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ABSTRACT

Large-scale planning for improved 1land and water
management and expanding water resources development has made
it increasingly important that g consistent approach be
adopted for estimating the magnitude—frequency relationships
for point rainfall extremes (EP). The aim of frequency
nnalysis is to select or fit'probubillty distributions to
observed data and then values needed by hydrologists and
engineers may be extrapolated beyond the rande 6} recorded
observations. In this study five distributions viz, normal,
log-normal, Gumbel, Pearson Type III and log-Pearson Type III
were compared for their ability to fit maximum rainfall values
of durations one to three days for the south eastern part of
the country. Daily rainfall amounts from 35 stations varying
from 27 to 29 years in length provided the basic data for fhe
study. Statistical tests indicated that EVl, log-normal and
normal distributions fitteq data better than others, EV1
distribution seems to be 8lightly better, but it did not show
any marked superioriﬁy over the other two, However, for the

sake of uniformity and considering its pPopularity EvVi

distribution may be applied.

Comparison of the method of moments, maximum likelihood

and probability weighted moments indicated that the maximum

likelihood method may be used for estimating parameters of

iv




this distributioﬁ. Of the six plotting position formulae
compared, Weibull formulsa appeared suitable fdr fitting
empirical distributions to extreme values of rainf;ll. Finally
reliability of analysis was investigated and maps of isovalues
of parameters for EV1 distribution is presented for practical
use. Continuing study leading toward improvement or revision

of methods is recommended.
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Chapter 1

INTRODUCTION

Importance of Rainfall Frequency Analysis

The statistics of extreme rainfall events are important
for providing criteria for the planning and design of water
resources projects, especially irrigation, drainage and flood
control projects. To estimate extremes of rainfall for return
period longer than the length of record, the choice of
probability distribution in the analysis of extremes becomes
important. It is used as input to flood models for analysis
associated with- a wide range of hydraulic structures to
determine design sizes and risk of overtopping or failure. In
order that the rainfall design data be practical for design
purposes it is necessary first to determine magnitude-return
period-duration relationship, also known as intensity-

frequency-duration relationship, with care for any locatiqn.

Hydrologic systems are often impacted by extreme events,
such as severe storms, floods, and droughts. The magnitude of
an extreme events 1s inversely related to its frequency of
occurrence, very severe evénts occurring lesé freguently than
more moderate events. The objectives of frequency analysis of
hydrologic data is to relate the magnitude of extreme events
to their frequency of occurrence through the wuse of

probability distributions. A probability distribution is a




function representing the probability of occurrence of a

random variable,

A primary assumption of hydrological frequency analysis
is that the series of events being considered have random
magnitudes, which are mutually independent and identically
‘distributed. In practice, this is often achieved by selecting
the annual maximum of the var;ables being analyzed ( e.g., the
annual maximum discharge, which ié the largest instantaneous
peak flow occurring any time during the year or the anﬁual
.daily maximum rainf#ll ) with expectation that successive
observations of this variable from year to year will be
independent. Flood or rainfall frequency analysis is not an
end in itself but provides vital information for many
engineering purposes: for the design of dams, bridges,
culverts, road embankments, irrigation projects, flood control
strﬁctures,-and for determining the economic value of flood

control structures, and risk assessment in flood pPlain use.

Analysis of rainfall record is necessary for estimating
flood magnitudes and frequencies at sites without discharge
‘records or with discharge records of few years which are
required for conservation, economical planning and design of
river basin projects, and-utilization of water for various

purposes.




The aim of frequency analysis is to select and fit
distribution type to observed data. The values needed by
hydrologist and engineers may be extrapolated beyond the-
observed range of record. The disadvantage of using the wrong
form of distribution for extremes of precipitation is that of
over-and-under design of project facilities and related

hydraulic structures.

Purpose of Rainfall Studies
Choosing a statistical distribution for rainfall
frequency analysis has remained a difficult problem for
hydrologist, designers of hydraulic structures, irrigation
engineers and planners of water resources. | Several
distribution types are used to estimate extremes of flows and
precipitations but the merit of their applicability +to
different types of data and for different purposes have not
been clearly established. The reason for operatiqnal use of
a particular distribution type in many countries are
frequently subjective or historical, as confirmed by the WMO
survey (1981}.
1
Accordingly, the primary'objeétive-of this research is to
investigate the merits of different distribution types and
provide some guidance on -the éelection of distribution types

for extremes of rainfall in the south eastern part of the




country. Oncé a distribution is selected for use, however,
the analysis becomes objective, and the extrapolation can be
made after determination of the sample statistics - mean,
standard deviation, and coefficient of skew, ete. of the

station data.

It is obvious for the climate of Bangladesh that storms
having durations of several days are the most important in
causing floods on large river basins just like short duration
storms laéting a few hours or even less than an hour serve as
design rainfall for small watersheds. Therefore, it seems
reasonable to analyze rainfall records of one-day, two-day,
and three-day, etc. durations for providing reliable long-term
rainfall frequencies for these durations for use in flood
frequency analysis, storage capacity determination and other

important hydrological analysis and design.

Except in mountainous terrain, rainfall depth-frequency
variations over short distances may be expected to be small.
7Thus, it is practical to prepare maps of isovalues for
parameters of the best fit probability distribution for
maximum rainfall depth which will provide a good basis for
estimating maximum rainfall depth for the given durations of
cne, two, and three, etc. days for any return periods
throughout the south eastern part of the country where the

scales are small enough for reliable interpolation.
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In the investigation of extreme values, especially the
maximum values, various distribution functions such as normal,

log-normal, Pearson Type III , log-Pearson Type III {LP3) and
exlreme Value Type I (EV1) or GQumbel have so far been used

and will be considered in this study.

Summary of Previous Studies

Considerable research has been conducted on rainfall
frequency analysis. Yarnell (1835), W.S. weather Bureau(1955)
and others provided information on rainfall frequency for
periods of 5 minutes to 24 hours. Huff and Neill (1959)
performed analysis to determine the return period of heavy
rainfall amounts encompassing periods of one to ten days., The
frequency distribution tested include the log-normal, log-skew
(Chow, 1954) , Gumbel, Frechet (Gumbel,1956) and Jenkinson
(1955). Results indicated no marked superiority to any of the

five distributions.

BENSON (1968) applied six probability distribution

.functions to flood series} namely (1) Two-parameter Gamma

distribution, (2) Gumbel distribution, {3) Log-Gumbel
distribution, (4) Log-normal distribution, (5) Log-Pearson
Type IIY distribution, and (6) Hazen method. He suggested to
use the log-Pearson Type iII distribution as the base

distribution function for annual flood reaks for the United States.




LINSLEY et al. (1968) indicated that the concept of flood
probabilities can be applied to precipitation probabilities.;
They also indicate that annual maximum, hourly or daily
amounts, ordinarily conform a Fisher-Tippet (Extreme valuel
type 1), log-Pearson, log-normal or Gamma distribution. In
humid areas, where mean is high, monthly, sehaonal', or annual
totals can approximately be normally distributed. 1In drier
areas, a skewed distribution, such as log-Pearson, log-normal,
Gamma, sguare-root or cube-root normal may give a better fit.
Chow {1954) has shown that most frequency distributions can be
generalized to

X =X + Ko, ... {1.1)
where X is an event of specific probability, X is the mean, o,
is the standard deviation of the series, and K is the
frequency factor defined by specific distribution and the

probability level of x.

An abbreviated chronology of frequency analysis of floods
and precipitation is given in WMO guidelines (Sevruk and
Geiger, 1981). There is no firm theoretical support for the
exclusive use of one or another distribution. However, there
is some theoretical jusatification for the application of the
extreme value theory {( Gumbel,1958; Jenkinson,1969), the
Pearson distribution (Kryukov,1973) and the log~normal.

distribution (Chow, 1954) to extremes of precipitation

nnalysis,




As stated by Gumbel (1958), the good fit to extremes of
precipitation cannot be foreseen from the theory. Frequently
various distributions are fitted to the data and the one with
the best fit is selected. Thus the decision is made in an

empirical basis by using subjective visual techniques or more

objective statistical tests.

Guidance on the selection of distribution types for
extremes of precipitation was published in a WMO report
{Sevruk and Geiger, 1981). More than 400 references related to
frequency analysis of extremes of precipitation and floods
have been listed. Similar guidelines on'the selection of
probability distributions for flood frequency analysis has

also been presented in another WMO Report (Cunnane, 1989),

A number of rainfall studies have been conducted in
Bangladesh, In 1972, International Bank for Reconstruction and
Development (IBRD) studied 36 years of rainfall data for the
period from 1934 to 1969 for agricultural pPlanning and
drainage design purposes. Results presented include rainfall
intensity-duration-frequency relationships and probability
profileés of reaching oy e#ceeding specified rainfall amounts
in any week for niﬂe‘ stations, wviz., Barisal, Bogra,
Chittagong, Comilla, Dhaka, Khulna, Mymensingh, Rangpur and

Rajshahi. For the determination of drainage requirements,

maximum values of rainfall received in 1,2,3,5,7,10 and 15




consecutive days were also computed. Manalo (1978) carried out
a more detailed analysis of rainfall for crop planning. He
prepared mean monthly rainfall histogram for various regions
of the country. Isohyetal maps of mean seasonal (June-October)
and mean annual rainfall for the whole country and a climatic
map showing the number of wet and dry months during a year in
different parts of the country were also prepared. Khan {1976)
estimated empirical probabilities of rainfall in two-week
periods using daily rainfall data for 36 years from 1934 to
1969 for 13 different locations. This analysis was performed
for calculating supplementary irrigation reguirement and
determining cropping pattern. Bangladésh Water Deveiopment
Board (BWDRB) and United Nations Development Programme (UNDP)
performed a study in 1982 for 8 climatic stations maintained
and operated by Bangladesh Meteorological Department. The
stations included in the study Qere Comilla, Dhaka,,
Mymensingh, Srimangal, Syihet, Bogra, Dinajpur and Rangpur.
Rainfall data for the 1947-80 period were analyzed to
determine probability of one through six-day annual maximum
rainfall to be used in drainage deéign. Rainfall depth-

duration—frequencyArelationships were also plotted.

Matin (1984) analyzed short duration extreme value
rainfall derived for such periods as 5, 10, 15, 30 minutes, 1
hour and 2 hours using empirical approaches developed for the

United States (Harshfield, 1962). Using EV1 (Gumbel)




distribution, prediction equations were developed for one-day
maximum rainfall corresponding to return periods of 2,5, 10,
20,30 and 100 years. An empirical equation was also proposed
for calculating daily rainfall for various return periods
using two-year one-day maximum rainfall value. Ahmed (1986)
coﬁducted a similar study for the north-western region of the
country. But he analyzed 1, 5,7,10 an 15-day maximum rainfall
using Gamma and Gumbel distributions. In general, Gumbel

distribution fitted the data better.

The studies conducted so far in Bangladesh were limited
in scope in that most of these studies were based on one or
two probability distributions which wefe either chosen
arbitrarily or based on experiences elsewhere as reported in
the literature on rainfall frequency analysis. A comprehensive
evaluation is needed as to the suitability of the frequently
used distributicons, such as log-normal, Peafson Type 111, log-
Pearson Type 3, extreme value type I for the extremes of

- rainfall in Bangladesh.

There has beeh hardly any comprehensive study for
evaluating the suitability of the frequently used distribution
for rainfall studies. The objectives of this research is to
fill this need and put the issue of rainfall fregquency
analysis in perspective and deal with the subject in a more

systematic manner.




1.4

(1)

(2)

(3)

(4)

Objective of the Study

The main objective of this research is to investigate the
suitability of commonly used statistical distributions for
estimating the magnitudes of poiﬁt rainfall extremes in the
south eastern part of Bangladesh. The main emphasis is on the
selection of correct distribution types for use. The specific
objectives are as follows:
To test the applicability of different distribution types to
annual maximum 1-day, 2-day, 3-day rainfall observed at

different stations in south eastern part of the country.

To study the influence of parameter estimation methods on

analytical or mathematical technique of fitting distribution.

To examine the effect of choice of plotting position formula

on graphical or empirical fitting of distributions.

To establish an extreme precipitation magnitude-frequency

relationship.
To estimate the reliability of results of frequency analysis.

Methods of frequency analysis have developed along
divergent lines, with resulting non-uniformity in methods of
analysis and, hence, in results. No general agreement has

been reached as to the preferable technique and no standard

10




have been established for design purposes. Methods used have
been.different, and situations have arisen where conflicting
values for the same ssitgation have been furnished to the
public, thus causing confusion and questioning of such
results. There is a need for objective criteria to test the
applicabilty of different distribution to extreme values of
precipitation. So the first objective is to establish the
merits of the applicabilty of the distributions to different
types of data and for different situations. This invoives
fitting the selected distributions, namely normal, log;normal,
PT3, LPF3 and EV1 to annual maximum rainfall having durations
of one, two, and three, etc. days for wvarious rainfall
stations in the south eastern part of the country; and tol
recommend the best probability distribution function of the
annual maximum rainfall amounts for such selected durations.
This is especially important in view of many programmers of
national scope involving large expenditures of public funds
that depends on both flood and rainfall frequency analysis. It
is in the interest that a sound method of rainfall and flood
frequency analysis be used and that a consistent approach be
adopted so that costs and benefits may be assessed on a
uniform basis. So it is very important that 'studies be
conducted with the aim of selecting " best" distribution for

nationwide use.

11 ,




The second objective is to suggest a suitable method of
parameter estimation for fitting probability distribution to
a set of hydrological data. Parameter estimation can be done
by methods of momeﬁts, (Karl Pearson 1902), méximum likelihood
(Fisher, 1922) and probability weighted moments (Greenwood et
al,1979). The method of maximum likelihood is the most
theoretically correct method of fitting probability
distributions to data in sense that it prroduces the most
efficient parameter estimates those which egtimate the
population parameters with least average error. In
general,the method of moménts is easier to apply than the
method of maximum likelihood and is usually used for practical
hydrological analysis. So the second objective of this
research is to investigate which parameter estimation method
would be suitable for a given distribution in analyzing

rainfall data of the south eastern rart of Bangladesh.

In most countries there is no "standard" or adopted
distribution, and graphical method based on prlotting position
is frequently used. Among the plotting positions, Weibull
formula is by far the most favoured one followed by the
Gringorten, Hazen, and Blom formulas (Sevruk and Geiger,
1981), So the third objective of this research is +to
investigate the effects of the plotting position formula on

goodness of fit.

12




The fourth objective is to relate the magnitude of annual
maximum rainfall of one, two, and three etc. day durations to
their frequency of occurrence through the use of probability

distribution function, and

The fifth objective is to estimate the reliability of the

results obtained by frequencies analysis.

13




2.1

Chapter 2
BASIC CONCEPTS AND. THEORETICAL CONSIDERATIONS

Basic Concept of Rainfall Frequency Analysis

Annual maximum rainfall frequency analysis enables the
magnitudé of maximum rainfall of a selected probability of
exceedence or return period to be estimated by statistical
analysis of recorded maximum rainfall data. Frequency
analysis for annual maximum values may be carried oﬁt

graphically and analytically. In the former, the observed

‘data are plotted on probability paper and a frequency curve is

drawn suﬁjectively. With the latter approach, a probability
distribution is fitted mathematically to the observed data,
and maximum rainfall corresponding to selected probability can
be calculated. Although either” method can be used
independently, it is preferable to view tﬂem as complementary
rather than alternative procedures. For frequency analysis of
annual extreme values of rainfall of specified duration, first
the time series is extracted from the record of observed data.
Extreme values can be either annual maximum or annual minimum
Valﬁes. Most commonly used time series are the annual series

and the partial duration sefieslwhich are described next.

Annual and Partial Duration Series
Frequency analysis can be done either on annual or

partial duration series. Annual series consists of

14




observations which include only one event from each year e.g.
the maximum daily precipitation for each year. An objection
most frequently encountered with respect to annual series is
that all other extreme events during each year are ignored,
despite that the less extreme events in one year may be higher
than the maximum during other years. This disgdvantage is

remedied in the partial duration series method.

Partial duration series include all events above a
~certain lower limit, irrespective of how many times that event
occurs during each year. Usually the lower 1limit is set so

that at least one event occurs each year.

The actual return period varies depending on whether an
annual or a partial duration series is used in the analysis.
Langbein (1949) theoretically compared the corresponding
return period for annual and partial duration series and
concluded that the relationships between return periods were

approximately as follows:

Table 2.1 : Return Periods in Years for Annual and Partial
Duration Series

Type of Series Corresponding Return Periods in Year

Partial Duration 0.5 1.0 1.45 2.0 5.0 10 50 100
Series

Annual series 1.16 1.58 2.00 2.54 5.52 10.5 50.5 100.5

15




From the data tabulated the significant difference
between the return periods are only evident for low return

periods i.e. below the 2 to 5 year return periods.

Plotting Position Formulae

Plotting position is the location on the probability
paper where the data are plotted.

There is no general agreement on which plotting position
formula is the best. It may ne noted that all the methods for
determining the plotting positions give virtually the same
results in the middle of distributions bﬁt produce different
results towards the extreme end of the distribution, The
selection of plotting position formula thereby becomes
important. Gumbel (1947) stated four prerequisites to be

satisfied by any plotting position formula. These were

{i) The plotting position must be such that all

observations can be plotted.

(2) The return period of a value equal to or larger than
the largest observation and the return period of a value
equal to or smaller than, the smallest observation should

converge towards N, the number of observations.

16




(3) The observations should be equally spaced on the
frequency scale, that is the difference between the
plotting position of the (m+l)th and m’th observation

should be a function of n only and independent of m.

(4) The plotfing position ought to be analytically simple and

have an intuitive meaning.

A number of different plotting position formulae have
been proposed and their backgrounds and formulation are
described below. In all formulas, the probability p is
calculated from the rank m and the total number of events N in

the data set.

2.3.1 California’s Plotting Position

The oldest and simple method is known as California
formula and in the form of
p =@o/N ... e . . (2.1)
This produces a probability of 100% for m = N which may

not be ‘easily plotted on a probability scale.

2.3.2 Weibull’s Plotting Position
For extreme value events Weibull introduced to plot all

the observations and the formula is

17




P=m/ (N+1) .., ce e . (2.2)

This method simply adds one to the highest rank and thus

“introduced a bias on the largest events.

2.3.3 Beard’s Plotting Position

It is the compromising formula between California and

Weibull and it is in the form of

P= (m - 0.31)/(N+0.4) .., o (2.3)

This formula is widely used in U.S5.8.R. and eastern

European countries.

2.3.4 Blom’s Plotting Position

Cunnane ( 1978) recommended the Blom (1958) formula which

is in the form of

P=(m-3/8)/(N+1/4) v c o (2.4)

For normally distributed samples this plotting position

is closest to being unbiased.

2.3.5 Hazen's Plotting Position

This formula is widely used in flood frequency analysis
and. is also a compromised or modified form of California
formula. The pPlotting position is

p=(m - 0.5)/N ‘e c..(2.58)

One objection of this formula is that the return period

18




for the largest (m=1) event is 2N or twice of the record

length,

1.3.6 Tukey's Plotting Position
An unbiased formula proposed by Tukey is

P = (3111-1)/(3N+1) * . e P (2-6)

2.2.7 Gringorten's Plotting Position

Gringorten recognized that the true return peried of the
higher valuesm are probably longer than those calculated by

¥eibull formula. To account for this he pProposed a plotting
position formula‘that gives longer return periods for the

higher values in a series. The formula is

P (m ~ 0.44)/{N+0.12) ... ser ees (2.7)

Among all these plotting position formulae the most
widely used is the Hazen and Weibull formula. Many of the
formula are simply an extension of Weibull formula. The

Weibull formula was known to be wunbiased in terms of

probability for systematic records only, while it was found to

(S

. be biased in case of nonuniform distribution, especially for
positive skewed distribution {Cunnane, 1978). If the
cbjective of the probability plot is to obtain an unbiased
probability estimate corfééponding to a particular value, the

Weibull formula is mostly favoured.
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In general plotting position in terms of exceedence

probability can be written as

p= (m- a)/(N+1-2a) . c e Ce (2.8)
where m = Rank of the maximum rainfall value in the series
(rank of the highest value is 1), N = Number of years of
record, and constant a takes values: (1) 0 {(Weibull, 1939),
(2) 0.31 (Beard, 1943), (3) 0.5 (Hazen, 1914), (4) 3/8 (Blom,

1958), (5) 1/3 (Tukey, 1962), and (6) 0.44 (Gringorten, 1963).

Lgngth of Record

For a given event magnitude, the recurrence interval is
overestimated or the annual exceedence probability is
underestimated if the length of record is not sufficient. To
maximize the confidence in the fitted distribution record
length should be as long as possible, as extrapolation of data
based on small data set will result in uncertain prediction.
If the estimate involves little or no extrapolation of the
observed range of data and especially if the skew is small,
the effect of bias is small. However, if the extrapolation is
required and high skews are involved, the bias can be large.
Comparisons of extreme of bPrecipitation using Various.length
of records show that 15 to 25 yYears of observation periods are
not sufficient in many cases to define a stable distribution

(WMO, 1981). The error due to insufficient length of record
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may cause 30-50% error in the range of extrapolation. In

Keneral, a record of 40 to 50 yYears is satisfactory is most

cases (WMO, 1981).

1.5 Probability Distributions for Frequency Analysis
There are several distributions that can be used to
estimate extreme values of pPrecipitation. Some of +the
comhnonly used distribﬁtion are described in the following

paragraphs,

i) Normgl Distribution:

The normal distribution is & symmetrical, bell-shaped
frequency function also.knOWn as the Gaussian distribution.
This distribution hasitwo parameters, the mean {(u) and the

standard deviation (o). The probability density function is

fix) = ;_e'“""“ﬁz‘{ﬁ -6 £ x € a
af2r ... (2.9)

ii) Log-normal Distribution

If the logarithm of variable x are normally distributed,
then the variable x is -said to be logarithmic normally
distributed. This is a two parameter distribution and a
special case of log Pearson Type III distributicn when the
coefficient of skewness is zero. The ppobability density

function is
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fly) = 1 exp_H!wyﬁ%ﬂ "<y <o
<

xc,{Zn 0 £ x

¥ = 1lnx

iii) Gumbel Distribution

The Gumbel distribution of extreme values results from

any initial distribution of the exponential

type. The
probability density function is
f{x) = a exp{ -a{x~B) e -a{x-B) } - S x S o,,. (2.11)

vhere a and 8 are scale and location parameters respectively

and mean pu = B8 + 0.5772/a , standard deviation of = nt / 6al

iv) Pearson Type III Distribution
This distribution may be regarded as a form of gamma
distribution and uses a three parameter function. The

probability density function is expressed as:

f{x)

B’?l— (x-xo )a’-l exp [ - (x-g;&)*] X) $ x So
¥

(2.12)

= 0 otherwise
where Y, B and XO are the shape , scale and location

‘parameters respectively, and mean H = 28 + X,
2

' standard

deviation o = B J¥» coefficient of skewness C, = 2/4»
v) Log Pearson Type III Distribution
Benson (1968) reported on a method of flood frequency

analyais based on the log Pearson Type 1I1 distribution which
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K
I

{y

g is obtained when the logs of observed data are used along with
:%. Pearson Type III distribution.

8] This 1s also three parameter distribution and when skew
‘E is zero the LP3 distribution is identical to the log-normal
; distribution. The probability density function is.

k

i

& fix) = {y-2)° expl ={y-? )] =-o £y < w,,.(2.13)
i A%kTra+1l : 8 0 £ xS o

vhere v = 1lnx, and mean M, =¥+B(a+l), standard deviation

T i 3 0

of = 8% { as+1)

2

z

A 2.6 Parameter Estimation for Fitting Distributions

ngi Various methods for estimation of parameters have been
s

‘ devised and the method employed for this study aré (1) method
. of moments (2) maximum Ilikelihood method (3) probability
t weighted method.

The graphical method reliea on the plotting' of the
observed maximum rainfall on various probability papers to
‘;. determine the best fitted distribution type to the annual
f%ﬁ maximum rainfall values,

f : -

}¥ The analytical method relies on computing statistical
E: parameters of the maximum rainfall series including mean,
hgi standard deviation and skew co-efficient. In estimating the
g%{ values of parameters of the parent population the following
QS: properties of estimation are desirable.




(a} Consistent estimators - meaning that the probability of

the absolute value of the deviation of estimator from the
population parameter is less than any small quantity €

tends to infinity i.e Probability(lg ~8l)< e+ {as n-» q.

(b) Unbiased estimators or the expected value of estimator is

’ fal
equal to the population parameters. E (8) = 8 with biasedness

A
being defined as E(S8) - 8 and

{c) Efficient estimator or among the class of consistent

ey
estimators, the minimum unbiased estimator & has the smallest

variance.

Method of moment estimates parameters by moment
generating functions.
Maximum likelihood method, developed by R.A. Fisher, is

based upon likelihood function L. This function is maximized

by setting the first derivative of Lnk ( natural logarithm)
with respect to © equal to zero, and solving the resulting

equation for® ,

N
8(Ln L) 6{Z In[f(k;,8)]) .
- — (ILL {(2.4)
58 88

where k is the density function.
Probability Weighted moments ( PWM ) estimation is gimple
and unbiased, They are useful in deriving expresaions for

parameters of distributions whose inverse forms x = x(F) can
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be explicitly defined. EV1 and General Extreme value ( GEV )
can be expressed in both form F= F(x) and x = x {F) and hence

their parameters can be estimated by PWM. All parameter

" estimation methods are not equally good for ény one

distribution. The ordinary moment method is simple for EV]
and less so for General Extreme Value (GEV) distribution
because the moments involve gamma function. For EV1 maximum
likelihood, an iterative procedure in this case, 1is more.
efficient (smaller standard error) but more biased than PWM.
Moreover, ﬁarameter estimation by PWM is generally unaffected

by outlier.

Method of Selection of Probability Distributions

The test of goodness of fit are most commonly based on
the discrepancies between observed or calculated frequencies
of events and the expected or theoretical frequencies of the
events for a given distribution. To select appropriate
distribution type there remains mainly two techniques. These
are
a) Visual inspection of goodness of fit to the plotted sample
data.
b} Analytical method of testing of goodness of fit.
Visual Judgement is nothing but a graphical procedure where
observed relative frequency curve is compared with theoretical

relafive_frequency curve. Statistical test involves rlot of
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observed data on a specified / appropriate pProbability paper
.- to judge whether or not the plotted points lie on or close to

the best fit line.
In testing the goodness of fit of a sample to a
theoretical probability distribution, the Xt test and the

Kolmogorov - Smirnov test are most commonly used as analytical

approach.

