TR - 97

THE EFFECTS OF MEASUREMENT ERRORS ON DESIGN FLOOD ESTIMATION
BY FLOOD FREQUENCY ANALYSIS

NATIONAL INSTITUTE OF HYDROLOGY
JALVIGYAN BHAWAN
ROORKEE - 247 667

(1990 - 1991




PREFACE

The estimation of design flood is one of the most important
component of planning and design of water resources projects. A
reasonably accurate estimate of design flood 1is very much
necessary. An estimate of design flood on TJlower side 1is always
associated with certain degree of risk which 1is never desirable
for all practical purposes. On the other hand, a higher estimate
of the design flood value is bound to increase the cost of the
project, 1in many cases, which may render the project as
economically unviable.

The flood frequency analysis 1is very commonly used for
estimation of design floods where the continuous data 1in respect
of flood peaks of sufficiently 1long duration are available.
However, such estimation are considerably affected due to errors
in the observed historical data. In case of design flood
estimation by frequency analysis, the observed values of peak
discharges are used which are more prone to measurement and "her
types of errors. The effects nf these errors are highly prono...ced
in the design flood estimation as the design flood for most of the
important structures are usua’ly estimated for considerably higher
return period on the basis of reiatively short term record of the
data.

This report entitled "The Effects of Measurement Errors on
Design Flood Estimation by Flood Frequency Analysis" 1is an effort
to examine the effects of different types of measurement errors in
the data on the estimated values of design flood using the flood
frequency approach.

This report is a part of the work program of the Hydrologic
Designs Division of the Institute. The study has been carried
out by Shri M. E. Haque and Shri Rakesh Kumar, Scientists and Shri
Mathew K. Jose, Senior Research Assistant.
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ABSTRACT

Flood frequency analysis is very commonly used for estimation
of design floods of different return periods. For correct
estimation of the design flood the observed data are required to
be accurate, reliable and of sufficiently long duration.

Hydrological data contain errors which are introduced during
measurement, recording and processing. The measurement errors in
the data result in erroneous assessment of the design flood. The
under-estimation or over estimation of design flood due to
measurement errors in the data lead to under design or over design
of the water resources structures. If any structure 1is under
designed, then the risk of its failure increases. On the other
hand, over design of any structure may 1lead to an uneconhomic
proposal.

The effects of errors 1in the observed data are highly
pronounced on the design flood estimation. In case of design flood
estimation by flood frequency analysis, the observed values of the
peak discharges are used which are more prone to measurement and
other types of errors than the normal flow data. Such errors may
lead to wrong estimation of design flood during extrapolation; as
the design floods are usually estimated for a very large
recurrence interval on the basis of short record length.

In this study, an attempt has been made to examine the
effects of various types of measurement errors in the data on the
estimated values of design floods of different recurrence
intervals using the flood frequency analysis approach. The effect
of systematic measurement errors has been studied using the
observed data as well as the generated data of the three sites by
introducing systematic errors to the annual peak flow sequences
pertaining to i) high floods, ii) medium floods, 1ii) low floods ;
iv) all the peak floods; and v) all events except high floods. The
effects of random measurement errors on design flood estimates
have also been exawined.




The results of the study indicate that the estimation of
design flood values is considerably affected by the degree of
error in observed annual peak values. However, the magnitude of
the possible error in design flood estimation varies depending
upon the return period, frequency distribution used and the nature
of errors in the data. Errors in observation of high flood peaks
result in larger deviations in the estimated values of the design
floods of higher return periods as compared to the errors 1in the
medium and low floods. It indicates that there is need for extra
precaution in measurement of flow during high floods.

An over all view of the results of the study indicates that
the possibility of different conditions of errors are to be given
due weightage while estimating the design floods for different
structures. For example, for the design of spillway of a Tlarge
dam, it would be necessary to ensure accuracy in measurements of
high flood peaks as errors in only a few values of the discharges
during high floods may result in considerably large variations in
the design flood estimates for high return periods. On the other
hand, for the design of a small structure like a culvert or flood
levees the degree of error in the high flood peaks do nhot affect
the design flood estimation to a great extent. In such cases it is
more 1important to have a flood sequence where the data
corresponding to 1low and medium floods have been measured
accurately.

It is further observed that effects of errors on design flood
estimation follow a well defined trend in case of the systematic
errors. Once the type of the error is identified and the extent of
errors at a particular site is established, it may be suitably
incorporated in the design flood estimation by flood frequency
analysis after proper studies.

viii



1.0 INTRODUCTION

Estimation of design flood 1is one of the most important
components of planning and design of any water resources project.
Flood estimates are required for design of a variety of
engineering works including dams,spillways, bridges and flood
protection works etc. Correct estimates of the incoming floods are
also required for flood control operations, maintenance of flood
levees and for evacuation operations in emergent situations. Use
of flood frequency analysis 1is very common for estimation of
design floods of different return periods. Flood frequency
analysis deals with univariate process comprising of maximum peak
flow values. The properties of time series are estimated from
records of the historical data and longer the series, the better
are the estimates of parameters describing the processes.

The peak flood data used for frequency analysis should
satisfy the following assumptions in order to have the meaningful
estimates.

(a) The characteristics of the sample are true representative
of the characteristics of the population,

(b) The statistical characteristics derived from the sample
are time invariant,

(c) The data are random,

(d) The data are homogeneous, and

(e) The data are accurate and reliable.

For carrying out flood frequency analysis the following steps
are involved:

(a) Process the historical data for carrying out flood frequency
analysis,

(b) Identify some of the theoretical frequency distributions
which are 1ikely to provide good fit to the data series,

(c) Fit the chosen frequency distributions to the historical
flood records and estimate the parameters of the
distributions adopting one or more parameter estimation
techniques,

(d) Select the best fit distribution on the basis of some
goodness of fit criteria, and

(e) Estimate the floods of different return periods using the
parameters of the best fit distribution.



1.1 Need for Accuracy in Observed Streamflow Data

Streamflow 1is the combined outcome of all climatological and
geomorphological factors which operate in a drainage basin. Over a
region, the quantity of water flow in rivers shows considerable
amount of spatial and temporal variations. Knowledge of total
quantities of water and their variations is essential for proper
development of human activities. The assessment, management and
control of water resources can only be effective 1if there is
access to accurate and continuous information on streamflow.

Observed records are required to be accurate, reliable and
continuous for the design of hydraulic structures such as dams,
bridges, flood banks and for the operation of flood warning
systems.The records of low flows are also needed for evaluation of
drought conditions, control of abstractions and design of water
conservation measures etc. Accuracy of flow measurement means the
degree of agreement between the apparent flow as measured and the

actual flow. The estimation of accuracy of a measurement,
therefore, consists in determining the 1likely magnitude of the
difference between the apparent and actual flow. It 1is not

confined to a single measurement of the instantaneous flow but
also to estimation of daily mean discharge, monthly mean discharge
and average flow. '

Laurenson and 0’Donnell (1969) state that real hydrologic
data contain errors introduced during measurement, recording and
processing. It is impossible usually to determine the true values
contained within real data.

The International Organisation for Standardization
(IS0,1969 a & b) states, "No measurement of a physical quantity
can be free from uncertainties which may be associated with either
systemat1c bias caused by errors in the standardizing equipment or
a raﬁdom scatter caused by a lack of sensitivity of the measuring
equipment. The former is unaffected by repeated measurements and
can only be reduced if more accurate equipment is used for the
measurements. Repetition does, however, reduce error caused by
random scatter. The precision of the average ' n ' repeated
measurements is ¥n times better than that of any of the points by
themselves."

S When considering the possible uncertainty of any
measurement of the discharge 1in an open channel, it 1is not
possible to predict this uncertainty exactly but an analysis of



the individual measurements which are required to obtain the
discharge can be made and a statistical estimate made of the
likely tolerance. A 95 percent tolerance of measurement may be
defined statistically as the band width around the calculated
value which, on an average of nineteen times out of twenty, can be
expected to include the true value"(IAHS - UNESCO - WMO, 1970).

Herschy et al. (1970) state that for computation of errors,
the overall tolerance should be based on the 95 percent confidence
level and this may be taken as approximately twice the standard
deviation. However, care is required to ensure that individual or
partial errors are considered initially at 68 percent confidence
level and only at the final stages doubled to give the 95 percent
confidence Tlevel.

