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X%\ Lecture contents of the last weeks (Week-6-7)

S

CHAPTER -3 Flood Routing
3.1 General
3.2 Simple non-storage routing
3.3 Reservoir or Level Pool Routing

3.4 Channel Routing



gﬁ&% Home assignment:

| hope you are sure you area able to exercise on:

* Flood routing

= Importance of flood routing

= Types of flood routing

= Techniques of flood routing

= Mathematical representation of flood routing

* Problem analysis using paper and excel




2%\ Lecture contents of the week (Week-8 & 9)

S

HAPTER -4 FREQUENCY ANALYSIS
4.1 Flow Frequency
4.2 Flood Probability
4.3 Methods of Peak flood determination



2%y Lecture Learning Outcomes

g

Course Learning Outcomes: After completion of this Lecture, you will be able to:

Examine the probability of occurrence;
« Define flood frequency, probability and recurrence interval
« List methods of flood frequency analysis
 Analyze design flood using Gumbel's and log-pearson methods
« Describe regional frequency and low flow analysis
« Explain risk, reliability and safety factor

LO-4:
LO-5:
LO-6:



& Frequency Analysis: General

S

= The annual peak discharge is considered to be a random variable.

= Probability and statistical methods are employed for analysis of random

variables.

= A statement of the probability of the stream flows is important for
planning water resources development
= These probabilities are important to the economic and social evaluation of a
project.
= The failure of which seriously threatens human life, a more extreme
event, the probable maximum flood, has become the standard for

designing the spillway.



%y Frequency Analysis: Importance

=" 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; and

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

" Frequency Is the number of times a specific data value occurs in a
dataset, while
= Cumulative frequency is the running total of frequencies, showing how

many times a data value or a value below it has occurred.



2\ Frequency Analysis: Importance

= Defining probability from a given set of hydrologic data employed for determining

design flood for major hydraulic structures.

= Frequency analysis is the hydrologic term used to describe the probability of

occurrence of a particular hydrologic event (e.g. rainfall, flood, drought, etc.).

= For planning and designing of water resources development projects, the
important parameters are river discharges and related questions on the

frequency & duration of normal flows and extreme flows.

= 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



G Frequency Analysis: Terminologies

S

= Univariate: Uni means "one", so the data has only one variable
(univariate). Univariate data requires to analyze each variable

separately.

* Random event/process/variable: an event/process that is not and
cannot be made exact and, consequently, whose outcome cannot be

predicted, e.qg., the sum of the numbers on two rolled dice.

= Probability: an estimate of the likelihood that a random event will

produce a certain outcome.

= A parameter Is a value or variable that influences the behavior or

characteristics of a system, process, or function.




G Frequency Analysis: Terminologies

S

= A probability distribution: is a statistical function that describes all
the possible values and likelihoods that a random variable can take

within a given range.
= It depicts the expected outcomes of possible values for a given data-

generating process.

“It is defined by the mean, standard deviation, skewness, and
kurtosis.

* Read and do some exercise on these statistical distributions



B Frequency Analysis: Terminologies

S

" Plotting positions: are numerical values that represent the probability of

an observed event or value being exceeded within a dataset or sample.

" A frequency distribution is a way to organize and display the
frequency of each value or category within a dataset.

= It's presented in the form of a table or graph, that shows how many times

each value appears.

* Frequency:. The number of times a specific value or category occurs in a

dataset.

= Distribution: The pattern or arrangement of frequencies across the different

values or categories.



%y Frequency Analysis: Terminologies

= A frequency distribution is a way to organize and display the
frequency of each value or category within a dataset.

= Ungrouped Frequency Distribution: Each unique value in the dataset is

listed with its frequency.

= Grouped Frequency Distribution: Data is grouped into intervals or

classes, and the frequency of observations within each class is shown.

= Relative Frequency: The frequency of a value or category divided by the

total number of observations, often expressed as a percentage.

= Cumulative Frequency: The running total of frequencies as you move

through the sorted data.



