknowns  

• Many processes subjective and not reproducible 
• Several inconsistencies between each report 

• Not clear how storm data used to develop the PMP values  

• No or limited working papers/notes 

• Limited to no external/independent review 
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HMR 51-PMP Map 

7 



  

EWRI 2016– West Palm Beach, FL–Slide 8 

PMP Improvement Used Today 
• NEXRAD weather radar 

• Very important for spatial distribution 

• Must be calibrated first 

• GIS 

• Computing power/speed 

• Updated understanding of rainfall 

• Updated understanding of topographic effects 

• Updated climatologies for maximization 
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Current PMP Work 
  

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

studiesstudies  

•• 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  
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AWA Project Locations 
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Current PMP Work 
  

•• 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  
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AWA SPAS Storm Locations 
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Current PMP Work 
  

•• Results are used in place of HMR valuesResults are used in place of HMR values  

•• Coordination with dam Coordination with dam 

safety/hydrologist/engineerssafety/hydrologist/engineers  
•• Understand how developedUnderstand how developed  

•• Aware of sensitivity/uncertaintyAware of sensitivity/uncertainty  

• Better information to make more informed decisions 

• Objective not to reduce the values, but to make them 

as accurate as possible given current understanding of 

meteorology 
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HMR 51 Example PMP-Single Basin  
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HMR 51 Example PMP-Stippled Region  
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What About Probability of PMP? 
  

• Deterministic, but probability can still be 

estimated 

• Traditionally compared to Precip Frequency 
• 2 to 5 x greater than 24-hr, 100-year values 

• But only point estimates 

• Recent work completed to derive recurrence 

interval of PMP 
• Follows methods developed by Corps and Bureau 

• Utilize Area of storm search domain, period of record, 

observed values compared to PMP 
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PMP Probability Example 

• Regional L-moments Method 

• Stochastic Storm Transposition (SST) Method 
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What About Uncertainty of PMP? 

• Each parameter has various amounts of 

uncertainty 

• Storm selection 

• Storm maximization choice 

• Storm transposition 

• Storm analysis 

• Micovic et al. 2015-detailed examples and variance 

 

 

 



  

EWRI 2016– West Palm Beach, FL–Slide 19 

QUESTIONS 
 

Bill Kappel 
719-488-4311 

billkappel@appliedweatherassociates.com  
 

 

www.appliedweatherassociates.com 

mailto:billkappel@appliedweatherassociates.com
mailto:billkappel@appliedweatherassociates.com
http://www.appliedweatherassociates.com/
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EXTRA SLIDES 
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SPAS Storm Analyses 
  

•• 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  
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Catskill, NY-July 1819 

22 



  

EWRI 2016– West Palm Beach, FL–Slide 23 

Catskill, NY-July 1819 
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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  
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Smethport, PA-July 1942 

Rainfall 
observation site 
for the world 

Record rainfall 
amount  

• 30.8 inches 

• 4.5 hours 

• 8” pickle jar 
with 3.5” 
opening! 

• ~22” from 
roofline 
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Smethport, PA-July 1942 
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Holt, MO-June 1947 
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Thrall, TX-September 1921 
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Thrall, TX-September 1921 
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Great New England Flood-March 1936 
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Gibson Dam, MT-June 1964 
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Hurricane Agnes-June 1972 
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Hurricane Irene-August 2011 
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Hoegee’s Camp, CA-January 1943 
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OR-CA-Dec 1964 
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WA-OR-February 1996 
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WA-OR-November 2006 
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Calgary-June 2013 
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WY-CO-NM-September 2013 
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WY-CO-NM-September 2013 
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PMP Flow Chart 
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PMP History 

• HMRs completed using the best data/science at 
that time 

• Reflective of the data/processes at the time of 
development 
• Limited meteorological understanding 

• Limited technology used 

• No satellite 

• No radar 

• No GIS 
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HMR 49-Local Storm PMP Map 
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HMR 51-PMP Map 
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HMR 59-General Storm PMP Map 
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Rainfall Climate Atlases 

•• Technical PaperTechnical Paper--4040  

•• Published in Published in   

•• Covers areas of eastern USCovers areas of eastern US  

•• NOAA Atlas 2NOAA Atlas 2  

•• Covers western USCovers western US  

• NOAA Atlas 14 

• Supersedes all previous NWS documents 

46 
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Rainfall Climate Atlases 

• Several others 

• WA-OR, WDOT (Schaefer) 

• Regional precip climatology for Pacific Northwest 

• Montana 

• Southeast Regional Climate Center 

• Northeast Regional Climate Center 

• Asquith-Texas 

• Tennessee Valley Authority 
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Technical Paper 40-100 year 24 hour 
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NOAA Atlas 2-100 year 24 hour 
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NOAA Atlas 14 Map-Volume 2 
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Precip Frequency Wyoming-100 year 24 hour 
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Updated Precip Frequency vs NOAA Atlas 2 
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Temporal Distribution of PMP 
  

•• Guidance in HMRsGuidance in HMRs  

•• Critical stackingCritical stacking  

•• Storm basedStorm based  

•• New developments for siteNew developments for site--specific and storm specific and storm 

basedbased  

•• Hourly incremental Hourly incremental   

•• Continues to progressContinues to progress  
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Temporal Distribution of PMP 
  

•• Example of one potential temporal timing sequence Example of one potential temporal timing sequence 

based on HMR 52based on HMR 52  

•• 66--hr increments be arranged with single peakhr increments be arranged with single peak  

• Decrease on either side of the greatest 6-hr increment. 