1.2 Effects of Errors of Flow Data on Planning and Design of
Water Resources Development Schemes

The possible effects of measurement errors in flow data on
planning and design of the water resources schemes are as follows:

a) The measurement errors in flow data result 1in erroneous
assessment of the water resources. It leads to higher or Jlower
estimation of runoff. Due to under-assessment of water resources,
some of the scarce water resources remain unutilised. Whereas,
over-assessment of the water resources at the time of planning
leads to shortage and consequent failure of the project at
operational stage.

b) Under-estimation or over-estimation of design flood due to
measurement errors in the data 1leads to under design or over
design of the water resources projects. If any structure is under
designed then risk of its failure increases. On the other hand,
over—-design of any structure 1leads to extra cost of its
construction, which may on a number of occasions lead to rejection
of the proposal on economic considerations.

c) The measurement errors in flow data give misleading results
in research and modelling studies. For calibration and validation
of a hydrological model, it is essential that the observed data
used in simulation are free from errors.

The effects of measurement errors in the observation of data
are highly pronounced on the design flood estimation. In case of
design flood estimation by flood frequency analysis,the peak
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values are used which are more prone to measurement errors than
the normal flow data. There is also a possibility that peak flood
may pass before or after the actual measurement is carried out. In
such cases it is necessary to have a proper estimate of the
discharge corresponding to peak flood. If the flood frequency
analysis is carried out without making proper corrections, it may
lead to wrong estimation of design flood. This is more so as the
design floods are usually estimated for a very Jlarge recurrence
interval on the basis of short record length.

Laurenson and 0’Donnell (1969) studied data error effects in
unit hydrograph derivation. The types of errors in data studied by
the authors are: i) assumption of uniform loss rate; ii) over -
or - under estimation of the total storm rainfall; 1iii)errors in
discharge rating curves especially due to extrapolation of this
curve; iv)erroneous baseflow separation; v) lack of
synchronization between the rainfall and streamflow records and
vi) lack of synchronization between the rainfall records of
different stations in the catchment.

It may be emphasized that the statistical analysis of river
flow data is only applicable if the field data have been obtained
by acceptable hydrometric principles and practices. The accuracy
of data is very 1important for carrying out flood frequency
analysis and particularly when this approach is used for
estimation of design floods for higher return periods by using a
shorter record length. At the same time, it remains a fact that
there are a number of factors which are responsible for
introduction of errors in observations of river flow data. The
degree of errors in measurement of discharges during high flood is
generally considered to be still higher due to obvious reasons.
In a developing country 1like India, adequate or short record
length data added with some erroneous data due to measurement
errors may affect the design flood estimates, to a considerable
extent. Though every effort is made to identify such erroneous
data by application of suitable data processing techniques for
making the data consistent, a certain degree of error is bound to
be present. Such errors which may be either systematic or random
in nature, have definite effects on the estimated values of the
design floods.

In this study, an attempt has been made to examine the
effects of various types of measurement errors in the data on the
"estimated values of design floods of different recurrence
intervals using the flood frequency analysis approach. The effects



of systematic measurement errors have been studied by introducing
the systematic errors to the observed peak flood values by
increasing or reducing these values by +20%, +10%, -10% and -20%
for the following cases:

(a) variations only in the annual peak flood values pertaining to
high floods,

(b) variations only in the annual peak flood values pertaining to
the medium floods,

(c) variations only in the annual peak flood values pertaining to
low floods,

(d) variations in all the annual peak flood values, and

(e) vVariations in all the events except annual peak flood values
pertaining to high floods.

The effects of systematic errors on design floods estimation
using the generated data have also been studied in addition to the
observed peak flood series, in the same way as discussed above.

Further, the effects of random measurement errors on the
design flood estimates have also been examined.



2.0 ERRORS IN DISCHARGE MEASUREMENT

The error can be defined as the difference between the
measured value and the true value. The true value means the water
level/discharge as it occurs at the gauging site.

Measurement errors are usually classified as systematic and
random errors.

2.1 Systematic Errors

Systematic errors are those which can not be reduced by
increasing the number of observations, if the instruments and
equipment remain unchanged. Systematic errors are essentially due
to malfunctioning or incorrect use of 1instruments or Tlack of
knowledge of observer. In stream flow, systematic errors may be
present in water level recorder, in the reference gauge or datum
and in the current meter. These errors may be generally small but
in some cases, they are quite considerable.

2.2 Random Errors

Random errors are sometimes referred to as experimental
errors and the observations deviate from the mean in accordance
with the laws of chance.

2.3 Sources of Errors in Discharge Observation

The errors in discharge observations are of both types namely
systematic errors and random errors. Some of the common causes of
errors in discharge measurements are as follows.

al Instrumentation Errors

1) Errors in current meter ratings due to over use or
errors 1in current meter observations due to poor
maintenance; and

ii) Errors due to mechanical problems with several
instruments such as current meter, stop watch,
revolution counter etc.



b) Observational Errors

i) Errors due to deviations in zero of the gauge, either by
mistake in recording or due to disturbance of gauges at
site;

ii) Use of current meter for measurement of flow above or
below its established ratings;

iii1) Errors introduced when the meter is not steady 1in the
current at exact observation point; and

iv) Errors in estimation of discharge when the flow 1lines
are oblique to the lines of cross section.

c) Errors in Data Recording and Processing

i) Misreading and transposing digits;

ii) Misreading because of faulty memory;

iii) Recording data at a wrong place on the recording sheet;

iv) Misplacing the decimal point;

v) Making reading at improper interval;

vi) Incorrect dating of the report; and

vii) Incorrectly reading or communicating the data to a
reporting centre.

In addition, there are some specific causes which result in
errors in discharge measurement during high and low floods. Some
of them are discussed here under.

2.4 Specific Errors Associated with High Flow Measurement

a) During high floods, current meters are rarely used either
due to high velocity or due to non-availability of suitable
navigational facilities. As a result, the float method or the
slope area method is used. These methcds are definitely not
very reliable. Particularly, the floating debris during the
flood may affect the correct estimation of flow velocity
etc;.

b) The stage measurement sites are away from banks and stage
observation is to be made from a distance. This results in
introduction of errors, mainly due to considerable wave
formation during high flood.

c) Because of overtopping of river banks at the upstream of the
discharge measurement site, there is possibility of under
estimation of the discharge at the site, and
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d) In many cases, due to difficult approaches during flood
season, it is the tendency of the observers to skip a few
observations, particularly during night hours. This may 1lead
to improper records in respect of peak flood events.

As a matter of fact, the standard technique of discharge
obsenvations are adopted only at a few selected sites where all
the necessary equipment and navigational facilities are available.
For many of the Indian rivers, the normal discharge measurement is
rarely adopted during high floods due to lack of suitable
equipment and navigational facilities. Generally, either the float
method is used for estimation of velocity or slope area method is
adopted for discharge estimation under such conditions. These
methods are bound to introduce a. certain degree of errors 1in
estimated values of discharge. These aspects are rarely given any
consideration while using the data for flood frequency analysis.
But it remains a fact that the analysis based on such data has
definite effect on estimation of design flood.

2.5 Specific Errors Associated With Low flow Measurement

Some of the specific errors associated with low flow
measurement are listed below.

(a) During low flow the depth of flow to be measured is quite
shallow. This may result in erroneous measurement of the
velocity of flow;

(b) In a number of rivers, there is formation of more than one
channels, which may lead to erroneous measurement of the
flow;

(c) In many rivers ,there are fair weather bridges near to the
discharge measurement site. This also affects accuracy of
the observed discharge; and

(d) Many a times, the observers do not take proper care 1in
measurement of velocity while adopting wading technique for
measurement of the flow.



2.6 The Effects Of Measurement Errors On Hydrological Analysis

Measurement errors lead to erroneous assessment of water
resources. It may result 1in very high or 1low estimates of
discharges. If water resource is under-assessed, then some of the
scarce water resources remain unutilised and go as waste. On the
other hand, if water resources are over-assessed, then planned
utilisation falls short of requirement in actual practice. In case
of design flood estimation, we rely on peak values and any
measurement errors associated with these values 1lead to wrong
estimation of design flood during extrapolation. It further
results in over-design or under-design of the water resources
structures. If any structure is over-designed, then it Tleads to
extra cost of construction of the structure. Whereas under-design
of the structure increases its risk of failure.

In this study, an attempt has been made to examine the effect
of measurement errors on design flood estimation by flood
frequency analysis with a view to understand the extent of
reliability of such analysis when the possibility of introduction
of such errors is well established.

