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Overview of Topics of InterestOverview of Topics of Interest

Regional Frequency AnalysisRegional Frequency Analysis

Point PrecipitationPoint Precipitation--FrequencyFrequency

•• Regional concepts, homogeneous regionsRegional concepts, homogeneous regions

•• AtAt--site versus regional methods site versus regional methods –– sampling variabilitysampling variability

•• LL--moment statistics:  atmoment statistics:  at--site mean, Lsite mean, L--Cv,Cv, LL--SkewnessSkewness

•• Regional behavior LRegional behavior L--Cv, LCv, L--Skewness: Skewness: 

•• Trading space for time: Trading space for time: Equivalent Independent Record Length Equivalent Independent Record Length 

•• Arid to rainforest climates, durationArid to rainforest climates, duration

•• Spatial mapping of atSpatial mapping of at--site means, Lsite means, L--Cv and LCv and L--SkewnessSkewness

•• Convective, stratiform, tropical stormsConvective, stratiform, tropical storms

•• Identification of regional probability distributionIdentification of regional probability distribution

•• Storms at local, mesoStorms at local, meso--scale and synoptic scalescale and synoptic scale
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Overview of Topics of InterestOverview of Topics of Interest

Regional Frequency AnalysisRegional Frequency Analysis

Areal (Watershed) PrecipitationAreal (Watershed) Precipitation--FrequencyFrequency

•• Storm spatial analysis: Isopercental methodStorm spatial analysis: Isopercental method

•• Storm spatial analysis: Storm spatial analysis: radar & groundradar & ground--based precipitationbased precipitation

•• Uncertainties in components for                                           Uncertainties in components for                                           
d l i l i it tid l i l i it ti f l ti hif l ti hi

•• RelationshipRelationship of point to areal precipitationof point to areal precipitation

••

developing areal precipitationdeveloping areal precipitation--frequency relationshipfrequency relationship

•• Developing mean precipitationDeveloping mean precipitation--frequency curve and frequency curve and 
uncertainty bounds for watershedsuncertainty bounds for watersheds

Overview of Topics of InterestOverview of Topics of Interest

Probable Maximum Precipitation (PMP)Probable Maximum Precipitation (PMP)

•• Is there a physical upper limit  ?Is there a physical upper limit  ?

•• Uncertainties in PMP estimationUncertainties in PMP estimation

•• Sampling limitations of storm databaseSampling limitations of storm database

•• Annual Exceedance Probabilities (AEP) of published PMPsAnnual Exceedance Probabilities (AEP) of published PMPs

•• Simplifying assumptions, policy versus science decisionsSimplifying assumptions, policy versus science decisions

•• Effect of analyst’s judgmentEffect of analyst’s judgment

( ) p( ) p
•• Varies with nearness to sources of atmospheric moisture Varies with nearness to sources of atmospheric moisture 

•• Varies with length of storm season Varies with length of storm season 

•• Varies with storm characteristics of interest:Varies with storm characteristics of interest:
shortshort--duration intensities duration intensities 

longlong--duration volume duration volume 
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What’s the Status                            What’s the Status                            

of Regional Precipitationof Regional Precipitation--Frequency Analysis     Frequency Analysis     

for Use with Extreme Storms ? for Use with Extreme Storms ? 

P i it tiP i it ti F R l ti hi N d dF R l ti hi N d dPrecipitationPrecipitation--Frequency Relationships Needed          Frequency Relationships Needed          

for for WatershedsWatersheds for Rainfallfor Rainfall--Runoff Modeling           Runoff Modeling           

of Extreme Storms and Floodsof Extreme Storms and Floods

PrecipitationPrecipitation--Frequency Relationships                 Frequency Relationships                 

H B D l d f W t h dH B D l d f W t h dHave Been Developed for Watersheds                Have Been Developed for Watersheds                

using Regional Analysis Methods since 1998using Regional Analysis Methods since 1998

Hydrologic Risk Assessments - 20 Dam Projects         
USBR     BChydro     USCOE     Hydropower Utilities  