-3.7J Chi-square Tesnt

The wei} known Chi ~- square test has been widely used
aince its inception by Karl Pearson around 1900. Chi - square
test compares the observed and expected frequencies of data
ponts in minimum five equally probability ranges which sets
degree of freedom at 2 for—the two pafameter distribution and
1 for the three parameter distribution. In the Chi-square

test, the statistics XL- is calculated by the following

relationship
Xe =k/NZIF-N ... (2.15)
where k = number of class interval.
o, = observed frequencies of each class and
N = +total number of observation.

The hypothesis is rejected if Xca ia greater than the
tabulated le-nkwd » where a is chosen significance level and
1

p is the number of estimated parameters,
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Table 2.2: Critical Value of X’- Statistic

Degree of Significance Level

Freedom 0.90 0.96 0.99
1 2.71 3.84 6.63
2 4,61 5.89 9.21
3 6.25 7.81 9,35

$.7.2 The Kolmogorov - Smirnov Test

This goodﬁess - of - fit test is of more recent origin
and is based on { cumulative ) distribution function.
Kolmogorov {1933) originally derived the statistic, and the
test procedure was developed by Smirnov (1948) and by others.
This test finds out the absolute maximum of the differences
between £he observed cumulgtive frequency 0; and the expected
cuﬁulative frequency EY The test statistics A is defined as

A = Max [ ( Ej - 0))... (2.16)

The hypothesis is rejected if for any chosen significance
level the calculated Kolmogorov-Smirnov Btatistic is greater
than or equal to the critical tabulated value of Kelmogorov -

Smirnov statistic.

Table 2.3: Critical Value of K-S Statistics

No of Significance Level

Year 0.90 0.95 0.99
29 0.224 0.246 0.296
28 0.228 0.250 0.302
27 0.232 0.256 0.308




WI— ’ Uz—, and Az— Tests
Besides these two tests, which can be applied to any

distribution, Stephens (1977) introduced three other tests for

the case of EV] distribution. These are Wz-, Uz- and Az- tests

R TR I TR TAE ARG w7 oot St oo

and the corresponding statisticse are defined as follows,

T e
=

ﬁ Wz-=E( Zi"Pl)z"‘l/lzN e N . (2.17)
I'." "

i ut = wt - N(Z -1/2)0 - e co. (2.18)
i -

i A= -0 2 (2i-1){Inz{ + In(1-Z,, )}] - N ... (2.19)
i N

i,
Bri
L
K

whero Zi = F(xi). Pi is the value of the empirical distribution
function corresponding to rank i of X, This function is
jlven by the plotting position formula employed or chosen for
the distribution. For a specified significance level, the
hypothesis Ho has to be rejected if the statistic is higher

than the corresponding tabulated critical value.

Table 2.4: Percentage Points for Stephens Statistics

) Modified Upper Tail Percentage Points
Statistics 0.90 0.95 _ 0.99
- Wi 0.102 0.124 0.175
vl 0.097 0,117 0.165
A? 0.637 0.757 1.038

1.8 Reliability of Frequency Analysis
After fitting a given set of hydrologic data to an

assumecd probability distribution, it is important to know how

well the distribution fits i.e. the reliability of the results
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of frequency annltysis. It is estimated by confidernan limlits

and standard error. The confidence limits enclose the

cenfidence interval and confidence intervals Rives the range

within which the actual population is expected to lie with é

selected level of probability.

Confidence Limits

Statistical estimates are often presented with a range,

or confidence interval, within which the truye value can

reasonably be expected to lie. The size of the confidence

interval depends on the confidence level.. The upper and the

lover boundary values of the confidence interval are called

confidence limits.

Corresponding to the confidence level B in a significance

level o , is given by

a = {1-B)/2 Ca s

LI [

Cee (2.20)

For estimating the event magnitude for return pPeriod T, the

upper limit Ur,a and lower 1limit LT,a, may be specified by

adjustment of the frequency factor equation,

u
U!la -—' y + S, KT,a LI I L I | LI I ] (2'21)
and
- L
Lyya = ¥y + sllq,a . e . v e (2.22)
where K,,a and Kypa , are the upper and lower confidence

limit factors, which can be determined for normally

distributed data using the non central t distribution. The
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same factor are used to construct approximate confidence
limits for Pearson type -III distribution. For log~Pearson
type -III distribution the data converted Y = logx and use the

same formula.
U

K?,a =KT+JK2T-‘ab e L [ (2-23)

a

L 2
KT,G. =KT+1[K T—ab e e e (2-24)

a

2

rn ‘H’hich a = 1 - ZO./[Z(D-I)“] e "o .. (2-25)
and b= K - Za /n cee (2.28)

The quantity Za is the standard normal variable with

exceedence probability a and K; is the frequency factor.

Standard Error of Estimat;

The standard error of estimate S, is a measure of the
standard deviation of the computea event magnitude from
samples about the true event magnitude. Formulas for the
standard error of estimates for the normal and extreme value
type 1 distribution are

For normal distribution

s, =4 [ (2+2})/n).s (2.27)
For extreme value Lype 1 dilstribubtlon
. |,2
2
Se = {(1/“)(1’+1-396 KT + 101 KT)}.S‘.‘. LI ) (2.28)

where 8 is the standard deviation of the original samples of

size n, 2z is the standard normal variate of standard normal
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distribution which edual to the frequency factor KT for normal
distribution and Kp is the frequency factor for extreme value
type 1 distribution‘. Standard errors may also be used to
construct confidence limits, In this case the confidence

limits for significance level are defined as ,
X+ 5.2 ... e ces {(2.29)

where XT is the estimated hydrologic event and 72 1is the

standard normal variate with exceedence probability a .
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Chapter 3

DATA COLLECTION AND METHOD OF ANALYSIS

Source of Data

As mentioned in Chapter 1, five probability distributions
will be applied to annuai maximum rainfall of selected
durations at stations in the south eastern part of the country
which includes Comilla, Noakhali and Chittagong Hill Tracts.
Daily rainfall data were collected from Water Resources
Planning Organization (WARPO) for 50 stations. Only long term
record stations were considered because their underlying
rainfall distribution are less apt to be obscured by erratic
chance variations. Stations having missing records of more
tthan three years were discarded. Gaps in the records were
filled in by arithmetic average and normal ratio method as
described later., A list of rainfall stations included in the
study is given in Table 3.1 and location of the study area and
rainfall stations are shown in Figure 3.1 and 3.2
reséectively.
Estimation of Missing Records

The missing data were filled in for one or two years
with the help of rainfall fecorded at the surrounding or index

station by

a) Arithmetic Average Method : If the normal annual rainfall

at each of the index station is within 10% of that for the
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Eastern Part of Bangladesh

Table 3.1: List of Rainfall Stations with Locations in South

[S! Station Number and Latitude Longitude Period of)Yeara of
Mo Name Record Recordsu
!} | RI0} Bhairab Bazar| 24° 2.7 N| 90° 59.3'E] 1962-1990| 28
2 | R10J Brahmanbaria 23° 658.7 N| 91° 7.0°E| 1961-1990 29
3 | R132 Nasirnagar 24° 11.8'N| 91° 12.0'E| 1962-1990] 28
4 | R302 Anwara 22° 13,8'N| 91" 54.8°E] 1962-1990| 28
5 | R303 Bandarbon 22° 12.5'N| 92° 12.8°E| 1961-1990! 29
§ | R306 Chittagong 22" 21.0°N| 91 48.5 E| 1961-1990] 29
7 | R311  Fatikchari 22° 40.9'N) 91° 46.9 E] 1961-1990} 29
8 | R313 Hathazari 22% 30.0'N} 91° 49.2°E} 1962-1990] 28
9 | R315 Kaptai 22° 29.5"N]| 92" 13.7 E| 1961~1990| 29
10 | R317 Lama 21" 47.0'N] 92" 12.0'E| 1961-1990] 29
11 | R320 Mirersarai 22° 47.0°N] 91" 34,3 E] 1961-1990 29
tZ | R323 Narayanhat 22° 49.0' N} 91° 43.5 E} 1962-1990] 28
13 | R324 Nazirhat 22" 38.0'N| 91° 47.8' E] 1962-1990| 28
14 | R325 Patiya 22° 17.8 N| 91" 59.0'E| 1962-1990} 28
1$ | R328 Rangamati 22° 39.0°N| 92° 11.8 E| 1961-1990] 29
1§ | R330 Rangonia 22° 28.0°N|] 92° 4.2°E] 1961-1990] 29
tT | R331 Sandwip 22° 29.0'N} 91° 26.5 E| 1961-1990] 29
18 | R332 Satkania 22° 4.5 N| 92° 2.0 E} 1961-1990] 29
19 | R351 Bancharampur 23" 44.5"N} 90* 45.7° E| 1961-1990 29
20 | R354 Chandpur 23°-14.3 N| 90" 49,8'E| 1961-1990| 29
21 | R355 Chagalnaiya 23" 2.5 N| 91°' 32.8' E| 1961-1990] 29
22 | RI56 Comilla 23' 27.5 N| 91' 11.0°E] 1961-1990] 29
¥} | R357 Daudkandi 237 32.0' N|] 90° 43.0'E| 1962-1990| 28
§ 324 | R358 Feni 23" 1.0 Nl 91° 24,0 E| 1961-1990| 29
§ 1% | R3I59 Gunabati 23" 5.8 NJ 91' 17.5 E} 1961-1990] 29
Y {16 | R360 Hajiganj 23" 15.2'N| 90 52.3 E| 1962-1990| 28
2 127 ] R361 Hatia 22° 16.5'N| 91" 7.5 E| 1962-1989} 27
£ 118 | R363 Laksham 23' 14,3 N] 91° 7.0 E| 1961-1990| 29
£ 119! R364 Lakhsmipur 22° 56,2 N| 90" 50.2"E| 1962-1990] 28
§ {30 | R366 Muradnagar 23° 38,3 N) 90" 56.3 E| 1962-1990] 28
£ 131 | RI6S Noakhali 22° 50,3 N| 91° 6.0 E] 1961-1990! 29
% [*2 ] R370 Purshuram 23’ 12,8 N| 91° 27.0 E] 1962-1990| 28
% {33 | R372 Raipur 23° 2.5°N] 90° 45,8 RB| 1962-1989] 27
2. 134 | R376 Senbag 22° 59,2 N| 91' 14.5 B| 1961-1990] 29
B {5 [ R377 Sunaimuri 23" 1.9'Nj 91° 6.5 E] 1962-1990] 28
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station with missing records, a simple arithmetic average of
the precipitation of the index station provides the estimated

amount i.e.

P, = (P, + Py + P)/3 ... cor (3.1)

vhere Px is the missing record and Pys PB' and PC are the

rainfalls of the surrounding stations,

b) Normal Ratio Method : If the normal annual precipitation

D T B Sy .
R ol s I

at any of the index station differs from that of the station
in question by more than 19%, this method is used, The
missing precipitation is estimated by the weighted average of

the precipitation at the index stations as follows.

13'::]_/3{._ELPA +_I:ILPB+NI'PC }oon M (3.2)
Na Na Ne

In which Nx/NA’ NX/NB’ Nx /Nc are the ratios of the normal
annual precipitation of the surrounding stations.
Based on the above criteria 35 stations were selected for this

study throughout south eastern part of the country.

2.3 Method of Analysis

o
B e
2 R

-

Steps of analysis performed in this study are given

bhelow.,

‘; 3.3.1 Development of Annual Maximum Rainfall Series

Annual maximum series for rainfall of one~-day, two-day,

and three-day for each water year were developed as follows,
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In Bangladesh the water year spans from April to March.
This is probably done to ensure continuous record through both
the monsoon and dry season. Annual maximum one-day /daily
rainfall is the maximum value in the year. For two-day and
three-day durations running totals technique ( Stall and
'Neill, 1961; Chow, 1964 ) were used. Running totals technique
is basically screening procedure which eliminate overlapping
of data and repeated appearances of extreme values in
frequency analysis of sequential events, The number of
observations in each series was equal to the number of years

of record.

3.3.2 Selection of Distribution Type
This part of analysis consists of two parts : (1) Fitting
various selected distribution to the developed annual one-day,

two~day, and three-day rainfall series for  each of the

stations and (2) testing the goodness of fit for each

distribution.

3.3.2.1 Fitting Distributions
The following five probability distributions were applied
to annual maximum values of one-day, two-day and three-day
durations.

i) Normal distribution
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ii) Two-parameter log-normal distribution

iii) Extreme value type-I or Gumbel distribution
iv) Pearson type III distribution
v) Log Pearson type-III distribution.

According to Chow (1951) most frequency distributions can
be generalized to
Xp = X + Ko ... (3.3)
where XT is an event with return period T years. X is the
mean and o is the standard deviation of the series, and KT is
the frequency factor defined by specific distribution. For a
given return period, the frequency factor can be determined
from the K-T relationship for the proposed distribution and
the magnitude is computed by equation 3.3.
Frequency factors for five selected distributions were

estimated for one-day, two-day and three-days annual maximum

rainfall series by the method of moment.

3.3.2.2 Goodness of Fit Tests
The Chi-square and Kolmogorov-Smirnov tests were used to
evaluate the goodness-of-fit. In the Chi-square test all the
class intervals ( or cells) were determined so that the

expected number of observations in each interval were the same

and the number of class intervals chosen as 6 { as discussed

2

in Chapter 4). Based on X*- and Kolmogorov-Smirnov tests a
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preliminary screening of the distribution were performed. The
distribution which exhibited a better fit to the data from
most of the stations was selected for further statistical

analysis.

3.3.3 Selection of Parameter Estimation Method

As will be seen in chapter 4, for rainfall data all the
distribution tested, EV1 fitted data for most of the stations.
For EV1 distribuﬁﬁon methéd of moment (MM), method of maximum
likelihood\(ML) and probability weighted moments (PWM) are
ceonsidered and it Qill be investigéted which method yield a
better fit,
The EV1 distribution can be expressed in cumulative form as

F(x) = exp{-exp{~-a{x-B)}]

exp {-exp(-y)} ...~ e (3.4)

where F(x) is the probability of an event not exceeding x, a

and B are the two parameters and ¥y = a(x-B8) is the reduced
variate. By differentiating the density function is
f(x) = a exp {-y exp{-y)} ... cen Co (3.5}

.with reduce variate defined by v= a(x-B) and a and B are
location and scale parameters respectively

Equation 3.4 and 3.5 are unbounded probability density
functions with the x axis as the asymptote. The mean and

variance of this distribution is given by
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B =B+ 0.5772/a ... . ce. (3.6)

o = nl/gal (3.7)

The moment estimates ay and 1% for the populafion
parameters a and B can be obtained from the sample data as
a, = 1.2825/8 : . “ae e (3.8)

By =X - 0.45 s cer (3.9)

where X and S are the sample mean and sample standard

deviation respectively.

The maximum likelihood estimates a and B are obtained by

solving the following equations.

a =] X - {z X, exp(—axi)}]... .. (3.10)
Eexp(—ﬁxi)
B = (1/&8) 1n [N 3 exp(—ﬁxi)] ce Cen . {(8.11)

where 1ln stands for natural logarithm, N is the sample size
and ¥ is sum over all N values of i=1...,,... . N

Equation 3.10 was solved nhumerically for aq by iterative
method. Moment estimate ay is used as the initial guess for
the first iteration. After obtaining the value of a, B is

calculated by equation 3.11

In the probabilityl weighted moment (PWM) method the

Parameter a and B are estimated by

Mhﬂﬂ = M(0) = B+0.5772a ... e e (3.012)
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Mpgp = M(1) = (B+a(0.5772-1n2))/2 ... ... (3.13)
where M(o) and M(l)r are sample PWM of order o and 1
respectively. The sample PWM(r) of order r can be obtained
using a plottiné position that is an estimate of F(xi). An

unbiasgd estimatof'of M(r) is (Landwehr et al., 1979)

. M{r) = 1/N % (i-1)(i-2)....(i-r) x.

{ovee ov (3.14)

where N is the sample size and x; are the ordered value of
observed ralnfall data so that X < Xy S...Jw. It is seen

that the M(o) is 51mply the sample mean.,

3.3.3.1 Comparison Parameter Estimation Methods

| For comparison of the three methodé of parameter
estimation viz method of moment, method of maximum likelihood
and probability weighted 'method Xa-, Kolmogorov-Smirnov
tests, A— Wz—, and Uz— were employed. Xz— and K-S tests have
been discussed before be applied to any type of distribution.
Stephgns (1977) introduced three other tests, such as Atq Wz—,
and U’- tests for the case of EV1 and is used for the

comparison. Maps of isovalues for the best parameter

estimation method w1ll be prepared for pPractical use,




3.3.4 Effect of Plotting Position Formulae on Empirical
Distribution Fitting

For the EV1 distribution the effect of different rlotting
position formulae (already discussed in Chapter 2) was
investigated by computing Kolmogorov-Smirnov value using those

formulas.

3.3.5 Reliability Analysis
Finally reliability of the results of selected frequency

distribution was demonstrated by drawing confidence limit.




Chapter 4

RESULTS AND DISCUSSIONS

Introduction

Five probability distributioﬁs were applied to annual
maximum one-day, two-day and three-day rainfall sequences at
different stations in the study area. Several computer
prégrams were written in FORTRAN (presented_in Appendix - C)
to perform a succession of analysis as outlined in chapter 3.

In this chapter resultsrof these analyses are presented.

Selection of Best Fit Distribution

The selection of a distribution was made on the.basis of
how well each of tﬁe several distributions fitted a common
and extensive set of data. Te judge the goodness of fit of a
sample to a theoretical probability distribdtion, the Xz—test
and Kolmogorov-Smirnov tests were employed at 10% significance
level, Estimation of parameters for fitting the distributions
was accomplishéd by method of moments because of its

simplicity and lack of bias (Lowery and Nash, 1970).

The hypothesis H0 being tested is that a sample comes
from a given theoretical distribution. Computed test
statistics are compared with the critical values for a

chosen significance level of 10%, a value commonly used in
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design calculations. For the specified significance level, the
hypothesisl% is rejected if the computed statistic is higher

than the corresponding tabulated value.

4.2.1 Chi-Square Test

The X2 statistic clearly depends upon the number of

classes employed as well as the class division points. Since

there is no generally accepted method for determination of the

number of class intervals, numerous rules have been suggested

by'm;ﬁy statisticians. According to these rules, the number of

- -class intervals should not be smaller than about 10 and not
larger than 20, but these practical rules have no thecretical

basis. Nevertheless, a guide for the systematic choice of the

number of class intervals has been developed. Based upon some

these theoretical considerations, several ° mathematical

formulas hgve been suggested for the number of class intervals

for different sample sizes. In such =a situation, a practical
rule commonly used by many statistician is applied in this
study. The rule states that the number of class intervals
should be closer so that average expected frequency of any
class intervals is at least five. Since the observed sample
size used in this study ranges from 27 to 29 with an average
of about 28, the total number of class intervals selected is
six. The choice of the length of class intervals should be

done in such a manner that the main characteristics features
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™~ of the observed distribution are emphasived and chance of
variation are observed, Basically, there are two concepts for
choice of the length of class intervals: (a) equal lengths and

{b) equal probabilities.

Equal lengths of class intervals are extensively used
even though there is no theoretical formﬁlation for it.
However, it has some advantage in graphical representation ofl
observed distributions, since the comparability is difficult
to carry out by inspection where there exist inequalities in

class intervals,

Equal probabilities of class intervals, which can be
considered as special case of unequal Jlengths, have some
advantages over the previous method. The arbitrary steps for
equal lengths may be avoided by choosing . intervals of eéual

probabilities instead of intervals of equal lengths. The

required intervals are obtained from probability integral
transformation. This method is more convenient and much
simpler for numerical analysis than the previous one and is

used for this research.

4.2.2 Kolmogorov-~Smirnov (K-S) Test
The Kolmogorov-Smirnov test depends wupon plotting

‘"position formula used in representing the empirical
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distributions. The Weibull plotting position formula was used
in computing the K-S statistic in judging the goodness-of-fit

of various distributions.,

4.3 Comparison of Distributions
The X and K-5 statistics for each of 35 stations are
assembled separately in Appendix-A (Table A.1 to A.35). These
tables show whether data for each individual station fiES a
given distribution. Results of these tests are summarized in
Table 4.1 which shows how well individual distributions fits .
. rainfall sequences of different durations considering all
stations together. qu example, Gumbel or EV1 distribution
fitted the data from 26, 28 and 32 stations, respectively out
of a total of 35 stations and for rainfall durations of 1, 2,

2

and 3 days according to X° test. On the other hand, K-S test

yielded good fit to one-, two-, and three-day duration

rainfall values for all 35 stations (Table 4.1b). The average
number of stations considering all of rainfalls sequences
which fitted the indicated distributions for both statistical

tests are shown in Table 4.1(c).

Table 4.1{a) shows that Gumbel distributioh fits one-day
and three-day rainfall sequences better whereas the
log-normal distribution exhibits better fit to two-day

rainfall wvalues. However, looking at the average XL—
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statistics for three rainfall sequences considered together,
Gumbel distribution shows slightly better fit which is

followed by log-normal and normal distributions.

The computed values of the K-S statistic indicate that
five of the distributions except Pearson Type-III (PT3)
distribution fi£ the rainfall data for all stations when the
rainfall sequences are considered separately (Table 4.1b) or
together (Table 4.1c). Even the PT3 distribution is seen to
represent observed rainfall extremes at more than 90% of the
stations included in this analysisf This shows that K-S test

is not very sensitive.

The statistical tests established no marked Superiority.
of any of the three distributions: Gumbel, lognormal and
normal distributions in fitting the.rainfall observations.
Although statistical tests indicated no gsignificant
differences, one base method is preferable to three in the

interest of uniformity of results obtained.

The log-normal and Gumbel distributions, which have been
commonly used in the investigation of extreme values and
especially maximum values, are characterized by two
parameters, the ﬁean énd a meaéure of dispersion. The -
log-normal distribution assumes that the logarithms of the

data are normally distributed. The Gumbel distribution
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Table 4.1(a): Rumber of Stations Showing the Acceptance Status of
Distribution According to X"-test at 10% Significance Level

Distribution One-day Rainfall Two-day Rainfall |Three-day Rainfall
Type
(a) (b} (a) (b) (a) (b)

Normal 23(66%) 12(34%) 30(86%) 5(14%) 29(83%) 6(17%)
Log Normal 25(71%) 10(29%) 31(89%) 4{11%) 29(83%) 6(17%)
Gumbel , 26(74%) 3{26%) 28(80%) 7{20%) 32(91%) 3( 9%)
Pearson Type 111 18(51%) 17(49%) 18(51%) 17(49%) 18(54%) 16(46%)
Log Pearson Type III |[+19(54%) 16(46%) 23(66%) 12(34%) 22(63%) 13(37%)

Table 4.1(b): Number of Stations Showing the Acceptance Status of
Distribution According to K-8 test at 10% Significance Level

Distribution One-day Rainfall Two-day Rainfall Three-day Rainfall
Type
{a) {b) {a) (b) (a) (b}

Normal 35(100%) 0( 0%) 35(100%) o 0%) 35(100%) 0( 0%)
Log Normal 35(100%) 0( 0%) 35(100%) Of 0%) 35(100%) 0( 0%)
Gumbel 35(100%) 0( 0%) 35(100%) “0( 0%) 35(100%) 0 0%)
Pearson Type III 33( 94%) 2( 6%) 32( 91%) 3( 9%) 33( 94%) 2( 6%)
Log Pearson Type III 35(100%) 0( 0%) 35(100%) 0{ 0%) 35(100%) 0 0%)

Table 4.1(c): Average X and K-8 Statistics (1-day, 2-day, 3-day average)

Distribution iv K-8

Type (a) (b) {a) (b}
Normal 27(78%) B(22%) 35(100%) 0(0%)
Log Normal 28(81%) 7(19%) 35(100%) 0(0%)
Gumbel *29(82%) 6(18%) | 35(100%) 0{0%)
Pearson Type 111 18(52%) 17(48%) 33(93%) 2(7%)
Log Pearson Type III | 21(61%) 14(39%}) | 35(100%) 0(0%)

Note :

{(a), (b) show number (percentage) of stations where

distribution fitted and did not fit, respectively at
10% significance level
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assumes a constant coefficient of skewness of 1.14 and

remains most widely adopted in practical situations.

Subsequent analysis concerning conmparison of parameter
estimation methods and empirical distributions expressed by
plotting ©position formulae will be based on Gumbel

distribution.

Comparison of Parameter Estimation Methqu

Various methods of parameter estimation are available for
fitting distributions. These include methods of moments (MM),
method of maximum likelihood (ML), probability weighted
moments (PWM), and least square method. Among these methods,
MM, ML and PWM are widely used and also considered for this
part of analysis. The purpose is to examine how the parameters

estimated by each of these methods affect fitting of EV1

“distribution. Lowery and Nash (1970) compared the various

methods of estimating the parameters of EVI distribution and
concluded that next to the method of maximum likelihood, the
method of moments‘is most accurate. The PWM is of more recent
origin and the estimates are unaffected by outliers and can be
applied to such distribution as EV1 whose inverse forms can be

explicitly defined.

49




4.4.1 Statistical Tests
In addition to Xz— and K-S tests, three other tests have
been introduced by Stephens (1977). These are known ag Ag-, U2—
and Wa- tests. The K-S test depends wupon plotting position
formula used in representing the empirical distribution. This
also applies to'ﬁﬁ—_and [ﬂ— tests. Since Az— and Xz—_tests, are
independent of the plottiné position formula, these are used

in this comparison.

The AL-and Xf— statistics are presented stations-wise in
Appendix-B (Table B.1 and B.2) and summarized in Tables 4.2
and 4.3. Results presented in Table 4.2 indiéates that based
on Ak test maximum likelihood method fits rainfall data for
the highest percent of -"stations for all sequences of
rainfalis. In case of XL- test only three-day rainfall
sequence exhibits Eetter fit when either ML or PWM estimates

are inserted.

Table 4.3 shows the'percentage of the stations where
minimum values of Aa-and X[-statistics were obtained for each
rainfall duration. The ML method yvields smallest values for
both of A- and Xi- tests. These observations make the ML more

favourable for application.