The analysis has been carried by using data 1in respect of
three sub-basins namely Narmada up to Garudeshwar, Sub-basins
of Godavari at Bridge No. 807/2 and Bridge No. 912/1.
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3.0 STUDY AREA AND DATA USED

With a view to examine the effect of measurement errors on
estimated values of design floods of different recurrence
intervals, the data in respect of three different basins having
considerable variations in the catchment area and record Jlengths
have been used. The salient features of the sub-basins and the
data availability are summarised in Table-1.

The study area lies in two main basins namely the (i) Narmada
basin up to gauging site at Garudeshwar and (ii) the catchments
defined by bridges no. 807/2 and no. 912/1 of sub-basins of
Godavari. A brief description of Narmada basin up to Garudeshwar
and the salient features of the Godavari sub-basins under study
are given hereunder.

Table-1: Salient Features of Catchment Area and Data Record Length

S1. Catchment Catchment Record Record

No. Name Area (sqg.km.) Length (years) Period

1. Narmada upto 89,552 32 1948 - 1879
Garudeshwar

2. Godavari sub-basin 824 19 1966 - 1984
up to Bridge.No.807/2

3. Godavari sub-basin 137 26 1959 - 1984

up to Bridge.No.912/1

3.1 Narmada basin up to Garudeshwar

The Narmada basin extends over an area of 98,796 sq. kms. and
lies between latitudes 21° 20’ N to 23° 45’ N and longitudes 72°
32’ E to 81° 45’ E. However, the Narmada basin up to Garudeshwar
has an areal extent of 89,552 8Sq.kms.

The Narmada river rises in the Amarkanatak plateau of Maikala
range in the Shahdol district of Madhya Pradesh at an elevation of
1058 metres above mean sea level. The river flows over a distance
‘'of 1312 kms. before it falls into Gulf of Cambay in the Arabian
sea near Bharuch in Gujarat. The first 1079 kms are 1in Madhya
Pradesh. In the next length of 35 kms. the river forms boundary
between the states of Madhya Pradesh and Maharashtra. In the next
length of 39 kms., it forms boundary between Maharashtra and
Gujarat. The last length of 1569 kms lies in Gujarat.
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The index map of the basin with location of the gauging site
at Garudeswar is shown in Exhibit- 1. The river has 41
tributaries of which 22 are on the left bank and 19 on the right.
Some of the important tributaries of the Narmada are Burhner,
Banjar, Sher, Tawa, Chhota Tawa, Kundi, Shakkar, Dudhi, Ganjal,
Goi, Karjan, Hiran, Tendoni, Barna, Kolar, Man, Uri, Hatni and
Orsang.

The basin experiences humid tropical climate ranging from
sub-humid in the east to semi-arid in the west with pockets of
humid or sub-humid climates around hill reaches. The normal
annual rainfall for the basin works out to 1178 mm. South west
monsoon is the principal rainy season accounting for nearly 90% of
the annual rainfall. About 60% of the annual rainfall is received
during July and August months.

The reconnaissance soil survey made by the Central Water and
Power Commission in connection with Bargi, Punasa, Barna and Tawa
projects lying in the basin shows that the Narmada basin comprises
mainly of black soils. The different varieties are deep black
soil, medium black soil and shallow black soils. In addition
mixed red and black soil, red and yellow soil and skeletal soils
are also observed in pockets; of these, the deep black soil covers
major portion of the basin. About 32% of the area of the basin is
under forest and about 60% under arable land and remaining under
grassland and waste land (Irrigation Commission Report, Vol. III,
Part I, 1972).

The systematic observations of gauge and discharge were
started in the basin 1in 1947 by the then Central Waterway,
Irrigation and Navigation Commission. The river Narmada is gauged
at various sites by Central Water Commission and State Irrigation
Department of Madhya Pradesh and Gujarat. As per information
available in the report entitled, "Annual Water Account of Narmada
Basin upto Sardar Sarovar Dam Site - Water Year 1985-86" by
Narmada Control Authority, there exist 33 stream gauging sites in
the Narmada basin upto Garudeshwar. The main river Narmada 1is
gauged at 11 sites, while there exist 22 sites on 1its various
tributaries.
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3.2 Sub-basins Defined by Gauging Sites at Bridge No.807/2 and
91271 in Godavari Basin

The Godavari basin is essentially a sub-humid region having
mean annual rainfall varying between 1000mm to 1600mm. The areas
of catchments defined by the bridge No.807/2 and 912/1 are 824
sq.km. and 137 sq.km. respectively. Exhibit-2 shows the Jlocations
of the two sub-basins of Godavari. This region receives most of
its rainfall due to the south-west monsoon (June-September). The
greater part of the area has an average annual temperature varying
from 25°C to 27.5 C. The minimum temperature in the area varies
from 2.5°C to 12.5 C. The maximum temperature recorded varies from
45°C to 47.5 C. The minimum temperature 1is recorded in the month
of December and the maximum temperature is recorded 1in April.
Broadly, the soil groups in the region are red scoils and black
soils. More than 50% of the area is covered by forest and only 25%
of the area is arable land.
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EXHIBIT- 2

SUB-BASINS DEFINED BY GAUGING SITES AT BR.NO 807/2

AND 912/1 IN UPPER GODAVAR! BASIN
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4.0 METHODOLOGY ADOPTED

The design floods of different return periods are generally
estimated by using a frequency distribution, which provides the
best fit to the given set of data. For all practical purposes
either the Log Pearson Type-III or the Gumbel distributions are
generally used for the estimation of design flood. Studies have
been carried out by various authors and it has been observed that
in specific cases the probability distributions such as Log Normal
or Pearson Type-II1I provide the best fit.

With the 1limited purpose of examining the extent of
variations in the estimate of design flood the following five
distributions have been considered irrespective of their being the
best fit distributions for the given set of data.

(i) Normal distribution

(ii) Log normal distribution

(1ii) Pearson type III distribution
(iv) Log Pearson type III distribution
(v) Gumbel Distribution

The effect of systematic measurement errors and the random
measurement errors have been examined for all the cases. The
various distributions used in the analysis are briefly described
hereunder.

(i) Normal Distribution

It is one of the most important distributiéns in statistical
hydrology. This is used to fit empirical distributions with
symmetrical histograms or with skewness coefficient close to zero.
The Normal distribution occupies unique position in statistics due
to its role in the central limit theorem. This theorem validates
its use as an approximation to other distributions. The central
limit theorem states that the distribution of sums of random
variables from any distribution tends to a Normal distribution as
the number of terms in the sum increases.

The probability density function (pdf) of the distribution is
given by:
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1 X=L
f(x)=-——-——exp——~—[ ] ;- < X < P

o ¥on 2 ?

wherz p is the location parameter, and ¢ is the scale parameter.
The density of Normal distribution is continuous - < Xx ¢ +w

and tends to zero as x tends to -m or +® . It has a symmetrical

bel1l shape and as a result the mean, mode and median are equal.

The mean, variance, coefficient of skewness and coefficient
of kurtosis are:

E(X)
Var(Xx)

(&
s

"

]

1
w oG T

All odd central moments of normal PDF are zero and all even
central moments are given by,

. _ (2m) e
= 2m.m !
for example if m= 2, y4 = 30‘

The cumulative distribution function (CDF) of the normal
distribution is given by

X
F(x) = J f(x) dx
-0
i X 1 " 2
. or F(x) = J exp -———[ H ] dx
2 &
g Y2m -

ZE = ;where z 1is called the reduced

If 5 shei
(24

variate, then the above equation reduces to:

1 & 2
F(z) = Jon J exp[- o ] dz
-0

The PDF and CDF of normal distribution corresponding to
standardized variate z can be calculated from the standard tables.
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(ii) Log Normal Distribution

Log normal distribution can be applied to a wide variety of
hydrologic events especially in the cases in which the
corresponding variable has a Tower bound, the empirical frequency
distribution is not symmetrical and the factors causing those
events are independent and multiplicative. Chow (1964) has
provided theoretical justification for the use of the 1log normal
distribution. The causative factors for many hydrologic variables
act muitiplicatively rather than additively and so the 1logarithms
of the peak flows which are the product of these causative factors
follow the log normal distribution.

If Y = 1og (X) follows normal distribution, then X follows
log normal dgstr1but1on Assuming that the mean and variance of " Y
are py and 0} respectively, the PDF of X can be written as:

log (x)-p .2
f(x) = _1_ exp[— _;_ [ ﬂa Y ] ]
r.')‘y Y2n  x ¥

In relation to the variable X, uy controls the scale, so it
is called the scale parameter, while ay controls the skewness and
hence it may be regarded as a shape parameter.