• Four greatest 6-hr increments at any position except within 

the first 24-hr period.  

54 
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Temporal Distribution of PMP 
  

•• Storm Based Storm Based 

TimingTiming  

•• MCCMCC  

•• HybridHybrid  

•• SynopticSynoptic  

•• Different than HMR Different than HMR 

recommendationsrecommendations 

55 
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Temporal Distribution of PMP 
  

•• Storm Based Storm Based 

TimingTiming  

•• Areal TimingAreal Timing 
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Temporal Distribution of PMP-Arizona 
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Smethport, PA-July 1942 

• Extreme rainfall cells occurred at different times 
• During the evening hours of July 17 

• During the early morning hours of July 18 

• Spatial/temporal separation of these storm cells is very 
important for Depth-Area-Duration  

• Individual cells contributed to the initiation of other 
cells, indicating separation in both time and space among 
the cells (Weather Bureau, date unknown) 
• Thirteen rainfall centers of 20 inches or more 

• The Weather Bureau letter stated that any duration-depth 
computations for areas under 100 square miles should be 
classed as doubtful 

• The 100 square mile area contained almost all of the 
rainfall centers with 20 inches or more that the USGS 
considered doubtful 
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Smethport, PA-July 1942 

• The Smethport 1942 is the major storm in the historical 
record for the central Appalachian Mountains 

• The Smethport storm produced its heaviest rainfall in 
multiple rainfall centers 

• Thirteen rainfall centers of 20 inches or more 

• Rainfall values from the Smethport storm 
determine PMP values for the region 

• If  

• Rainfall amounts from the Smethport storm 
determine PMP rainfall amounts 

• Then 
• Following HMR 52 guidance, the spatial 

characteristics of the Smethport storm should be used 
to modify the design PMP storm pattern to have 
multiple centers (HMR 52, Section 5.1) 
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Hurricane Camille-Tyro, VA-August 1969 
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Madison County, VA-June 1995 
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HMR 49 

Example 

PMP-Arizona 

General Storm 
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HMR 51 Example PMP-Ohio Statewide  

63 



  

EWRI 2016– West Palm Beach, FL–Slide 64 

HMR Example PMP-Wyoming Statewide 
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HMR 57 Example PMP-Site-Specific 
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PMP Probability Example 

• NOAA Atlas 14 Statistical Extension 

• Regional L-moments Method 

• Stochastic Storm Transposition (SST) 

Method 

• AEP of PMP ranges from 10-5 to 10-9 AEP 

• Varies by location, duration, and storm areal 

coverage 

66 
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PMP Probability Example 

• NOAA Atlas 14 Statistical Extension 

• Identify station representative of region 

• ARF – reduce point to area 

• Fit regression to NOAA Atlas 14 data 

• Simulate AMS data and distribution to 

statically extend NOAA Atlas 14 curves 

67 



  

EWRI 2016– West Palm Beach, FL–Slide 68 

PMP Probability Example 
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PMP Probability Example 

• Probability of precipitation 

occurrence 
 

• Probability of watershed 

size from storm 

transposition region 
 

• Probability of PMP events 

from sample period of 

record 
 

• Annual Exceedance 

Probability 

69 
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PMP Probability Example 

• Probability of precipitation occurrence 
 

• Probability of watershed size from storm transposition region 
 

• Probability of PMP events from sample period of record 
 

• Annual Exceedance Probability 

70 
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What About Climate Change? 

• Climate has always been changing and always will 

• Storms used reflect those changes last ~150 years 

• PMP values represent the extreme upper limit 

• This is not affected by shorter term fluctuations 

• Captured under the umbrella of maximization/combination 

• Warmer atmosphere = more moisture, but not necessarily 

more heavy rain 

• Many unknowns, both positive and negative feedbacks 

• Follow recommendations of HMRs/WMO-no 

adjustment for climate change 
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PMP Probability Example 

• Regional L-moments 

• AMS 

• ARF  

• Point to area 

• Homogenous Regions 

• Trade space for time 

• Uncertainty Bounds 

• Regional Probability Distribution 

• Goodness-of-fit 
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PMP Probability Example 

• Stochastic Storm Transposition (SST) Method 

• Transposition Storms to Basin 

• Probability of precipitation occurrence 

 

• Probability of watershed size from storm transposition 

region 

 

• Probability of PMP events from sample period of 

record 

 

• Annual Exceedance Probability 
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What About Uncertainty of PMP? 
 

 

 

From Micovic et al. 2015 
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•History of PMP Development and Background 

•Current state of PMP 

•How are storms analyzed and used for PMP 

•Extreme storms-talking about the “big ones” 

•Probability of PMP and other events 

•Uncertainty in the process 

•Next steps/Dam safety uses 
 
 

 

 

Presentation Outline 
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So What About Dam Safety and PMP? 

• Need for reliable, updated values 

• Need for consistency 

• Many dams not previous high hazard reclassified 

• Better numbers can lead to reclaimed 

opportunities/storage 

• Most importantly-more confidence in regulatory 

process  

• Safety of lives 

• Safety of property 
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PMP-Lessons Learned 
   

• Work with regulator, hydrologists, reviewers 

• Be clear about unknowns/limitations 

• Communicate how to apply results 
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