50




Table 4.2: Stations (%) where Various Parameter Estimatiyg Methqps Fitted the
Data at 10% Significance Level According to A"- and X°- Statistic

Statistics 1-day Rainfall| 2-day Rainfall| 3-day Rainfall Average(1,2,3)
fpe MM | ML PWM MM ML PWM MM ML PWM MM ML |PWM
A 63 | 77 | 69 180 |8 | 83 |86 |97 | 94| 76 | 87 | a2
X 74 86 77 80 83 B0 91 ] 91 82 86 83

Table 4.3: Stations ( in % ) Where Vaq}ous Parameter Estimation Method

Produced Minimum Value of A°- and X- Statistic
Statistics | l-day Rainfall| 2-day Rainfall 3-day Rainfall Average(l,Z,B).
fype MM ML PWM MM ML PWM MM ML PWM MM ML |PWM
A 87220 | 14| 60| 26 8 | 61 | 31 8 | 65 | 27
X 24 43 33 33 36 31 35 36 29 31 38 31

Note MM : Method of moment
ML : Method of maximum likelihood
PWM : Method of probabilty weighted moment
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Comparison of g;ﬁ%ting Position Fermulas

Various plotting position formulas are employed for
fitting empirical distfibutiong. Six formulas tested here
includes those of- Weibull, Beard, Hazen, Blom, Tukey and
Gringortenl formulae. As mentioned before only EV1
distribution will be considered in this phase of analysis

concerned with choice of suitable plotting position formulas.

The tests employed were K-S test as well as %ﬂ— and Uz—
tests. The results of these tests for individual stations are
presented in Appendix B (Tablés B.3 through B.37). Summary for
the K-S, Wz— and Uz— tests are given in Tables 4.4 to 4.6. The
hypothesisI% that EV1 distribution fits the data is accepted
according to K-S wh- and ‘U - tests for each of the plotting
position formulae for all stations and for all annual max imum

rainfall sequences.

Tables 4.7 to 4.9 give the percent of stations where the
smallest values of the K-8, Wt- and U2— statistics were
obtained. Based on K-S test Weibull formula produced the
smallest value for the highest percentrof stations while Hazen
formula yielded smallest values for more stations in case of
Wa—'and Uzmtest. Considering the overall performance of each

plotting position formula, Weibull formula seems to give

better results.
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Table 4.4:Stations (%) Where Various Parameter Estimation Methods Fitted the
. Emperical Distribution Based on Plotting Position Formulae According
to Kolmogorov-Smirnov Statistic at 10% Signinficance LeVel

Plotting 1-day Rainfall| 2-day Rainfall 3-day rainfall Average(1,2,3)
position

formula MM | ML PWM | MM | ML PWM [ MM { ML | PWM | MM | ML {PwM
Weibull 100 100 100 160 |100 100 |100 (100 100 11060 |100 100
Beard 100 {100 100 [100 (100 100 {100 (100 100 100 {100 100
Hazen 100 100 100 100 |100 100 J100 [100 100 (100 |100 100
Blom 100 1100 100 |100 100 160G |100 (100 100 }160 |100 100
Tukey 100 (100 100 1100 j100 100 160 |100 100 [100 [100 100
Gringorten 1100 {100 100 100 |100 100 (100 [100 100 1100 [100 100

Table 4.5:Stations (%) Where Various Parameter Estimation Methods Fitted the
Empefical Distribution Based on Plotting Position Formulae According
to W'-Statistic at 10% Signinficance Level

Plotting 1-day Rainfall| 2-day Rainfall| 3-day Rainfall Average(1,2,3)
position

formula MM ML PWM MM ML PWM MM MI, PWM MM ML |PWM
Weibull 69 83 80 83 89 86 94 97 97 82 91 89
Beard 69 80 74 83 89 86 94 97 97 82 8% 86
Hazen 69 80 77 83 89 86 94 97 97 82 89 87
Blom 69 80 74 83 8% 86 94 97 97 82 8% 86
Tukey 69 80 74 83 89 86 94 97 97 82 89 86
Gringorten 69 BO 71 83 89 86 94 97 97 82 89 85

Table 4.6:Stations (%) Where Various Parameter Estimation Methods Fitted the
Empefical Distribution Based on Plotting Position Fo
to U'-Statistic at 10% Signinficance Level

rmulae According

Plotting t-day Rainfall] 2-day Rainfall 3-day Rainfall Average(1,2,3)
position -
formula MM ML PWM MM ML PWM MM ML PWM MM ML |PWM
Weibull 66 { 83 | 83 83 | 89 | 89 91 97 97 80 90 50
Beard 74 | 80 ) 83 B6 | 89 | 89 94 97 87 85 | B89 90
Hazen 74 80 | 83 86 | 82 | 89 94 97 97 86 | 89 90
Blom 74 { BO i 83 86 | 89 | 89 94 97 97 85 89 90
Tukey 74 BO | 83 86 | 89 89 94 97 97 85 89 90
Gringorten 74 80 | 83 86 89 89 94 97 97 85 89 30
Note MM : Method of moment
ML : Method of maximum likelihood
PWM : Method of probabilty weighted moment
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Table 4.7:Stations (%) Where Various Parameter Estimation Methods Produced
Minimum Value of Kolmogorov-Smirnov Statistic Bagsed on Different
Plotting Position Formulae

Plotting l1-day Rainfall| 2-day Rainfall 3-day Rainfall Average(1,2,3)
position

formula MM ML PWM MM ML, PWM MM ML PWM MM ML |PwM
Weibull 43 14 49 49 b4 69 54 56 | 69 49 51 62
Beard 14 6 6 3 0 6 2 5 7 6 4 6
Hazen 29 28 19 43 34 17 32 22 18 35 28 18
Blom 2 8 6 ] 61 3 5 5 2 4 7 4
Tukey 7 6 6 0 0 3 2 5 2 3 4 4
Gringorten 5 8 14 0 6 2 5 7 2 3 6 6

Table 4.8:Stations (%) where Various Parameter Estimation Methods Produced
Minimum Value of W-Statistic Based on Different Plotting Position

Formulae

Plotting -1-day Rainfall| 2-day Rainfall 3-day Rainfall Average(1,2,3)
position

formula MM | ML | PWM [ MM | ML PWM | MM | ML PWM | MM | ML |PWM
Weibull 22 42 43 26 33 41 18 33 | 45 22 36 43
Beard 5 14 11 5 5 13 3 10 19 b 10 14
Hazen 68 33 23 54 42 22 63 29 12 62 35 19
Blom 0 3 7 5 5 7 5 6 7 3 4 8
Tukey 3 0 11 B 5 10 3 10 7 5 5 9
Gringorten 2 8 5 2 10 7 8 12 10 3 10 7

Table 4.9:Stations (%) where, Various Parameter Estimation Methods Produced
Minimum Value of U‘-Statistic Based on Different Plotting Position

Formulae

Plotting t1-day Rainfall| 2-day Rainfall 3-day Rainfall Average(1,2,3)
position

formula MM | ML PWM | MM | ML PWM | MM | ML PWM | MM | ML !PWM.
Weibull 22 42 44 26 33 35 18 31 35 22 36 38
Beard 5 14 12 5 4 14 3 12 19 5 10 15
Hazen 68 33 22 54 44 26 63 29 14 62 35 21
Blom 0 3 7 5 4 9 4 7 16 3 4 10
Tukey 2 0 10 8 4 4 3 10 9 5 5 8
Gringorten 3 8 5 2 16 12 9 14 7 3 10 8

Note MM : Method of moment
ML : Method of maximum likelihood
PWM : Method of probabilty weighted moment
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Intensity—Duration—Frequency—Relationships

By using the procedure outlined in chapter 3, the maximum
likelihood estimates of the parameters a and b of Gumbel
distribution are determined for all selected rainfall stations
throughout south eastern part of the country. The equation
relating the Gumbel variate x with the reduce variety y is

X =b+ay ... Ce P ‘e ' (4.1)
where a and b are defined as follows:

a = 1/a and b = 8 ... e cas (4.2)

ana y = -1ln (-1n(1-1/T) e e (4.3)
where T is the -return reriod in years.

The parameter a, of the Gumbel distribution is a function
of standard deviation 6nly, but b is a functicn‘of mean and
the standard deviation. Knowing the values of parameters a, b
the megnitude of rainfall of stafed duration and frequency or
return period can be estimated. The fitted equations for

Gumbel distribution for each station are given in Table 4.10.

Maps of Isovalues for Parameters of Gumbel Distribution
Throughout the south eastern part of the country map of
isovalues of parameters a and b of the Gumbel distribution
were drawn as shown Figure 4.1 to 4.8 with a convenient

interval {normally 5 or 10) for each rainfall station of

studied duration.




Table 4.10 Fitted Intensity;Burntiun-Frequency Belationship for Individual Statiens

Station One-day Rainfall Two-day Hainfall "Yhree-day Rainfall
No

1101 1= 128.20 + ¢0.00y = 17329 + 51,02y x o= 206,74 + 58,47y
R103 1= 144,32 + 37,50y 1= 187,46 + 49,50y x = 34,87 + 63.6%y
R132 x = 118,89 + 29,49y x = F70.53 + 46,02y 1= 21044 & 56,17y
Ri62 x5 144,59 + 38,46y Xz 229,88 + 59.88y x = 293.68 + 77.52y
R303 ¥ = 167.67 + 85,23y 1= 287,36 + 95,24y 1 = 37,81 +112.36y
k306 x = 204,13 + 64,51y %= 297,77 + 92,58y £ = 366.45 +100.00y
R31 x = 150,68 + 47.62y 1= 222,04 + 68.49y x = 278,11 + 96,15y
RS x = 176,90 + 76,34y x = 257,74 +107.53y 1= 3215 +133. 33y
R3LH x = 158.49 + 55.86y 1= 232.72 + 87.72y “x o= 277,76 +105.26y
R317 x = 168.93 + 34,96y %7 870,26 + 64.10y 1= 3.0 + 482y
R320 1= 183.49 ¢+ £5.87y x = 262,67 + 65.78y ¥ = 321,07 + 85,47y
R3ad ¥ = 162.68 + 46,16y 1= 243,10 + 63,69y x = 302.32 4 76.9%y
R34 1= 152,89 + 45.45y x = 236,63 + 68.02y ¥ = 299.97 + 47,08y
R325 x = 160,53 + 48.31y 1= 239,95 + 74,63y x = 292,58 + 89.20y
Ri28 %= 167,59 + 68,40y 1= 239,97 + 96.15y 1 = 286.95 +120.48y
R330 x = 168,51 + 51,54y x = 258,07 + 73,53y 1= 309.79 + §3.45y
B33l x = 159,02 + 62.50y ¥ = 243.92 4105, 26y £ = 305,96 +135.13y
R132 1= 135.25 + 52,35y x o= 203,80 + 7463y x = 260,55 +100.00y
351 x = 116.25 + 47.3%y 1 = 160,86 + 69,607 x = B92.18 + 75.18y
R354 x = 113,33 + 42,55y x = 185,34 + 49,26y 1= [79.66 + 55.24y
R355 1= 161,80 ¢ 51.02y 1= 222.24 ¢ 66,22y Xz 267,45 + 75,18y
1356 1= 115,82 + 30,95y ¥z 16748 + 36,49y ¥ = 195.60 + 48. 30y
1357 x = 110.08 + 26.46y x = 173,66 + 34,96y x = 210,52 + 51,02
R158 x = 156.24 + 51.02y 1z 228.46 + 79,92y 1= 474,03 + 83,33y
R359 x = 146.68 + 47.80y 1= 210.75 + 47,62y x = 256,49 +101.01y
R360 S 103.70 + 32.89y 1= 150.43 + 48.07y x = 177,34 + 57,54y
R361 x5 156,34 + 38.16y x = 213,34 4 56,17y x = 281.52 + T0.42y
363 1= 110,90 + 40,16y x5 172,65 + 52,08y x = B03.88 + 64,52y
R364 x = 105,70 + 36,63y 1= 163,74 + 52,08y x = 202,714 60.24y
Ri66 cx = 8398+ BlATy x = 117,66 + 70,92y x = 142.67 + 86,05y
R369 ¥ = 166,82 + 37,59y = 234,88 + 45,04y x = 275,22 + §1.28y
RI70 1= 140,15 + 36. 36y x o= 195,50 + 44,01y %= 239.88 + 52.683y
R3T2 x = 103,80 + 39.20y x = 151,19 + 50,76y x = 18177 + 65,56y
R3T7E x = 160,08 + 44,64y x = 285,37 + 54,94y x = 270,87 + 79,36y
R3T? x = 140,72 + 38.61y x = 196,94 + 51,02y 1= 232,88 + 60,24y
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This was accomplished by plotting the values of a and b
gseparately at each statioh location for each rainfall
duration, and then drawing lines connecting points having same
values of parameters a, b, respectively. Between ad jacent
stations, lines of isovalues are drawn by linear
interpolation. Figures 4.1 to 4.3 show maps of isovalues of
the scale parameter a for one day, two day and three day

annual maximum rainfalil values, respectively,

The maps of isovalues of parameter b are presented in Figure
4.4 to 4.6 for one day, two day and three day annual maximum

rainfall values, respectively.

Reliability of Frequency Studies

The reliability of the results of frequency analysis
depends on how well the assumed probabilistic model applies to
a given set of hydrologic data. It is to be noted that the
standard errors of estimate, and therefore the reliability are

a function of a sample size.

Statistical estimates are often presented with a range or
confidence interval, within which the true wvalue can
reasonably be expected to lie. Figure 4.7, 4.8, 4.9, 4.10 and

4.11 show the confidence limits for one-day maximum rainfall
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values at Sunaimuri (station R377), Nasirnagar {station R132),
Lama (station R317), Chandpur (station R354) and Rangamati
(station R328) respectively. The figures show that all
observed rainfall values lie within the confidence intervals

both for 90% and 95% confidence limits.
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Chapter 5

SUMMARY AND CONCLUSIONS

Summary

A succession of analyses were performed using annual
maximum rainfall values for fhe south eastern part of the
country. Observed daily rainfall amounts from 35 stations
provided the basic data for the study. The data records at
different stations ranged from 27 to 29 Yyears in length

spanning 1961-1990 period. In the first rhase of analysis, .

five probability distributions: Normal, Lognormal, Gumbel,

Pearson type-IIT and Log-Pearson type TII were compared for
their ability to fit the maximum rainfall Valﬁes of durations
varying from one to three days for the selected stations. The
goodness of fit of each of the distributions were tested by
statistical tests for individual stations and considering the
stations together. EVl, log-normal and normal distributions
fitted data reasonably well. Although é&l distribution
exhibited slightly better results, it did not show any marked
superiority.over the other two distributions. However, in the
interest of uniformitf and considering the popularity, EV1

distribution was chosen for further analysis,.

Then three methods of parameter estimation , viz, method
of moments, method of maximum likelihood and probability

weighted moments were compared using X?* and A2~ test. These
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tests show that method of maximum likelihood estimatés
appeared to be better than those obtained by other two methods

for fitting EV1 distribution.

Effect of the selection of plotting position formulae
were also studied. Among Weibull, Beard, Hazen, Blom, Tukey
and Gringorten plotting position formulae, the first one

seemed to represent the empirical distribution better.

Maps of isovalues of parameters of Gubmel distribution
were also constructed for practical use. Finally reliability
of analysis were performed and confidence limits for rainfall

values of selected duration were constructed.

Conclusions
Based on the results of analyses performed in this study

the following conclusions can be drawn.

Extreme value type I, log-normal and normal distributions
appeared to be preferable in the indicated order considering
number of stations where these distributions fitted the

observed annual maximum rainfall sequences of one to three day

duration.




(3)

(6)

In the interest of wuniformity, one base method may be
preferable to three distributions. Considering its popularity
and common use, EV]1 may be adopted as a base method for
analyzing rainfall frequencies with provisions for departuré
and use of other methods that may show good conformance with

the data.

The choice of a base method should not be conéidered as final
and should not freeze hydrologic frequency analysis practice
into any set pattern. In view of the increasing importance of
frequency analysis in water resources development, studies
should be 'continued for the purpose of resolving
uncertainties, improving methods of analysis, and reviewing

all work in the field.

For parameter estimation, method of maximum likelihood (ML)

may be used for fitting EV1 distribution.

Weibull plotting position formula may be used for fitting
empirical distributions. This formula produced minimum
deviations between observed and computed values according to

EVl distribution.

As far as the statistical tests are concerned, K-S test seems

to be insensitive because it tends to exhibit good fit to

data for the case studies.




5.3

Recommendation for Fﬁrthef Study
Instead of annual maximum series, similar type of study may be

conducted for partial duration series.

Similar type of Study may be conducted for other regions of

Bangladesh.

Storms having smaller durations may cause flood  in small
watershed as storms having larger durations causes flood in
big watersheds. So this type of study may be conducted for
durations of less than one-day, such as durations ranging from

several hours to day .

Continuing study of rainfall frequency analysis and updating

of results should prove useful as more data become available

in future.
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Table A.1(a): Goodness of fit assessed by‘Xg—test ( Station R101 )

One-day Rainfall Two-day Rainfall Three~day Rainfall
Distribution
Type X®- statisties| Hy |X®-Statistics [ Hy [X®-Statistics | Hg,
Normal 6.27 - 4.13 + 4,13 +
Log-normal 2.84 + 2.84 + 3.70 +
Gumhel 3.27 + 2.41 + 1,94 +
Pearson Type-111 4.13 + 14.85 - 9.26 -
Log Perason Type-III 2,84 + 1.99 + 4,56 +

Table A.1(b): Goodness of fit assessed by K-S test (Station R101 )

One~day Rainfall Two-day Rainfall Three-day Rainfall
Pistribution

Type K-5 Statistics| Ho (K-S Statistics Ho |K~S Statistics| Ha
Normal .1118 + .1330 + 1214 +
Log-normal .0572 + L0597 + .0598 +
Gumbel .. 0691 + 0657 + L0571 +
Pearson Type-T1IT 0695 + 2828 - 2078 +
Log Perason Type-III .0567 + 0607 ¥ 0611 +
Table A.2(a): Goodness of fit assessed by X'-test { Station R103 )

One-day Rainfall Two~day Rainfall Three~day Rainfall
Distribution -

Type x%- statistics| Hy |X°-Statistics | H, [X®-Statistics | Hg
Normal 8.03 - 4.31 + 7.62 -
Log-normal . 5.12 + 0.59 + 6.37 -
Gumbel 7.19 - 1,00 + 2,24 +
Pearson Type-~III 8.03 - 5.97 - 10.52 -
Log Perason Type-III 7.19- - .59 + 4.31 +

Table A.2(b): Goodness of fit assessed by K-S test (Station R132)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Bistribution

Type K-35 Statistics| H, JK-S Statistics Hy JH-5 Statistics| Hy

Normal . 1408 + 1315 + 0975 +

Log~normal 0890 + 0872 + 0721 +

Gumbel .0843 + L0951 + 0733 +

- Pearson Type-I1I . 1006 + 1228 + 0834 +
Log Perason Type-111 0874 + . 1059 + 0713 +

Note: + Hypothesis is accepted at 10% significance level
- - Hypothesis is rejected at 10% significance level
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Table A.3(a): Goodness of fit assessed by X test (Station R132)

One-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution - 2

Type X%~ statistics| H, |X®-statistics | K, [X°-Statistics | H,
Normal 7.56 - 1.14 + 4.13
Log-normal 1.99 + Q.28 + 7.98 -
Gumbel 4.586 + 5.00 + 7.13 -
Pearson Type-I111 7.56 - 1.56 + 5.84 -
Log Perason Type-III 2.42 + 1.14 + 4,98 -

Table A.3(b): Goodness of fit assessed by K-S test (Station R132)

One-day Rainfall Two-day Rainfall Three~day Rainfall
Distribution

Type K-S Statistics Ho K-S Statistics Ho H-5 Statistics Ho
Normal . 0996 + 0910 + 1141 +
Log-normal L1125 + , 1003 + .0939 +
Gumbel - .+ 1461 + .1225 + +1168 +
Pearson Type-ITI1 . 0987 + . 0953 + .1015 +
Log Perason Type-II1 (0844 + -0938 + L0921 +

Table A.4{a): Goodness of fit assessed by Xz—test (Station R302)

One-day Rainfall Two-day Rainfall Three-day Rainfall

Pistribution

Type x%- statistics| Ho |X2-Statistics Ho [X®-Statistics | Hg
Normal 5.83 + 2.42 + 1.99 +
Log-normal 8.42 - 4,85 + 6.27 -
Gumbel 7.98 - G.30 - 4.97 +
Pearson Type-III 7.98 - 2.46 + 3.70 +
Log Perason Type-III 8.84 - 9.68 - 7.12 -

Table A.4(b): Goodness of fit assessed by K-S test (Station R302)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type K-S Statistics| He [K-5 Statistics Ho |K~S Statistics| U,
Normal .1183 + L1035 + L0764 +
Log-normal 1726 + + 1540 + 1273 +
Gumbel . 1596 + .1658 + .13298 +
Pearson Type-fII .0919 + 1014 + .0949 +
Log Perason Type-ITI 1203 + +1135 + 1037 ¥

Note: + Hypothesis is accepted at 10% significance level
- ~ Hypothesis is rejected at 10% significance level
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Table A.5(a): Goodness of fit assessed by'Xz—test {Station R303)

One~day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type x%- Statistics| Ho |x®-Statistics Hq x%-Statistics Hy
Normal 0.59 - 5.13 + 7.61 -
Log-normal 3.06 + . 9.26 - 6.38 -
Gumbel " 3.06 + 12,17 - 5.53 +
Pearson Type~JII 4.30 + 6.38 - 7.62 -
Log Perason Type-I11I 2,24 + 19.20 - 10,24 -

Table A.5(b): Goodness of fil assessed by K-S test (Station R303)

One~day Rainfall Two-day Rainfall Three-day Rainfall
Distributicon
Type K-S Statistics Hy |[K~S Statistics Ho K-8 Statistics Ho_
Normal .0908 + 0981 + 0860 +
Log-normal .0974 + .1475 + . 1132 +
Gumbe:1 0964 + + 1943 + 1571 +
Pearson Type-II1I 0788 + +1103 + . 0862 +
Log Perason Type-IIX .0745 + . 1094 + . 0815 +

Table A.6{(a): Goodness of fit assessed by Xﬁ—test (Station R308)

One-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution

Type X2~ Statistics| He |X®-Statistics Ho [X®-Statisties | H,
Normal . 3.66 + 1.82 + 1.41 +
Log-normal 3.07 + 0.59 + 3.89 +
Gumbel 3.06 + 0.59 + 2.24 +
Pearson Type-III 3.06 + 1.82 + 2.65 +
Log Perason Type-~IIY 3.88 + 1.41 + 2.65 +

Table A.6(b): Goodness of fit asseésed by K-S test (Station R306)

One~day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type K-S Statistics| Hy JK-$ Statistics Hy [H-5 Statistics Hy
Normal .0897 + 0683 + .0962 +
Log-normal . 0898 + 0797 + 0609 +
Gumbel 1097 + .0918 + .0813 +
Pearson Type-III +0739 + .0538 + 0623 +
Log Perason Type-III 0714 + 0686 + 0589 +

Note: + Hypothesis is accepted at 10% significance level
- Hypothesis is rejected at 10% significance level
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Table A.7(a): Goodness of fit assessed by X‘-test (Station R311)
One-day Rainfall Two-day Rainfall THree-day Rainfall
Bistribution " "
Type x%- statistics| Ho [x®-Statistics | Hy (X®-statistics | u,
Normal 8.85 - 1.41 + 3.086 +
Log-normal 3.89 + 8.44 - 3.06 +
Gumbel 3.48 + 8.03 - 1.83 +
Pearson Type-III 8.85 - 0.51 + 2.64 +
Log Perason Type~III 12.16 - 25.92 - 9.28 -

Table A.7(b): Goodness of fit assessed by K-S test (Station R311)

One-day Rainfall Two-day Rainfall Thre-day Rainfall
Distribution
Type K-S Statistics H, |K-S Statistics Ho K-5 Statistics H,
Normal , 1033 + 0762 + ,0874 +
Log-normal 1354 + 1371 + 0672 +
Gumbel 1131 + .1425 + . 0785 +
Pearson Type-TII ’ 2048 + .0932 + . 0684 +
Log Perason Type-III . 1094 + 829 + 0694 +
Table A.8(a): Goodness of fit assessed by X&~test {Station R313)
One-day Rainfall Two-day Rainfall THre-day Rainfall
Distribution
Type X?- statistics| He |X?-Statistics H, [X2-Statistics | He
Normal 2.00 + 1.56 + 7.58 -
Log-normal 5.84 L 3.71 + 2.84 +
Gumbel ’ 1.99 + 1.57 + 4,64 +
Pearson Type~III 2.42 + 3.27% + 11,40 -
Log Perason Type-III1 3.71 + 8.84 - 3.27 +

Table A.8(b): Goodness of fit assessed by K-S test (Station R313)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Digtribution

Type K-5 Statistics| Hy |K-S Statistics H, |K-5 Statistics Ho

Normal 0605 + .0755 + , 0993 +

Log-normal . 0807 + .1182 + . 1255 +

Gumbel 0739 + 0634 + 0708 +

- Pearson Type-II1 0507 + 08673 + .0912 +
Log Perason Type~III .0744 + .1154 + L1043 +

Note: + Hypothesis is accepted at 10% significance level .
- - Hypothesis is rejected at 10% significance level
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Table A.Q(a):~Goodness of fit assessed by Xg-test {Station R315)

One-day Rainfall

Two-day Rainfall

Three-day Rainfall

Distribution
Type X2. Statistics| Hy [%2-Statistics Ho [X®-Statistics | He
Normal 12.58 - 9.27 - 5.95 +
Log-normal 8.44 - 3.06 + 3.48 +
Gumbel 6.79 - 3.48 + 7.62 -
Pearson Type~IIl 13.82 - 13.80 - 13.80 -
Log Perason Type-I11 3.91 + 2.24 + 3.89 +

Table A.9(b): Goodness of fit assessed by K-S test (Station R315)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution

Type - K-5 Statistics| Hy |K-S Statistics Hy |K~S Statistics Hy
Normal . 1859 + .1431 + «1372 +
Log-normal 1094 + .0892 + 0977 +
Gumbel w1178 + L1030 + .1071 +
Pearson Type-II] 1216 + 0922 + . 0988 +
Log Perason Type-1I11] . 0925 + .0647 + 0765 +

Table A.10(a):

Goodness of fit assessed by Xﬁ—test (Sﬁation R317)