PrecipitationPrecipitation--Frequency for Watersheds Frequency for Watersheds 

What Does EndWhat Does End--Product Look Like ? Product Look Like ? 
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Methodologies Have Been Developed for Computation            Methodologies Have Been Developed for Computation            
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PrecipitationPrecipitation--Frequency for WatershedsFrequency for Watersheds
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Largest Contributions to Total Uncertainty are Typically:     Largest Contributions to Total Uncertainty are Typically:     

Uncertainties in Regional LUncertainties in Regional L--Skewness                     Skewness                     

and Relationship for Point to Arealand Relationship for Point to Areal Precipitation Precipitation 

Events0
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What Has Made Development                 What Has Made Development                 
of Precipitationof Precipitation--Frequency Relationships       Frequency Relationships       

for Watersheds Possible ? for Watersheds Possible ? 

Regional Analysis Methodology                            Regional Analysis Methodology                            

LL--Moment StatisticsMoment Statistics
major advancement in statistical measures                     major advancement in statistical measures                     

f ll d hibi i k d kf ll d hibi i k d k

grouping of datasets of like phenomenon to reduce uncertainties, grouping of datasets of like phenomenon to reduce uncertainties, 

improve identification of parent probability distribution             improve identification of parent probability distribution             
Jim Wallis Jim Wallis –– IBM ResearchIBM Research

PRISM Model                                           PRISM Model                                           

spatial mapping of precipitation and Lspatial mapping of precipitation and L--moment statisticsmoment statistics
Chris Daly Chris Daly –– Oregon State UniversityOregon State University

for small datasets exhibiting marked skewness                 for small datasets exhibiting marked skewness                 
Jon Hosking Jon Hosking –– IBM ResearchIBM Research
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Why This is Now PossibleWhy This is Now Possible

Isopercental Analysis                                    Isopercental Analysis                                    
spatial interpolation methods for spatial mapping               spatial interpolation methods for spatial mapping               

of precipitation (storm events) in mountainous areas             of precipitation (storm events) in mountainous areas             
Improvements in NWS TechniquesImprovements in NWS Techniques

SPAS Software                                          SPAS Software                                          
use of radar data and grounduse of radar data and ground--based precipitation               based precipitation               

for for spatial mapping of precipitation  (storm events)                 spatial mapping of precipitation  (storm events)                 
Applied Weather Associates and MetStat SoftwareApplied Weather Associates and MetStat Software

Building Foundation of ExperienceBuilding Foundation of Experience
experienced gained from analyses                            experienced gained from analyses                            

in variety of climatic settings has lead to better understanding in variety of climatic settings has lead to better understanding 

and improvements in methodologies and improvements in methodologies 

Regions Regions -- ConceptsConcepts

Datasets for stations (sites) within                            Datasets for stations (sites) within                            
a a Homogeneous RegionHomogeneous Region are grouped for analysis are grouped for analysis 

Heterogeneous       
S R iSuper-Regions        

for Oregon

Similar Climatic 
and                 

Topographic 
SettingStorm 

Track

Homogeneous Regions      
are Subsets of             
Heterogeneous            
Super-Regions
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Large Regional DatasetsLarge Regional Datasets

Numerous stations (datasets) available for conducting           Numerous stations (datasets) available for conducting           
Regional PrecipitationRegional Precipitation--Frequency AnalysisFrequency Analysis

Oregon State                    
700 Stations                    

34,000 Station-Years of Record

The Need for RegionalizationThe Need for Regionalization

AtAt--Site AnalysisSite Analysis

Subject to High Sampling VariabilitySubject to High Sampling Variability

Regional AnalysisRegional Analysis

Reduces Sampling Variability                         Reduces Sampling Variability                         

Groups datasets of same phenomenon                 Groups datasets of same phenomenon                 

from a homogeneous region for analysis               from a homogeneous region for analysis               

G tl i li bilit f id tifi tiG tl i li bilit f id tifi tiGreatly improves reliability of identification             Greatly improves reliability of identification             

of underlying parent probability distribution and         of underlying parent probability distribution and         

estimation of regional magnitudeestimation of regional magnitude--frequency relationshipfrequency relationship

Excel Workbook Simulations
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Simulations from Excel WorkbookSimulations from Excel Workbook
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At-Site Sample

