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introduction

• Hydrologic systems are sometimes impacted by extreme events, such 
as severe storms, floods, and droughts. 

• The magnitude of an extreme event is inversely related to its 
frequency of occurrence, very severe events occurring less frequently 
than more moderate events.

• The objective of frequency analysis of hydrologic data is to relate the 
magnitude of extreme events to their frequency of occurrence 
through the use of probability distributions.



• The results of flood flow frequency analysis can be used for many 
engineering purposes: 

for the design of                            dams, 

bridges, 

culverts, and flood control structures; 

to determine the economic value of flood control projects;

 to delineate flood plains and determine the effect of encroachments 
onthe flood plain.



flood

• Is an unusually high stage in a river-normally the level at which the 
river overflowsw its banks and inundates the adjoining area causing 
significant amount of damage.



Estimation methods of magnitude of peak 
flood

1. Rational method(<50km2)

2. Emperical method

3. UH technique(<5000km2)

4. Flood frquency studies

Use of particular method depends on

i. The desired objective

ii. The availiable data

iii. The importance of the project



Concepts of statistics and probability 

• The hydrologic processes are measured as

1. Point Sample
-Measurements made through time at a fixed location in 

space.“Time Series”.

2. Distributed Samples
-Measurement made over a line or area in space at a specific 

point in time. “Space Series”.

• The hydrologic processes evolve in space and time



Concepts of statistics and probability 

• The hydrologic process is partly predictable or 
“Deterministic Process”.

• Some hydrologic process is partly unpredictable (random) 
or “Stochastic Process”



Concepts of statistics and probability 

Sample

Population

Inference Using Probability



Concepts of statistics and probability 

Sample Space, 

A B

AB

• P(A) = Probability of Event 
A

• P(A) = lim(nA/n) ; n
• nA/n = relative frequency

• Sample Space; the set of all possible sample that could be drawn from the 
population.

• Event; a subset of sample space.



Concepts of statistics and probability 

• 1. Total Probability
P(A1)+P(A2)+………+P(Am) = P() = 1

2. Complementarity
P(A) = 1-P(B)

3. Conditional Probability
-Dependent Events

P(AB) = P(B/A)*P(A)
P(B/A) = P(AB)/P(A)

-Independent Events
P(B/A) = P(B)
P(AB) = P(B)*P(A)



example

The values of annual precipitation in College Station, Texas,
from 1910 to 1970 are shown in table and plotted as a
time series in the figure.

What is the probability that the annual precipitation R in
any year will be less than 35 in? Between 35 and 45 in?



example

Year 1910 1920 1930 1940 1950 1960 1970

0

1

2

3

4

5

6

7

8

9

39.9

31.0

42.3

42.1

41.1

28.7

16.8

34.1

56.4

48.7

44.1

42.8

48.4

34.2

32.4

46.4

38.9

37.3

50.6

44.8

34.0

45.6

37.3

43.7

41.8

41.1

31.2

35.2

35.1

49.3

44.2

41.7

30.8

53.6

34.5

50.3

43.8

21.6

47.1

31.2

27.0

37.0

46.8

26.9

25.4

23.0

56.5

43.4

41.3

46.0

44.3

37.8

29.6

35.1

49.7

36.6

32.5

61.7

47.4

33.9

31.7

31.5

59.6

50.5

38.6

43.4

28.7

32.0

51.8



solution

There are n = 79-11+1 = 69 data. 
Let A be the event R < 35.0 in.

B be the event R >45.0 in. 

The numbers of values falling in these ranges are 
nA = 23
nB = 19

So, P(A)  23/69 = 0.333
P(B)  19/69 = 0.275

The probability that the annual precipitation is between 35    
and 45 in can be calculated

P(35.0R45.0) = 1-P(R<35.0)-P(R>45.0)
= 1-0.333-0.275
= 0.392



Frequency and  probability functions





Frequency and  probability functions



Gumbels method



For N… ∞



For practical use 



Practical use



Gumbel probability plot
• Is an aid paper for convinient graphical representation of gumbels 

distribution.

• Usually used for graphical extrapolation



Example(solution)

• Annual maximum recorded floods in a river for the period of 1951-
1977 is given below.verify wheather the gumbel extreme-value 
distribution fit the recorded values.estimate the flood discharge with 
recurrence interval of 

• 100 years

• 150 years

flood frequency analysisexampl.xlsx


Example 2

• Flood frequency computations for the river by using gumbel method 
yeilded the following results.

Estimate the flood magnitude with return period of 500years.

return period peak flood

50 40809

100 46300







Estimation of design floods to spillway and 
other hydraulic structures 

• A well-designed, constructed and operated dam can reduce flood risk 
in developed areas downstream by temporarily impounding flood 
waters and 

• attenuating the observed peak flood flows in vulnerable low lying 
areas, even if the dam is not specifically designed for flood mitigation. 



Estimation of design floods to spillway 
and other hydraulic structures 

• There are several potential causes of dam failure including 

• hydrologic,

• hydraulic, 

• geologic, 

• seismic, 

• structural, 

• mechanical, and 

• operational. 



Estimation of design floods to spillway 
and other hydraulic structures 

• hydrologic failure modes are limited to the selection of the IDF for
the hydrologic design of a dam to reduce risks to the public.

• However, decisions to invest in risk reduction actions should be made
in the context of all risks at a dam to ensure that the proposed
modifications are not providing a false sense of safety by not
addressing other risks or failure modes which may be more likely.