%y Frequency Analysis: Terminologies

class Fe20697 SO
15-25 10 10
25-50 15 25
50-70 8 33
70-95 12 45
95-120 10 55
120-140 14 69
140-160 8 77
160-180 6 83
180-200 10 93
200-220 / 100

120
100

80

Nel

%;iJ]JJJ]J

6)’ Q Q ’ % ’ % ’

mfrequency(%) = Cum.frequency



%y Frequency Analysis: Hydrologic Statistics

Remember from your past knowledge to:

1. define some of the important terms of statistical and

probabilistic hydrology;

2. describe measures of location, dispersion, and symmetry

of both grouped and ungrouped data;

3. describe standard errors of mean, standard deviation, and

coefficient of skewness:



%y Frequency Analysis: Hydrologic Statistics

Remember from your past knowledge to:

1. Sample data: A sample consists of the data derived fi-om the
observation of an event.

2. Population: A population can be defined as a combination of
infinite number of discrete samples.

3. Random events: Those events whose occurrences are not PDF CDF
affected by their earlier occurrences are called random events. CDF vs. PDF: What is the Difference? |
GeeksforGeeks

4. Probability density function (PDF): It is the probability of
occurrence of an event,

5.  Cumulative density function (CDF): It is the probability of
non- of the event (less than or equal to).

6. Parameters and statistics


https://www.geeksforgeeks.org/cdf-vs-pdf-what-is-the-difference/

%y Frequency Analysis: Hydrologic Statistics

The commonly used sample characteristics include:

1. the central tendency or the value around which all other

values are clustered, [mean, median]

2. the spread of sample values about the mean, [variance, SD,
range]
3. the asymmetry or skewness of the frequency distribution,

and

4. the flatness of the frequency distribution, [kurtosis].



%y Frequency Analysis: Hydrologic Statistics

The commonly used sample characteristics include:
1. Variance (S?): It represents the dispersion about the mean.

N
_Elm—.f)z

2=
S N

2. Standard deviation (S): is the square root of the variance.

S=[UN-1) 3 (x;,— %2

i=1



%y Frequency Analysis: Hydrologic Statistics

The commonly used sample characteristics include:

3. Coefficient of variation (C,): is a dimensionless dispersion
parameter and iIs equal to the ratio of the standard deviation

C,=S/%

to the mean.

4. Symmetry:

1. Third central moment (M;): of sample data about the mean is

given by:




%y Frequency Analysis: Hydrologic Statistics

The commonly used sample characteristics include:

4. Symmetry:
2. Skewness coefficient (S;): of sample data about the mean is given by:
N
N Y (xi—%)°
i=1

C,=
(N =DV -2)s°

5. Peakedness or Flatness: of the frequency distribution near its
center is measured by kurtosis coefficient (C,), which is

. N
expressed as: NS (= 5)*
=1

C,= -
N-1DN-2)N -3) §




%y Frequency Analysis: Hydrologic Statistics

The commonly used sample characteristics include:

6. Standard Errors: mean and standard deviation, derived from a short period
of sample record, represent only an estimate of the population statistic.

= The reliability of such estimates can be evaluated from their standard errors
(SE).

=The standard errors of commonly used mean, SE(X), standard deviation,
SE(S),

SE(X) = S /N
SE(S) =S /V2N



%y Frequency Analysis: Hydrologic Statistics

The of the commonly probability distribution used in hydrology and water
resources are:

1. Normal, ---- reduced variate: z = x?Tu (i, 6),

Z2. Lognormal (two- and three-parameters), hydrologic variables act
multiplicatively rather than additively. ----

Extreme value type-I (Gumbel or EVI), ----
Pearson type-lll, or Gamma -----

Log-Pearson type-lll, -----

o o~ W

General extreme value (GEV), -----



X%y Flood frequency distributions

Probability Density Function

Equation of

Distribution Range
parameters in terms
of the sample moments
Exponential | f(x) = éexp[_g:)} x20 | B=Xx
Extreme value | f(x) = %exp {—%—exp[—%]] (o< |u=7¥ -057728
type-[ \;’E 5,
x <o) | f= —
T
£ ¥-1,—xif 2
Gamma flx) = X) e xz0 | B= —(Si)
B T(y) +
Normal flx)= I e:xp[— (x _‘[;}2 } (—oos |u=Xx, o=5,
G; 2.'|‘T 26 X< )
1 1 Inx—p 2
Lognormal X exp| — 7"] x>0 y, 6,=§,
2 J(x) m p 2( o, =¥
(x —u)”"exp{i_(x - ")]
Pears A =
earson F(x) . XZ2u | u=x- .rx\/71
type-I11 B'T(y) 2
_NY =(2
P 77 ( g ]
e _
Log-Pearson | f(x) = (Inx - ) chHm x — WP Inxz2u| u=y- s‘.ﬁ
tpe I BITG)

= Probability distribution parameters

in relation to sample moments



%y Frequency Analysis: Hydrologic Statistics

Example 1: Compute standard error of mean and standard

Month

Jan

Feb

Mar

Apr

May

June

July

Aug

Sept

Oct

Nov

Dec

deviation of the data given:

Rainfall in mm

12

10

5

1

2

8

15

25

22

15

12

12

(a) Find the mean rainfall, variance, standard deviation and

coefficient of variation.
(b) The standard error
(c) Skewness and kurtosis

Interpret your results.