If log transformed series follows normal distribution then

the following relationships exist between parameters of
log-transformed series and original series (Yevjevich, 1972).

1 z 2
= e +3
" 5 109 (1 /(1+n )
2
o = log (1 + 11 )
y e X
&
where ., is the coefficient of variation , n, = 1r£

4
The skewness and kurtosis coefficient of the variable x are always
positive and are given by
3
= @ i .
C nx 3 ”H

=3
X
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a fa] 4 4
k = n, + 6 +157 + 167 + 3

(11i) Pearson Type=-III Distribution

The Pearson Type-III distribution is a three parameter
distribution. This is also known as Gamma distribution with three
parameters. The pdf of the distribution is given by:

(x_xa)?-1 e—(x-xa)/ﬁ
f(x) =
f Ty)
where,
X, ® location parameter
# = scale parameter
¥ = shape parameter

The first statistical estimates of the data are related to
the Pearson type III distribution parameters as:

H = x +08F
2 2

o = [y
c, = 2/Yy

(iv) Log Pearson Type-III distribution

The Log Pearson Type-III distribution has been widely used in
hydrology for fitting the frequency distribution of flood data.
The U.S Water Resources Council recommends the use of the Log
Pearson Type- III distribution as an attempt to promote a uniform
and consistent approach for flood frequency studies. As a result,
the use of this distribution has become popular in the United
States, and has brought the attention of practicing engineers from
Federal, State and Local governments as well as private
organisations.

The probability density function of the Log Pearson Type-III
distribution is given by:
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’ 1og°x - ya ¥ -1 1@ge X - yﬂ
f(x) = exp|-

[3].I(r).x

where yo is the location parameter, [? is the scale parameter and y

is the shape parameter. If log transformed series of x follows
Pearson Type-III distribution then x series follows Log Pearson
Type-1II distribution.

(V) Gumbel Distribution

EV-1 Distribution or Gumbel Distribution is a two parameter
distribution widely used in meteorology and hydrology. The PDF 1is
given by,

f(x) = _%— exp [— x;u - e-(x—u)/a ]

In the above equation u and & are known as Tlocation and shape
parameters of the distribution.

The CDF is given by:
_e—(x—u)/a
F(x) = e
The parameters of the distribution can be estimated from the
following equations using method of moments.

u = u+ 0.5772 a
& = a il
= Ve
for Gumbel distribution coefficient of skewness is equal to 1.139.
If [ s ; u] is replaced by y (the standardized reduced
variate) then,
o (= = e )
g(y) =
-y
_-e -
G(y) = e
or
Y = =1n [-1n ( G(y) )]

i
-in [-1n (1 - ;)]




4.1 Effects of Systematic Measurement Errors

The effect of systematic measurements errors has been studied
in the following two ways:

(a) Effect of systematic measurement errors on design flood
estimation using the observed data; and

(b) Effect of systematic measurement errors on design flood
estimation using the generated data of 100 years for all the
three sites.

For the purpose of introduction of systematic measurement
errors, the flood peak data have been <classified 1in three
categories namely; data pertaining to (i) high floods,(ii) medium
floods and (iii) 1low floods. In the absence of very clear
definitions for high, medium and 1low floods and because of
non-availability of detailed flood situations during each event,
it 1is not possible to adopt a well defined procedure for
classifying the various observed flood peaks as high, medium and
low floods. However, on the basis of available information about
the site etc, the high, medium and low floods have been identified
for the data of all the three gauging sites. In general,the peaks
corresponding to the high flood have been found to have values
more than Q + ZGQ. The number of the annual peaks having values
less than Q@ have been found to match with the number of low flood
peaks for the respective sites. Therefore this c1assif1cgtion has
been adopted while analysing the generated data. Here Q is the
mean value of the annual peak floods and e is the standard
deviation for the respective sites. The number of events of the
observed data pertaining to high, medium and low floods for the
three sites are given in Table-2.
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Table-2 Number of annual peaks corresponding to high,
medium and low floods for the different sites

s1. Site Length of Number of Flood Events
No. Record
(in Years) High Medium Low
1. Narmada upto 32 3 9 20
Garudeshwar
2. Godavari sub-basin 19 1 10 8
upto Bridge.No.807/2
3 Godavari sub-basin 26 2 13 11

upto Bridge.No.912/1

For studying the effect of systematic measurement errors
using the generated data, Gumbel-distributed data have been
generated for the period of 100 years for all the three sites.
These 100 years data of each of the sites have been classified in
high, medium and 1ow floods in a similar way as discussed earlier.
The number of events of the generated data pertaining to high,
medium and low floods are given in Table-3.

For the purpose of 1introduction of systematic measurement
errors, the observed as well as generated data have been increased
or reduced by +20%, +10%, -10%, and -20% for the following cases.

(i) +20% variations only in the annual peaks pertaining to high
floods

(ii) +10% variations only in the annual peaks pertaining to high
floods

(iii) -10% variations only in the annual peaks pertaining to high
floods

(iv) -20% variations only in the annual peaks pertaining to high
floods

(v) +20% variations only in the annual peaks pertaining to

medium floods

(vi) +10% variations only in the annual peaks pertaining to
medium floods

(vii) -10% variations only in the annual peaks pertaining to
medium floods
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(viii) -20% variations only in the annual peaks pertaining to
medium floods

(xi) +20% variations only in the annual peaks pertaining to Tlow
floods

(x) +10% variations only in the annual peaks pertaining to 1low
floods

{(xi) -10% variations only in the annual peaks pertaining to 1low
floods

(xii) =-20% variations only in the annual peaks pertaining to Tlow
floods

(xiii) +20% variations in all the annual peaks
(xiv) +10% variations in all the annual peaks
(xv) -10% variations in all the annual peaks
(xvi) -20% variations in all the annual peaks

(xvii) +20% variations in all the events except those annual
peaks which pertain to high floods

(xviii) +10% variations in all the events except those annual
peaks which pertain to high floods

(xix) -10% variations in all the events except those annual
peaks which pertain to high floods.
(xx) -20% variations in all the events except those annual

peaks which pertain to high floods.

Table-3 Number of flood events corresponding to high, medium and
low floods for different sites for the generated data.

Sl Site Length of Number of Flood Events
No. Generated
Data (years) High Medium Low
1. Narmada upto 100 4 41 55
Garudeshwar
2. Godavari sub-basin 100 4 42 54
up to Bridge No.807/2
3. Godavari sub-basin 100 4 41 55

up to Bridge No.912/1
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4.2 Effects of Random Measurement Errors

For the purpose of introduction of random errors., it has
been assumed that the errors follow normal distribution. The
errors have been introduced in the given data series by using the
following relationship.

c‘.JR.L = Qo.L (1 + a z, ) with a = 0.05 and 0.10
where

Qoi is the observed peak sequence;

z_L is the normally distributed random number;

a is a constant and two values i.e. o = .05 and a = 0.10 have
been considered; and

QRt is peak sequence after introduction of random errors.

For the purpose of estimation of the design flood, only two
probability distributions namely Gumbel and Log Pearson Type-III
have been used. However, for some specific studies the probability
distributions of Pearson Type III, Normal and Log normal have also
been considered as these are very frequently used distributions.
Using the above probability distributions, design floods
corresponding to 2, 5, 10, 20, 50, 100, 200, 500 and 1000 year
return periods have been estimated.

To examine the effect of random errors, analysis has been
carried out with twenty series (in each case) after using
different sets of normally distributed random numbers. The
summary of the analysis for the above study and the results are
presented in the following section.
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5.0 ANALYSIS AND RESULTS

The errors were introduced in the different data sets as
discussed above. Thereafter, the flood peak sequences having
different types of errors were used for estimation of design
floods of 2,5,10,20,50,100,200,500 and 1000 year return periods.
The effects of errors on design flood estimation have been
evaluated in terms of the percentage variations by comparing the
design flood estimate based on the observed flood sequences with
the design floods computed from data sequences after 1introduction
of the above said errors in the observed data. Also, the Gumbel
data sequences of record length 100 years have been generated for
the three sites and these generated data have been used to study
the effect of errors on design flood estimation 1in terms of the
percentage variations by comparing the design flood estimation
based on the generated data and the design floods computed after
introduction of the above mentioned errors in the generated data
as discussed above for the analysis with observed data.

For the purpose of introduction of errors, both the
systematic and random errors have been considered as discussed
above.