AtAt--Site Analyses  Site Analyses  
subject to high sampling variability subject to high sampling variability 

Regional Analyses  Regional Analyses  
converges toward parent probability distributionconverges toward parent probability distribution

Benefits of Regional Analysis                    Benefits of Regional Analysis                    
(Trading Space for Time Sampling)(Trading Space for Time Sampling)

Large Geographic Regions relative to Storm Areal Coverage      Large Geographic Regions relative to Storm Areal Coverage      
Results in Independence or Low Correlation                   Results in Independence or Low Correlation                   

of Datasets at Distant Stationsof Datasets at Distant Stations

Equivalent Independent Record Length (EIRL)               Equivalent Independent Record Length (EIRL)               
is a measure of the statistical information                   is a measure of the statistical information                   

in the regional dataset in the regional dataset 

EIRL is a function of:EIRL is a function of:

•• Size of region relative to typical areal coverage of storms Size of region relative to typical areal coverage of storms 

•• Number of storms per storm seasonNumber of storms per storm season

•• Density of precipitation measurement stationsDensity of precipitation measurement stations

•• Chronological length of dataset (1966Chronological length of dataset (1966--2011)2011)
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Equivalent Equivalent IndependentIndependent Record Length (EIRL)Record Length (EIRL)
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(smaller uncertainty bounds) for estimates of extreme precipitation(smaller uncertainty bounds) for estimates of extreme precipitation

1:10 AEP

Regional Frequency Regional Frequency Analysis Analysis -- OriginsOrigins

Regional precipitationRegional precipitation--frequency analysis uses              frequency analysis uses              

Index Flood Methodology Index Flood Methodology which originated in 1950s at USGSwhich originated in 1950s at USGS

ProbabilityProbability--Plots for same phenomenon exhibit similar behaviorPlots for same phenomenon exhibit similar behavior
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Regional Frequency Regional Frequency Analysis Analysis -- ConceptsConcepts

Station datasets           Station datasets           

are made dimensionless    are made dimensionless    
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Regional Growth Curve
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Graphical Example of Regional AnalysisGraphical Example of Regional Analysis

Comparing Slope and Shape                         Comparing Slope and Shape                         

of Dimensionless Probabilityof Dimensionless Probability--Plots                     Plots                     yy

for Sites on West Face of Sierra Mountainsfor Sites on West Face of Sierra Mountains

Physical InterpretationPhysical Interpretation

Dimensionless ProbabilityDimensionless Probability--Plots                       Plots                       

Reflect Frequency Characteristics                     Reflect Frequency Characteristics                     

of Storms Generated by Pacific Ocean                  of Storms Generated by Pacific Ocean                  

Measured on Upwind Mountain FacesMeasured on Upwind Mountain Faces
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Graphical Example of Regional AnalysisGraphical Example of Regional Analysis

Region Growth Curve                                 Region Growth Curve                                 
Dimensionless Regional Frequency CurveDimensionless Regional Frequency Curve
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Differences in probabilityDifferences in probability--plots                          plots                          
attributed primarily to sampling variabilityattributed primarily to sampling variability
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Numerical Solution of Regional Growth CurveNumerical Solution of Regional Growth Curve

Regional  LRegional  L--Moment Ratios                     Moment Ratios                     

LL Cv (dimensionless scale)Cv (dimensionless scale)LL--Cv (dimensionless scale)                      Cv (dimensionless scale)                      

LL--Skewness (dimensionless shape)               Skewness (dimensionless shape)               

used to obtain robust solution                    used to obtain robust solution                    

of Regional Growth Curve                       of Regional Growth Curve                       gg

for Identified Regional Probability Distribution for Identified Regional Probability Distribution 

Numerical counterpart to graphical solutionNumerical counterpart to graphical solution
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PRISM Model PRISM Model 

Expert System for Spatial Mapping of Climatic Variables Expert System for Spatial Mapping of Climatic Variables 

Resolution           

30 arc-seconds

800-meters

gridded data

Provides Base Layer   

Explanatory Variable 

for                  

Precipitation Precipitation –– monthly, annual, specific stormsmonthly, annual, specific storms