%y Frequency Analysis: Hydrologic Statistics

Given:

Month Jan | Feb | Mar | Apr | May| June| July | Aug | Sept| Oct | Nov |Dec
Rainfallinmm | 12 10| 5 [ 1 | 2| 8 [ 152522 15| 12|12
(12-11.58)2 +(10—11.58)? + (5 -11.58)% + (1 —11.58)?
+(2-11.58)2+(8 —11.58)? + (15 —11.58)% + (25 —11.58)?

——— ,

Required: @) X (mm), S, S, and Cv (22-11.58)2 +(15 —11.58) + (12 =11.58)% + (12 —11.58)>
Variance §* = & 3.1

b) The standard error ) -

(b) 0.1764 + 2.4964 + 43.2964 +111.9364

Solution: (a) +91.7764 +12.8164 + 11.6964 + 180.0964

Mean rainfall, X | +108.5764+11.6964+0.1764+0.1764 |

12 +10+5+1+ 2+ 8 +15 +25 +22 +15 +12 +12 I

12 =52.26

— 11.58 mm Standard deviation § = 7.229
Coefficient of variation = 7.229/11.58 = 0.624




%y Frequency Analysis: Hydrologic Statistics

Given: (b) N=12, and S=7.229 Required: (b) SE(X), and, SE(S);

Solution: 7929

SE of mean = ———= =2.086
J12
SE of standard deviation = 7229 _ 1.475

42)(12

Do the same for Skewness coefficient (C,) and kurtosis coefficient (C,):

(12-11.58) +(10-11.58)° + (5-11.58)* |

+(1-11.58)*+(2—-11.58)° + (8 —11.58)° 0.074 —3.9443 — 284.8903 —1184.2871

+(15-11.58)> + (25-11.58) + (22 - 11.58)° —879.2179 — 45.8827 + 40.00 + 2416.8936
C,=12x= - TIX%10X 37777

(12 = 1)(12 — 2)(7.229)}
= 0.355



%y Frequency Analysis: Hydrologic Statistics

Interpretations:

Mean

= A high standard error suggests that sample means are Median Median Median
widely spread around the population mean, meaning the M°de‘\ e " Mean™, r-M°de
sample may not be a good representation of the / ' \
population. / \\ A / \
= The CV provides a standardized measure of variability, making it Pgi':v\ce 53:221;:33? Nesizwe

useful for comparing variability across different datasets or https://www.google.com/

99.7% of the data are within
B 3 standard deviations of the mean >

= A lower CV suggests less relative variability, with data points e S%within

2 standard deviations

variables with different scales.

clustered closer to the mean. 68% within

«<— 1 standard —>|
deviation

= A symmetric distribution has a skewness of zero, while positive
skewness indicates a longer tail to the right, and negative
skewness indicates a longer tail to the left.

u— 30 u—2a U—oa I u+ao u+2a u+3c



https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.analyticsvidhya.com%2Fblog%2F2022%2F09%2Fimportance-of-skewness-kurtosis-co-efficient-of-variation%2F&psig=AOvVaw32wBnHYt1Oz17HH1qbgipH&ust=1745903841027000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCPjz6uT8-YwDFQAAAAAdAAAAABAR

%y Frequency Analysis: Hydrologic Statistics

S

Probability of normal distribution:

= The normal distribution is one of the most important
distributions.

= This is a bell-shaped symmetrical distribution having
coefficient of skewness equal to zero.