Some of the general observations are as follows:

The analysis clearly 1indicates that there are definite
effects of errors on the estimation of design flood by frequency
analysis method. The extent of deviations in the design flood
estimation have been found to vary considerably depending upon:

a) The degree of error in the data;

b) The nature of errors viz. error in high floods, medium floods
or low floods;

c) Type of errors i.e. systematic errors or random errors.

The effects under various conditions are discussed hereunder.
a) Degree of Error in the Data

The estimation of the design flood values 1is considerably
affected by the degree of error in the observed peak values. 1In
general, the errors increased in the same proportion as that of
the errors introduced in data. The results of the estimates of
design flood by using the data of Garudeshwar site after
introducing a 10% error and a 20% error in the high floods only
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are illustrated in Fig. 1 .The figure clearly indicates that the
variations in the design flood estimates for the various return
periods are almost in the same proportion both in cases of Gumbel
distribution and the Log Pearson Type III distribution. Fig.2 and
Fig.3 illustrate the similar results which have been obtained for
the sites at bridge No. 807/2 and bridge No0.912/1 respectively.
Similar results have been obtained after introducing errors in the
medium and low floods also. The results obtained by using the
generated data also show similar pattern. Figs. 4 to 6 1illustrate
the degree of variations in the estimated values of the floods of
different return period when systematic errors of +20% and +10%
are introduced in the peaks corresponding to high floods only for
sites at Garudeswar, bridge No. 807/2 and bridge No. 912/1
respectively.

b) The Nature of Errors

As discussed earlier the errors are 1likely to be introduced
in floods of different magnitudes depending upon the causes of the
errors. For the purpose of the analysis the different possible
conditions for the introduction of systematic errors are
identified as follows:

i) Errors in annual peaks corresponding to high flood only;

i1) Errors in annual peaks corresponding to medium floods only;

iii) Errors in annual peaks corresponding to low floods only;

iv) Errors 1in annual peaks corresponding to all the flood
values; and

V) Errors in all the flood values except the high floods.

The effects on the estimates of design floods considerably
differ in all the above mentioned cases.

For example, the systematic error of +20% in different
conditions above have been considered and the results as obtained
in case of site at Garudeshwar are illustrated in Fig.7. Figure 8
illustrates similar results when error of +10% 1is introduced.
Analysis has also been carried out by using the generated data of
record Tlength 100 of years for the site and the results
corresponding to systematic error of +20% and +10% are illustrated
in Figs. 9 and 10 respectively.

The results in case of data for Bridge No. 807/2 and Bridge
No. 912/1 are also ‘1lustrated in Figure 11 through 18. Summary of
the results for all the cases in respect of the three sites is
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presented in Tables 4 to 27.

Figures 1,2 and 3 indicate that the nature of the curve (of
the plot of percentage errors for different return periods) is
almost similar. However, it is observed that the quantum of
variations in the estimates of floods of the different return
periods vary for the three sites. This may be partly because of
the large variations in the catchment areas and the discharge
values at the three sites. Similar results have also been observed
when the systematic errors of magnitudes of -10% and -20% are
introduced.

Figures 1 and 4 represent the extent of variations in the
estimated values of the floods of different return periods in case
of Garudeshwar site by using the natural data series and the
generated data series respectively. The comparison of the two
Figures (i.e.1 and 4) indicates that the variations in the
estimate of design floods for the two series of data are more or
less similar. The magnitude of the variations in case of the
generated data series is only slightly higher than that of the
natural series but the nature of the two curves is exactly
similar. The results in respect of other sites also indicate
similar findings.

USE OF DIFFERENT PROBABILITY DISTRIBUTIONS

For the Timited purpose of illustrating the effects of errors
on estimates of the design floods using the different probability
distributions, the following methods have been used.

a) Normal Distribution;

b) Log Normal Distribution;

c) Gumbel Distribution;

d) Pearson Type-III Distribution; and
e) Log Pearson Type-III Distribution.

Figures 19 to 24 illustrate the results obtained by all the
five distributions.

The nature of curves have been found to differ considerably
when the different distributions are used which is quite obvious.

However the nature of the curves for the different sites as
well as for the different sets of data (i.e. the natural flow
sequences and the generated flow sequences) are similar for the




*BIBD PAAIISO
gursn 931s Jymsepnden Joj sporiad uJan}sJ  JUIIBIJIP
JO spoolj u8IsSap JO S91BEIJSS UT HOTI}RIJIERA 28R}uUaD.Iad *T '814

SHVIA NI QOId3d NHMhl3IA

0001 0oL ol Ly
1 I A T A | 1 1 | Y W I | | | Lope e g 3§ 1 1 ra
L)
\\k\@ C®
— \s __-m —
-\\..\.h_\\.u\\\ T .H
.\ﬂ\h\\ \Q\\\A\\\\\\\.\x 5
\\\I.lll\.l.\un\un“\t.l 5 -
PR \\\. ..\\\ -
(AND) Houd3 s 0L +g @ r- - o
(NND) Yo¥d3 » oz + L
s - @
(3d7) Ho¥u3 =3 Q1L + \\ —5
> N
S .
mﬂ\\ E
I [
\\ C8
xmﬂ\\ :
/ 2
(3d7) do¥y3 = gz + > L
ot [
S

NOILVWILST Q0074 NI ¥OM¥3 39VINIOYId

- 5] =




‘®)Bp pPo38JIoUI3
gursn 931s JeMsspnJde) JI0j spordad uan}sd JULISFITP
Jo spool] u8tsep JO sajewijss Ul uotT}eIIRA 85B}UaDI3d ‘2 *814

SHvY3IA NI QOIH3d NAri3d

Qo0 1L ool cL L

L | O T T O O | 1 1 | T T T | ] 1 L+ 1 4 11 1 L

B

=

= &

(WMD) HoHAZ B 0L +p e g

(347) HOouM3 B QL 4o
{(HNN3) HOMUZ ¥ 02 +g ——w——

(3d7) 40d¥3 3 02 +,7

| S I A A O N N L I B
00’8z 008l

00’8t

ll'lllllllllll

NOUVALLS3 GO0 NI ¥OM3 3OVIN3OUId



{(Wns)

(a1
(WnNo)

(347

HONY3

d404dy3

d0ud3

*®J®p paAdssqo Suisn
¢/L08'ON 9sptag 3®¥ @31s J0J spoldad uaniad JuaIajJip
JOo spoolj] uBTSsp JO S23BUI}S® UI UOTIBIJIBA 98B]U20434 ‘e 813

SIVIA NI QOIy3d NAN13A

coo L col Ol L
B O T TS T | 1 | | I O S 1 B (O Tl O VA O 1 1

i +\ R\m\ \\h

oL + J‘l‘ln\\l-\\hmﬁl\l\u\\“\.\\!\h\

0T Fmw—" \\a\x\\xq\\\\\\qx\\\
G\\\.\\\m\

oz +

llrllllllIll]lllIllllllill1TTr1fT||Il]lll

oz—

08

goel

00’8z

008t

NOUWALLSI 0NOTd NI JO¥Y3 JOVINIOYAd

- 33 -



*gyBp pojeasusd Buisn
z/L08°'ON 28plag 138 9}1S 103} spotaad uaniad quaJlaljIp
jo spoolj ustsep Jo $978UWIYS

SYVIA NI QOI¥3d NANL3d

2 u1 uorjeIIERA 2FBIUSDISd ‘814

0001 001 oL L
1 | O A O T | | 1 il §of .9 1 1 1y 1 ¢ 1 & 3 1 r
| S
(13gnn9g) dJoxy3 = 01 + \ \\ - o
-— 8 o - —
\hx\\ yd ..m
\H.\n\\.\ =
. N
\w\\\ e :
(13ann9g) Ho¥ya = 0Z .r\wu\\\.\k\\\\.\\\\\ C .
P ™ oo
(NOSHYId 907) HO¥NI % QL+ \\ [ &
& E
\\\ B
\\ =
~ B
@' -
\\\\ o
2 L
A &
& 8
A i
\\\ B
\\\ .
\\ -
(NOSHYId 907) HoNd3 ¥ 0Z + [ 3

NOILYWLLSI JOOTd NI-¥0¥d3 3DVINIOW3d




*®}ep paaJasqo Zuisn
1/216°0N 28p1ag 78 931s J0J spolJad uinjad JusId3ITP
jo spoo[j uSIsSap JO S9}BWI}Sd UT UOTIBTIBA 35BIUSDI3d