One-day Rainfall

Two-day Rainfall

Three-day Rainfall

Distribution

Type X%~ sStatistics| Ho |X2-Statistics Ho [x2-Statistics | H,
Normal 2.24 + 4.73 + - 4,32 +
Log-normal 2.E5 + 2.24 + 5.55 +
Gumbel 4,72 + 1.41 + 5.55 +
Pearson Type-IIT 1.41 + 5.96 - 4,32 +
Log Perason Type-IIY 4.30 + 6.54 - 6.94 -

Table A.10(b):

Goodness of fit assessed by K-S test (Station R317)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution

Type K-5 Statistics Hy |K-S Statistics H, {K-5 Statistics Hg
Normal 0537 + .1174 + 1291 +
Log-normal 20552 + .0923 + 1157 +
Gumbe], 0704 + 0868 + 1070 +
Pearson Type-~IIT .0510 + L0771 + .0943 +
Log Perason Type-II1I . 0526 + 0799 + + 1024 +

Note:

+ Hypothesis is accepted at 10%
Hypothesis is rejected at 10%

significance leve]
significance level
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Table A.11(a): Goodness of fit assessed by X?—test {Station R320)

One-day Rainfall Two-day Rainfall Three~-day Rainfall

Distribution

Type ¥ - statistics| Ho x2.Statistics Ho |x%®-Statistics Hg
Normal 2.24 + 2.24 + 3.06 +
Log-normal 3.06 - + 2.24 + Q.99 +
Gumbel . 3,32 + 1.00 + 1.00 +
Pearson Type-III 3.88 + 5.54 - 2.29 +
Log Perason Type-II11 3.086 + 2.92 + 1.00 +

Table A.11(b): Goodness of fit assessed by K-S test (Station R320)

Cne-day Rainfall Two~day Rainfall Three-day Rainfall
Distribution

Type K-S Statistics| Hy |H-5 Statistics Hy, [K~S Statistics Ho
Normal 0822 + 0987 + .1080 +
Log-normal 0722 + .0706 + 0631 +
Gumbel 0765 + 0873 + . 0698 +
Pearson Type-III .1392 + L0870 + .0648 +
Log Perason Type-III L0712 + L0780 + L0610 +

Table A.12(a}): Goodness of fit assessed by Xa-test (Station R323)

One~day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type X2- Statistics| Ho |%®-Statistics Ho [X2-Statistics | H,
Normal 4.13 + 2.42 + 2.42 +
Log-normal 3.71 + 2.85 + 5.42 +
Gumbel 5.61 + 9,67 - 4,13 +
Pearson Type-III 2.42 + 3.17 + 1.14 +
Log Perason Type-III 4.12 - 4,12 + 4,56 +

Table A.12(b): Goodness of fit assessed by K-S test (Station R323)

One-day Rainfall Two~day Rainfall Three-day Rainfall
Distribution

Type K-S Statistics| Ho [K-5 Statistics Hp [K-§ Statistics Hy

Normal .0832 + 1590 + 0941 +

Log-normail L0977 + .1466 + 1119 +

Gumbel 1456 + L1747 + » 1349 +

Pearson Type-1IT . 0891 + .1588 + . 0896 +

B Log Perason Type-II] 0879 + .1498 + . 1051 +

Note: + Hypothesis is accepted at 10% significance level
- Hypothesis is rejected at 10% significance level
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Table A.13(a): Goodness of fit assessed by X*-test (Station R324)

One-day Rainfall Two~day Rainfall Three-day Rainfall

Distribution

Type X2. Statistics Hy X2.Statistics Hoy X%-statistics Hg
Normal 5.84 + 3.71 + 1,14 +
Log-normal 5.42 + 2.42 + 0.71 +
Gumbel 3.28 + 3.28 + 0.29 +
Pearson Type-III 4.99 - 16.99 - 4.13 +
Log Perason Type-IIT 6.27 - 4,56 + 0.71 ¥

Table A.13(b): Goodness of fit assessed by K-S test (Station R324)

One-day Rainfall Two-day Rainfall Three~day Rainfall

Distribution q

Type K-5 Statistics| H, |K-5 Statistics H, (K-S Statistics Ho
Normal 1502 + .0996 + .065% +
Log-normal 0949 + L0700 + .0622 +
Gumbel .1034 + 0754 + 0708 +
Pearson Type-I111 + 1740 + 0967 + .0513 +
Log Perason Type-I1T1I .1050 + .0802 + 0637 +

Table A.14(a): Goodness of fit assessed by XLtest {Station R325)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type X2- statistics| H, {X®-Statistics H, [X2-Statistics Hy
Normal 2.84 + 1.14 + 1.98 +
Log~normal 3.69 + 0.29 + 1.99 +
Gumbel 6.69 - 0.29 + 2.41 +
Pearson Type-III 5.84 - 3.69 + 2.42 +
Log Perason Type-III 5.83 - 0.29 + 1.99 +

Table A.14(b): Goodness of fif assessed by K-S test (Station R325)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution -

Type K-35 Statistics]| Hy |K-S Statistics H, |[K-5 Statistics] Hj
Normal 0966 + .1015 + .0714 +
Log-normal .0788 + .0731 + 0740 +
Gumbel . 0892 + 0777 + .0844 +
Pearzon Type-I1II 0807 + 0790 + L0602 +
Log Perason Type-IiI .0768 + .0723 + 0740 +

Note: + Hypothesis is accepted at 10% significance level
. — Hypothesis is rejected at 10% significance level




Table A.15(a): Goodness of fit assessed by Xt-test (Station R328)

One-day Rainfall Two~day Rainfall Three-day Rainfall
Distribution -

Type %x2- Statistics Ho |X®-Statistics Hy |x2-Statistics Hg
Normal 15.88 - 12.57 - 14.23 -
Log-normal 3.06 + 1.83 + 1.83 +
Gumbel 4,72 + 6.38 - 3.07 +
Pearson Type-II1 : 4.85 - 26.26 - 4,02 +
Log Perascn Type-IIIX 4,72 - 1.42 + 2.24 +

Table A.15(b): Goodness of fit assessed by K-S test (Station R328)

One-day Rainfall Two=-day Rainfall Three-day Rainfall
Pistribution

Type K-S Statistics| Hgy [K~S Statistics Hg (K-S Statistics H,
Normal 1582 + +1589 + 1750 +
Log~normal 1140 + 0775 + L0794 +
Gumbel 1120 + .1015 ¥ . 1054 +
Pearson Type-III 2622 - 2561 - .2386 -
Log Perason Type-IX1 0994 + 0682 + 0512 +

Table A.16(a): Goodness of fit assessed by X*-test {Station R330)

One-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution

Type X?- Statistics| Hy |x2-Statistics Ho [X?-Statistics [ Ho
Normal . 6.78 - 6.37 - 4,40 +
Log~normal 1.41 + 2.39 + 2.23 +
Gumbel . 2.23 + 1.83 + 2.64 +
Pearson Type-III 12.99 - 6.37 - 12.16 -
Log Perason Type-III 2,29 + 0,59 + 2.65 +

Table A.16(b): Goodness of fit assessed by K-S test (Station R330)

Cne-day Rainfall Two~day Rainfall Three-day Rainfall

Distribution

Type K~5 Statistics| H, [K-5 Statistics H, [K-S Statistics Hg
Normal .1291 + . 1332 + 1378 +
Log-normal 0957 + . 0884 + .0718 +
Gumbel .0685 + L0727 + . 0654 +
Pearson Type~II] . 0893 + .0986 + 0702 +
Log Perason Type-III 0693 + .0973 + +0543 +

- Note: + Hypothesis is accepted at 10% significance level
~ Hypothesis is rejected at 10% significance level
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Table A.17(a): Goodness of fit assessed by Xﬁ—test (Station R331)

Cne-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution P

Type X2~ Statistics Hp {x%-Statistics Hy |X -Statistics Hgo
Normal 3.89 + 0.59 + 0.99 +
Log-normal 6,74 - 8.02 - 3.06 +
Gumbel 5,13 + 9.68 - 2.24 +
Pearson Type-III 3.89 + 3.07 + .54 +
Log Perason Type-III 17.14 - 9.69 - 3.06 + .

Table A.17(b): Goodness of fit assessed by K-S test (Station R331)

One-day Rainfall . Two-day Rainfall Three-day Rainfall

Distribution

Type K-5 Statistics| He |K-§ Statistics Hg K-S Statistics Hy
Normal .0692 + .0895 + ..0591 +
Log-normal : . 1465 + 1214 + 1053 +
Gumbel 1688 + 1014 + . 0964 +
Pearson Type-III 0734 + .0932 + 0687 +
Log Perason Type-ITI .0885 + L0967 + 0823 +

Table A.18(a): Goodness of fit assessed by Xttest (Station R332)

: One-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution

Type X%- Statistics| #o |%%-Statistics Hy |X2-Statistics | Ho
Normal 3.06 + 1.82 + 1.83 +
Log-normal 1.83 + 3.08 + 6,37 -
Gumbe ] 2.65 + 2,23 + 3.89 +
Pearson Type-III 3.06 + 1.82 + 2.82 +
Log Perason Type-III 2.24 + B.45 - 6.37 -

ar

-~

Table A.18(b): Goodness of fit assessed by K-S test (Station R332)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Digtribution
Type i~5 Statistics{ Hy |K-§ Statistics Hy (K-S Statistics Hg
Normal 0770 + 0700 + .0965 +
Log-normal .1098 + L1274 + 0792 +
Gumbe} 1202 + 1148 + .1143 +
Pearson Type-IIY 0791 + .0768 + . 0959 +
_ Log Perason Type-IIT 0663 + 0779 + 0709 +

. Note: + Hypothesis is accepted at 10% significance level
- Hypothesis is rejected at 10% significance level




A-10

‘Table A.19(a): Goodness of fit assessed by X?—test (Station R351)

Dne-day Rainfall Two-day Rainfall Three-day Rainfall

Bistribution

Type X2 - Statistics| Hp [X2-Statistics Hy |X2-Statistics | H,
Normal 3.48 + 2.24 + 1.83 +
Log-normal 7.21 + 2.24 + 4.87 +
Gumbel 9.68 - 2.24 + 6.37 -
Pearson Type-III 7.20 - 2.65 + 9.68 -
Log Perason Type-III 7.21 - 4.30 + 7.62 -

Table A.19{(b): Goodness of fit assessed by K-S test (Station R351)

One~day Rainfall Two~day Rainfall Three-day Rainfall
Distribution

Type K-5 Statistics| Hy |K-S Statistics HO K-5 Statistics Ho
Normal 0727 + . 0679 + .1256 +
Log-normal 1170 + 0877 + .01998 +
Gumbe} . 1300 + 0902 + 0895 +
Pearson Type-II1I . 0805 + 0584 + .0852 +
Log Perason Type~III . L0887 + .0683 + .0836 +

Table A.20{a): Goodness of fit assessed by XLtest (Station_R354)

One-day Rainfall Two=~day Rainfall Three-day Rainfall
Distribution
Type x®- statistics| H, |x®-Statistics | Hy [X®-Statistics Ho
Normal 2,24 + 3.49 + 2,11 +
Log-normal 2.24 + 1.42 + 4.3} +
Gumbe 1 2.23 + 1.83 + 2.65 +
Pearson Type-III1 17.15 - 4.31 + 2,65 +
Log Perason Type-III T 2.65 + 3.06 + 3.06 +

Table A.20(b): Goodness of fit assessed by K-S test {Station R354)

One~day Rainfall Two-day Rainfall Three-day Rainfall
Distribution

Type K-5 ‘Statistics| Hy [K-S Statistics Hy [K-S Statistics H,

Normal .1139 + 0830 + 0707 +

Log-normal .0837 + L0704 + L0503 +

Gumbel L1072 + .0820 + .0918 +

Pearson Type-~II] . 1089 + 0584 + 0545 +

R Log Perason Type-III " . 0945 + . 0666 + 0634 +

Note: + Hypothesis is accepted at 10% significance level
- Hypothesis is rejected at 10% significance level
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Table A.21(a): Goodness of fit assessed byjﬁ—test (Station R355)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution

Type X2- statistics| Hy |X®-Statistics | H, |x®-Statistics | H,
Normal 1.83 + 3.47 + 5.54 +
Log-normal 1.41 + 5.14 + 5.54 +
Gumbel 4,29 + 5.14 + 5.54 +
Pearson Type-III 1.41 + 4.73 + 3.06 +
Log Perason Type-III 3.89 + 2.67 + 5.54 -

Table A.21(b}: Goodness of fit assessed by K-S test (Station R355)

One~day Rainfall Two=-day Rainfall Three-day Rainfall
Distribution

Type K-5 Statistics]| Ho [K-S Statistics H, 1H-S Statistics HD
Normal . 0952 + .1392 + - .1605 +
Log-normal +0B05 + . 0817 + .1097 +
Gumbel L0740 + 0760 +. 1178 +
Pearson Type-III . 0646 + .0881 + 1223 +
Log Perason Type-111 .0609 + 0731 + .1086 +

Table A.22(a): Goodness of fit assessed by Xtiest (Station R356)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type A2 Statistics| Hp |X2-Statistics Ho [X?-statistics | Hg
Normal 5.54 + 12,17 - 7.63 -
Log~normal 1.42 + 8.85 - 3.89 +
Gumbel 3.89 + 4,71 + 3.89 +
Pearson Type-11% §.45 - 14.65 - 14.65 -
Log Perason Type-IIT 2.74 + 5.97 - 3.89 +

Table A.22(b): Goodness of fit assessed by K-S test (Station R356)

One-day Rainfall Two-day Rainfall Three~day Rainfall
Pistribution

Type K-5 Stetistics| H, |K-5 Statistics Hy |K-S Statistics Hy

Normal +1325 + .1719 + .1123 +

Log~normal 0967 + 1222 + 0675 +

Gumbel . 0880 + 1023 + 0822 +

- Pearson Type-III .0659 + » 1051 + . .0752 +
Log Perason Type-III L0851 + .0832 + 0582 +

Note: + Hypothesis is accepted at 10% significance level
- - Hypothesis is rejected at 10% significance level
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Table A.23(a): Goodness of fit assessed by X%—test {Station R357)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type %%~ statistics| He |x2-Statistics Ho [%®-Statistics | He
Normal 15.12 - 1.99 + 3.27 +
Log=-normal G.72 + 2,84 + 3.27 +
Gumbel Q.72 + 3.70 + 1.99 +
Pearson Type-III 1.98 + 3.70 + 6.69 -
Log Perason Type-III 0,72 + 2.84 + 3.28 +

Table A.23(b): Goodness of fit assessed by K-8 test (Station R357)

One-cday Rainfall Two-day Rainfall Three-day Rainfall
Distribution

Type K-35 Statistics| He |K-5 Statistics Hy [K-S Statistics] Ho
Normal + 1866 + L1077 + .1358 +
Log~normal .1358 + 0696 + L0870 +
Gumbel L1225 + 0762 + L0716 +
Pearson Type-III 2045 + ., 0797 + 0847 +
Log Perason Type-I111 1047 + 0673 + ,0927 +

Table A.24(a): Goodness of fit assessed by Xz—test (Station R358)

One-day Rainfall

Two-day Rainfall

Three-day Rainfall

Distribution

Type ¥~ Statistics| H, [X2-Statistics | M, |X2-statistics Ho
Normal 4.30 + 1.42 + 7.24 -
Log~-normal 8.44 - 4.31 + 4,73 +
Gumbel 5.896 + 3.07 + 3.07 +
Pearson Type-~III 2.65 + 1.42 + 10.52 -
Log Perason Type-ITI 18.79 - 7.62 - 11.35 -

Table A.24(b)i Goodness of fit assessed by K-S test (Station R358)

One~day Rainfall Two-day Rainfall Three-day Rainfall
Distribution ;

Type K-S Statisticsi H, [K-S Statistics Hp |K-5 Statistics| Hg
Normal 0772 + 0807 + . 0984 +
Log=-normal .0971 + . 0976 + (3850 +
Gumhel .1407 + 1237 + .1151 +
Pearson Type~IIT 0839 + .0803 + .0838 +
Log Perason Type-III 1269 + . 1018 + 0919 +

Note:

+ Hypothesis is accepted at 10%
- Hypothesis is rejected at 10%

.gignificance level
significance level
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Table A.25(a): Goodness of fit assessed by Xa—test (Station R359)

One-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution

Type % Statistics Ho x%-Statistics Ho X2_Statistics Ha
Normal 4,31 + 0.59 + 0.99 +
Log-normal 3.08 + 3.48 + 0.99 +
Gumbel 1.41 + 0.59 + 2.24 +
Pearson Type-IIT 3.87 + 0.59 + 2.24 +
Log Perason Type-II1 7.67 - 3.05 + 1.87 +

Table A.25(b): Goodness of fit assessed by K-S test {Station R359)

One-day Rainfall Two~day Rainfall Three-day Rainfall
Distribution

Type K-S statistics| Hg JK-S Statistics Hy, K-35 statistics] H,
Normal 0697 + , 0991 + + 0485 +
Log~normal 1374 + 0978 + 0757 +
Gumbel - .1232 + .0948 + . 0899 +
Pearson Type-III 0683 + 0487 + 3532 +
Log Perason Type-III . 1219 + .0595 + 0613 +

' Table A.26{a): Goodness of fit assessed by XLtest {Station R360)

One-~day Rainfall Two-day Rainfall | Three-day Rainfall
Distribution

Type x®. Statistics| He |x%-statistics Ho |XZ-Statistics | Ho
|Normal 13.54 - - 5.41 + 4.12 +
Log-normal 4.56 + 4.35 + - 4,56 +
Gumbe]l 8.40 - 4.56 + 5.41 +
Pearson Type-IIT 17.40 - 10.12 - 2.43 +
Log Perason Type-IIX 1.99 + 5.12 - 5.84 -

Table A.26(b): Goodness of fit assessed by K-S test (Station R360)

One-day Rainfall Two~day Rainfall Three-~day Rainfall
Distribution
Type K-S Statistics| Hy (K-S Statistics Hy |K-5 Statistica| H,
Normal . 18058 + L1072 + . 0883 +
Log-normal .1189 + 1070 + 0690 +
Gumbel " ,1558 + . 0953 + .0913 +
a Pearson Type-III .3520 - 2524 - .0588 +
Log Perason Type-I1IT .1403 + 0871 + (693 +

Note: + Hypothesis is accepted at 10% significance level
. -~ Hypothesis is rejected at 10% significance level
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Table A.27a: Goodness of fit assessed by X{ftest {Station R361)

One-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution

Type %2~ statistics| H, |X"-Statistics | H, [X®-Statistics | H,
Normal 11.88 - 3.00 + 3.00 +
Log~normal 4.50 + 0.77 + 0.77 +
Gumbel 5.67 + 2.10 + 0.77 +
Pearson Type-III 21.22 - 3.44 + 3.38 +
Log Perason Type~III 7.44 - 1.67 + 0.77 +

Table A.27(b): Goodness of fit assessed by K-8 test (Station R361)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution

Type K-35 Statistics| Hg |[K-S Statistics Ho }K~5 Statistics| Hp
Normal 1479 + 1037 + .0848 +
Log-normal 1161 + 0714 + .0504 +
Gumbel .1202 + L0710 + L0561 +
Pearson Type-III : .1029 ¥ L0676 + . 0465 +
Log Perason Type-I11 .0793 + . 0666 + L0474 +

TPble A.28(a): Goodness of fit assessed by letest (Station R363)

One-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution

Type %*- Statistice| Mo [X2-Statistics Ho |X%-Statistics | Hp
Normal . 1.42 + 3.06 + 1.42 +
Log-normal ' 1.42 + 3.48 + 2.66 +
Gumbel 1.83 + 2.24 + 2.24 +
Pearson Type-IIi 2.24 + 1.83 + 2,24 +
Log Perason Type-III 4.36 + 2.65 + 2.24 +

Table A.28(b): Goodness of fit assessed by K-S test {Station R363)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution

Type K-S Statistics]| Ho [K-S Statistics Ho [K-$ Statistics| He

Normal 0683 + 0781 + .0699 +

Log-normal .0851 + .0768 + 0714 +

Gumbel ' . 0983 + , 0958 + L0699 +

- Pearson Type-III .0598 + 0654 + L0501 +
Log Perason Type-1I1I 0557 + . 0585 + .0537 +

Note: + Hypothesis is accepted at 10% significénce level
. - Hypothesis is rejected at 10% significance level
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Table A.29(a): Goodness of fit assessed by letest (Station R364)

One-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution

Type X2. statistics| Hp |X%-Statistics Ho |[X%-Statisties | Hg
Normal 1.09 + 3.26 + 4,59 +
Log-normal 1.92 + 0.67 + 4.63 +
Gumbel 1.92 + 1.08 + 4.63 +
Pearson Type-IXI 7.96 - 6.70 - 11.86 -
Log Perason Type-III 1.92 + 2.01 + 4,63 -

Goodness of fit assessed by K-S test (Station R364)

Table A.29(b):

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type K-S Statistics| Hp |K-5 Statistics Hy K-5 Statistics Ho
Normal .1169 + 1261 + L1135 +
Log-normal 0633 + L0637 + 0624 +
Gumbel 0685 + .0555 + L0575 +
Pearson Type=-I1I 0724 + - 0819 + L0785 +
Log Perason Type-ITI .0626 + 0726 + .0516 +
2

One-day Rainfall

Two~day Rainfall

Three-day Rainfall

Table A.30(a}:_Goodness of fit assessed by X‘-test (Station R366)

Distribution
Type x2- sStatistics] Ho |x?-Statistics | Heo [XZ-Statistics | lio
Normal 2.85 + 2.85 + 3.70 +
Log-normal 10.12 - 7.92 + 10.55 -
Gumbel ) 7.12 - G.GY9 - 4.98 +
Pearson Type-1TI 1.56 + 5,00 - 7.12 -
Log Perason Type-IlI 158.26 - 10,76 - .64 -

Table A.30{b): Goodness of fit assessed by K-S test (Station R366)

Cne-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution

Type K-S Statistics] Ho |K-S§ Statistics Ho |K-S Statistics} H
Normal L0762 + 1171 + ,1287 +
Log-normal © 41459 + . 1303 + 1197 +
Gumhel .1326 + .1134 + . 0844 +
pPearson Type-III .0938 + . 1016 + L1140 *
L.og Perason Type-IIT ,0998 + L1109 + 1172 +

Note:

+ Hypothesis is accepted at 10%
- Hypothesis is rejected at 10%

significance level
significance level
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Table A.31(a): Goodness of fit assessed by X&—tést (Sﬁation R369)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution P :

Type X - Statistics| Hge |X -Statistics Hp ]X -Statistics Hy
Normal 3.06 + 1.42 + 5.57 +
Log-normal 6.77 + 1.41 + 3.88 +
Gumbel 5.54 + 4,73 * 2.24 +
Pearson Type-II1I 3.08 + 1.42 + 8.44 -
Log Perason Type-III 8.84 - 3.06 + 3,89 +

Table A.31(b): Goodness of fit assessed by K-S test (Station R369)

One-day Rainfall Two—-day Rainfall Three-~day Rainfall
Distribution

Type . K-5 Statistics|{ Hp |K-S Statistics Ho |K-S Statistics| Hg
Normal . 1088 + (G801 + .1235 +
Log~normal 1120 + .0882 + 0942 +
Gumbel . 1480 + L1269 + . 0789 +
Pearson Type-IIT 1092 + V0768 + L1037 +
Log Perason Type-IXI .1079 + L0787 + .0863 +

Table A.32(a): Goodness of fit assessed by X{-test {Station R370)

One-day Rainfall Two-day Rainfall Three~day Rainfall

Distribution

Type x%- Statistics| Hy |XZ-Statistics | Hp |x%-statistics | H,
Normal 4,13 + 5.41 + 4.98 +
Log-normal 7.98 - 3,65 + 1.14 +
Gumbel 7.98 - 3.65 + 1.99 +
Pearson Type-III 9,27 - 25.12 - 5,03 -
Log Perason Type-III 7.28 - 3,71 + 1.57 +

Table A.32(b): Goodness of fit assessed by K-S test (Station R370)

One-day Rainfall Two~day Rainfall Three-day Rainfall
Distribution

Type K-S Statistics Hp |K-S Statistics Hy [K-S Statistica Hp
Normal : 0915 + .1255 + . 1377 +
Log-normal 1179 + L0904 + 0764 +
Gumhel .1404 + .1043 + 0646 +
Pearson Type~III . {931 + L1260 + , 0607 *
Log Perason Type-II1 . 0915 + 0130 + 0471 +

| Note: + Hypothesis is accepted at 10% significance level

. - Hypothesis is rejected at 10% significance level
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Table A.33(a): Goodness of fit assessed by Xl-test {Station R372)

: One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution

Type x2- statistics| Ho |X-Statistics H, |¥2-statistics | Hg
Normal 7.40 - - 4.76 + 1.66 +
Log=-normal 1.67 + 3.88 + 6.54 +
Gumbel 2.11 + 1.22 + 2.76 +
Pearson Type-III 9.21 - 6.04 - 1.67 +
Log Perason Type-1I1 3.42 + 3.44 + 5.67 -

Table A.33(b): Goodness of fit assessed by K-S test (Station R372)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution - -

Type K-S Statistics| Ho |K-S Statistics Hy, |K-S Statistics| Hg
Normal 1835 + ,0808 + 0753 +
Log-normal 0643 + 1070 + .0921 +
Gumbel 0743 + .1293 + + 1237 +
Pearson Type-ITI 0604 + 0871 + 0750 +
Log Perason Type-TI1T .0B50 + .0809 + 0797 +

Table A.34{a): Goodness of fit assessed by*Xz~test (Station R376)

One-~day Rainfall Two~day Rainfall Three-day Rainfall

Distribution

Type %2 statistics| #Ho |XZ-Statistics Ho |x2-Statistics | Ho
Normal 12.16 - 5.13 + 4.72 +
Log-normal 6.93 - 5.95 + 1.83 +
Gumbel . 7.63 - 5.13 + 1.83 +
Pearson Type-iIII 12.37% - 14.32 - 4.03 +
Log Perason Type-IIT 8.09 - 3.89 + 1.83 +

Table A.34(b): Goodness of ftit assessed by K-S test (Station R376)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type ) K-5 Statistics| Hg K-S Statistics | Ho |K-5 Statistics| Hy
Normal . 1444 + . 1159 + .1166 +
Log=-normal 1268 + 1022 + 0790 +
Gumbel - . . 1282 + . 0888 + L0781 +
Pearson Type-II1 1640 - + .2066 + 0782 +
Log Perason Type-III +1230 + . (858 + 0766 +

