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Flood Frequency Analysis - 2
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Daily Flow Series for Wabash River at Lafayette from 2012-2017
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FFA Using Sample Data
• What is Q2 for this site?
• What is Q50 or Q100?
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Year Data Sorted Rank EP T

1923 38400 129000 1 0.03 31.00

1924 58400 88000 2 0.06 15.50

1925 61900 87200 3 0.10 10.33

1926 57000 73600 4 0.13 7.75

1927 63500 73500 5 0.16 6.20

1928 34100 71500 6 0.19 5.17

1929 38500 67500 7 0.23 4.43

1930 73500 63500 8 0.26 3.88

1931 16500 61900 9 0.29 3.44

1932 40100 59800 10 0.32 3.10

1933 67500 59600 11 0.35 2.82

1934 20400 58400 12 0.39 2.58

1935 36700 58000 13 0.42 2.38

1936 87200 57000 14 0.45 2.21

1937 58000 50000 15 0.48 2.07

1938 59800 46000 16 0.52 1.94

1939 73600 43600 17 0.55 1.82

1940 33300 41500 18 0.58 1.72

1941 13500 40100 19 0.61 1.63

1942 43600 40000 20 0.65 1.55

1943 129000 39700 21 0.68 1.48

1944 71500 38500 22 0.71 1.41

1945 46000 38400 23 0.74 1.35

1946 35200 36700 24 0.77 1.29

1947 40000 35200 25 0.81 1.24

1948 39700 34100 26 0.84 1.19

1949 59600 33300 27 0.87 1.15

1950 88000 20400 28 0.90 1.11

1951 50000 16500 29 0.94 1.07

1952 41500 13500 30 0.97 1.03

Year Data Sorted Rank EP T

1953 34600 97000 1 0.03 31.00

1954 17900 87600 2 0.06 15.50

1955 35000 67100 3 0.10 10.33

1956 29400 65300 4 0.13 7.75

1957 51900 64900 5 0.16 6.20

1958 97000 64100 6 0.19 5.17

1959 87600 60000 7 0.23 4.43

1960 38100 57600 8 0.26 3.88

1961 54700 55300 9 0.29 3.44

1962 45000 54700 10 0.32 3.10

1963 60000 52500 11 0.35 2.82

1964 57600 51900 12 0.39 2.58

1965 36000 49500 13 0.42 2.38

1966 64100 48800 14 0.45 2.21

1967 65300 46200 15 0.48 2.07

1968 67100 45000 16 0.52 1.94

1969 64900 43400 17 0.55 1.82

1970 41700 43200 18 0.58 1.72

1971 30000 41700 19 0.61 1.63

1972 38500 39500 20 0.65 1.55

1973 39500 38500 21 0.68 1.48

1974 52500 38100 22 0.71 1.41

1975 34700 36000 23 0.74 1.35

1976 43400 35000 24 0.77 1.29

1977 31400 34700 25 0.81 1.24

1978 49500 34600 26 0.84 1.19

1979 48800 31400 27 0.87 1.15

1980 46200 30000 28 0.90 1.11

1981 43200 29400 29 0.94 1.07

1982 55300 17900 30 0.97 1.03

Year Data Sorted Rank EP T

1983 59100 79200 1 0.03 31.00

1984 40000 79000 2 0.06 15.50

1985 79200 78300 3 0.10 10.33

1986 30800 75200 4 0.13 7.75

1987 23600 71000 5 0.16 6.20

1988 32600 70300 6 0.19 5.17

1989 39500 63500 7 0.23 4.43

1990 75200 61100 8 0.26 3.88

1991 70300 59100 9 0.29 3.44

1992 53000 58600 10 0.32 3.10

1993 61100 57800 11 0.35 2.82

1994 63500 57100 12 0.39 2.58

1995 29500 56800 13 0.42 2.38

1996 34600 54000 14 0.45 2.21

1997 53000 53000 15 0.48 2.07

1998 54000 53000 16 0.52 1.94

1999 58600 49700 17 0.55 1.82

2000 30000 42000 18 0.58 1.72

2001 35100 40000 19 0.61 1.63

2002 39600 39600 20 0.65 1.55

2003 79000 39500 21 0.68 1.48

2004 56800 35100 22 0.71 1.41

2005 78300 34600 23 0.74 1.35

2006 33400 34600 24 0.77 1.29

2007 49700 33400 25 0.81 1.24

2008 71000 32600 26 0.84 1.19

2009 57800 30800 27 0.87 1.15

2010 42000 30000 28 0.90 1.11

2011 57100 29500 29 0.94 1.07

2012 34600 23600 30 0.97 1.03



Sample vs population

• FFA using sample data requires large sample 
(>200 years at least) for computing Q50 or 
Q100.