Snowpack, Temperature, Dewpoint Snowpack, Temperature, Dewpoint 

Regression Analysis

Example Example –– Spatial Mapping of LSpatial Mapping of L--CvCv
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Regional LRegional L--Cv is Indicative                                Cv is Indicative                                
of Slope of the Regional Growth Curveof Slope of the Regional Growth Curve

Regional LRegional L--Cv and LCv and L--Skewness can be Spatially MappedSkewness can be Spatially Mapped
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Example Example –– Spatial Mapping of LSpatial Mapping of L--CvCv

PRISM Mean Annual Precipitation is Explanatory VariablePRISM Mean Annual Precipitation is Explanatory Variable

L-Cv Relationships   Eastern - Oregon Study Area
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Example Example –– Spatial Mapping of LSpatial Mapping of L--CvCv

Lower LLower L--Cv      Cv      
in humid        in humid        

and            and            
rainrain--forest forest 
climatesclimates

Higher LHigher L--Cv Cv 
in arid          in arid          

andandand            and            
semisemi--arid arid 
climatesclimates

L-Cv is a Continuum – Regional Boundaries Eliminated
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Regional Regional LL--Moments    LMoments    L--SkewnessSkewness

LL--Skewness               Skewness               
a dimensionless measure   a dimensionless measure   

of skewness (volatility)of skewness (volatility)3.0
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GEV - Regional Growth Curves

seen as curvature of        seen as curvature of        
Regional Growth CurveRegional Growth Curve
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Higher LHigher L--Skewness in             Skewness in             
arid and semiarid and semi--arid climatesarid climates

Regional Probability Distribution Regional Probability Distribution 

Studies in Western United States and British Columbia         Studies in Western United States and British Columbia         
have shown 1have shown 1--Day to 7Day to 7--Day Precipitation Annual Maxima        Day Precipitation Annual Maxima        

to be Described by a Probability Distribution Near              to be Described by a Probability Distribution Near              
the Generalized Extreme Value (GEV) Distributionthe Generalized Extreme Value (GEV) Distributionthe Generalized Extreme Value (GEV) Distribution   the Generalized Extreme Value (GEV) Distribution   

Results from Regions                 Results from Regions                 

in Oregon for 24in Oregon for 24--Hour                  Hour                  
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PrecipitationPrecipitation--Frequency MappingFrequency Mapping

Mapping of AtMapping of At--Site Means, Regional LSite Means, Regional L--Cv and LCv and L--Skewness Skewness 
Allows Mapping of PrecipitationAllows Mapping of Precipitation--FrequencyFrequency

Oregon StateOregon StateOregon StateOregon State
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Precipitation Precipitation 
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PrecipitationPrecipitation--Frequency MappingFrequency Mapping
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Precipitation Precipitation 
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Southwest British ColumbiaSouthwest British Columbia
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Development of PrecipitationDevelopment of Precipitation--Frequency Frequency 
Relationships for WatershedsRelationships for Watersheds

Need Relationship between Point Precipitation               Need Relationship between Point Precipitation               

and Areal Precipitation for Major Stormsand Areal Precipitation for Major Storms

GIS Storm AnalysisGIS Storm Analysis

(Spatial Analysis) (Spatial Analysis) 

using                using                

Isopercental MethodIsopercental Method
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Spatial Mapping of Precipitation                  Spatial Mapping of Precipitation                  
with Isopercental Methodwith Isopercental Method

Convert from Precipitation Domain to Frequency Domain, Convert from Precipitation Domain to Frequency Domain, 

Divide 72Divide 72--hr Station Precipitation by Athr Station Precipitation by At--Site MeanSite Mean

Over 100 Major 

Storms Analyzed

Well-Behaved Mild      
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Inverse Distance Weighting (IDW) in Frequency DomainInverse Distance Weighting (IDW) in Frequency Domain

Gradients              

in Frequency Domain
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Spatial Mapping of Precipitation                  Spatial Mapping of Precipitation                  
with Isopercental Methodwith Isopercental Method

Transform from Frequency Domain (Isopercental) to Transform from Frequency Domain (Isopercental) to 

Precipitation Using Spatial Map of AtPrecipitation Using Spatial Map of At--Site MeansSite Means