Note: + Hypothesis is accepted at 10% significance level
- Hypothesis is rejected at 10% significance level
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Table A.35(a): Goodness of fit assessed by Xi-test (Station R377)

One-day Rainfall Two-day Rainfall Three-day Rainfall
Distribution
Type x%- sStatistics| He [x®-Statistics Hg |¥®-Statistics | Hy
Normal 1.83 + 1 3.47 + 5.54 +
Log-normal - 1.41 + 5.14 + 5.54 +
Gumbel 4,29 + 5.14 + 5.54 +
Pearson Type-III 1.41 + 4.73 + 3.06 +
Log Perason Type~TIT 3.89 + 2.67 + 5.54 -

‘Table A.35(b): Goodness of fit assessed by K-S test (Station R377)

One-day Rainfall Two-day Rainfall Three-day Rainfall

Distribution

Type K-5 Statistics| Hy {K-S5 Statistics Ho |K-S Statistics| Hy
Normal . 0952 + 1382 + . 1605 ¥
Log-normal 0605 + L0817 + .1087 +
Gumbel L0740 + L0760 + 1176 +
Pearson Type-III ,0646 + . 0881 + .1223 +
Log Perason Type~III 0609 + 0731 + . 1086 +

Note: + Hypothesis is accepted at 10% significance level
- Hypothesis is rejected at 10% significance level
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b~1

:Computed Values ofﬁﬁ*Statistic for EV1 distribution
corresponding to (1) methods of moment (2) method of
maximum likelihood {(3) probabilty weighted method

Table B.1
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Hypothesis is accepted at 10% significance level
Hypothesis 1s rejected at 10% siginificance level

Method of Likelihood

Method of moment

Note

MM

ML

PWM: Probability Weighted Moment Method
+




B-2

Table B.2: Computed Values of.ﬁ—statistic for EV1l distribution
corresponding to (1) method of moments, (2) metod of
maximum likelihood and (3) probabilty weighted method

Stn One-day Rainfall Two-day Rainfall Three-day Rainfall
No -
MM ML PWM MM ML PWM MM ML PWM
R101{ .2094 +| .2095 +| .2251 +| .3774 +} .1705 +| ,2781 +| .2782 +] .2298 +| .275H7 +
R103| .3749 +{ .3463 +| .3463 +| .5367 +| .3478 +| .3811 +} .2825 +{ .2759 +| .2907 +
R132| .8596 -| .5383 +{ .6292 +| .4198 +| .2563 +| .2892 +{ ,5204 +| .3334 +| .3739 +
R30212.5510 -11.4702 -|2.0332 -|1,8119 -|1,135% -|1.4321 - .6868 -| .4490 +| .5068 +
R303] .3030 +| .2729 +| .2848 +|1.0754 -| .7753 -} .9182 -1.1227 -| .6569 - .8320 -
R306| .5786 +| .3571 +| .3972 +| .3232 +} .2199 +] .2178 +| .2607 +{ .2049 +]| .2180 +
R311; .8898 -} .6714 -} .7524 -] .6702 -| .6007 +} .6203 +| .3750 +} .2644 +| .2978 +
R313| .3172 +{ .2252 +{ .2566 +] .3735 +| .4210 +} .3699 +| .3299 +| .3404 +| .3302 +
R315| .4%42 +{ .4918 +| .4983 +( .4546 +{ .5130 +{ .4594 +| .3673 +[ .4327 +{ .3713 +
R317| .3301 +| .2370 +| .2704 +| .2740 +{ .3086 +| .2425 +| .3142 +} .3362 +} .2825 +
R320| .3482 +| .2529 +| .2798 +| .1855 +} .1838 +| .2104 +| .2719 +} .2448 +| .2448 +
R323! .7680 -| .5997 4| .6386 -[1.3574 ~-! .8932 -| .9105 -| .6081 +| .4036 +] .38B65 +
R324} ,3104 +| .3077 +| ,3216 +| .3254 +] .3554 +| .3207 +| .2734 +| .2210 +| .1937 +
R325| .4798 +| .4212 +| .4352 +{ .3245 +| .3007 +| .2525 +(| .2167 +| .2009 +| .1634 +
R328| .5283 +| .4470 +| .4564 +| .5773 +| .3743 +}| .4772 +| .7197 -] .4758 +| .6080 +
R330} .3997 +{ .2966 +{ .3401 +| .3038 +| .2801 +] .3084 +| .1470 +{ .1469 +| .1683 +
R331i1.4088 -| .9201 -|1.1917 -} .5505 +| .4803 +| .4948 +) .4842 +| .3874 +; .3922 +
R332| .9053 -| .5109 +| .6607 -}1.5517 ~| .9219 -91.2358 -| .8772 -1 .5207 +| .6616 -
R351| .8310 —| .5113 +| .5972 +| .4534 +] .3037 +} .3057 +| .3340 + .3187 +] .3169 +
R354) .3893 +| .2474 +| .2790 +j .2841 +t .2252 +} .2195 +| .2155 4+ .1961 +; .2120 +
. R355| .2614 +{ .2306 +| .2042 +! .3291 +| .3295 +; .3421 +| .4596 +| .45H58 +| .4672 +
R356| .2806 +| .3315 +{ ,2887 +| .5526 +| .6128 +| .5700 +| .2737 +}| .2802 +| .2709 +
R357| .3116 +| .2606 +) .3326 +| .2260 +| .2319 +| .2716 +] .4267 +] .4587 +| .4634 +
R358| .9686 -! ,.B8719 -{ .8577 -| .8655 -| .7005 -] .7470 - .6060 +| .5516 +| .b548 +
R359(1.1160 ~!1.0272 -11.0401 ~-| .58B57 +| .3929 +] .4595 +| .4130 +) .2608 +[ .3084 +
R360}1.2215 -{ .7418 -] .8071 -] .4918 +| .5583 +| .4901 +| .3365 +| .30b3 +| ,3212 +
R361f .4782 4| .5338 +| .4916 +| ,2211 +{ .2523 +| .2083 +] .1379 +| .1332 +| .1288 +
R363! .3858 +| .2029 +] ,2406 4| .4752 4| .3100 +| .3566 +| .3014 +] .2289 +| .2510 +
R364} .2285 +{ .2385 +] .2098 +! .1593 +] .1453 +] .1563 +| .2699 +| .2347 +{ .2856 +
R366{ .8172 ~| .5954 +] .6746 -} .5992 +] .5861 +| .5901 +] ,4294 +| .4432 +| .4220 +
R369[1.0933 -| .6471 -] .7412 -]1.1158 —-{ .5743 +| .6703 —| .3679 +| .2694 +| .2944 +
R370(1.2001 -| .7673 -| .9013 -| .4692 +[ .4648 +| .4819 +| .3432 +| .2901 4| .3626 +
R372] .1742 +| .1699 +| ,1691 +| ,4273 +| .2714 +| .3129 +| .7034 -{ .5478B +| .5939 +
R376| .5749 +] ,6120 +| .5184 +| ,2607 +| .2643 +| .2839 +| .172% +} .1624 +| .1525 +
R377{ .4466 +| ,3059 +| .3054 +.5912 +| .5844 +| .4302 +| .1750 +| .1877 +| .1628 +
Note

MM : Method of moment

ML : Method of Likelihood

PWM: Probability Weighted Moment Method

+ : Hypothesis is accepted at 10% significance level
- : Hypothesis is rejected at 10% siginificance level




Table B.3(a): Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{(Station R101)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHM MM ML PWM HM ML pPwi
Weibull 0691 + 06683 + 0714 + 0657 + 0535 + .0614 0570 + 0728 + JO0571 +
Beard 0702 + 0694 +-| .0725 + 0706 + .0464 + 0663 + 0601 + L0671 + L0596 +
Hazen 0710 + 0701 + .0733 + 0737 + 0441 + 0694 + 0652 + 0635 + 0646 +
Blom 0705 + 0696 + 0728 + L0717 0448 + 0674 + .0618 + 0654 + .0613 +
Tukey .0703 + 0695 + .0726 + 0710 + 0458 + <0667 + L0607 + 0667 + 0602 +
Gringorten L0707 + 0699 + L0760 + 0727 + .0433 + 0684 + 0636 + 0647 + .0630 +
Table B.3(b):Computed Values of Wz—Statistic for Methed of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R101)
Plotting One-day Rainfall Two~-day Rainfall Three-day Rainfall
position . :
formula MM ML PWM MM ML PWM MM ML PWM
Heibull L0235 + .0236 + L0246 + 0310 + 0158 + 0220 + 0298 + .0328 + 0296 +
Beard 0233 + w0230 + +0266 + 0395 + 0138 + 0276 + 0331 + 0303 + 0329 +
Hazen 0242 + 0238 + 0290 + 0459 + 0135 + 0321 + 0363 + 0298 + 0360 +
Blom 0235 + .0232 + 0273 + 0416 + 0136 + L0290 + 0341 + 0300 + .0338 +
Tukey 0233 + 0231 + 0269 + . 0402 + 0137 + L0281 + 0335 + .0302 + 0332 +
Gringorten 0238 + 0234 + 0281 + 0438 + 0135 + 0306 + 0352 + .0298 + +0349 +
Table B.3(c):Computed Values of Uz~Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R101)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHY MM ML PWM MM ML PWM
Weibull 0234 + 0236 + 0240 + .0308 + 0140 + .02068 + 0296 + 0318 + 0294 +
Beard .0232 + 0230 + .0261 + 0393 + L0120 + 0261 + 0329 + .0293 + 0326 +
Hazen .0242 % 0237 + L0284 + 0457 + 0117 + 0307 + 0361 + .0288 + 0358 +
Blom 0234 + 0232 + +0248 + 0413 + .0118 + 0275 + .0339 + .0290 + L0336 +
Tukey 0233 + +0231 + 0263 + L0400 + L0119 + 0266 + ,0332 + .0292 + 0330 +
Gringorten .0238 + .0234 + 0276 + L0436 + WJO117 + ,0291 + 0350 + 0289 + L0347 +

i Note MM : Method of Moments.
4 ML : Method of Likelihood.
. PWM: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level

i
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Table B.4(a}: Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment
(station R103) '

Plotting One~day Rainfall Two-day Rainfall Three-day Rainfall
position

formula MM ML PHM MM ML PHM MM ML PWM
Weibull 0844 + 0796 + 0869 + ,0951 + L0755 + L0785 + 0733 + 0701 + 0777 +
Beard 0807 + 0824 + | 0897 + .0888 + 0748 + 0798 + 0698 + 0785 + L0861 +
Hazen .0825 + 0842 + L0915 + .0861 + 0754 + 0821 + 0720 + 0839 + 0915 +
Blom 0813 + 0830 + .0903 + D874 + 0746 + 20800 + L0690 + .0803 + 0879 +
Tukey 0809 + 0826 + 0899 L0833 + JOT47 + 0793 + 0695 + L0792 t L0867 +
Gringorten 0819 + .0836 + 0909 + 0863 + 0745 + .0811 + 0703 + 0822 + 0837 +

Table B.4(b):Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment {Station R103)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula MM ML PWM yiv] ML PWM MM ML PWM
Weibull 0601 + L0577 + 0585 + 0716 + 0423 + 0498 + 0348 + 0309 + 0328 +
Beard .0578 + L0571 + 0598 + L0633 + 0405 + 0473 + 0329 + L0317 + L0341 +
Hazen L0573 + L0577 + 0817 + .0590 + L0403 + 0468 + L0327 + .0333 + L0360 +
Blom 0575 + L0572 + 0604 + 0617 + 0403 + 0470 + .0327 + 0322 + +0346 +
Tukey L0577 + 0571 + 0600 + 0627 + 0404 + L0472 + .0328 + 0319 + .0343 +
Gringorten 0574 + 0574 + 0610 + 0603 + 0403 + L0461 + 0327 + 0327 + +0353 +

Table B.4(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R103)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula MM ML . PR MM ML PWM MM ML PRM
HWeibull L0598 + 0574 + (566 + 0691 + .0399 + 0427 + 0342 + 0307 + 0305 +
Beard 0575 + 0567 + .0580 + 0608 + .0380 + 0402 + .0323 + L0315 + 0319 +
Hazen L0570 + 0574 + .0599 .0565 + 0379 + 0397 ¢+ 0321 + +0331 + 0338
Blom 0572 + .0569 + L0586 + 0592 + L0379 + .0399 + 0321 + L0319 + 0324 +
Tukey 0574 + 0568 + .0582 + L0602 + .0380 + 0401 + 0322 + L0317 + 0321 +
Gringorten 0574 + 0571 + 0592 + 0578 + .0378 + .0398 + 0321 + ,0325 + L0331 +

Note MM : Method of Moments,
. ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level

o




Table B.5(a): Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

(Station R132)

Plotting One-day Rainfall Two-day Rainfell Three-day Rainfall
position
formula MM ML PR HM M1, PWM MM ML PWY
Weibull +1461 + | ,1044 + | 1297 + | .1226 + | 0967 + | .1059 + | .1168 + | 1002 + | .1114 +
Beard <1434 + | 1017 + | 1270 + | .1184 + [ 0926 + 1017 + | 1164 + | .0998 + | .1110 +
Hazen +1418 + 1000 + +1253 + «1158 + .0899 + 0991 + +1162 + 0996 + <1108 +
Blom -1429 + | ,1012 + | (1265 + [ ,1175 + | 0917 + | ,1008 + | .1163 + | .0997 + | .1109 ¢
Tukey 1432 + 1015 + +1268 + 1181 + 0923 + 1014 + +1164 ¢ D998 + 1110 +
Gringorten | ,1423 + { .1006 + | .1259 + { ,1166 + | .0908 + | .0999 + | .1162 + | .0997 + | .1109 +
Table B.5(b): Computed Values of Hl—Statistic for Method of moment, Method of

Likelihood and Method of Probabilty weighted moment (Station R132)
Plotting One-day Rainfall 7 Two~day Rainfall Three-day Rainfall
position
formula MM ML PHM MM ML PHM MM HL PRM
Weibull 1187 - | 0652 + | 0906 + | .0592 + | .0318 + | .0402 + | .0848 + | 0523 + | .0643 +
Beard -1109 - [ .0675 + | ,0884 + | ,0502 +« | ,0303 + | .0381 + | .0775 « { .0514 + | .0645 +
Hazen «1065 - | ,0700 + | .0880 + | .0463 + | .0304 + | .0378 + | 0739 + | .0519 + | .0623 +
Blom .1093 - +0683 + 0882 + 0488 + .0302 + 0374 + L0762 + 0515 + 0623 +
Tukey 1104 - L0678 + ,0883 + 0497 + 0303 + 0380 + 0770 + 0514 + 0624 +
Gringorten [ .1078 - | 0691 + { .0881 + | .0474 + | .0303 + | .0378 + | .0750 + | .0516 + | .0623 +

Table B.5{(c): Computed Values of Uz~Statistic for Method of moment, Method of

Likelihood and Method of Probabilty weighted moment {Station R132)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML PUM MM ML PHM
Weibull «1087 - | L0585 + [ ,0731 + | .0548 + { .0290 + | .0332 + | .0794 + | 0484 + | .0545 »+
Beard -1000 - | ,0609 + | .0708 + | .0468 + | 0275 + | ,0301 + | .0721 ¢+ | .0475 + { .0526 +
Hazen .0955 + .0634 + 0708 + 0429 + .0276 + 0298 + 0685 + + 0480 + 0525 +
Blom 0983 - | L0616 + [ ,0V06 + | 0454 + | .027¢ + [ 0200 + | 0707 + | ;0475 + | .0525 +
Tukey »0944 ~ | 0611 + § 0707 + | .0463 + | .0274 + [ .0300 + | .0716 + | .0475 + | .0525 +
Gringorten | .0968 - | .0961 + | 0705 + | .0440 + | 0275 + | .0298 + | .0695 + | 0477 + | .0524 «

Note MM : Method of Moments.
- ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ ! Hypothesis is accepted at 10% significance level

- ¢ Hypothesis is rejected at 10% significance level




Table B.6(a): Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihcod, and Method of Probabilty weighted moment
(Station R302)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHM MM ML - PN MM ML PHM
Weibull .1596 + | .1898 + { ,1778 + | .1658 + | .1652 + | .1738 + | .1398 + | .1383 + | .1478 +
Beard L1660 + | 1932 « | ,1842 + | 1700 + | .1693 + | 1779 + | .1432 + | .1417 + | 1512 +
Hazen L1700 + | 1973 + | ,1883 + | 1726 + | .1720 + | .1806 + | .1453 + | .1438 + | .1533 +
Blom L1673 + .1946 + 1856 + L1709 + 1702 + L1788 + 1439 + 1424 1519 +
Tukey L1665 « | ,1937 + | .1847 + | .1703 + | L1696 + | .1782 + | .1434 + | .1419 + | .1514 +
Gringorten ., 1687 + +1960 + +1870 + 1718 + L1711 + L1797 + 1442 + J1427 + .1522 +
Table B.6(b):Computed Values of szstatistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment {Station R302)
Plotting One-day Rainfall Two~day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML oM MM ML PWHM
Weibull .2559 - | .2209 - | .2599 - | 2427 - | .1871 - | .2303 - | .1127 - | .0792 + | .0963 +
Beard .2550 - | ,2313 - | .2626 - | .2390 - | .1922 - | .2303 - | .1056 - | .0795 + | .0951 +
Hazen ,2555 - | .2390 - [ .2653 - § .2378 - | .1965 - | .2314 - | .1029 - | .0937 + | .0954 +
Blom .2551 - | .2330 - | .2634 - | .2385 - | .1936 - | .2306 - | .1046 - | .0799 + | .0951 +
) Tukey .2550 - | .2322 - [ .2628 - | .2389 - | .1927 - | .2304 - | .1053 - | .0796 + | .0851 +
. Gringorten | .2553 - | .2365 - | .2643 - | .2381 - | .1952 - | .2310 - | .1043 ~ | .0800 + | .0952 +
Table B.6(c):Computed Values of ul-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R302)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML P MM ML PWH MM ML PHM
Weibull .1889 - | ,1953 - [ .1972 -~ | .2103 - | ,1722 - | .1977 - | .1025 - | .0734 + | .0834 ¢
Beard .1890 - | ,2057 - | .1998 - | .2066 - | .1724 - | .2977 - | .0965 + [ .0738 + | .0822 +
Hazen .1895 - | ,2133 - | .2025 - | .2054 - | .1817 - { .1988 - | .0808 + | .0750 + | .0855 +
Blom .1891 - | .z2082 - | .2006 - | .zo61 - | .31787 - | .1980 - | .0954 + | .0741 + | .0822 +
Tukey .1890 - | ,2065 - | .2001 - | ,2064 - | .1778 - | .1978 - | .0961 + | .0739 + | .o0822 +
Gringorten | ,1893 - | .2108 - | ,2015 - | .2057 - | .1802 - | .1984 - | .0951 + | .0743 + | .0823 +
Note MM : Method of Moments.
ML : Method of Likelihood.
. PWM: Probability Weighted Moment Method.
+ ! Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.7(a): Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment
(Statlon R303)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula M ML PWM MM ML, PUM M ML PWM
Weibull 0964 + J0B99 + L0957 + L1910 + «1716 + .1883 + L1571 + | .1357 + +1532 +
Beard 0964 + .0899 + L0957 + L1924 + L1730 « 1897 + 1578 + .1364 + 1539 +
Hazen 0964 + .08%9 + L0957 + .1933 + L1739 + . 1906 + 1582 + 1368 + .1543 +
Blom .0964 + 08399 + 0957 4 1927 + 1733 + .1900 + 1579 + +.1365 + + 1540 +
Tukey .0984 + .0899 + L0957 + +1926 + 1731 + 1098 + L1578 + 1364 + 1539 +
Gringorten 0964 + .0899 + L0957 + .1929 + 1735 + L1903 + .1580 + 1366 + .1542 +

Table B.7(b):Computed Values of Wz-Statlstlc for Method of moment, Hethod of
Likelihood and Method of Probabilty weighted moment (Station R303)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula MM ML P MM M1 PHM MM M1, PHWM
Weibull 0470 + 0413 + .0456 + +2006 - .1493 - .1822 - 1753 - 1104 - 1477 -
Beard 0449 + 0415 + L0457 + .1961 - .1520 -~ . 1807 - 1669 - .1108 - ,1438 -
Hazen ,0447 + 0427 + . 0468 + 1942 - +1548 - 1808 - 1627 - +1123 - 1424 -
Blom <0447 + .0418 + 0460 + .1953 - .1529 - .1806 - 1654 - 1113 - .1433 -
Tukey L0448 + 0416 + .0458 + .1958 - 21523 - . 1807 - .1664 - 1110 - . 1436 -
Gringorten 0447 + .0420 + 0464 + .1951 - 1533 - .1806 - ,1648 - 1115 - 1428 -

Table B.7(c¢):Computed Values of U2 —-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R303)

Plotting One~-day Rainfall Two-day Rainfall Three-day Rainfall
position -

formula MM ML PHM Mt ML PWiM MM ML PHM
Weibull . 0440 + +0397 + 0417 + 1862 - 1424 - 1674 - » 1588 - 1011 - .1281 -
Beard 0424 + 0399 + .0418 + .1836 - +1452 - +1659 - .1504 - »1016 - 1242 -
Hazen 0421 + 0411 + 0429 » .1818 - 1480 - 1660 - 1461 - .1030 - 1227 -
Blom 0422 + 0402 + L0421 + .1829 - .1460 - 1658 - .1484 - L1010 - 1236 -
Tukey .0423 + 0400 + 0419 + .1834 - . 1455 - .1659 - 1499 - 1017 - 1239 -
Gringorten 0421 + 0403 + 0425 + 1827 - 1464 - .1058 - .1483 - »1022 - 1231 -

Note MM : Method of Moments.
» ML : Method of Likelihood.
: Probability Weighted Moment Method.
+ ¢ Hypothesis is accepted at 10% significance level
! Hypothesis is rejected at 10% significance level




"Table B.8(a): Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted momeat

{Station R306)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position -

formula MM ML PWM MM ML PWM MM ML PWH
Weibull L1097 + L0901 + L0997 + 0919 + . 0844 + 0880 + 0813 + 0666 + 0762 +
Beard 1076 + L0880 + L0975 + .0911 + 0837 + 0873 + 0742 + . 0708 + 0805 +
Hazen L1063 + 0867 + 0962 + 0907 + 0833 + 0868 + .0698 + 0735 + 0831 +
Blom L1072 + L0875 + L0871 + ,0910 + 0836 + 0871 + 0727 + 0717 + 0814 +
Tukey 1075 + 0878 + 0974 + 0811 + L0837 + L0872 + L0737 + L0711 + .0808 +
Gringorten L1076 + L0871 + 0966 + ,0908 + .0834 + .0869 + L0712 + D726 + ,0823 +

Table B.8(b): Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R306)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfaill
position
formula fuly ML PwM MM ML PWM MM ML PWM
Weibull - 1016 + .0599 + 0712 + 0478 + 0315 + 0320 + 0337 + 0279 + 0316 +
Beard 0921 + 0566 + .0669 + 0404 + L0276 + 0293 + 0296 + L0271 + .0318 +
Hazen 0871 + . 0555 + 0652 + 0367 + L0261 + .0286 + 0281 + L0276 + 0330 +
Blom L0903 + 0561 + 0662 + .0391 + L0270 4+ 0290 + 0290 + 0272 + .0321 +
Tukey 0915 + 0564 + .0666 + 0399 + 0274 + 0292 + 0294 + D271 + .0319 +
Gringorten 0886 + .0558 + 0657 + 0378 + L0265 + 0287 + 0285 + 0273 + 0326 +
Table B.8(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R306)
Plotting . One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML PWM MM ML PWM
Weibull 0975 « 0563 + 0632 + 0462 + L0297 + 0276 + .0324 + L0267 + 0276 +
Beard .0879 + 0530 + 0589 + 0387 + 0257 + 0248 + L0283 + L0259 + 20278 +
Hazen .0829 + .0519 + L0572 + 0350 + 0243 + .0241 + 0268 + .0264 + 0290 +
Blom . 0862 + 0525 + 0562 + 0374 + 0252 + 0245 + L0277 + 0260 + 0281 +
Tukey .0873 + .0528 + 0586 + 0382 + 0255 + 0247 + .0281 + 0259 + 0279 +
Gringorten 0845 + 0522 + 0576 + 0361 + 0247 + 0242 + 0272 + 0262 + 0286 +

Note MM : Method of Moments,
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10¥% significance level
- ¢ Hypothesis is rejected at 10% significance level
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Table B.9{a): Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted mome Nt

(Station R311)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position .
formula MM i, PHM MM ML WM MM ML PWM
Weibull L1132 + | 1370 ¢ | .1223 + | .1425 + | .1318 + | .1466 + | .0786 + | .0617 + | .0653 +
Peard ,1089 + | .1448 + | .1301 + | .1453 + | .1346 + | .1495 + | .0736 + | .0674 + | .0676 +
Hazen .1087 + | .1497 + | .1350 # | 2471 + | .1364 + | .1512 + | .0705 + | .070% + | .0712 +
Blom 1080 + | L1464 + | L1327 + 1459 + | .1352 + | .1501 + | .0726 + | .0686 + | .0688 +
Tukey L1086 + | .1453 + | .1307 + 1456 + | .1348 + | .1497 + | .0933 + | .0678 + | .0681 +
Cringorten | .1071 + | .1481 + | .1324 + | .1466 + ] .1358 + | .1507 + | .0715 + | .0698 + | .0701 +
Table B.9(b): Computed Values of W:-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R311)
Plotting One-day Rainfall Two~day Rainfall Three-day Rainfalil
position -
formula MM ML PHM MM ML PWM MM ML PWM
Weibull .0971 + | 0766 + | .0902 + | ,0821 + | .0809 + | .0892Z + { .0361 + { .0267 + | .0345 +
Beard 0927 + | L0827 + | .0904 + | .0820 + | .0899 + | .0904 + | .0314 + [ .0284 + | .034F +
Hazen 0910 + | .0876 + | .0915 + } .0831 + | .0987 + | .0935 + ! 0295 + | 0306 + | .0348 +
Blom .0921 + | .0843 + | .0907 + | .0823 + ¥ .0921 ¢+ | .0934 + ] .0306 + | .0291 + | .0342 +
Tukey 0925 + L0832 + 0905 + L0821 + 0907 + .0807 + L0311 + 0287 + 0341 +
Gringorten | .0815 + | ,0854 + | .0908 + | .0827 + | .0945 + | .0924 + { .0300 + | ,0298 + | .0345 +
Table B.9{c):Computed Values of Uz-Statistic for Method of mcment, Method of
Likelihood and Method of Probabilty weighted moment {Station R31il)
Plotting One-day Rainfall Two~day Rainfall Three~day Rainfall
position
formula MM ML PWM MM ML FWM MM ML PWM
Weibull .0849 + | .0705 + | .0725 + | .0655 + | .0748 + | .0670 + | .0312 + | .0236 .0256 +
Beard L0805 + [ 0766 + | .0727 + | .0655 + | .0838 + | .0702 + 0265 + | .0254 .0252 +
Hazen .0788 + { 0816 + | .0739 + | .0665 + | .0906 + | .0733 + | .0245 + | .0276 | .0260 +
Blom L0799 + | L0782 + | 0730 + | (0657 + | .0860 + | .0712 + 0257 + | .0260 .0254 +
Tukey 0803 + | L0772 + | .0728 + | .0656 + | .0846 + | .0706 + 0262 + | .0256 L0253 +
Gringorten | .0793 + | .0799 + | (0731 + | .0661 + | .0883 + | .0723 + | .0251 ¢ | .0268 L0257 ¢