= |n terms of reduced variate: z = (x?T”)

RDIQJ@)=__L__X 1fx=n

e —
oV 2w °|I 72\ o

CDF:F(x)= —— Lfx—p

PD.F: f(z) = exp(—z2/2)

1
V2

C.D.F.: F(z)

. —-jJ_

exp(—z2/2) dz

0.00
-0.10
-0.20
-0.30
-0.40
-0.50
-0.60
-0.70
-0.80
-0.90
-1.00
-1.10
-1.20
-1.30
-1.40
-1.50
-1.60
-1.70
-1.80
-1.90
-2.00
-2.10
-2.20
-2.30
-2.40
-2.50
-2.60
-2.70
-2.80
-2.90
-3.00
-3.10
-3.20
-3.30
-3.40

Probabiility
(P(Z<2)

zZ
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
0.5000 0.4960 0.4320 0.4830 04841 0.4801 04761 04721 0.4881 0.4641
0.4602  0.4562 0.4522 0.4483 04443 0.4404 04364 04325 0.4286 0.4247
0.4207 04168 0.4129 0.4091 04052 0.4013 03974 03936 0.3897 0.3859
0.3821 03783 0.3745 0.3707 03669 0.3632 03584 0.3557 0.3520 0.3483
0.34456 03409 0.3372  0.3336 03300 0.3264 0.3228 03192 0.3156 0.3121
0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
0.2743  0.2709 0.2676 0.2644 0.2611 0.2579 0.2546 0.2514 0.2483 0.2451
0.2420 02389 0.2358 0.2327 02297 0.2266 0.2236 0.2207 0.2177 0.2148
0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
0.1841 0.1814 0.1788 0.1762 0.1736  0.1711 0.1685 0.1660 0.1635 0.1611
0.1587  0.1563 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379
0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 01230 0.1210 0.1190 0.1170
0.1151 0.1131 0.1112 0.1094 0.1075 0.1057 0.1038 0.1020 0.1003  0.0985
0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0722 0.0708 0.0894 0.0681
0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0584 0.0582 0.0571 0.0559
0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
0.0446  0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
0.0359 0.0352 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
0.0287 0.0281 0.0274 0.0268 0.0262 0.0256  0.0250  0.0244  0.0233  0.0233
0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183
0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
0.0139 0.0136 0.0132 0.0129 0.0126 0.0122 0.0119 0.0116 0.0113 0.0110
0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084
0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0070 0.0068 0.0066 0.0064
0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0043 0.0048
0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026
0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019
0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014
0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.0010 0.0010
0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007
0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005
0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
0.0003  0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002 0.0002




%y Frequency Analysis: Hydrologic Statistics

S

Probabiility

Example 2: From a mean monthly rainfall

data of 10 years, the mean is 65mm and

standard deviation is 7.0. Find the percentage
U D 05000 04960 04920 04380 04841 04801 04761 04721 04681 04641

FRUN 0.4602 04562 04522 04483 04443 04404 04364 04325 04286 04247

PO 04207 04168 04129 04091 04052 04013 03974 03936 0.3897 0.3859

. . . . PN 03821 03783 03745 03707 03669 03632 03504 03557 0.3520 0.3483

Of m ag n Itu d e Of ral nfal | Wh IC h IS - EWON| 03246 03409 03372 03336 03300 0.3264 03228 03192 0.3156 0.3121
. 0.0 | 03085 03050 03015 02981 02946 02912 02877 02843 02810 02776

PO 02743 02709 02676 02644 02611 02579 02546 02514 02483 02451

PO 02420 02339 02358 02327 02297 02266 02236 02207 02177 02148

PO 02119 02090 02061 02033 02005 01977 01949 01922 0.1894  0.1867

PO 01841 0.814 01788 01762 01736 01711 01685 01660 0.1635  0.1611

(a) betwee n 70 m m an d 80 m m ERO| 0.1587  0.1563  0.1539 | 0.1515 0.1492  0.1469  0.1446 0.1423 | 0.1401 0.1379
EEU 01357 01335 01314 01292 01271 01251 01230 01210 01190 0.1170

BP0 01151 01131 01112 01094 01075 01057 01038 01020 0.1003 0.0985

ST 0.09%8 00951 00934 00918 00901 00885 00869 00853 0.0838 0.0823

ST 00308 00793 00778 00764 00749 00735 00722 00708 0.0694  0.0681

S0 | 00668 00655 00643 00630 00618 00606 00594 00582 00571  0.0559

(b) at IeaSt 90 m m SPT0 00548 00537 00526 0.0516 00505 00495 00485 00475 0.0465 0.0455
BP0 0.0446 00436 00427 0.0418 00409 00401 00392 00384 0.0375 00367