West Face Sierra Mountains                   

72-Hour At-Site Mean  Precipitation

Spatial Mapping of Precipitation                  Spatial Mapping of Precipitation                  
with SPAS Softwarewith SPAS Software

Spatial Mapping of Precipitation Using Radar Data and Spatial Mapping of Precipitation Using Radar Data and 

Precipitation Data Precipitation Data –– MetStat and Applied Weather Associates 

NEXRAD Radar Data         

since mid-1990s

Allows for Computation of DepthAllows for Computation of Depth--AreaArea--Duration for Storm Duration for Storm 

and Basinand Basin--Average Precipitation for WatershedAverage Precipitation for Watershed
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Characterize Uncertainties for Use in Developing Characterize Uncertainties for Use in Developing 
PrecipitationPrecipitation--Frequency Curve for WatershedFrequency Curve for Watershed

Develop Probability Distributions for Uncertainties Develop Probability Distributions for Uncertainties 

Point Precipitation AtPoint Precipitation At--Site MeanSite Mean

Regional LRegional L--CvCv

RegionalRegional LL--SkewnessSkewness

Regional Probability DistributionRegional Probability Distribution

Relationship of Point to Areal PrecipitationRelationship of Point to Areal Precipitation

Monte Carlo Simulation Used to Develop          Monte Carlo Simulation Used to Develop          
Mean PrecipitationMean Precipitation--Frequency Curve              Frequency Curve              

and Uncertainty Bounds and Uncertainty Bounds 
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Summary: PrecipitationSummary: Precipitation--FrequencyFrequency

Key Components for Developing                          Key Components for Developing                          

PrecipitationPrecipitation--Frequency Relationships                     Frequency Relationships                     

and Reliable Estimates of Extreme Precipitation             and Reliable Estimates of Extreme Precipitation             

for Watershedfor Watershed--Specific ApplicationsSpecific Applications

Regional Analysis MethodsRegional Analysis Methods

Large Regional DatasetsLarge Regional Datasets

LL--Moment StatisticsMoment Statistics

Spatial Analysis of Storms (Isopercental, SPAS)Spatial Analysis of Storms (Isopercental, SPAS)

GIS Spatial Mapping Tools, PRISM modelGIS Spatial Mapping Tools, PRISM model

Annual Exceedance Probabilities (AEPs)           Annual Exceedance Probabilities (AEPs)           

of Published PMP Estimatesof Published PMP Estimates

AEPs for PMP based on Regional PrecipitationAEPs for PMP based on Regional Precipitation--Frequency     Frequency     

andand Analyses of Historical Extreme Storms (%PMP)Analyses of Historical Extreme Storms (%PMP)

AEPs of PMP vary from about 10AEPs of PMP vary from about 10--44 to perhaps 10to perhaps 10--1010

AEP varies AEP varies -- nearness to sources of atmospheric moisture nearness to sources of atmospheric moisture 
(Coastal versus Inland Areas) (Coastal versus Inland Areas) 

AEP varies number of storms in storm season

andand Analyses of Historical Extreme Storms (%PMP)Analyses of Historical Extreme Storms (%PMP)

AEP varies - number of storms in storm season              
(Arid versus Humid Climates)

AEP varies with storm characteristics of interestAEP varies with storm characteristics of interest

(Short(Short--duration intensities, duration intensities, LongLong--duration volume)duration volume)
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Uncertainties in PMP EstimatesUncertainties in PMP Estimates

•• Sampling limitations of storm database (storm efficiency)Sampling limitations of storm database (storm efficiency)

•• Simplifying assumptions, policy versus science decisionsSimplifying assumptions, policy versus science decisions

•• Inflow moisture flux for moisture maximizationInflow moisture flux for moisture maximization

•• Effect of analyst’s judgmentEffect of analyst’s judgment
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Summary Summary -- PMPPMP

AEPs for PMP Have Much Wider Range                 AEPs for PMP Have Much Wider Range                 

Than “Assumed” in Engineering CommunityThan “Assumed” in Engineering Community

Magnitude of Uncertainties in PMP Estimation           Magnitude of Uncertainties in PMP Estimation           

Will Likely Surprise Many in Engineering CommunityWill Likely Surprise Many in Engineering Community
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