Note MM : Method ¢f Moments.
ML, : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level




Table B.10(a): Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R313)

Plotting One-~day Rainfall Two-day Rainfall Three-day Rainfall
Pogition

formula MM ML PWM MM ML - PWM MM ML PWM
Weibull 0739 + 0679 + 0765 + .0634 + 0804 + .0663 + 0708 + 0933 + L0885 +
Beard .0728 + L0703 + .0784 + L0593 + 0876 + 0735 + 0795 + 1020 + 0972 +
Hazen .0739 + .0758 + L0796 + 0591 + 0921 + D780 + L0850 + .1075 + 1026 +
Bilom L0731 + 0722 + 0788 + 0584 + +0B91 + 0750 + .0814 + .1038 + L0990 +
Tukey 0728 + L0710 + L0785 + .0590 + 0891 + ,0740 + .0802 + .1026 + L0978 +
Gringorten w0735 + 0741 + L0792 + .0576 + L0907 + 0756 + 0832 + L1057 + L,1009 +

Table B.10{b): Computed Values of Hz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R313)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position -

formula fuly) ML PWM MM M1, PWM MM ML PWM
Heibull 0473 + . 0284 + .0394 + .0226 + 0303 + 0248 + ,0325 + ,0310 + L0304 +
Beard 0419 + 0289 + .0376 + L0209 + 0374 + 0264 + 0304 + .0342 + 0313 +
Hazen 0396 + .0303 + 0375 + 0209 + 0430 + .0285 + 0302 + 0372 + .0330 +
Blom 0410 + .0293 + 0375 + 0208 + 0392 + 0270 + D302 + .0351 + 0318 +
Tukey .0416 + 0290 + 0375 + 0209 + 0380 + L0266 + L0303 + L0345 + 0315 +
Gringorten .0402 + 3297 + ,0375 + 0208 + 0411 + ,0273 + .0302 + L0362 + .0324 +

Table B.10{c)}: Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R313)

Plotting ) One-day Rainfall Two-day Rainfall Three-day Rainfall
Position -

formula MM ML PWM MM ML PHM MM ML PWM
Weibull 0427 + 0257 + . 0321 + 0183 + L0290 + L0173 + L0320 + 0309 + .0284 +
Beard 0374 + L0262 + ,0303 + .0166 + 0361 + 0189 + 0289 + 0340 + 0293 +
Hazen .0351 .0276 + 0303 + 0166 + .G417 + L0210 + L0297 + J0371 + L0310 +
Blom . 0365 + .0266 + 0302 + L0165 + L0379 + 0195 + L0297 + .0350 + 0298 +
Tukey L0371 + 0263 + .0303 + 0165 + 0367 + 0181 + .0298 + 0344 + 0295 +
Gringorten .0357 + L0271 + 0302 + L0165 + .0398 + 0198 + ,0296 + .0350 + 0000 +

Note MM : Method of Moments.

ML : Method of Likelihood.

PWM: Probability Weighted Moment Method.
' Hypothesis is accepted at 10% significance level
Hypothesis is rejected at 10% significance level




Table B.11{a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihkood, and Method of Probabilty weighted moment

{Station R315)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position

formula MM ML PWM MM ML PWM 413 M1, PHM
Heibull L1177 + 0969 + 1179 + L1030 + 1031 + + 1001 + L1071 + 1055 + .1049 +
Beard .1234 + .1025 + 1236 + 1037 + .1038 + 1008 + . 1092 + L1035 + L1070 +
Hazen 1269 + .1061 + 1271 + 1042 ¢+ 1042 + 1013 + 1105 + 1029 + 1084 +
Blom ,1246 + + 1037 + 1248 + .1039 + .1039 + L1010 + 1097 + 1029 + 1075 +
Tukey .1238 + . 1029 + L1239 + 1038 + .1038 + 1009 + 1094 + .1032 + L1072 +
Gringorten ,1258 + 1049 + 1260 + » 1040 + .1041 + 1011 + 1101 '+ 1025 + .3713 +

Table B.11(b}: Computed Values of WLStatistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R315)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Pogition

formula MM ML PRM MM ML PWM MM ML PHM
Weibull 0666 + L0643 + 0665 + 0646 + .0783 + 0619 + 0593 + 0782 + . 0546 +
Beard L0700 + 0617 + 0702 + L0649 + L0719 + L0633 + 0582 + L0790 + 0549 +
Hazen L0731 + L0611 + 0735 + 0660 + 0685 + D652 + 0585 + 0675 + 0562 +
Blom L0710 + 0615 + 0712 + 0652 + L0707 + 0638 + 0582 + 0697 + 0563 +
Tukey L0703 + 0616 + L0705 + 0650 + L0715 + 0634 + 0582 + 0705 + 0550 +
Gringorten 0720 + 0612 + 0724 + 0656 + 0697 + 0645 + .,0583 + 0685 + 0557 +

Table B.ll(c):'Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R315

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Pogition

formula MM ML PUM MM ML PHM vy ML PHM
Weibull 0836 + . 0604 + 0639 + 0596 + ,0726 + .0584 + 0555 + 0741 + 0524 +
Beard L0670 + .0578 + 0676 + .0599 + 0661 + 0598 + .0543 + OBT70 + 0527 +
Hazen 0702 + 0572 «+ L0710 + L0611 + L0630 + L0617 + 0546 + L0835 + L0540 +
Blom 0680 + 0575 + . 0686 + 0602 + 0650 + 0604 + .0543 + L0657 + L0531 +
Tukey . L0673 + 0577 + 0679 + 0600 + 0657 + +0600 + .0543 + 0665 + 0528 +
Gringorten 0691 + .0573 + 0698 + .0606 + .0639 + L0610 + 0544 + .0645 + +0535 ¢

Note MM : Method of Moments.

ML : Method of Likelihood.

PWM: Probability Weighted Moment Method. .
+ : Hypothesis is accepted at 10% significance level
- : Hypothesis is rejected at 10% significance level




Table B.12(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of -
moment, Method of Likelihood, and Method of Probabilty weighted moment
{Station R317)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Pogition

formula MM ML PWM MM ML PWM MM ML PWM
Weibull 1 .a704 « 0746 + 0855 + L0868 + 0885 + 0647 + L1070 + L1075 + L0873 +
Beard .0663 + L0795 + 0804 + 0840 + L0857 + L0630 + .1049 + +1054 + 0880 +
Hazen 0694 + 0827 + L0935 + .0822 + 0840 + .0G88 + L1035 + 1041 + 0883 +
Blom 0674 + 0806 + 0914 + 0834 + 0851 + 0650 + 1044 + .1050 + .0882 +
Tukey 0677 + L0799 + 0908 + 0838 + 0855 + L0637 + L1047 + L1053 + .0881 +
Gringorten 0684 + L0817 + .0818 + .0828 + 0845 + L0670 + L1040 + . 1045 + 0882 +

Table B.12(b): Computed Values of Wz-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R317)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position -

formula MM ML PWM MM ML PHM MM ML PUM
Weibull L0475 + 0327 + L0425 + 0517 + 0601 + L0307 + 0641 + L0704 + .0439 +
Beard .0429 + .0333 + 0433 + 0454 + 0523 + L0294 + .0586 + L0639 + 0433 +
Hazen L0410 + L0347 + 0449 + L0425 + 0483 + ,0297 + L0561 + .0608 + 0444 +
Blom L0421 + 0337 + . 0438 + 0444 + 0508 + 0294 + 0576 + .0628 + .0435 +
Tukey .0426 + 0334 + 0435 + 0451 + .0518 + 0294 + 0582 + B35 + 0434 +
Grindorten .0415 + ,0342 + 0440 + .0434 + .0495 + L0295 + 0568 + L0617 + .0435 +

Table B.12(c): Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment {Station R317)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position

formula MM ML PWH MM ML PWM MM ML - PWM
Heibull .0429 + 0297 + 0333 + L0507 + .0598 + 0307 + 0639 + L0704 + 0434 +
Beard 0383 + .0304 + + 0342 + 0445 + 0519 + 0294 + L0584 + 0639 + 0428 +
Hazen .0364 + 0318 + 0358 + 0416 + 0480 + 0296 + 0560 + 0608 + .0434 +
Blom 0376 + 0308 + .0346 + 0434 + 0505 + .0294 + 0575 + .0628 + 0429 +
Tukey 0380 + +0305 + 0343 + 0441 + .0514 + 0294 + 0581 + .0635 + 0428 +
Gringorten 0369 + .0312 + 0348 + .0424 + 0491 + 0295 + 0567 + 0617 + L0430 +

Note MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ ! Hypothesis is accepted at 10% significance level
- i Hypothesis is rejected at 10% signhificance level




Table B.13(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R320)

Plotting H One-day Rainfall Two-day Rainfall i Three-day Rainfall
Position

formula MM ML PWM MM ML PWM MM ML PWM
Weibull 0765 + .0856 + .0945 + L0873 ¢ 0850 + ,0918 + 0698 + 0723 + 0819 +
Beard L0807 + 0898 + 0987 + .0894 + 0872 + 0940 + 0724 + 0766 + 0861 +
Hazen 0834 + 0925 + 1014 + .0908 + .0885 + .0953 + L0751 + 0792 + 0888 +
Blom .0816 + L0807 + 0996 + 0899 + 0876 + L0944 + 0734 + 0775 + .0870 +
Tukey L0810 + O0B01 + 0990 + 0896 + .0B73 + 0941 + .0728 + 0769 + 0864 +
Gringorten L0825 + .0916 + L1005 + 0903 + .0881 + ,0949 + 0743 + L0784 + 0880 +

Table B.13(b): Computed Values of Wl—Statistic for Method of moment, Method of
Likelihocd and Method of Probabilty weighted moment {Station R320)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Pogition
formula MM ML PWM MM ML PHM MM ML PHM
Weibull 0431 + 0336 + 0412 + .0246 + 0243 + 0287 + 20307 + 0293 + 0340 +
Beard 0387 + 0343 + 0417 + .0248 + 0251 + .0316 + 0289 + 0298 + L3308 +
Hazen 0370 + 0358 + 0431 + 0259 + 0267 + L0345 + | .0289 + 0312 + L0379 +
Blom 0380 + L0347 + L0421 + .0251 + 0255 + 0325 + 0288 + 0302 + .0364 +
Tukey 0385 + 0345 + 0418 + 0249 + 0252 + 0318 + 0289 + 0299 + 0360 +
Gringorten 0375 + .0352 + ,0425 + L0255 + 0261 + .0335 + .0288 + D306 + L0372 +
Table B.13(c): Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R320)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Pasition
formula MM ML PWM MM ML . PwWM MM ML PWM
Weibull .0397 + 0312 + 0338 + .0241 + 0240 + 0267 + .0293 + 0283 + 0306 +
Beard .0353 + 0319 + .0343 + 0241 + 0248 + 0296 + 0276 + 0288 + 0323 +
Hazen .0336 + 0334 + 0357 + 0252 + 0264 + 0324 + 0275 + 0302 + 0345 +
Blom 0347 + 0323 + D347 + 0244 + 0252 + 0304 + L0275 + .0292 + 0330 +
Tukey L0350 + .0320 + 0344 + .0242 + 20249 + 0298 + .0276 + .0289 + 0325 +
Gringorten 10341 + 0328 + .0352 + 0248 + 0258 + 0314 + L0275 + 0297 + 0337 +

Method of Moments.

Method of Likelihood.

Probability Weighted Moment Method.
Hypothesis is accepted at 10% significance level
Hypothesis is rejected at 10% significance level

Note MM

=
=
- +w 3 - e
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Table B.14(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment
(Station R323)

Plotting One~day Rainfall Two-day Rainfall Three-day Rainfall
Position

Formula MM ML PWM MM ML PWM MM ME PWM
Weibull 11456 + +1352 + .1442 + 1747 + .1612 + 1667 + L1349 + 1229 + L1249 +
Beard 1467 + 1364 + 1453 + 1751 + 1615 + L1671 + .1338 + .1218 1238 +
Hazen 1474 + L1371+ 1460 + L1753 + 1618 + L1673 + 1331 + L1211 + 1231 +
Blom 1469 + +1366 + +1456 + L1752 + L1616 + 1672 + 21353 + 1215 + L1236 +
Tukey 1468 + 1364 + +1454 + 1751 + +1616 + L1671 4+ 1337 + L1217 + «1237 +
Gringorten L1472 + .1369 + 1457 + 1753 + L1617 o+ 1673 + .1333 + L1213 + 1233 +

Table B.14(b):Computed Values of Hz-Statistic for Method of moment, Method of
Likelihood and Method of. Probabilty weighted moment (Statjon R323)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position

Fformula MM ML PWM MM ML P¥M MM ML PWM
Weibull 1300 - 1027 - 1151 - 2508 - .1685 - 1746 - . 1495 - L0736 + w0703 +
Beard 1252 - 1025 - 1142 - 12367 ~ »1613 - 1673 - .0990 + BT + L0659 +
Hazen .1233 - 1035 - 1147 - 12289 - .1578 = +1638 -~ 0933 + L0650 + 0642 +
Blom .1245 - .1028 - .1143 - .2340 - .1600 - L1660 - L0970 + L0667 + 0653 +
Tukey .1249 - .1026 - 1142 - L2357 - .1608 - .1668 - 0982 + .0673 + L0657 +
Gringorten 1238 - .1031 -~ +1143 - 12313 - .1588 - .1648 - .0950 + 0658 + 0647 +

Table B.14(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment {Station R323)

Plotting . One~day Rainfall Two-day Rainfall Three-day Rainfall
Position

Formula MM ML PWM MM ML PWM MM ML PyM
Weibull .1225 - +B97T - . 1049 - 2474 - 1642 - , 1670 - L1071 - L0707 + 0641 +
Beard +1177 - ,0976 - 1040 - .2333 - 1570 - 1598 - 0966 + L0649 + 0598 +
Hazen L1150 - , 0986 - L1045 - 2255 - 1535 - L1562 - L0909 + 0622 + 0581 +
Blom L1170 - .0979 - . 1041 - .2306 ~ +1557 - . 1585 - 0946 + .0639 + L0591 +
Tukey L1175 - 0977 - . 1040 - .2323 - +1565 - 1593 - 0958 + 0645 + .0595 +
Gringorten 1163 =~ 0982 - .1042 - ., 2279 - .1545 - 1573 - .0926 + L0630 + 0585 +

Note MM : Method of Moments.

ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ ! Hypothesis is rejected at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.15(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, - and Method of Probabilty weighted moment

(Station R324)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position

Formula MM ML PWM MM ﬂL PWH MM ML PWH
Weibull .1034 + .0991 + L1067 + 0754 + 0798 + 0821 + 0709 + 0720 + 0718 +
Beard L1075 + .1033 + 1108 + 0795 + 0762 + 0862 + 0712 + 0723 + 0722 +
Hazen .1102 + 1059 + <1135 + | .0822 + 0758 + .088% + L0715 + 0726 + 0725 +
Blom .1084 + +1041 + 1117 + .0804 + L0771 + L0871 + 0713 + 0724 + 0723 +
Tukey 1078 + 1036 + 1126 + 0798 + 0765 + 0665 + 0713 + L0724 + 0722 +
Gringorten . 1083 + .105¢ + 1126 + L0813 + .0780 + 0880 + 0714 + 0724 + 0724 +

Table B.15(b):Computed Values of W-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R324)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Pogition
Formula MM ML PWM MM ML PWM MM ML PWM
Weibull .0518 + 0508 + D533 + .0423 + 0479 + 0400 + L0320 + . 0339 + 0247 +
Beard 0544 + L0517 + .0569 + .0408 + 0444 + .0405 + 276 4+ L0291 + 0232 +
Hazen L0571 + 0533 + 0603 + .0409 + .0433 + .0419 + 0259 + 0271 + .0233 +
Blom 0552 + L0521 + .0580 + L0407 + .0439 + .0409 + .0269 + .0280 + L0231 +
g Tukey .0547 + .0518 + L0573 + .0408 + 0442 + | 0406 + L0274 + L0288 + 0232 +
Gringorten L0561 + L0527 + L0591 + 0408 + 0435 + L0414 + . 0264 + 0277 + .0232 +

Table B.15(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R324)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Pogition

Formula MM ML PWM MM ML PWM MM . ML PWM
Weibull .0516 + 0508 + L0529 + 0422 + 0478 + 0394 + L0317 + .0335 + 0234 +
Beard 0542 + 0517 + «0565 + 0407 + » 0443 + .0399 + L0273 + L0287 + 0219 +
Hazen Q569 + .0533 + 0599 + 0408 + L0431 + L0413 + 0256 + 0267 + .0221 +
Blom +0550 + 0521 + L0571 + 0406 + 0438 + 20403 + 0266 + 0280 + 0219 +
Tukey 0545 + .06518 + 0569 + 0406 + 0441 + 0400 + 0271 + 0284 + 0219 +
Gringorten L0560 + L0527 + L0587 + L0407 + 0434 + 0408 + L0260 + 0273 + 0219 +

Note MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ : Hypothesis is rejected at 10% significance level
-~ : Hypothesis is rejected at 10% significance level




Table B.16(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R325)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Posgition

Formula MM © ML PWM MM ML PWM MM ML PWM
Weibull L0892 + 0833 + 1898 + 0777 + 0757 + 0670 + 0844 + 0796 + 0587 +
Peard 0880 + 0866 + .0931 + 0705 + 0678 + 0591 + 0788 + 0739 + G578 +
Hazen 0892 + 0892 + .0957 + 0660 + 0620 + 0572 + 0752 + 0703 + 0609 +
Blom .0884 + 20875 + L0940 + 0690 + L0661 + L0574 + 0775 + 0727 + 0588 +
Tukey ,0882 + 0869 + .0934 + L0700 + L0672 + 0585 + 0783 + L0735 + 0581 +
Gringorten 0888 + .0884 + .0949 + L0674 + 0644 + 0565 + 0771 + 0722 + 0599 +

Table B.16(b):Computed Values of W--Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R325)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position

Formula MM ML PWM MM ML : PHM M ML PWM
Heibull 0759 + . 0664 + L0723 + .0438 + .0404 + 0294 + L0362 + (335 + 0215 +
Beard 0734 + 0666 + .0724 + 0371 + 0345 + L0271 + 0295 + 0275 + 0193 +
Hazen 0728 + L0677 + L0736 + 0339 + 0318 + 0268 + 0264 + 0248 + 0190 +
Blom 0731 + .0669 + L0727 + 0359 + 0335 + 0269 + 0284 + 0265 + 0191 +
Tukey L0735 + 0667 + 0725 ¢+ L0367 + 0341 + D271 + .0291 + 271 + 0192 +
Gringorten 0729 + 0673 + L0731 + 0348 + 0326 + ,0268 + .0279 + 0261 + L0190 +

Table B.16(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R325)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position
Formula MM ML PWM MM ML PWM MM ML FWM

R Weibull 0722 + 0639 + 0667 + L0438 + L0403 + 0286 + L0362 + 0333 + .0204 +
Beard 0696 + L0641 + 0669 + 0371 + 0344 + .0263 + 0295 + ,0273 + 0182 +
Hazen .0690 + L0652 + 0680 + 0339 + L0317 + 0260 + 0264 + 0246 + 0179 +
Blom 0693 + . 0643 + 0672 + +0359 + 0334 + 0261 + .0283 + L0263 + 0180 +
Tukey L0695 + 0641 + . 0670 + L0367 + 0340 + L02€2 + 0291 + L0270 + Q181 +
Gringorten 0691 + 0647 + L0676 + 0348 + .0315 + 0260 + 0279 + 0259 + 0179 +

Note MM : Method of Moments.
] : Method of Likelihood.
. PWM: Probability Weighted Moment Method.
' ¢ Hypothesis is rejected at 10% significance level
- ¢ Hypothesis is rejected at 10% significance level fﬁ7
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Table B.17(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R328)

Plotting One~day Rainfall Two-day Rainfall Three-day Rainfall
Position "
Formula MM ML PWH MM ML WM MM ML PHM
Weibull 21120 + | .1321 + | ,2230 + | .1015 + | 0898 + | .0937 + | .1053 + | .0815 + | .1032 +
Beard »1120 + | .1321 + | .1230 + | .1086 + | 0870 + | .1007 + | .1103 + | .0834 + | .1067 +
Hazen 21120 + | L1321 + | .1230 + | .1130 + { 0852 + | 1052 + | .1134 + | .0856 + | .1097 +
Blom 1120 + .1321 + .1230 + 1101 + .0864 + 0954 + L1113 + 0841 + 1076 +
Tukey ~1120 + | ,1321 + | ,1230 + | .1091 + | .0808 + | ,1013 + | .1106 + | .0836 + | .1070 +
Gringorten | .1120 + | .1321 + | .1230 + | .1116 + | .0858 + | .1038 + | .1124 + [ .0849 + | 1087 +
Table B.17(b):Computed Values of Wa-statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R328)
Plotting One-day Rainfall - Two-day Rainfall . Three-day Rainfall
Position
Formula MM ML PWHM MM HL PHM MM ML PWM
Weibull .0590 + | .0769 + | 0596 + | .0650 + ] .0428 + | ,0552 + | .0921 + | .0612 + | .0825 +
Beard L0652 + | ,0733 + | .0622 « | .0744 + | .0418 + | ,0614 + | .1028 - | ,0595 + | .0896 +
Hazen 0702 + | 0720 + | .0699 + | 0815 + | .0422 ¢+ | .0664 + | .1107 - | .0595 + | .0952 +
Blom L0668 « | .0728 + ! ,0631 + | .0767 + | .0418 + | .0565 + | .1054 - | .0594 + | .0914 +
Tukey L0658 + | L0731 + | 0625 + | 0752 + | .0418 + | .0619 + | .1037 - | .0595 + | .0902 +
Gringorten .0685 + L0723 + 00640 + 0792 + 0420 + 0647 + .1081 - .0594 + 0933 +
Table B.17{C):Computed Values of lﬂ—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R328)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position
Formula MM ML pt | mM ML PHM MH ML PHM
Weibull .0587 + | .0750 + | 0578 + | .0634 + | .0374 + | .0503 + { .0883 + | .0499 + | 0727 &
Beard <0650 + | 0713 + | .0605 + | .0728 + | .0364 + | .0565 + | .0990 - | .0482 + | .0798 +
Hazen 0700 + | 0701 + | .0632 + | .0799 + | .0368 + | .0614 ¢+ | .1068 - | .0482 + | .0854 +
Blom .0666 + | .0708 + | .0613 + | .0751 + | .0365 + | .0516 + | .1016 - | .048]1 + | .0816 +
Tukey <0656 + | .0711 + | .0808 + [ .0736 + | .0364 + | .0570 + | .0999 - | .0482 + | 0804 ¢
Gringorten | .0683 + | 0704 + | .0622 + | .0775 + | .0366 + | .0598 + | .1042 - | .0481 + | .0833 +

Method of Moments.

Method of Likelihood.

