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Background

• Floods and droughts are extreme hydrological 
events.
– If available, streamflow and/or precipitation 

records are the basis to estimate floods and 
droughts:

• When records are not long enough, extrapolation and 
statistical techniques are used to “estimate” extreme 
values

– If not available, empirical and other methods are 
also used to estimate extreme values



Recurrence Interval or Return Period, T, 
and Probability of Occurrence

• Floods (in high-flow analysis) will be equal or 
exceeded in a period of time (i.e., T)
– T = 1/P≥ , where P = probability of occurrence 

• Droughts (in low-flow analysis) will be equaled 
or less:
– T = 1/P≤ , where P = probability of occurrence 



Methods for Extreme (Flood) Flow & 
Drought Computation



Basic Definitions

• Discrete versus continuous random variables (e.g., 
floods, droughts, precipitation measurements, 
infiltration rates, etc.)

• Variate = individual observation or value (e.g., a 
discharge of 1 ft3/s measured at a particular location at 
a specific time)

• Time series = an array of variates
• Classes = equal intervals of groups of variates  (e.g., 0-

10, 10-20, 20-30, 30-40, …, ft3/s)
• Frequency = number of items (or variates) in a class



Frequency Distribution Curve:
ni = number of items in ith-class; N = total number of items in a series 

p = ni/N  [Eq. 11.1]



Probability Distributions

• For continuous random variable, x:
– PDF or Probability Density Function
– CPD or Cumulative Distribution Function

• Common PDFs (See 11.5 for detailed list with 
properties):
– Normal, 
– Lognormal
– Extreme value
– Log-Pearson Type III (Gamma Type) 



Common PDFs



Cumulative Probability Curve



Design Flood for Structures
• Acceptable Level of Risk:

– Probable Maximum Flood
– Optimum Design Flood for a Return Period, T 

• Economic Factors:
– For instance, peak flow rate at a Return Period, T, that 

minimizes the average annual cost (construction cost, 
O&M, damage cost)

• Standard Practice:
– Based on 

• type of structure, 
• importance of the structure, and 
• development of the area subject to flooding



Probability of at Least 
One Flood in n-years

• fx (exactly k events in n years) = 
Cn

k Pk (1 – P)n-k      

where, 
Cn

k = n! ÷ k! (n = k)! (see Eq. 11.3 for definitions)
 

• fx (at least one flood in n years) = 
1 – (1 – P)n, where P≥ = 1/T

• Risk = R = fx x 100



Risk level = f(Return Period)



Probability Paper

• General Purpose: 
– To “linearize” the plot (i.e., Y = MX + N) for 

different CDFs

• Probability paper for
– Normal 
– Lognormal 
– Type I extreme value or Gumbel
– Type III extreme value or Weibull



Methods of Flood Frequency Analysis 

• Graphical Method
– Usable for long records (not that common)
– Based on plotting of a Frequency Distribution Curve (see Figure 

11.2) that is data organized by classes and their frequencies
– Common paper: lognormal probability 

• Empirical Method
– Also graphical 
– Based on a ranking of variates from largest to smallest to 

estimate P or T for a plotting position (see Example 11.5)  
• Analytical Method

– Based on linearized functions, such as Equation 11.10, and the 
K-T relationships for each PDF of choice (see tables  11.6, 11.7 
and 11.7) 



Graphical Method
• Just like the development of  a ”frequency distribution” 

curve/plot as illustrated in Figure 11.2 and examples.
• Procedure:

– Flood flows are arranged into several class intervals of 
equal range in discharge;

– Cumulate the number of occurrences in each class, 
starting with the highest value;

– Determine the % of the class occurrences per total 
occurrences;

– Plot the % versus the lower discharge limit of each class on 
probability paper (i.e., commonly lognormal probability 
paper)



Example: Empirical Method:
ni = number of items in ith-class; N = total number of items in a series 

p = ni/N  [Eq. 11.1]



Empirical Method

• Also, a graphical method, as follows:
– Organize an array of n flood flow values in descending 

order of magnitude starting with the highest value;
– Assign a rank m to each value, 1 to n, form the highest 

to the smallest one;
– Calculate the “plotting position” using Weibull’s 

formula (1939):  
• Pm = m/(n + 1) or Equation 11.9, p. 436

– Plot flow (i.e., discharge) versus the plotting position 
(or percent probability of exceedance)on lognormal 
probability paper (see example of Figure 11.6)

– See application of Example 11.5.



Example 11.5: Empirical Method 



Analytical Method Distributions
(i.e., commonly used in hydrologic engineering)

• Normal (Gaussian) Distribution
• Lognormal Distribution
• Extreme Value Distribution (or Gumbel)
• Log-Pearson Type III (Gamma—Type) 

Distribution – adopted as standard by U.S. 
federal agencies for flood analysis



Analytical Method

• In classical analysis, the CDF is solved in tables 
that provide the cumulative (exceedance) 
probability for a desired flow value or

• In hydrological engineering, we used Chow 
simplified approach (1951), with Y = log X
– X = Ẍ + KS (L3T-1) for the Normal (Gaussian) 

distribution; K = frequency factor of used PDF
– Y = Ῡ + KS (L3T-1) for the Lognormal,  Log-Pearson Type 

III (Gamma-type) and Type I extreme value (Gumbel) 
distributions; K = frequency factor of used PDF

– See steps in Section 11.10.1 – Use of frequency factors



K - Normal Probability Distribution



K - Log-Pearson Type III Distribution



K - Extreme Value Type I Distribution



Generalized Skew Coefficient

• G = W gs + (1 - W)gm

• W = V(gm)/ [V(gs) = V (gm)]
– Where

• g = generalized skew coefficient
• W weighted factor
• gs sample skew coefficient
• gm map (regional) skew coefficient
• V(    ) = mean squared error of the variable in 

parentheses



Map Skew Coefficients:
Log Annual Maximum Streamflow



Confidence Limits:
Error Limits



Confidence Limits:
Probability Adjustment



Confidence Limits:
P-adjustment for Small Samples



Log-Pearson Type III Curve:
Example 11.6 with Confidence limits



Estimation of PMP
US National Weather Service



Depth-Area-Duration Relation Probable 
Maximum Precipitation (PMP)
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