SHVAA NI QOIM3d NaN13d

*G 814

0001 ool cl L

1 | T T O | 1 1 | T T 1 1 | I O O | L M

= &
(WN9) yCoNy3 [,

- o

S
(3d7) youy3 N
(MN9) HOYY3 % 02 +p—— —a————— .
\n\\)&x\ B
w N

C @

(3a7) dowu3 = 0z + [ &S
-

[

@

-8
i

&

3]

NOUWALLSI Q0014 NI dOM¥3 JOVINIO¥3d

- 55 -




(WN2) dcud3

(3d7) HO¥H3

(WN2) douy3

(3d1) HoxH3

+gyBp pojeJIoUsd Bulsn
23158 J0j sporaad uanjal JuaI33iIp
0 S97BWI}SS UT UOT}BIIBA a8ejua0d3gd

SHYAA NI QOIN3d Ndnl3d

ool clL

e p B L 1

‘9 *Sid

—

1/216'0N 23plad 3%
jo spoolj UuSIsSaP 3
o001
T VO N i 1
ESIPRSIEES e
¥ 0L +
L
@1%1\-1@1
% 01 +

¥ QT +m—

00z-

11111711

[
00’8

coel

IIllIlIlltll!llllI|

00’82

|llllll|!|

pO'et

T

NOIUVWILS3 00014 NI ¥ONY3 JOVINIOY3d



S00014 AWNIA3IN NI ¥0dd3 =03+

*glep a9y} Ul pasnpoljul Iola?
0T)BUE}SAS JO SUOT3TPUOD JULI2JJTP ISpuUn BIBP PaAdasqo
suisn 9318 Jemsopndesn J1o0J sporaad uanjal JuUaIaIITp
Jjo spoo[j ufisep JO S93BWI]Sd U UOT}eTI®A 98vluadiad *L 'B14

SHVIA NI QOlbd3d NAIN3y

0001 ool oL

L | I T U | 1 1 a1 1 1 2 3 1 1 | T T N SO G | 1

o

SAO0Td MOT NI dOHY3 QT+

SA0OTd HOIH ¢
108 TV NI HOX¥I 20THe

1{lbllll/r’]ll|

Il.l.lllll;.\llll.!

SQ00714 HOIH NI 304d¥3 =0+

* - ¥ * 3 H— —3— ¥ #*
71¥0 3MOHM hll §0HH3 OC+

00'1- 009-

00y

00yl

00’61

00¥Z

NOLIVALLS3 Q0014 NI d0¥¥3 JOVIN3J¥id



| I}

*BJEpP 9Y] UT P2ONpPOJJUT JOJJD
OT3eU2}SAS  JO SUCT}TPUOD JUDIDIJTP Japun BIBP paAaasqo
gursn 231s Jemsapnaen J0j spoigad uaniald JuadsjjIp
JO Spoo[} uSTSap JO S33BUIISS UT UOT}BIJRA 98BUSDIdg ‘g *814

SAVIA NI QOIM3Id NNL3Y

000 L 0oCL Gl

Eol_ =g 9 I 1 —_-__—- 1 1 | T T Y 1 L

-

SA00T4 MO nI HOHAT 2QL+

SAQ0T4 HOIH Lng
TIV NI HONY3 0L+

SACOTd WNIA3W HONNT 20+

SAQ04 HIIH HOuy3 =201+

SAC0T4 TV NI ¥O=N3I s0L+

*\

1
!

LILINE S A O B e
008

T
00l

00'9-

00'1-

P

rll['llllllllll'T!lllI

NOLWWLLST Q00T NI ¥OMM3 39VININId



*B]Ep 943} UT padnpoJjul JI0J449
271BWS}SAS JO SUOT}TPUOD JUSISIJTIP Japun BIep pajedausas
sursn 2118 Jemsapnasn J10J] spordad uanjad JusaJdajiip
Jo spoolj uBisep JO S23BUT}SS UT UOTJRTIBA 38BIUSDJI3{

SHVYIA NI QOIRI3d Nini=3y

(8, oF ! oL

[ T N N | | | G (B R [T | 1 | I

‘6 ‘814

-

aooc1d MOT NI HOSRTI $OT+

SQ0Q714d HOAIH

1ng TV NI HOoEN3 uomj
Qo074 WAIAIN NI dON¥3 %0Z+

Qo014 HOIH NI ¥OdY3 302+

Yiva TIv NI HOx¥3 EON+*

N EA R R R SR NN R R R R R
00'é ooy 00— 00'9-

001

rl'lllllllllllllll!lil'llllllll
o 013

00'¥2

NOUWWLLSI Q004 NI ¥O¥¥3 3JOVINIOH3d

- 59 -




aooid Mo

ing TV

JcoTd WNIg3aW

Jgo01d HoiH

viva v

gjEp 2y} UT psonpoljul J01Id
sTjeRWs)sSAS  JO SUOTITPUOD JURISIFTIP Jopun ®}Ep pajEIousd
gursn 2318 Jemsapnden Joj sporaad uanjad JuUaIajJIp

jo spoolj usdissp JO S97BUT]SS UT UCTIRTJIBA a8rqua0d13d

SHYIA NI QOIR3d Nanil3d

‘01 "84

0001 col ol Loy
L | I T N N N | 1 1 | I T T I | | 1 | T A O M I | 1 1 o
L S
NI HOH"3 = QL+ .r||_,
= —&— &'{)Il/ﬁ/lﬂ lm
$A0CT1d HOIH u
NI HOMS3 % Olte— o N
T;.flll.ll.rl...l.lill['lf[ \\\ 2
e i
NI 2O¥M3 & Ol+ SR e - P -
Vd —
9 L
e R g
~
\ //.m =
NI HONS % Ol+p———"" - w©
3
NI ¥OHM3 = 0L+, e i - - - . P i [
e i
>
=3

NOIYWILS3 Q0074 NI JOX¥3 JOVINIOYid

= 60 =



*®3BpP AU} UT PadNpoIjul Jo0JI3 DTjewalsds
JO  SUOT3TpPuUOD 3JuaaajJIp JIpun ®BIBP PpaAaJasqo  Bulsn
2/L08°'ON 928ptrag 1® 23318 J0J spolaad uanisd JUaIajjip
JO sSpoolj UuBIsSap JO SI)BWI}S® UT uUOTjRIJeA a8ejusdaad 11 'S4

SAV3A NI QOIM3d NJNL3H

0001 001 ol L
L | O I T | 1 1 | I T O T | 1 A | 0 VO ) R o
- ” m
STO0T4 MO NI MC¥H3 % 0z + C L
=]
C >
&
/ -
SACOTS HOIH - 2
1N8 TV NI 40¥d3 % 0Z + — 8
SOOOT4 HOIH NI HO¥M3 ¥ 0Z + C
SACCTd WNIAIW NI ¥C¥E3 * 0T + L
- >
C 8
- @
»* e — * ¥ * > * — % -8
viva TI¥ NI HOWN3 ¥ 0Z + C
- s
-3

NOUWALLSI J00Td NI J0¥d3 JOVINITY3Id




*gqBp 9Y] UT PISNpPOJIUT JOIID DT]BWA)SAS
JO  SUOT3TPUOD 7JUaJI8JJTP Japun BIBP PaAIasqo Suisn
Z/L08°ON @8prag 3B 2318 J0] sporaad uanjal JUId}JIP
JO Spoo[j USISap JO S2}BUIYSS UT UOTIBTJIBA aSequeniag ‘71 'S13

SAHVIA NI JOIbd3d NANI3d

000 L 0oL clL

| I | 1 1 | T T T I N | J) 1 T T N (Y N 1

SA0CTd MO NI dOdd3 3 0L +,

SaoQ14d HOIH
1ng 71V NI dCH43 ¥ 0L +

SACOTd HAIH NI dCH43 3 0L +
SACONd WNIdIN NI HOYH3 % 0L +

-
YiYa 1V NI HOdH3 % 0L +

T
00—

LA

LILEL

o'y

6

00+l

LI L DO I I AN U I AN NN RO (LN DO DN O IR L N N ML O L DL B IR B B

NOUVALLSI JO0T4 NI ¥O¥¥3 3OVINIO¥3d

- 02 =



*®}ep 3y} Ul PIdOPOJIUT JOLId DT}eUaY}SAS
JO  SUOTJTIPUOD JUSILJJTP Japun eIEP pojeIauUag Fuisn
Z/L08°ON 98prig 1J® 2931s J0J spordad uanj}ad JuaIaJJTIp
Jo sSpoolj] UuSISap JO S8)BUTISS UI uolleiJdea afejusoasd g1 814