Probability Weighted Moment Method.
Hypothesis is rejected at 10% significance level
Hypothesis is rejected at 10% significance level

Note MM

m
£
‘s Z -n
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Table B.18(a):Computed Values of Kolmogorov-Smirnov Sta

moment, Method of Likelihood, and Method
- (Station R330)

tistic for Method of
ofrProbabilty weighted moment

Plo?t?ng One-day Reinfall Two-day Rainfall Three-day Rainfall
Position
Formula MM ML PWM MM ML PWM MM ML PHM
Weibull -0685 + | ,1064 + | 0788 « 0727 + | L0973 + | 0733 + 0684 + | 0646 + | 0595
Beard +0730 + [ ,1036 + | ,0760 4+ 0748 + | ,0938 + | .0755 + P0727 + 1 L0611 + | .0741 «
Hazen 0766 + | ,1018 + | ,o788 + +0762 + | 0915 + | .g768 + 0753 + | 0638 + | .0767 +
Blom <0742 + | ,1030 + | ,0754 + <0753 + | .0930 + | 0759 + 0736 + | .0620 + | 0750 +
Tukey 0734 + | 1034 + | .0758 + 0750 + 1 0935 + | L0756 + | .0730 + | J0614 + | .g744 +
Gringorten | .0754 + +1024 + [ 0748 + [ 0757 + -0922 + | 0764 + | .0745 + :0629 + | 0759
Table B.lB(b):Computed’Values of WLStatistic for Method of moment, Method of
Likelihood and Methed of Probabilty weighted moment {Station R330)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position
. Formula MM ML PHM M ML PWM MM ML PYM
Weibull 0331 + 0446 + 0378 + 0373 + 0447 4 L0373 + 0182 + 0235 + 0176 +
Beard 0392 + | .0396 + | .0344 + | .0405 $0411 + | .0407 + | ,0182 + { .0196 + | .0193 +
Hazen +0441 + | 0374 + | ,0306 ¢ | .0435 + | .0398 ¢ 0439 + 1 0193 + | .0182 + | .0214 +
Blom -0408 + | 0387 + | .0355 + | .0414 + | .0406 + -0417 + 1 .0185 + | .0190 + | .0199 +
Tukey +0398 + | 0393 + | .0348 + | .0408 + | .0409 + 0411 + 1 ,0183 + | .0194 + | .0195 +
Gringorten | .0425 ¢ | .0380 + | .0366 + | .0424 » 0401 + ] .0428 + | .0189 + | .0186 + | .0206 +
Table B.18(c):Computed Values oflﬂ-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R330)
Pilotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position
Formula MM ML PHM el ML PHM MM ML PHM
175 +
i . 0418 + [ ,0284 + [ ,0363 + | .0430 + | ,0365 + | .0176 + | .0228 + .0
::;:;11 .gggi : -0368 + 1 .0322 + | 0394 + | .0394 + | .0399 + | 0177 + | .o0189 + .0192 +
‘ Hazen +0433 ¢ | ,0346 + | .0284 + | .0425 + | .0381 + | .0431 + | .0188 + L0175 + | L0213 +
Blom +0400 + 1 .0360 + | .0333 + | ,0404 + | .0388 + | .0409 + | .0180 + .0184 + | 0188 +
Tukey -0390 + [ .0365 + [ ,0326 + | .0397 + | .0392 + | .0402 + | .0178 + L0187 + .o;gg :
Gringorten | .0417 + | .0352 + | .0344 + | .0424 ¢ | .0384 + .0420 + | ,0183 + | .0179 + | .o

Note MM : Method of Moments

ML : Method of Likelihood

PWM: Probability Weighted Moment Method‘ '

+ Hypothesis is accepted at 10% signlf%cance level
Hypothesis is rejected at 10% significance level

‘e e
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Table B.19(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment
(Station R331)

Plotting One-day Rainfall Two-day Rainfall " Three-day Rainfall
Position

Formula MM ML PWM MM ML PWM MM ML PWM
Weibull 1685 + 1460 + 1669 + 1014 + 1012 + +1053 + 0964 + .0914 + .0953 +
Beard .1699 + 1474 + 1683 + L1042 + 1040 + 1081 + L0964 + 0914 + 0953 +
Hazen 1708 + 1483 + 1682 + 1060 + 1058 + .1099 + 0964 + L0914 + .0953 +
Blom L1702 + L1477 + . 1666 + 1048 + 1046 + L1087 + 0964 + .0914 + 0953 +
Tukey L1700 + 1476 + 1684 + .1044 + 1042 + 1083 + .0964 + 0814 + .0953 +
Gringorten L1705 + 1481 + .1689 + .1054 + 1052 + L1093 + 0964 + 0914 + .0953 +

Table B.19(b):Computed Values of W-Statistic for Method of moment, Method of
Likelibood and Method of Probabilty weighted moment (Station R331)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position
Formula MM ML PHM MM ML PWM MM ML PHM
Weibull .1817 - | 1448 - | 1779 - | .0950 + | .0820 + 0872 + | .0770 + | .0605 + | .0633 +
Beard .1792 - | .1510 - | ,1781 - | .0905 + 0799 + 0848 + | .0700 + | .0564 + | .0593 +
Hazen ) 1786 - 1559 - 1792 - 0887 + 0796 + 0842 + 0666 + 0548 + L,0579 +
. Blom .1789 - | ,1526 - | .1784 - | ,0898 + | 0797 + | .0845 ¢+ | .0687 + | .0558 + | .0587 +
g Tukey L1791 - | .1515 - | .1782 - | .0902 + | .0798 + | .0846 + | .0695 + | .0562 + | .0591 +
Gringorten | .1787 - | .1542 - | .1%88 - | .08%2 + | .0796 + 0843 + | .0676 + | .0532 + | .0582 +
Table B.1%{(C):Computed Values of U;-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R331)
Plotting One-day Rainfall Two~day Rainfall Three-Pay Rainfall
Position -
Formula MM ML WM MM ML PuM MM ML PWM
Weibull .1532 - | .1326 - | .1482 - | .0918 + | .0785 + | .0828 + 0745 + | ,0582 + | .0591 +
Beard L1506 - ] .1387 - | .1483 - ] .0873 + | .0773 + | .0803 + [ 0875 + | .054% + | .0552 +
Hazen +1500 - | ,1437 - | .1495 - | .0855 + | .0770 + | .0798 + | .0641 + | .0527 + | .0537 +
Blom 1503 -~ | 1403 - | .1486 - ]| .0866 + | .0771 + | .0800 + 0663 + | .0534 + | .0546 +
Tukey 1505 - .1393 - 1484 - L0870 + L0772 ¢+ 0802 + 0671 + 0538 + L0550 +
gringorten | .150%f ~ | 1420 - | .1490 - | .0859 + | .0770 + | .0799 + | 0850 + | .0529 + { .05431 +
Note MM : Method of Moments
ML : Method of Likelihood
PWM: Probability Weighted Moment Method
+ : Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% siginificance level
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Table B.20(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

(Statlon R332)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Position

Formula MM ML PWM MM M1, PWM MM ML PWM
Heibull .1198 + 0970 + L1161 + 1148 + 1149 + +1166 + L1144 ,0846 + 1009 +
Beard 1198 + L0970 + L1161 + 1089 + 1233 + .1201 + .1094 + .0860 + L1011+
Hazen L1198 + L0970 + 1161 + L1112 + L1253 + L1224 «+ L1063 + L0869 + 1032 +
Blom .1198 + 0970 + 1161 + .1097 + 1226 + 1209 + .1084 + 0863 + .1026 +
Tukey -1198 + 0970 + 1161 + .1092 + L1217 + <1204 + 1091 + 0861 + .1025 +
Gringorten .1198 + L0970 + .1161 + 1104 + 1240 + 1216 + L1073 + L0860 + .1030 +

Table B.20(b):Computed Values of W-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R332)

Plotting Oone-day Rainfall Two-day Rainfall Three-day Rainfall
Position
Formula o ML PHM MM ML PWM MM ML PHM
Weibull 21175 - | L0697 + | 0993 + | .3563 - | .1244 - | 1566 - | .100G6 + | .0606 + | .0891 +
Beard .1095 ~ | 0710 + | .0959 + { .1523 - | .1320 - | .1565 - | .0945 + | .0646 + | .0887 +
Bazen .1055 - ] .0729 + | .0947 + | .1508 - | .1393 - | .1575 - | .0910 + | .0682 + | .0861 +
Blom <1080 - 1 0715 + | .0983 + | 1517 - | .1349 - | ,1567 - | .0932 + | .0657 + | .0863 +
Tukey L1000 - | 0712 + | .0957 + | .2512 - | .2336 - | .1566 - | .0940 + | .0650 + | .0865 +
Gringorten | .1067 - [ .0722 + | 0950 + | .1512 - } .1371 - | .1571 - | .0920 + | .0670 + | .0861 +
Table B.20(c):Computed Values of Ul—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R332)
Plotting One-day Hainfall Two~-day Rainfall Three-day Rainfall
Position
Formula MM ML PWM MM ML PHM MM Mi, PWM
Weibull .1017 - | 0611 + [ 0797 + | .1127 - | .1084 - | .1114 - | ,0823 « | .0518 + | .0654 +
Beard <0937 + | .0624 + | 0763 + | .1088 -~ | .1168 - | .1112 - | .0752 + | .0558 + | .0650 &+
Hazen -0897 + | 0643 + | 0751 + | .1073 -~ | .1232 - | .1122 - | (0718 + | .0594 « { 0624 +
Blom 0923 + | .0630 + | .0787 + | .1082 - | 1189 - | .1215 - | .0740 + | .0569 + | .0626 +
Tukey .0832 + | .0626 + | .0761 + | ,1086 - | .1175 - | ,1113 - | .0748 + | .0562 + | .0625 ¢
Gringorten | .0969 + | ,0636 + | .0754 + | .1077 - } .1211 - | .1118 - | 0728 + | .o0581 + | .0624 +

Note MM Method of Moments.

ML : Method of Likelihood.

: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10% significance level
- ! Hypothesis is rejected at 10% significance level
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Table B.21(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

(Station R351)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
Pogition
Formula MM ML PHM MM ML PWM Gt} ML PWM
Weibull (1300 + | L2096 + [ ,1218 + | .0902 + | .0783 + [ .0846 + ]| .0895 + | .0883 + | .0925 +
Beard .1286 + | .1082 + { .1204 + | .0832 + | .0818 + | .0881 + | .0916 + | .0904 + | .0946 +
Hazen 21277 + | JROT3 + | .1195 ¢ } .0787 + { .0841 + | ,0903 + | .0929 + | .0918 + | .0959 +
Blom 21283 + | .1079 + | .1201 « | ,0816 + | .0826 + | .0859 + | .0920 + [ .0909 + | .0950 +
Tukey 1285 + .1081 + +1203 + 0826 + .0821 + 0884 + L0817 + 0966 + 0947 +
Gringorten | .1280 + | .1076 + | .1198 + | .0801 + | .0834 + | .0896 + | .0825 + | .0913 + | .0955 +
Table B.21(b):Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R351)
Plotting One-day Rainfall Two-day Rainfaill Three-day Rainfall
Position
Formula MM ML PWHM MM ML PWM MM ML PwWi1
Weibull 11252 - | .0809 + | .1000 + | .0606 + | .0427 + | .0455 + | .0536 + [ .0511 + | .0523 +
Beard +1159 - | ,0782 + | .0951 + F .0528 + | .0388 + | .0421 + | .0520 + | .0504 + | .0526 +
Hazen (1111 - | .0775 + | .0930¢ + | .0489 ¢ | .0374 + | .0409 + | .0520 + | .0511 + | .0538 +
Blom L1192 - | ,0779 + ] 0943 + | .0514 + | ,0382 + | .0416 + | .0519 + | .0508 + { .0529 +
Tukey 21153 - | .0781 + | .0948 ¢+ | .0523 + | .0386 + [ .0419 + | .0520 + | .0505 + | .0527 +
Gringorten | .1125 - | ,0776 + | ,0936 + | .0500 + [ .0377 + | .0412 + | .0519 + | .0508 + | .0533 +
Table B.21(c):Computed Values of U'-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Statiom R351)
Plotting Cne-day Rainfall Two-day Rainfall Three-day Rainfall
Position
Formula M ML PWM MM HL - PWM - MM ML PHM
Weibull +1181 - | .0754 + | .0897 + [ ,0586 + | .0404 + | .0408 + | .0523 + | .0501 ¢ | .0501 +
Peard +1088 - | ,0727 + | .0849 + ] .0508 + | .0365 + | .0373 + | .0507 + | .0494 + | .0503 +
Hazen «1040 - 1 L0721 + | .0828 + | .0469 + | ,0351 + | .0362 + | ,0508 + | .0501 + | .0516 +
Blom <1071 - [ 0724 + | ,0841 + | .0494 + | .0359 + | .0369 + | .0506 ¢« | .0496 + | .0507 +
Tukey +1082 - | 0726 + | .0846 + | .0503 + | .0363 + { .0372 + | .0507 « | .c495 + | .0504
Gringorten | .1055 - | .0722 + { .0834 + | .0480 + | .0355 + | .0365 + | .0507 + | .0498 + | .0511 +
Note MM : Method of Moments
‘ ML : Method of Likelihood '
4 PWM: Probability Weighted Moment Method
+ ! Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.22(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

(Statlon R354)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula MM ML PWM MM ML PWM MM ML PWM
Weibull L1072 + .0861 + ,0942 + 0820 + L0750 + 0745 + .0918 + L0873 + 0944 +
Beard . 1009 4+ .0797 + L0878 + 0785 + L0718 + L0738 + 0932 + 0887 + L0958 +
Hazen 0969 + L0757 + .0838 + 0763 + 0714 + L0733 + .0941 + L0896 + D967 +
Blom 0995 + L0784 + L0927 + 0777 + L0717 + | .0736 + .0935 + 0890 + 0948 +
Tukey 1004 + 0792 + 0874 + 0782 + L0718 + L0737 + .0933 + .0888 + 0959 +
Grindorten .0982 + L0770+ 0851 + L0770 + L0715 + 0735 + L,0938 + L0893 + L0964 +

Table B.22(b):Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment {Station R354)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PWHM MM ML WM MM ML FWM
Weibull 0476 + 0265 + 0336 + L0512 + L0407 + .0364 + , 0359 + L0277 + L0304 +
Beard 0401 + 0249 + ,0308 + L0451 + .0366 + , 0340 + 0327 + L0271 + .0303 +
Hazen L0363 + 0249 + 0300 + L0422 + 0350 + 0335 + L0317 + D277 + L0313 +
Blom L0387 + 0248 + .0328 0440 + 0360 + .0337 + 0322 + 0272 + 0302 +
Tukey .0396 + | .0249 + | .0306 + | 0447 + | .0363 + | .0334 + | .0325 + | 0271 + | ,0304 +
Grindorten | .0374 + | .0248 + | .0301 + | .0430 + | .0354 + | .0336 + | .0319 + | .0274 + | .0309 +
Table B.22{c):Computed Values of vl-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R354)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML PWH MM ML PWM
Weibull + 0455 + 0245 + 0280 + 0505 + L0399 + | ..0339 + 0347 + 0270 + D273 +
Beard 0379 + 0229 + .0251 + L0443 + . 0358 + .0315 + 0314 + 0264 + L0273 +
Hazen 0341 + 0229 + .0244 + 0415 + L0342 + .0320 + L0304 + L0271+ 0283 +
Blom 0365 + 0228 + L0270 + 0433 + 0352 + 0313 + 20310 + 0266 + 0271 +
Tukey 0374 + 0229 + L0250 + .0439 + 0356 + 0314 + 0313 + 0265 + 0274 +
Gringorten .03527+ .0228 + 0245 + 0423 + 0346 + L0311 + 0307 + 0268 + 0279 +

Note MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.23(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R355)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula MM ML PWM MM ML PWM MM ML PWM
Weibull L0740 + (662 + 0558 + L0760 + 0741 + 0784 + L1176 + 1162 + L1229 +
Beard 0684 + 0606 + .0581 + L0817 + 0755 + .0840 + »1218 + 1205 + L1271 +
Hazen 0648 + L0570 + 0598 + .0852 + 0789 + 0876 + 1245 + L1231 + 1298 +
Blom .0672 + 0584 + .0588 + .0829 + 0766 + ,0853 + 1227 + 1214 + L1280 +
Tukey .0B80 + L0602 + .0584 ¢ 0821 + L0758 + .0845 + 1221 + .1208 + 1274 &
Gringorten 0660 + .0582 + 0590 + 0841 + L0778 + .0865 + 1236 + 21223 + 1289 +

Table B.23(b):Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R355)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula HM ML PWH MM ML P MM ML PWM
Weibull L0402 + 0345 + L0261 + 0428 + 0418 + . 0448 + 0748 + 0753 + L0795 +
Beard .0338 + 0293 + .0238 + 0449 + 0420 + 0481 + ,0780 + L0796 + L0843 +
Hazen 0307 + L0271 + 0232 + L0472 + 0432 + 0513 + 0811 + 0834 + 0884 +
Blom L0326 + 0285 + .0235 + 0456 + .0423 + .0491 + 0790 + . 0808 + L0856 +
Tukey 0334 + L0290 & | .0237 + 0451 + .0421 + 0485 + .0783 + 0800 + ,0848 +
Grindorten 0316 + L0277 + L0235 + 0464 + L0427 + 0502 + 0800 + 0821 + L0870 +

Table B.23{c):Computed Values of Uz~Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R355)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula MM ML PHM MM ML PWM MM ML PWHM
Weibuall 0402 + 0342 + L0250 + 0428 + 0418 + 0447 + L0735 + 0748 + 0773 +
Beard 0337 + 0291 + 0227 + 0448 + L0420 + 0480 + D767 + L0791 + 0821 +
Hazen 0307 + 0269 + 0222 + L0472 + 0432 + +0512 + 0798 + 0829 + 0862 +
Blom 0326 + » 0283 + L0224 + L0458 + .0423 + L0480 + L0777 + 0803 + 0834 +
Tukey 0333 + 0288 + 0226 + 0451 + L0421 + .0484 + L0771+ L0795 + .0826 +
Gringorten .0316 + 0275 + 0224 + 0464 + .0427'+ L0501 + .0788 + 0816 + 0849 +

Note MM : Method of Moments.
ML : Method of Likelihood.

PWM: Probability Weighted Moment Method.
+ ¢ Hypothesis is accepted at 10% significance level
- : Hypothesis is rejected at 10% significance level
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Table B.24{a):Computed Values of Kolmogorov-Smirnov Statistic For Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R356)

Plotting One-day Rainfall Two~-day Rainfall Thre-day Rainfall
position

formula MM ML PWM MM ML PWM MM ML PWM
Weibull 0880 + .1023 + 0750 + .10623 + J1117 + .1022 + 0B22 + L0807 + 0742 +
Beard 0845 + 0987 + 0714 + .1056 + 21110 + 1064 + 0829 + 0814 + 0949 +
Hazen 0822 + 0965 + 0692 + 1082 + L1106 + 1091 + L0833 + «0B19 + 0754 +
Blom 0837 + 0980 + 0707 + 1065 + .1109 + L1073 ¢+ 0830 + 0816 + 0751 +
Tukey .0842 + . 0985 + 0712 + 1059 + L1110 + 1082 + 0829 + 0815 + L0750 +
Gringorten ,0829 + 0972 + 0699 + 1074 + L1107 + +1082 + .0832 + 0817 + 0752 +

Table B.24(b):Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R356)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position ; '
formula MM ML PHM MM ML PWM MM ML PWM
Weibull 0428 + | ,0579 + L0371 + .0815 + .0894 + 0782 + .0429 + 0438 + .0399 +
Beard 0409 + .0518 + L0377 + L0827 + 0837 + 0817 + 0407 + .0410 + 0413 +
Hazen L0407 + 0490 + L0391 + 0845 + L0811 + +0B49 + 0403 + 0403 + 0432 +
Blom 0408 + 0508 + 0381 + 0832 + 0827 + L,0827 + 0827 + 0404 + L0407 +
Tukey +0409 + .0514 + .0378 + 0829 + .0833 + 0838 + 0406 + 0409 + 0415 +
Gringorten 0407 + L0498 + .0385 + 0838 + 0818 + .0838 + L0403 + L0405 + 0425 +
Table B.24(c):Computed Values of U2~Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R356)
Plotting One~day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML PWM MM ML PWH
Weibull 0420 + L0571 + 0370 + 0762 + 0832 + 0750 + .0429 + .0438 + 0394 +
Beard . 0400 + 0510 + 0376 + 0774 + G776 ¢ 0792 + , 0406 + 0410 + 0408 +
Hazen 0398 + .0482 + 0380 + 0792 + L0750 + 0824 + .0402 + 0403 + 0427 +
Blom 0399 + L0500 + 0380 + | .0779 + 0766 + L0802 + 0404 + 0407 + 0413 +
Tukey L0400 + L0507 + 0377 + L0775 + L0772 + 0813 + 0405 + 0409 + 0401 +
Gringorten L0398 + L0490 + 0385 + 0785 + L0757 + .0813 + 0403 + 0405 + 0420 +

Note MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ ! Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.25(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R357)

Plotting : One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHM MM ML PHM MM ML PHM
Weibull .1225 + +1151 + L1227 + 0762 + L0798 + L0932 + 0716 + L0801 + 0801 +
Beard L1266 + .1193 + 1264 + .0811 + L0847 + L0981 + L0725 + L0873 + 0858 +
Hazen + 1292 + .1219 + 1290 + .0842 » 0878 + 1012 + L0760 + 0918 + 0893 »
Blom L1275 + 1202 & 1273 + 0822 + 0858 + , 0991 + L0737 + 0888 + L0870 +
Tukey .1269 + 1196 + L1267 + 0815 + 0851 + .0984 + L0728 + L0878 + .0862
Gringorten 1284 + L1211 + .1282 + L0832 + .0865 + L1002 + 0749 + 0804 + 0882 +
Table B.25(b):Computed Values of Wa—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R357)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHWM MM ML PWM MM ML PWM
Weibull 0423 + .0387 + L0439 + 0297 + L0304 + L0373 + .0506 + L0607 + L0609 +
Beard .0466 + 0382 + . 0491 + L0298 + .0332 + 0415 + .0543 + 0674 + 0671 +
Hazen 0504 + ,0390 + .0535 + +0310 + L0361 + 0453 + L0577 + 0727 + 0721 +
Blom .0478 + .0384 + L0505 + L0301 + 0341 + 0427 + 0553 + L0691 + 0687 +
Tukey 0470 + .0383 + .0496 + L0289 + 0335 + 0410 + 0546 + 0679 + Q676 +
Gringorten 0491 + 20387 + .0520 + 0305 + +0351 + L0440 + 0563 + L0709 + L0704 +
Table B.25(c):Computed Values of Uz~Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment {Station R357)
Plotting One-day Rainfall Two-day Rainfall Three~day Rainfall
position
formula MM ML PHM MM ML PHM MH " ML PHM
Weibull L0417 + 0374 + .0436 + 0286 + 0300 + 0336 + L0495 + 0605 + .0582 +
Beard 0460 + 0369 + 0489 + 0287 + 0328 + .0378 + 0532 + 0872 + 0644 +
Hazen 0499 + L0377 + 0533 + 0299 + .0356 + 0416 + 0566 + L0725 + 0694 +
Blom L0472 + 0371 + 0503 + 0290 + L0337 ¢ .0390 + 0542 + .0689 + L0660 +
Tukey 0465 + L0370 + L0494 + .0288 + ,0331 + L0381 + L0535 + L0677 + .0649 +
Gringorten 0485 + 0373 + 0518 + 0294 + 0346 + 0403 + 0654 + 0708 + L0677 +

Note MM : Method of Moments.
ML : Method of Likelihood.
FWM: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.26(a}:Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

(Station R358)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula MM ML PWM MM ML PWM MM ML PWM
Weibull 1407 + +1125 + 1406 + 1237 + 1132 + .1181 + 1151 + .0850 + 1054 +
Beard .1421 + 1139 + 1420 + .1230 + .1223 + 1174 + L1123 + L0942 + ,1022 +
Hazen .1430 + .1148 + 1429 + 1225 + 1281 + L1169 + L1105 + L1000 + 1008 +
Blom ‘ 1424 + 1142 + 1423 # .1228 1243 + 1172 + S1E1T O+ 0961 + L1020 +
Tukey 1422 + . 1140 + 1422 + .1229 + .1230 + L1173 + L1121 + 0949 + 1024 +
Gringorten L1427 + 1145 + L1427 + 1227 + 1263 + L1171 + 21111 + L0981 + L1014 +

Table B.26(b):Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment {Station R358)

Plotting One-day Rainfall Two-day Rainfall . Three-day Rainfall
position
formuila MM ML PWH MM ML PWM MM ML PWH
Weibull 1191 - 0364 + 1081 - 1178 ~ 0739 + .0997 - Q754 + L0539 + 0653 +
Beard 1161 - .1086 - 1103 - 1124 - 0814 + .0389 - 0713 + 05588 + 0654 +
Hazen 1152 - 1174 - 1122 -~ .1100 - 0872 + .0994 - 0697 + 0646 + L0665 +
Blom 1157 - | 1115 - L1108 - 1115 = 0833 + 0990 - L0707 + 0613 + L0657 +
Tukey .1159 - .1096 - 1165 - L1121 - 0821 + 0389 - 0711 + L0603 + 0655 +
Gringorten 1154 - .1145 - 1115 - L1107 - .0853 + L0981 - L0701 + L0630 + 0661 +
Table B.26(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R358)
Plotting One-day Rainfall Two-day Rainfall Three~day Rainfall
position
formula MM ML PWM MM ML PWM MM ML PWM
Weibull 0978 - .0889 + 0825 + 1037 - 0683 + L0806 + +0687 + 0512 + 0542 +
Beard 0948 + .1011 - .0838 + 0983 - 0758 + 0797 + 10646 + 0571 + 0543 +
Hazen 0939 + .1099 - 0856 + 0959 + 0816 + L0820 + 0631 + +OG13 + L0555 +
Blom 0944 + 1040 - 0843 + .0974 - L0777 + 0798 + 0640 + 0587 + 0546 +
Tukey 0946 + .1621 - 0839 + 0980 - 0765 + 0798 + 0644 + L0576 + 0544 ¢+
Gringdorten 0941 + 1070 - 0849 + 0966 + 20797 + 0800 + L0635 + L0603 + 0550 +

Note MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ ! Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.27(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R359)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML WM M ML PHM
Weibull 21232 + ., 1307 + .1326 + 0948 + L0784 + L0750 + .0999 + , 0925 + 1028 +
Beard .1274 + | ,1350 + | .2359 + | (0871 + | .0841 + | .0761 + | .1013 + | .0939 + | .1042 +
Hazen 21301 + | ..1376 + | .1395 + | .0822 + | .0875 + | .0797 + | .1022 + | .0947 + | .1051 +
Blom .1284 + | .1359 + | 1378 + | .0854 + | .0852 + | 0773 + | 1016 ¢ ] .0942 + | .1045 +
Tukey L1278 + | ,1353 + [ 1371 + | .0865 + { .0844 + [ .0765 + | .1014 + | .0940 + | .1043 +
Gringorten 1293 + 1368 + 1387 + L0837 + .0864 + .0786 + 1019 + 0945 + 1048 +
Table B.27(b):Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R359)
Plotting One-day Rainfall Two-day Rainfall ’ Three-day Rainfall
position -
formula MM ML PUM MM ML PN M ML, PHM
Weibull 0839 + | .1247 - | .0986 + | .0570 + | .0408 + | .0556 + | .0528 + | .0339 + | .0463 +
Beard 0866 + | .1398 -~ | .1044 - | .0520 ¢ [ .0454 + | ,0548 + | 0472 + | L0345 + | .0446 +
Hazen .0894 + | .1505 - | .1091 - | .0495 + | .04983 + | ,0554 + | .0ea7 + | .0358 + | .0446
Blom L0875 + | ,1433 - | .1059 - | .0512 + | ,0466 + | .0549 + | .0463 + | .0348 + | ,0445 +
Tukey L0869 + | 1411 - § .1049 - | .0517 + | .0458 + | 0549 + | .0469 + | .0346 + | .0446 +
Cringorten | .0884 + | ,1470 - | .1076 - | .0505 + | .0480 + | .0551 + | .0454 + | 0353 + | .0445 +
Table B.27(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R359)
Plotting One-day Rainfall Two-day Rainfall - Three-day Rainfall
position
formula MM ML, PWM MM ML PHM MM ML, PWM
Weibull «0514 + [ .1137 -~ | .0620 + | .0438 + | .0348 + | 0379 « | ,0462 + | .0298 + | 0361 +
Beard 0542 + | ,1288 -~ | 0678 + | .0388 + | .0394 « | (0371 + | .0406 + | .0303 + | .0347 +
Hazen <0570 + | ,1395 - § 0725 + | 0367 + | .0433 + | 0377 + | .0382 + | .0317 + | .0347 &
Blom +0550 + | 1323 - | .0693 + | .0380 + | .0406 + | .0372 + ] .0397 + [ .0307 + | .0346 +
Tukey 0545 + | L1301 - | .0682 + | .0385 + | .0398 + | .0372 « | ,0403 + | .0304 + | .0346 +
Gringorten { .0560 + | .1360 - | .0709 + | .0373 + | .0420 + | .0374 + | .0388 + | .0312 + | .0346 +

Note - MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level




Table B.28{a):Computed Values of Rolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R360)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall

} position

) formula MM ML PWM MM ML PHH MM ML PWM
Weibull .1558 + L1060 + .1136 + ,0953 + 1020 + 0948 + L0913 + 0792 + 0912 +
Beard 1629 + 1132 + 1207 + L1032 ¢ .1099 + .1028 + 0916 + L0795 + 0916 +
Hazen 1675 + L1177 + L1253 + .1082 + 1149 + L1878 + 0919 + L0798 + L0918 +
Blom . 1645 + .1149 + .1223 + .1049 + L1118 + L1045 + L0911 + L0796 + L0917 +
Tukey L1635 + 1337 + L1212 + 1038 + AT1065 4 .1034 + L0817 + .0796 + .0916 +
Gringorten 1660 + .1163 + +1238 + 1066 + .1133 + L1062 + L0918 + L0797 + 0918 +

Table B.28(b):Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R360)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML PWH MM ML PwH
Weibull 1724 ~ +0817 + 0964 + 0466 + 0578 + 0462 + 0551 + L0401 + 0482 +
Beard .1933 - 0928 + .1095 - 0536 + L0680 + |- .0532 + L0520 + 0422 + .0488 +
Hazen L2077 - +1010 + .1189 =~ L0591 + 0755 + .05BG + 0511 + 0446 + L0503 +
Blom V1981 - .0955 + 1126 - 0554 + 0704 + 0549 + 0516 + L0429 + 0492 +
Tulkey .1950 - ,0938 + 1104 - 0542 + 0688 + 0538 + 0518 + .0424 + L0489 +
Gringorten L2030 - ,0938 + +1158 - 0573 + 0730 + 0568 + 0513 + 0437 + 0497 +
Table B.28(8):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R360)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML PWM MM ML PWM
Weibull 1714 - 0812 + +0957 + 0430 + 0576 + .0426 + 0522 + .0388 + +0426 +
Beard 1923 -~ 0923 + .1088 - 0500 + JOBTT + .0496 + L0491 + 0409 + L0432 +
Hazen L2060 -~ 1004 - L1181 - 0556 + 0752 + L0550 + 0482 + 0433 + L0447 +
Blom 1971 - .0850 + .1118 -~ .0518 + L0702 + .0513 + 0487 + L0416 + 0436 +
Tukey 1940 - ,0932 + 1097 - L0506 + L0686 + 0502 + L0490 + 0411 + 0433 +
Gringorten .2020 - 0877 - .1151 - 0537 + 0728 + .0532 + 0480 + 0424 + 0441 +

Note MM : Method of Moments.
ML : Method of Likelihood,
PWM Probability Weighted Moment Method.