• If we can assume the parent or population 
distribution for our data, we can extract as 
many random values as possible 

• How do we know the parent probability 
distribution?
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Frequency Histogram and Relative 
Frequency

4

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

0

5

10

15

20

25

30

39,167 52,000 64,833 77,667 90,500 26,333 13,500 103,333 116,167

Fr
e

q
u

e
n

cy

Bin

Frequency Histogram

Frequency

Cumulative %

0

0.05

0.1

0.15

0.2

0.25

0.3

13,500 26,333 39,167 52,000 64,833 77,667 90,500 103,333

R
e

la
ti

ve
 F

re
q

u
e

n
cy

Bin (Range)

Relative Frequency



Creating Histogram/Relative Frequency Plot for 
a sample

• Use the Data Analysis ToolPak in Excel to use the Histogram tool
• Input range is your entire annual maximum series, you can define bins for 

leave that empty, use new worksheet  for displaying the histogram and 
select chart output.

• You will see a table and the histogram in a new sheet. 
• The table gives you the frequency (total number of values within the 

specified bin). If you divide the frequency by the total number of data 
points, you will get probability. Plot of these probability against the bin 
size will give you a probability density plot
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How to fit a PDF to Annual Maximum 
Series?
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The properties of sample (mean, standard deviation, skewness, kurtosis) could be 
used to describe the nature of the  parent distribution, which can then provide us 
flow values for any probability.



Equations for mean, st. dev. and 
skewness
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Sample mean , where n is the sample size.

Coefficient of skewness

Sample standard deviation 
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Skewed Distribution
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Source: http://researchbasics.education.uconn.edu/normal-distribution/

Cs = 0Cs < 0 Cs > 0

Cs = Coefficeint of Skewness
Annual peak flow series is usually positively skewed



PDF and CDF
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P 𝑎 ≤ 𝑋 ≤ 𝑏 = 𝑎׬
𝑏
𝑓(𝑥)

P X = 𝑥 = 𝑓(𝑥)

𝐹(𝑥) = P X ≤ 𝑥

1 − 𝐹(𝑥) = P X ≥ 𝑥

Discrete Probability

Continuous Probability

Cumulative Density Function

EP = 1 − 𝐹(𝑥)

𝐹 𝑥 = 1 −
1

𝑇

𝑥𝑇 = 𝐹−1 (1 −
1

𝑇
)

1

𝑇
= 1 − 𝐹(𝑥)



Probability Distribution Models

• Normal

• Log Normal

• Exponential

• Gamma

• Log Pearson III

• Gumbel

• Extreme Value Type 1

• …

𝑓 𝑥 = …

Each distribution has a 
different equation 
describing the shape of the 
probability density 
function and cumulative 
distribution function. 

Analysts should select the 
model that best fits the 
variable of interest 

F 𝑥 = …

Annual Peak Flow is commonly 
modeled using 
• Extreme Value I 
• Log Pearson III (recommended 

by Bulletin 17B)
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EV type I distribution

• If M1, M2…, Mn be a set of daily rainfall or streamflow, and 
let X = max(Mi) be the maximum for the year. If Mi are 
independent and identically distributed, then for large n, X 
has an extreme value type I or Gumbel distribution.

Distribution of annual maximum streamflow follows an EV1 distribution
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𝐹(𝑥) = exp − exp −
𝑥 − 𝑢

𝛼
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Expression for xT using EV1
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EV1 is an invertible function – we can simplify F (x) to get value of x for 
any T. 
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Pearson Type III 

• Named after the statistician Pearson, it is also 
called three-parameter gamma distribution. A 
lower bound is introduced through the third 
parameter (e)  
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It is also a skewed distribution first applied in hydrology for 
describing the pdf of annual maximum flows.
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Log-Pearson Type III

• If y = log X follows a Person Type III 
distribution, then X is said to have a log-
Pearson Type III distribution
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Frequency Factor Method

• Expression for xT can be derived only if the 
distribution is invertible, many are not.

• Once a distribution has been selected and its 
parameters estimated, then how do we use it?

• Chow proposed using:

• where
T T xx x K s= +
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kT for EV1 Distribution
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Using LP III for Flood Frequency 
Analysis

• Usually x (Q in hydrology) is given

• Develop y = log (x) series

• Find ybar and Sy

• Then find yT using the frequency factor 
method, 

• Then xT = 10 ^ yT

T T yy y K s= +

Q: How to find kTfor Pearson Type III distribution?
A: Table 12.3.1 in Chow Maidment Mays gives kT if you know T (return period) and cs

for your data. 
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