SHVIA NI 0OIM3d N3N13y

o000 L ool GL
(. | Y T IO RO 1 | T I I B | 1 | O A N A | 1

-

JGOTd MO NI HC¥Y3 = 0Z +_W

SAQQ14 HOIH
1N8 MY NI 4C¥d3 % 02 +

- *
T S s \\
JCONd WRIA3W NI H0oMM3 % 02 + \.\
/
\\\
/
\\K .//.,./
— /u/
\....\.n.\ //
e N\
\w\\l\ll\ //6
lllT.ll\l.\lu]!..\. 1
||.|l|i.|$||l|.l|.||'..lll.|ll
i
aC0d HIH NI d0¥d3 % CZ +
ADCT4 1Y NI HCMHT ® 027 4+
3 - E - —H— - —H-— — —

l!l]lllll||lllllll|l

[TVrrrrrTT

Illllllllllllfllllll
00’

0061

[lllllllil

00'¥Z

00'.9_

o0

00'vl

3 40014 NI JO¥N3 39¥IN3IDY3d

S
)

NOILVIIL



*B]BP 9y} UT PadNpoJ3ul JOoJdIa O1}8Ua}SAS

JO  SUOT3TPUOD JUSISJJTP Japun =BIBpP pajetausas Buisn

2/L08°ON 98prag 17® 911s J0J sporgad uinjiad Jusadajjip
JO spoolj ufisap JO SI3)BUIZSS UT UOT}eIJRA 9Fejuadiad ‘pl '814
SHY3IA NI 0ORIE3d NAN1L3d
000 L ool ol Lo
[ | 1 ] 1 v Il T L | | N L1131 1.1 % o
| &
1
[ 8
] = = —& = = = .-
JOOTI4 MOT NI JC0dH3 = QL + B —— H
SQ00T14 HOIH C
1IN8 TI¥ NI ¥0o¥H3 % 0L + c
AcOTd WOIA3N NI Ho¥A3 % 0l + 5 R
- =
-
o o
Qo014 HOH NI HCyd3 % 0L + Hm
» s 3 - 3 w— —a — -;— -
donols 1Y NI JcyuM3 = oL + i
CF
.8

NOILYWILS3 Q0074 NI dOM¥3 JOVANION3d

- 64 -



ing T Ni

SQO0T14 WNIG3IW NI

S00074 HIIH NI

Yiva TV NI

"BIBP SY} UI paonpodjul Joads O1]BWSYSAS
jo SUOTITPUOO JUBIBJITP JoPUN BIBP DaAISSQO gursn
I/216°ON 28prag 19e a31s aoj SporJad uanjald JusiajIip
JO SPOOTJ u3IS8p jo SPIBUIYSD UT UOTIETIBA agequadiag g1 ‘814

SAVIA NI JOIM3Id NaNi3A

000 1L 001l oL L
[ Lot 1 1 1 i 1 | I O S T | ] 1 | T T W O I | 1 1 Lo
-3
_H
. C 1
SJ00T4 MO NI HJO¥MY3 = 0z + !/d/lm/ IW
E
\ 5
SAco1d HSIH Hmb
HOHHM3 ¥ 02 + IIW
O— = = o -
40443 ¥ Q2 +l\\'\|@|\\\l'\\|o\\‘%v -
doHy3 ¥ 0z + ul..m
- @
- b i) - ™ m
e Ll Easd .* #I Eagd D 3 * ™~
d0¥d3 ¥ 02 + C
z 58
-
t]

NOILWAILST G004 NI dOM¥3 39VINIONId

- 65 -



SJ00T4 MO NI

1N8 TIv¥ NI

SACOTd WNIG3N NI

U004 HAIH NI

SJ0074 171¥ NI

*BIBD 3Y3} UT paodnpodiul I04J3 IT)BUILSAS
Jo SUOTITPUOD JUSISJJTP JOPUN ®IBP PpIAIasqo Sursn
1/216°ON 28p1ag 13 931S J0J sporaad uinjau JuaaajjiIp
Jo Spool] uBisSap Jo S93BWIISD Ul UoI3BIJIBA 98BJUSDIB]

SAVIA NI QOI¥3d NAN13H

000 1L 00l oL

L La s 1 2 ¢ 4 1 1 | I N T | L 1 | N

‘91 *814

1 1 1

d0y¥d3 ¥ G +

SAood a9l
H4O¥d3 ® 0| +
- &
;l

HO¥43 = ¢ +

G - o

HdO¥d3 ® QL +e——m————————

= o~
<= B =
4

e e ——

*
*
E 3
*

d0¥y3 ® ¢l +

00'9-

00'l-

"6

||IIIT!I|III!IIIIIIFIIITllrll
¥

LU I I

hd!

|
00

L

NOLLWALLS3 QOOTd NI dOXM3 JOVIN3ON3d



*BIRP 8y} UT PadnpoJjul JoJda D1}eualsds
JO  SUOI3TpuUOD JUaJI3JJTP Japun %®IBp pojedaua8 Juisn
1/216°ON @8pTag 1B 9311s J0J spordad uaniag uthw.&%
Jo spoolj uBT1sep JO S97BWIYSS UT UOTI}BIIBA afejuaniad *L ‘814

SAaVY3IA NI JQOI¥3d NANL=SH

000 L 001 Gl L
L | I I N O () O | 1 1 | IO T T S | i 1 SR O T T O T O | 1 1 o
=
=3 "
Q0074 MO NI ¥C¥E3 ® 0T +o- - e o S & Ls =
h'lull..ln'lunoulfr:ll.lfv L
—— .
F >
£Q0014 HIIH 1Me o=
TV NI H0¥¥3 ¥ 02 + ‘. -
AcoT4 WAIA3W NI HONY3 % 02 +®!II|IIWT!|J!IJD!!M/&/‘/ y 5
J@[ltllll@.fv]fl ,.\.. =
[ ©
— 8
. =
1\ - m
Q0OT4 HOH NI HCNH3 ¥ 0T +e— " o
b
- o
40014 TV NI HCHM3 % 02 4 »* > _— * - ”— * -8
™~ N
2

NOLWNILSI Q00T NI JO¥3 3OVININ3d

- 67 =



Jo074 MmO

my
aCO4 WNIA3IN

Q0074 HOIH

40014 MY

NI dHC¥d3 = Ol

NI

*B1%¥p 9U3 UT PadNpPoOJjUT JOIId DT}BEIYSAS
JO  SUOT]TpuOd JUBJISJJTIP J3pun ®IBp pojeIauai Suisn
1/216°ON 98pTag 198 93T1s J0] spoldad uan}ad JuUaIajjIp
JOo Spoolj} uB1sSep JO S27BWI}Sa UT UOT}BIJIRA a8elusdaag

SHVIA NI QOIM3d NINL3Y

o0l GL

| R R | 1 T T O Y R T | 1 | Y W L |

81 314

-

g

do014 H2IH 1Na

dOMH3 = 0L

+I:Jrl
@l!@f”@l]]lr T
NI HOMN3 % 0L + I -

NI "O¥¥3 % 01 +

NI

HOHH3 = C|L

—+

3 ; »

- -—

1
J

LALZNLENLIL B B B B I O B B e
00’6

o
00vl

001 - 00'9-

lllllllllllflllllfli

00"

NOILYWILSI Q00T NI 3ONY3 3DVINIJ¥Id



* suoT3NquagsSIp

£j171qeqoad  JUSI9IITP Japun ®}Ep paAaasqo
Sursn 231S dJBmMsapnden J0j spoldad udnjad JUSISFIIP JO
mﬁmoam mmﬁmmﬁ jo sS9jeWT}Sd® Ul UOT}eTJRA 2FBIUaDISd 61 ‘814

SHYVIA NI JOIH3d Nanil3d

0001 ooL Gl

L Li i 1 1 5 I 1 | T T | I 1 T T I T O | L

—

TNHON DO @I\\&\\\I@y\\\@\\h@\\\l\

TYWHON

1[aNWND

NOSYV3ad

NOSyY3d 9207

]lllllllll'lll!llllll‘ll’!IIII_I_T

ll'llllll'lll

00¢-

'8

008l

00e2

008t

NOLVWLLSI QO0Td NI dOM¥3 JOVINIONId

—69 e




sUOTINqQII}SIP
£31719RqOad  QUDIBJJIP Japun B3RP paAJasqo
Sursn 931§ JBMS9pnNJIBY) J0J spordad uanjad JuUdILIITP 3O
spoo(j ufrsep JO S97BWI]SS UT UOTJBTIBA 2FBIUIDISd ‘02

SAVIA NI JOIb3d Nanisd

000 1L oolL oL

L | O T T B | ] 1 { I T T I B ! 1 1113131 3

.m.ﬁm

-

0
{)
(1)

AYWHON
C

TYNHON 90T
138WNO o7

3

NOSHV3d

NOSd¥Y3Id 20

002~

0082

008t

[ I I N I L N L N L N L L B B
oo'e!