BP0 00359 00352 00344 00336 00329 00322 00314 00307 00301 00294

S0 00287 00281 00274 00268 00262 00256 00250 00244 0.0239 00233

EX00 00228 00222 00217 00212 00207 00202 | 00197 00192 0.0188 00183

- PO 00179 00174 00170 00166 00162 00158 00154 00150 0.0146 00143

Assume that the rainfall data are normal |y FE 00 oone oous oous ooms coms oous oo ooy oo
PR 00107 00104 00102 00099 0009 00094 00091 00089 0.0087 0.0084

SV 0.00s2 00080 00078 00075 00073 00071 00070 00068 0.0066 0.0064

1) | 00052 00080 00059 00057 0005 00054 00052 00051 0.0043 00048

- . PV 00047 00045 00044 00043 00041 00040 00039 00038 0.0037 0.0036

I S t r I u te . PP 0.0035 00034 00033 00032 00031 00030 00029 00028 0.0027 0.0026
PR 0.0026 00025 00024 00023 00023 00022 00021 00021 0.0020 0.0019

OO 00019 00018 00018 00017 00016 00016 00015 00015 00014  0.0014

-3.00 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.0010 0.0010

EU0N 00010 00009 00009 00009 00008 0.0008 0.0008 00003 0.0007 0.0007

. . EPT 0.0007 00007 00006 0.0006 00006 0.0006 00006 00005 0.0005 0.0005

U Se Ta e to I n t e Va u e O Varl ate . Z . B 00005 00005 00004 00004 00004 00004 00004 00004 0.0004  0.0003

-3.40 0.0003  0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002 0.0002




%y Frequency Analysis: Hydrologic Statistics

Given: N= 10 years, u = 65mm, and §=7.0.

Required: Find the percentage of magnitude of

rainfall which is:
(@) P(70 < x <80) =2

(b) P(x = 90) =?
2, = (70— 65)/7 =-0.71
z, = (80 — 65)/7=2.14

P(70 < x < 80) = P(0.71 < z < 2.14)
= F(2.14) — F(0.71) = 0.9838 — 0.7612
0.2226

Solution: (a)

= Approximately 22.26% of rainfall occurred having
a magnitude range of 70 mm to 80 mm.

The normal curve table gives only the percentage of data starting from the middle

(z = 0), out to whatever z score you look up. For instance, if you look up z = 1.28,

vou get .3997. This means .3997 or 39.97% of the data in the normal curve is

found between z = 0 and z = 1.28. 0

0 l&g
Normal

|z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.09
0.0 |.0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0359
0.1 |[.0398 0438 0478 0517 ' 0557 = 0596 .« .0636 ' .0675 .0753
0.2 |.0793 .0832 .0871 .0910 .0948 .0987 .1026 1064 1141
0.3 |.1179 JA217° 1255 1293 1331 1368 1406 1443 1517
0.4 |.1554 2591 1628 1664 1700 1736: 1772 1808 .1879
0.5 |.1915 .1950 .1985 .2019 .2054 .2088 .2123 2157 2224
0.6 |.2257 .2291 2324 .2357 .2389 2422 2454 2486 .2549
0.7 |.2580 2611 2642 .2673  .2704  .2734 2764  .2794 .2852
0.8 |.2881 2910 .2939 .2967 .2995 .3023 .3051 .3078 .3133
0.9 |.3159 .3186  .3212 .3238 .3264 .3289 .3315 .3340 .3389
1.0 |.3413 3438 3461 .3485 .3508 .3531 .3554 .3577 .3621

- .3643 3663 ' 3686 .3708 3729 3749 ' 3770 3790 .3830
1.2 ) |t 36 03 80 0200 _~77025 3944 390Z . 4015
. 4032 4049 4066 4082 4099 4115 4131 4147 4177

1.4 |.4192 4207 4222 4236 4251 4265 4279 4292 4319
1.5 |.4332 4345 4357 4370 4382 4394 4406 4418 4441
1.6 |.4452 4463 4474 4484 4495 4505 4515 4525 4545
1.7 |.4554 4564 4573 4582 4591 4599 4608 4616 4633
1.8 |.4641 4649 4656 4664 4671 4678 4686  .4693 4706




%y Frequency Analysis: Hydrologic Statistics

Solution: (b) z, =(90 — 65)/7 =3.57
P(x >90)=P(z>357) =1 — F(3.57) = 1 — 0.9998
= (0.0002

= Approximately 0.02% of rainfall occurred having a magnitude of

at least 90 mm.

