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Objectives 

• Participants will understand how 
exceedance probability and exceedance 
duration curves are used in risk analysis 

• Participants will become familiar with the 
methods used to develop exceedance 
curves 
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Outline 

• Key concepts 
• Binomial distribution 
• Exceedance probability 
• Exceedance duration 
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Key Concepts 

• Water surface elevation is an important loading 
parameter for dam and levee risk analysis 
– Load proportional to square of the water depth 
– Consequences proportional to depth 

• Related parameters such as discharge, velocity, 
duration, and volume are also important 

• Partitions need to be used to develop a proper 
event tree 
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Application in Risk Analysis 
• USACE and USBR develop exceedance 

curves using similar methods 
• Application of these curves differs 

– USBR - static, hydrologic, and seismic 

– USACE - hydrologic and seismic 

5 



Binomial Distribution 

• Basis for estimating probabilities associated 
with flood parameters such as water surface 
elevation 

• Assumptions 
– Discrete trials (usually annual) 
– One outcome per trial (flood or no flood) 
– Each trial is statistically independent 
– Probabilities are constant 
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Data Acquisition and Evaluation 

 
 
 
 

• Understand data source (collection interval, what is being 
measured) 
– In most cases, daily average is available and appropriate  

• Check for missing data, data shifts, and erroneous data 
• Check that data is representative of conditions assumed for 

the risk analysis 
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Exceedance Probability 

• Probability that the water surface elevation will 
exceed a particular value in a given year 
– Used to annualize the risk estimate 
– Used to develop probability inputs for the loading 

branches of the flood event tree 
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Data Processing for Exceedance Probability 

 
 
 
 
 

• Extract annual maximums (calendar or water year) 
• Sort in descending order, rank sorted data from 1 to 

n, compute annual exceedance probability (AEP) 
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𝐴𝐴𝐴𝐴𝐴𝐴 = 100
𝑀𝑀

𝑛𝑛 + 1
 

• Weibull plotting position formula 
• M is the rank 
• n is the total number of data values 



Annual Exceedance Probability 
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Flood Event Tree Partitions 
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Partial Duration Series 

• Sometimes, the binomial distribution assumptions 
are not reasonable 
– More than one flood can occur in a given year, particularly 

for relatively frequent events (AEP > 0.1) 

• Select a threshold event and extract all independent 
events above the threshold 

• Sort in descending order, rank sorted data from 1 to 
n, compute annual exceedance probability (AEP) 
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Partial Duration Series 
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Threshold = 1435 feet
Elevation Rank (n) AEP

1493 1 0.09
1469.2 2 0.18
1465.2 3 0.27
1460.1 4 0.36
1448.4 5 0.45
1442.3 6 0.55
1440 7 0.64

1437.2 8 0.73
1437 9 0.82

1435.2 10 0.91

Period of Analysis (M=10 Years)

30 foot elevation difference in the 
annual maximum reservoir water 
surface elevation between annual series 
and partial duration series methods 



Extrapolation 

• USACE combines the period of record analysis with hydrologic 
hazard information to develop an exceedance curve for the 
full spectrum of hydrologic events 

• USBR develops a separate exceedance curve for hydrologic 
potential failure modes 

• Similar methods 
– Hydrologic modeling and routing of frequency based rainfall events 
– Routing hydrograph shapes whose volumes are consistent with the hydrologic 

hazard information 

• Consider antecedent conditions 
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Exceedance Probability Extrapolation 
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Exceedance Duration 

• Percent of time that the water surface elevation will 
exceed a particular value in  a given year 
– Can also be evaluated at monthly or seasonal time scales 

• Not a true probability for water surface elevation 
– Used to infer the probability that a particular water surface 

stage will exist when a non flood event (e.g. earthquake) 
occurs 

– Used to develop probability inputs for the loading 
branches of the seismic event tree 
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Data Processing for Exceedance Durations 

 
 
 
 
 

• Use all of the daily values that are representative 
– Seasonal, monthly, or other time periods can be used but not common 

• Sort in descending order, rank sorted data from 1 to n, 
compute annual exceedance duration (D%) 
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• Weibull plotting position formula 
• M is the rank 
• n is the total number of data values 

𝐷𝐷(%) = 100
𝑀𝑀

𝑛𝑛 + 1
 



Exceedance Duration 
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Seismic Event Tree Partitions 
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El 457.0

P=0.2

Earthquake

P=0.2

El 428.0
P=0.2

El 417.0
P=0.2

El 392.0
P=0.2

El 439.0
Interval

Index Point

Lower Bound Upper Bound Index Value Lower Bound Upper Bound Probability
447.0 467.0 457.0 0.2 0 0.2
432.0 447.0 439.0 0.4 0.2 0.2
424.0 432.0 428.0 0.6 0.4 0.2
409.0 424.0 417.0 0.8 0.6 0.2
347.0 417.0 392.0 1 0.8 0.2

Elevation Fraction of Time Exceeded



Extrapolation 

• Period of record may not be sufficient to define 
exceedance duration for high reservoir water surface 
elevations 
– Very low probabilities but may be important if 

consequences are very high 

• Stochastic simulation may be required to inform an 
extrapolation of the duration curve 
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Exceedance Duration Extrapolation 
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Exercise 

• Maximum annual reservoir 
water surface elevation has 
been recorded for each of the 
past 10 years 

• What is the annual probability 
that the maximum reservoir 
water surface elevation will be 
between 2415 feet and 2440 
feet? 
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Calendar Year 
Maximum Water 
Surface Elevation 

(feet) 
1999 2431.52 
2000 2388.10 
2001 2440.94 
2002 2415.00 
2003 2425.75 
2004 2440.04 
2005 2443.79 
2006 2413.35 
2007 2440.38 
2008 2440.71 



Suggested Steps 
• Sort data in descending order 
• Rank sorted data from 1 to 10 
• Compute AEP using Weibull plotting position formula 

AEP = Rank / (1 + 10) 

• Compute probability for the partition by subtracting 
the AEP for the upper bound from the AEP for the 
lower bound 
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Suggested Solution 

• Lower bound:  0.727 
• Upper bound: 0.455 
• Interval probability: 0.727 – 0.455 = 0.272 
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Calendar Year 
Maximum Water 

Surface 
Elevation (feet) 

Rank 
Annual 

Exceedance 
Probability 

2005 2443.79 1 0.091 
2001 2440.94 2 0.182 
2008 2440.71 3 0.273 
2007 2440.38 4 0.364 
2004 2440.04 5 0.455 
1999 2431.52 6 0.545 
2003 2425.75 7 0.636 
2002 2415.00 8 0.727 
2006 2413.35 9 0.818 
2000 2388.10 10 0.909 
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