NOUVALLSI QOOT4 NI dO¥¥3 JOVIN3OY3d



* sSuoT3InqrJIlsIp
£3171198q0ad JuaIajjip d3pun ®IBpP PpoAIssSqo Julisn
2/L08'ON 28p1aq 3% 93118 J0J sporaad uan}al Juaaajjip jo
SpoO]J UuUSBISSpP JO S93BUIYS® UT UOI}BIJIBA o8BIUSDIDG °*1Z 814

SHVIA NI QORISd NANL3Y

00 L 0oL oL

L | I T I | 1 1 | I T M R TR 1 | TN N T O I M | i

-

NOSYHvY3Id 901

00'8-

k4

002l

[l_l'llllIIl'il’Tlllllfllllllflll

0072

llIllIlll‘Il!ITllll
00°2¢

NOLVALLST QOO0Td NI ¥OM¥3 39VINIO¥3d




= SHOLING L3P
£y1119RqOad JUL2JI3JJ1IP dspun BlEp Ppojrvasuad Juisn
Z/L08 ON mwmwan 1® 92315 J40] spoTdad uInijsd juaIsjjip Jo
SpoOTJ UuSTIsSap JO S93BWIFS® UT UOTJRTJIRA d8BluU9D43d ‘27 814

SHv3IA NI JOId3d NAni3d

000 L o0t Gl
L | T N I Y NN N | 1 | I O T IS B 1 U N (I [ Lo e Lm | 1

—

&&\\m\m\ \
TYHUON DO 7®\|]\®\I\\¢\|\l®\\lxé\ -

TYNAC fl\\f\\u\\.b\l\\l\\\ll\ i
—

=aWne

NCSHY3Ad \*\\

E'
HCSdY3d 2071

LR

[ll]lllll[||lllll|]1!

l1lll|lerTlI|'lll‘l

0o'e-

00e

elord}

00ee

HAY

NOILYWILSI Q0014 NI d0O¥¥3 3JOVIN3T¥1d




¢ SuoT3INQIJI}STP
£3111qRqOad JUaJdaJI TP Jdspun ®BIBp PpaAJdasqo Sursn
1/216°0N @8pTaq 3® 3318 40} spordad uanjad Juadajjip jo
SPOOTJ USTSdP JO S93BWIYS® U] UOIIBIJIBA a8BjuUadiad ‘g7 *S14

SAVIA NI J0143d NAN13AH

0001 o0l oL

1 | I T T O N R | 1 1 | T T ] 1 _____._—

.

TYARION oo._c\\\tl\l\\(.h\\\\'\\

TYAEION, o \

T38WND

NOSHY3Id 9071

e

HNCSHVId

00'e-

T

00721

00722

0072E

IFllll!llll'lllll‘ll||lllll|ll‘|'l|1'l—l]|lT.!lllTllll'll

NOLIVWLLSI QOO NI dO¥y3 3OVININ3d



) * suorjnqrajsip
A3TTIqRqOad JUaaaJJIp Jdspun  ®3Ivp pajevaausl suisn
2/L08°'ON 3g8praq 3e 9]11s J0J spotaad uanlaa jquagajjip jo

SpooTy udT1sap jJo sajvuIgSs UT UoTjera®A 88®jusddag ‘'z 814
SYVIA NI QORISd NANL3Y
0001 001 oL L
[T les 1 » 31 3 1 1 | I I | 1 1 lea a3 3 2 . &
-3
- o
L
TVAAON 90 um
TYWHO i
Eenno C
NQSYv3d 90
NOSuV3d

lllllllllllll"lli

NOUVINUSI QO0Td NI MOUMZ 3OVIN3ON3d

- "




specific probability distributions.

c) Types of Errors (Random or Systematic Errors)

The nature of errors in the estimates of design floods of
different return periods vary under different conditions. However,
for systematic errors some trend can always be established and
that can be used for making necessary adjustment in the estimated
design flood values. On the other hand no such trend 1is possible
when random errors of certain magnitude are introduced.

In this particular analysis random errors are 1introduced by
using the relation.

QRL = QOL (1 + a z, ) with o = 0.05 and 0.10

where

QOL is the observed peak sequence;

z is the normally distributed random number;

o is a constant and two values i.e. o = .05 and a = 0.10 have
been considered; and

QR& is peak sequence after introduction of random errors.

This in effect means that for a = 0.10 possible error may be
as high as +30% to + 40% and that with @ = 0.05 this range may be
about + 15% to + 20%. The random errors have been introduced and
20 sets of data with possible errors have been generated.
Variation of errors due to random errors of different return
periods for various data sets of Garudeswar site for Gumbel
distribution in case of & = 0.10 is shown in fig. 25. It may be
observed that the range of variation in the errors in case of a
particular flood say 100 year return period flood varies from
-11.86% to 12.72%, the average value of the error being only
2.97%. The effect of degree of possible error i.e. errors with a =
0.05 and o« = 0.10 for 100 year return period in case of various
data sets of Garudeshwar site is illustrated in Fig. 26.
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6.0 CONCLUSIONS

The results of the above analysis very clearly indicate that
there are definite effects of the errors in the flow data sequence
on estimation of design flood. Some of the important conclusions
which can be drawn on the basis the analysis are as follows.

a) The effects of systematic errors are quite considerable in
some of the cases. However, the magnitude of possible errors
in design flood estimation varies depending upon the return
period, frequency distribution used and the nature of errors
in the data. A variation of as high as 36.77% for 1000 year
return period has been observed with Log Pearson Type 1III
distribution when error of only +20% is introduced in 3 high
flood peak data (out of 32 annual peaks). When errors of the
same magnitude, i.e +20%, are introduced in 29 annual peak
values (out of 32 values) and the peaks corresponding to
high flood are not changed, the variation in 1000 year return
period is of the order of -7.27% . On the other hand, the
extent of variations in the floods of 2, 5 and 10 year return
period floods are only of the order of -0.48%, 3.69% and
7.33% respectively, when errors of +20% are 1introduced in
high floods.

With the Gumbel distribution, the extent variation 1in
1000 year return pe: iod flood is of the order of 15.72%,
when +20% error is introduced in the peak corresponding to
high floods only. When the errors are introduced in all other
peaks except those corresponding to high floods the variation
in 1000 year return period flood is of 6.21%

Similarly, the variations differ considerably when
different frequency distributions are used and errors are
introduced for various conditions.

An over all view of the results of the study 1indicates
that the possibility of different conditions of errors are to
be given due weightage while estimating the design floods for
different structures. For example, for the design of spillway
of a large dam, it would be necessary to ensure accuracy in
measurements of high flood peaks, as errors only in a few
values of high floods may result in considerably large varia-
tions in design flood estimates for high return periods. On
the other hand, for the design of a small structure 1ike a
culvert or flood levees the degree of error in the high flood
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peaks do not affect the design flood estimation to a great
extent. In such cases, it is more important to have a flood
sequence when the data corresponding to low and medium floods
have been measured accurately.

b) In the above analysis, the various percentage of errors have
been introduced assuming the given data series to be free
from all types of errors. In order to have a realistic
representation, it is desirable to collect and analyse data
where all possible precautions have been taken meticulously
and the data can be safely considered to be error free for
all practical purposes.

c) The above study is only 1illustrative. It 1is necessary to
carry out further studies based on data of a good number of
river basins.

However, it is quite clear that the effects of errors on
design flood estimation follow a well defined trend particularly
in case of the systematic errors. Once the extent of error at an
observation site is established, it should be properly studied to
incorporate it suitably in design flood estimation. For example,
if a site has reliable data for low floods and erroneous data for
high floods, then relatively lower return period floods can be
estimated with confidence using the data of this site. However,
while estimating the design floods for higher return periods using
such data, it will he necessary to ascertain the possible range of
errors likely to creep in. The design of the structure must,
therefore, take into account such features.
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