"List and discuss the engineering importance of the above

results.



2\ Probability and return period

* Probability is the chance that an event will occur in any given year.

= Probability analysis seeks to define the flood flow with probability of p

being equaled or exceed in any year. > m
= The probability of each events can be calculated as follow: N+1
= The recurrence interval T, (also called return period) of frequency is
calculated as follow T = 1
F)

= Return period or recurrence interval, is the average time between
occurrences of an event, like a flood, of a certain magnitude or greater.
= |It's the inverse of the annual probability of exceedance

" For example, a 100-year flood means that there's a 1% chance/probability of a
flood of that magnitude occurring in any given year.



%\ Probability and return period

" Consider, for example, a list of flood magnitudes of a river

arranged in descending order as shown in Table.

* The length of record is 50 years.

Table 4.3: Calculation of Frequency T

Order No. m Flood magnitude Q (m®/s) | Tin years = 51/m Source: ravan ...
1 160 51.00

2 135 25.50

3 128 17.00

4 116 12.75

49 65 1.04

50 63 1.02




X%y Flood frequency distributions

= A plot of Q Vs T yields the probability distribution.

* For small return periods (i.e. for interpolation) or where Ilimited
extrapolation is required, a simple best-fitting curve through plotted

points can be used as the probability distribution.

= However, when larger extrapolations of T are involved,
= Gumbel extreme-value,
= Log-Pearson Type III, and

* log normal distributions have to be used.



2\ Theoretical Distributions

S

= Most frequency-distribution functions applicable in hydrologic
studies can be expressed by the following equation known as
the general equation of hydrologic frequency analysis:
x. =x+Ko
= Where x; = value of the variate X of a random hydrologic series
with a return period T,

= x = mean of the variate, location parameter
= g = standard deviation of the variate,

= K = frequency factor which depends upon the return period, T, and the

assumed frequency distribution.



2\ Theoretical Distributions

S

= Or, Let the relation among x, (discharge corresponding to a
return period T), location parameter u, and scale parameter 5 be

of the type: X, =u+ pY,



2N |. Extreme-Value Type | Distribution (Gumbel’'s Method)

S

= This extreme value theory of Gumbel is only applicable to annual extremes.

= Data are ranked in ascending order and it makes use of the probability of

non-excedence, q.
q=1—P
= The return period T is therefore given by

T =1/Py, =1/(1—q)



2N |. Extreme-Value Type | Distribution (Gumbel’'s Method)

S

" |t is one of the most commonly used distributions

In flood frequency analysis.

= It is the double exponential distribution also
known as:
= the double exponential distribution
= Gumbel distribution or
= Extreme value type-I or

= Gumbel EV1 distribution.

= The PDF and CDF of the distribution (the
probability of occurrence of an event equal to or

larger than a value x,, P(x = x,)) is:

PDE: f(x) = %exp{—[x;”)‘e"p{_[x;u}}]

CDEF.: F(x) = e_“p[_[x; )

In terms of reduced variate: z =

PDF: fz)=e*" )
CDEFE: F(z)=e*



2\ Gumbel's Method

S

= for prediction of flood peaks, maximum rainfalls, maximum wind speed, etc.

Gumbel makes use of areduced variate y as a function of q,

According to his theory of extreme events, the probability of occurrence of an event equal to or
larger than a value x, is:

P(X =x)=1—e"¢"

In which y is a dimensionless variable given by:

_ 1.2825
y=a(X —a),a= x — 045005 a,,a =
ay where,
K = frequency factor
= Then,y = 2280 4 o577 yr = reduced variate

ox S, = reduced standard deviation

The value of the variate X with a return period T is: x;, = x + K s, and

" K = (yT—0.577)
1.2825



2\ Theoretical Distributions of Floods

S

* The original Gumbel equation describes the probability of non-

excedence (q)

g = exp[—exp{—y]] y =-In(-n(q)) = -In(-1n(1-p))
e == 1)) |

Vi =— _0.8344—2.303 log[ 10g( Ti: 1))}
x. =x+Ko applicable to an infinite sample size (i.e.
X N — o0).
o (v, —0577)
1.2825



%y Gumbel’s Equation for Practical use

S

* The above equation giving the value of the variate x with recurrence
interval T is used as:

(x=x)°
@ n-1 :\/ N -1

Where O, ; = standard deviation of the sample

X: =X+ Ko,

K= frequency Factor expressed as: K = Y1 = ¥n
S

n

In which y; = reduced variate, a function of T and given as:

y; =—{In.In =]



%y Gumbel’s Equation for Practical use

S

Yn is a reduced mean, a function of sample size N and is given in table

(ForN  —> 00, ) y, = 0.577

S, is a reduced standard deviation, which is a function sample size N and is given in table.

(For N — 00, ) y._312825



%y Gumbel’s Equation for Practical use

S

Procedure to estimate the flood magnitude corresponding to a given
return period based on an annual flood series.

1.

o O hAE WD

Assemble the discharge data and note the sample size N. Here the
annual flood value is the variate x. Find x and o_(n—1) for the
given data.

Using a table, determine y,, and S,, appropriate to given N.
Find y; for a given T.

Find K.

Determine the required x;

Plot as x; vs T on a convenient paper such as a semi-log, log-log or
Gumbel probability paper.



2y Gumbel’'s Equation for Practical use

s
N 0 1 2 3 4 S 6 / 38 9

10 10.4952 10.4996 |0.5035 |0.507 [0.51 0.5128 [0.5157]0.5181 |0.5202 |0.522
20 |0.5236 |0.5252 |0.5268 [0.5283 |0.5296 (0.5309 |0.532 [0.5332 |0.5343 [0.5353
30 ]0.5362 |0.5371 [0.538 [0.5388 |0.5396 |0.5402 [0.541 |0.5418 |0.5424 10.543
40 10.5436 [0.5442 [0.5448 [0.5453 |0.5458 |0.5463 |0.5468|0.5473 |0.5477 |0.5481
50 ]0.5485 [0.5489 [0.5493 [0.5497 |0.5501 |0.5504 [0.5508|0.5511 |0.5515 |0.5518
60 [0.5521 |0.5524 |0.5527 |0.553 |0.5533 |0.5535 |0.5538|0.554 [0.5543 [0.5545
/0  10.5548 |0.555 0.5552 0.5555 |0.5557 |0.5559 |0.5561|0.5563 |0.5565 |0.5567
80 ]0.5569 |0.557 0.5572 10.5574 |0.5576 |0.5578 |0.558 |0.5581 |0.5583 |0.5585
90 [0.5586 [0.5587 [0.5589 [0.5591 |0.5592 |0.5593 [0.5595|0.5596 |0.5598 |0.5599
100 10.56

Table : Reduced mean y_ in Gumbel's extreme value distribution,
N = sample size , reads as 10,0 for N=10 to 100,9 for N=109




2y Gumbel’'s Equation for Practical use

~

N

0

10

0.9496

0.9676

0.9833

0.9971

1.0095

1.0206

1.0316

1.0411

1.0493

1.0565

20

1.0628

1.0696

1.0754

1.0811

1.0864

1.0915

1.0961

1.1004

1.1047

1.1086

30

1.1124

1.1159

1.1193

1.1226

1.1255

1.1285

1.1313

1.1339

1.1363

1.1388

40

1.1413

1.1436

1.1458

1.148

1.1499

1.1519

1.1538

1.1557

1.1574

1.159

50

1.1607

1.1623

1.1638

1.1658

1.1667

1.1681

1.1696

1.1708

1.1721

1.1734

60

1.1747

1.1759

1.177

1.1782

1.1793

1.1803

1.1814

1.1824

1.1834

1.1844

/0

1.1854

1.1863

1.1873

1.1881

1.189

1.1898

1.1906

1.1915

1.1923

1.193

30

1.1938

1.1945

1.1953

1.1959

1.1967

1.1973

1.198

1.1987

1.1994

1.2001

90

1.2007

1.2013

1.202

1.2026

1.2032

1.2038

1.2044

1.2049

1.2055

1.206

10
0

1.2065

Table : Reduced standard deviation S in Gumbel's extreme value
distribution, N = sample size, reads as 10,0 for N=10 to 100,9 for N=109




gﬁ&% Home assignment:

Make sure that you can:
= Define flood frequency, probability and recurrence interval
= List methods of flood frequency analysis

= Analyze design flood using Gumbel's and log-pearson methods
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