+ : Hypothesis is accepted at 10% significance level
¢ Hypothesis is rejected at 10% significance level




Table B.29(a}:Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

(Station R361)

WL
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall -
position
formula MM M1, PWM MM ML PwWH MM ML PWM
Weibull 1202 + 1230 + L1141 4+ 0710 + 0793 + 0580 + L0561 + L0561 + 0458 +
Beard 1210 + 1238 + .1149 + 0638 + L0720 + 0507 + 0520 + 0521 + . 0496 +
Hazen .1210 + 1238 + L1154 + L0591 + 0674 + 0502 + 0520 + 0521 + 0542 +
Blom 1211 + 1240 + <1151 + 0622 + 0704 + ,0493 + 0512 + 0512 + 0512 +
Tukey .1210 + »1239 + +1150 + 0632 + 0715 + 0502 + 0517 + 0518 + »0501 +
Gringorten | .1213 + | .1242 + | .1152 + | .0606 + | .0689 + | .0498 ¢ [ .0503 + | .0503 + | .0527 +

Table B.29(b}:Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R361)
Plotting One~day Rainfall Two-day Rainfall ' Three~day Rainfall
pogition
formula HM ML PWM MM ML PWM MM ML PWM
Weibull L0769 + 0950 + 0718 + 0365 + 0420 + L0222 + 0234 + 0223 + 0135 +
Beard 0772 + +0B691 + 0744 + 0310 + .0347 + 0216 + .0183 + L0175+ 0131 +
Hazen L0772 + 0891 + 0772 + 0286 + 0311 + 0223 + 0183 + 0175 + 0140 +
Blom 0776 + 0881 + 0753 + 0301 + 0334 + 0217 + L0174 + 0167 + .0133 +
Tukey 0773 + 0888 + 0747 + L0307 + 0342 + 0216 + 0180 + 8172 4 0132 +
Gringorten 0780 + 0872 + L0762 + 0293 + 0322 + 0220 + L0167 + L0161 + 0132 +
Table B.29{c):Computed Values of U;—Statistic for Method of moment, Method of
Likelihocd and Method of Probabilty weighted moment {Station R361)
Plotting One~day Rainfall Two~day Rainfall Three~day Rainfall
position

. formula MM ML Pt MM ML PWH MM ML PWM
Heibull 0735 + 0908 + .0704 + 0354 + 0415 + .0222 + 0234 + 0222 + 0124 +
Beard 0738 + 0849 + L0730 + .0298 + 0342 + 0216 + 0183 + 20174 + 0119 +
Hazen 0738 + 0849 + 0758 + 0274 + . 0306 + 0223 + 0183 + 0174 + 0128 +
Blom 0742 + .0839 + 0739 + 0289 + 0329 + 0217 + 20174 # L0167 + L0121 +
Tukey 0739 + .0DB45 + 0733 + .0295 + 0337 + 0216 + 0180 + L0171 + 0120 +
Gringorten L0746 + D830 + 0748 + L0281 + L0317 + 0220 + L0167 + 0160 + L0120 +

Note MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.30(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

(Station R363)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML PWH MM ML . PWM
Weibull}l ,09584 + LO0B0T + 0912 + 0958 + L0801 + 0845 + 0699 + L0750 + L0827 +
Beard 0969 + L0742 + 0898 + 0932 + .0858 + L0876 + L0735 + 0785 + .0862 +
Hazen 0961 + 0784 + 0911 + L0912 + .0833 + L0912 + Q757 + D808 + 0884 +
Blom 0966 + 0789 + 0895 + 0924 + 0878 + .0888 + 0742 + 0793 + +0B69 +
Tukey 0968 + 20791 + L0897 + 0828 + 0862 + 0880 + L0717 + 0788 + 0864 +
Gringorten 0963 + 0786 + 0892 + 0918 + .0882 «+ L0900 + L0750 + .0880 + 0877 +
Table B.30(b):Computed Values of Wa-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R363)
Plotting Cne-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHM MM ML PWHM MM ML PWH
Heibull .0594 + »0293 + 0402 + 0875 + . 0407 + .0544 + 0357 + 0298 + 0364 +
Beard 0509 + 0270 + 0367 + L0609 + L0414 + LO527 + | L0323 ¢+ L0306 + .0369 +
Hazen 0466 + .0266 + .0401 + .0578 + 0428 + 0526 + L0312 + .,0321 + 0369 +
Blom 0484 + 0268 + 0363 + 0598 + 0418 + 0526 + ,0318 + | .0310 + 0373 +
Tukey 0504 + L0269 + L0366 + .0605 + 0415 + 0527 + L0321 + L0307 + L0370 +
Gringorten L0479 + L0267 + 0359 + 0587 + 0423 + L0526 + 0319 + , 0316 + L0370 +
Table B.30{c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R363)
Plotting ‘ One-~day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML P¥M MM ML PWM MM ML PWH
Heibull 0552 + .0259 + 0322 + 0616 + 0370 + 0440 + .0323 + L0275 + 0300 +
Beard 0468 + L0237 + 0287 + 0550 + 0376 + 0424 + 0289 + 0283 + 0305 +
Hazen 0425 + 0233 + 0321 + 0519 + .0391 + L0424 + 0278 + L0298 + 0305 +
Blom 0453 + 0234 + 0283 + 0539 + .0380 + 0423 + 0284 + L0287 + 0309 +
Tukey L0462 + 0236 + L0286 + 0546 + 0378 + 0424 ¢+ L0287 + 0289 + 0306 +
Gringorten 0438 + 0233 ¢ 0279 + .0528 + 0385 + .0423 + 0280 + L0293 + L0306 +

Note MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ ! Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.31(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

(Statlon R364)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHM MM ML PWH MM ML PHM
Weibull .0685 + | .0722 + | .0582 + { .0555 + | .0593 + | .0572 +« | .0575 + | .0603 + | .0599 +
Beard 10870 + | L0651 + | ,0602 + | .0589 + | .0627 + | .0605 + | .0639 + | .0592 + | .0663 +
Hazen 0672 + | L0643 + | 0633 + | .0611 + [ ,0648 + | .0627 + | .0679 + | .0584 + | .0703 »
Blom 0671 + 0642 + 0623 + L0597 + 0634 + .0613 + 0652 + 0589 + L0677 +
Tukey L0670 + | ,0645 + | .0606 +« [ .0592 + { 0630 + | .0605 + | .0643 « | .0591 + | .0668 +
Gringorten L0672 + 0643 + .0623 + 0604 + .0642 + 0620 + 0666 + .0587 + 0690 +
Table B.31(b):Computed Values of Wa~Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment {Station R364)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position - -
formula MM ML PWM MM ML PWH MM ML PHM
Weibull <0367 + | L0378 + | .0287 + { .022Z + | .0186 + | .0174 + { .0296 + | .0272 + | .0313 +
Beard -0324 + | 0328 +« | 0279 + | .0184 + ] ,0165 + [ .0174 + | 03258 + | .0272 + | .0355 +
Hazen (0672 ¢+ | .0643 + | .0284 + | .0611 + | 0848 + | .0185 ¢+ | 0679 + | .058¢ + | .0393
Blom <0671 + | .0642 + | 0280 + | .0597 + | .06324 + | 0177 + | .0652 + | .0589 ¢ | .0367 &
Tukey 0670 + | L0645 + | 0279 + | 0592 + [ 0630 + | .0175 + | .0643 + | .0591 + | .03680 +
Gringorten | .0672 + | .0643 + [ .0282 + | .0604 + | .0642 + | .0180 + | .0666 + | .0587 + | .o0380 +
Table B.31{c):Computed Values of Uz-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R364)
Plotting One-day Rainfall Two~day Rainfall Three-day Rainfall
position
formula MM ML PWH MM ML PHM MM ML PHM
Weibull +03G3 + | ,0377 + | .0287 + | .0221 + | .0185 + | 0162 + | .0292 + | .0262 + | .0312 +
Beard 0320 + [ .0327 + [ .0278 + | 0183 + | .0165 + | .0162 + | .0324 + | .0262 + | .0354 +
Hazen 0303 + | .0306 + | .0284 + | 0170 + [ .0162 + | .0173 + | .0354 +| .0272 « | .0392 +
Blom 0313 + | ,0319 + | .0279 + | .0278 + | .0163 + | .0165 + | .0333 + | .0264 + | .0366 +
Tukey L0317 + 1 .0324 + | ,0279 + | 0182 + | .0164 + | .0163 + | .0327 + | .0262 + | .0358 +
Gringorten | .0308 + | .0312 + | .0281 + | .0174 + | .0162 + | .0169 + | .0344 + | .0268 + | .0379 +
Note MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ ¢ Hypothesis is accepted at 10% significance level
) - ¢ Hypothesis is rejected at 10% significance level
~
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Table B.32{(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment., Method of Likelihood, and Method of Probabilty weighted moment

(Station R366)

Plotting One-day Rainfall Two-day Rainfall : Three-day Rainfall
I position
- formula MM ML PWM M1 ML PWM MM ML PWM
Weibull +1326 + | L1164 + | 1267 + | .1134 + | ,1122 + | .2109 + | .0894 + | .0981 ¢+ | .0874 &
Beard +1307 + [ 1146 + | L1070 + | .1070 + ]| .1048 + [ .1049 + [ .092% + | .0916 + | .0900 +
Hazen 12985 + | L1144 + | .1057 + | 1057 + | .1646 + | .1066 + | .0937 + | .0926 + | .0917 +
Blom .1303 + 1145 + .1056 + 1056 + L1035 + 1094 + 0926 + 0914 + 09086 +
Tukey 21306 + | .1146 + | .1065 + | .1065 + | .1044 + | .1051 + | .0923 + | .0912 + | .0%02 +
Gringorten | .1299 + | .1144 + | .1052 + | .31052 + | ,1041 + | .1061 +« | .0932 + | .0920 + | .o0912 +
Table B.32{b):Computed Values of Wl-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R366)
Plotting One-day Rainfall Two~-day Rainfall Three-day Rainfall
position
formula MM ML WM MM i PHM MM ML pHM
Weibull 21190 - | .0924 + | ,1068 - | .0934 + | 0912 + | .0930 + | .0553 + | .0567 + | .0545 +
Beard 1120 - 0901 + .1026 - .0930 + 0913 + L0931 + .0588 + 0556 + 0569 +
Hazen .1087 - 0BY98 + 1009 + . 0938 + L0925 + 0941 + 0621 + 0559 + 0594 +
Blom - .1108 - | 0899 + | ,1019 + | .0932 + | ,0916 + | .0929 + | .0598 + | .0556 + | .0576 +
Tukey £1116 - | 0901 + [ ,2023 - | .0930 + | 0914 + | .0931 + | .0591 + | .0556 + ! .0571 +
Gringorten | .1096 - | .0898 + | .1014 + | .0935 + | .0920 + | .0937 + | .0809 + | .0557 + | .0555 4
Table B.32(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R366)
Pilotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position * -
formula MM ML PHM MM ML PRH MM ML PWM
Weibull 1139 - | 0683 + | 1000 - | ,0917 + | 0898 + | .0911 + | .0552 + | .0565 + | .0542 + «
Beard +1069 - | .0860 + | .08957 + | ,0913 + | .0900 + | .0911 + | .0587 + | ,0554 + | .0566 +
Hazen 1036 - 1 0857 + | .0945 + | ,0921 + | .091L + | .0922 + | 0620 + | .0557 + | .0591 +
Blom 1057 - | .0858 + | .0951 + | 0915 + [ .0903 + { .0909 + | .0597 + [ .0554 + | .0513 &
Tukey 1065 - [ 0860 + | .0855 + | .0913 + | 0901 + | .0912 + | .0590 + | .0554 + | .0565 +
Gringorten 1046 ~ L8557 + 0945 + L0817 + L0907 + 20917 + 0608 + L0555 + 0582 +
Note MM : Method of Moments.
ML : Method of Likelihood,
PWM: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10% significance level
- ¢ Hypothesis is rejected at 10% significance level
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Table B.33(a):Computed Values of Kolmogorov-Smirnov S8tatistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

(Station R369)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
}, position -
formula MM ML PHM MM ML PHM MM . ML PHH
Weibull L1480 + | .1304 + | .1408 + | .1269 + | ,21124 + | .1242 + | .0769 + | .0689 + | .0732 +
Beard J1424 + | .1332 + | L1456 + | ,1199 + | 1145 + | 1236 + | .0762 + | .0682 + | .0802 +
Hazen L1388 ¢ | L1350 + | 1454 + | .1205 + | .1158 + | .1276 + | .0757 + | .0681 + | .084% +
Blom J1410 ¢ | .1330 + | .1442 + | 1190 + | .1140 + | .1267 + | .0760 + | .0680 + | .0817 +
Tukey 21420 + | 1334 + | ,1438 + | 1194 + ] .1146 + | .1264 + | 0761 + | 0681 + | .0807 +
Gringorten [ .1400 + | .1344 « | .1448 + | .1197 + { ,1151 + | .1272 + | .0760 + | .0680 + | .0832 +
Table B.33(b):Computed Values of Wz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R369)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHM MM ML PHM MM ML PHM
weibull .1834 - | .1158 - | ,1426 - | .1505 ~ | .0849 + | .1100 - | .0524 + | .0357 + ! .0383 +
Beard 11743 - | .1149 - | 1397 - | .1398 - | .0835 + { ,1068 - | .0461 + | .0342 + | .0357 +
Hazen .1695 - | .1154 - { .1389 - | .1340 - | ,0836 + | .1058 - | .0432 + | .0343 + | .0401 «
Blom L1727 - | L2150 - ] ,1394 - | .1377 - | .0834 + | .1064 - | .0451 + | .0342 + | .0391 +
Tukey 1737 - | L1149 - | 1396 - [ .1392 - | 0834 + | 1067 - [ .0457 « | ,0342 + | .0389 +
Gringorten | .1710 - | .1152 - | .139% -~ | .1370 - | .0834 + | .1061 - | .0446 + | .0342 + | {70396 +
Table B.33(c):Computed Values of Uz—Statistic for Methed of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R369)
Plotting One-day Rainfall Two~day Rainfall Three-day Rainfall
position
formula MM ML PWH MM ML PWM MM ML PWM
Weibull 1709 - | L1077 - | L1256 - | 1347 - | 0743 + | .0884 + [ ,0513 + | .0345 + | 0326 +
Beard -1618 - | .1068 ~ | .1227 - | .1239 - | .0729 + [ .0852 + | .0450 + | .0330 + | .0330 +
Hazen 21571 - | L1073 - | 1219 - ] 1182 - | 0731 + | .0842 + | .0421 + | .0331 + | .0343 +
Blom . .1602 - | .1069 - [ ,i223 - | .1219 - ) .0729 + | .0848 + | .0440 + | .0330 + | .0333 +
Tukey -1612 - | .1068 - | .1226 - | .1233 - | 0729 + | .0850 + | .0446 + | .0330 + | .0331 &
Gringorten . 1585 - w1071 - .1221 - 1211 - 0729 + 0844 + .0435 + L0330 + .0338 +
Note MM : Method of Moments.
ML : Method of Likelihood.
PWM: Probability Weighted Moment Method.
+ ! Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.34(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment.,, Method of Likelihood, and Method of Probabilty weighted moment

{(Station R370)

Plotting Cne-day Rainfall Two-day Rainfall Three-day Rainfall
}7 position
formula MM ML PWM MM ML PWH MM ML PWM
Weibull 1404 + | .1339 + | .2452 + | .1043 + | .1003 + | 1091 ¢ | .0646 + | .0758 + | .0656 +
Beard L1430 + ) L1386 « | L1478 + | .1092 + [ .1052 + | (1140 + | .0695 + | .0732 + | .0704 +
Hazen L1447 ¢ | .1382 + | 1495 + | 1123 + | .1083 + | .1171 + | .0726 + | 0715 + | .0736 +
Blom 1436 + 1371 + 1484 + 1103 + 1063 + 1151 + L0706 + L0726 + L0715 +
Tukey 1432 + | .1368 + | .1480 + [ .1096 + | .1056 + | .1144 + | .0649 + | .0730 + | .0708 +
Gringorten | 1442 + | .1377 + | .1490 + | .1113 + | 1073 + | 1161 + | 0716 + | .0720 + | .0726 +
Table B.34(Db):Computed Values of Wzﬂstatistic for Method of moment., Method of
Likelihood and Method of Probabilty weighted moment (Station R370)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position -
formula MM ML Pt MM ML PHM MM ML PHM
Weibull .1642 - | ,1265 -~ | .1530 - | .0638 + | .0615 + | .0686 + | ,0336 + | .0329 + | .0345 +
Beard .1590 - | ,1287 - | .1522 ~ | .0685 + | .0G659 + 0744 + | 0378 + | ,0284 + | .0395 +
Hazen 1567 - ] L1313 - | 1529 - | .0725 + | 0698 + | ,0792 + | ,0415 + | ,0266 + | .0438 +
Blom .1581 - | .1295 - | .1524 - { 0697 + | .0671 + | .0759 + | .0390 + | .0277 + | .0409 +
Tukey .1587 - | .1290 - | .1523 -~ | .0689 + | .0663 + | .0749 + | .0382 + | .028% + | .0400 +
Gringorten .1574 - 1304 - .1526 - L0711 + 0685 + 0776 + .0403 + 0271 + . 0423 +
Table B.34(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabiliy weighted moment (Station R370)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHM MM ML PWH MM ML PWM
Weibull 21472 - | ,1171 - | 1332 - | .0627 + | .0611 + | .0669 + | .0310 + | .0289 + | .03z6 +
Beard .1420 - | .1194 - ] ,1325 - | 0674 + | .0655 + | 0727 + | .0352 + | .0244 &+ | .0377 +
Hazen .1398 - | .1219 - [ .1331 - | .0714 + | .0694 + | ,0775 + | .0390 + | .0266 + | .0420 +
Blom 1412 - | 1202 - | .1326 -~ | .0686 + | .0668 ¢+ | .0742 + | .0364 + | .0236 + | .0390 +
Tukey .1417 -} 1197 - | .1325 - | .0678 + { .0660 + | .0732 + | .0356 + | .0241 + [ .0381 +
Gringorten | .1404 - | .1217 - | .1328 - [ .0700 + | .0681 + | .0758 + | .0377 « | .0230 + | .0405 +
Note MM : Method of Moments.

ML : Method of Likelihood.

PWM: Probability Weighted Moment Method.

+ : Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.35(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment
(Station R372)

Plotting One-day Rainfall Two-day Rainfall Three~day Rainfall

. positicn

> formula MM ML PHH MM ML PWM MM ML PWM
Weibull 0743 + L0735 + 0644 + .1293 + L1035 + 1180 + 1237 + 0873 + 1149 +
Beard L0678 + L0670 + 0579 + L1269 + L1011 + 21155 + 1221 + L0970 + L1133 +
Hazen 0637 + 0629 + 0574 + .1254 + , 0996 + L1140 + 1213 + L1032 + 1123 +
Blom 0664 + .0B56 + L0566 + . 1264 + L1006 + L1150 + L1218 + . 0991 + L1129 +
Tukey 0673 + .0665 + .0575 + L1267 + L1009 + 1154 + .1220 + L0977 + 21132 +
Gringorten 0650 + 0642 + 0556 + .1258 + .1001 + 1145 + 1214 ¢ 1012 + L1126 +

Table B.35(b):Computed Values of Hz-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R372)

Plotting One-day Rainfall Two-day Rainfall Three~day Rainfall
position
formula MM ML PWM MM ML PWM MM ML PWM
Weibull 0256 + 0242 + 01596 + L0741 + .0388 + 0525 + 0858 + 0576 + 0766 +
Beard 0216 + L0206 + L0190 + L0661 + .0378 + .0496 + L0809 + L0645 + 0764 +
Hazen .0202 + ,0195 + 0197 + L0621 + +0383 + L0488 + ,0788 + 0699 + L0775 +
Blom 0210 + 0202 + L0191 + .0646 + 0379 + 0492 + .0801 + 0662 + +O767 +
Tukey 0214 + Q205 + .0190 + 0656 + 0378 + 0494 + 0806 + .0651 + 70785 +
Gringorten 0205 + 0198 + 0194 + L0633 + .0381 + .0489 + 0794 + 0681 + D770 +
Table B.35(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R372)
Plotting One-day Rainfall 7 Two-day Rainfall Three-day Rainfall
position
formula MM ML PWM MM ML PWM MM ML PWM
Weibull .0254 + 0242 + ,0194 + L0697 + 0358 + L0442 + 0695 + L0510 + 0553 +
Beard 0214 + 0206 + 0188 + L0617 + 0348 + (412 + 0645 + 0578 + 0552 +
Hazen L0200 + L0195 + L0195 + 0577 + 0353 + 0405 + .0625 + L0633 + L0562 +
Blom 0209 + L0201 + 0189 + 0602 + 0344 + L0409 + L0637 + 0595 + .0554 +
Tukey 0212 + 0204 + 0188 + L0611 + 0348 + 0411 + L0642 + 0584 + 0553 +
Gringorten 0204 + L0197 + 0192 + .0589 + +0350 + L0406 + .0630 + .0614 + 0558 +

Note MM : Method of Moments.
¢ Method of Likelihood.
PWM: Probability Weighted Moment Method.
: Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.36(a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R376)

Plotting Cne~day Rainfall Two~day Rainfall Three-day Rainfall
}* position N
formula MM ML PHM MM ML PHM MM ML PHM
Weibull ,1282 &+ | .1357 + | .1179 + | .0982 + | .1039 + | .0860 + | 0781 + | .0751 + { .0629 +
Beard .1226 + | 1301 « | .1122 + | .0961 + | .1018 + | .0856 + | ,0717 + | .0737 + | .0615 +
Hazen L1890 + | .1265 + | .1087 + | .0947 + | .1001 « | ,0900 + | .0758 + | .0728 + | .0600 +
Blom L1213 + | .1289 + [ .1160 + | .0956 + | .1013 + | .0860 + | .0764 + | .0734 + | .0612 +
Tukey L1221 + | .1246 + | .1118 + | .0954 + | .1010 + | .0861 + | 0766 + | .0735 + | .0613 +
¢ringorten | .1201 + { ,1276 + | .1098 + | .0852 + | .1004 + | .0886 + | .0761 + | .0730 + | .0608 +
Table B.36(b):Computed Values of Ha—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R376)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM . ML PWM MM ML PWM MM ML . PWH
Weibull L0920 + | .0948 + | .0749 + | .0410 + | .0450 + | .0379 + | ,0321 + | .0301 + | .0199 &
Beard LO8GS + | .0882 + | .0735 + | .0402 + | .0426 + | .0398 + | 0275 + | ,0252 + | .0185 +
Bazen L0845 + | .0850 + | .0737 + | .0408 + | .0422 + | .0420 + | .0250 + | ,0231 + | .0187 +
Blom L0859 + | .0870 + | .0735 + | .0403 + | .0424 + | .0399 ¢+ | ,0266 + | .0244 + | .0185 +
Tukey 0865 + LOBTT + L0735 + . 0403 + 0425 + .0400 + L0272 + 0248 + D185 +
Gringorten 0851 + L0859 + L0736 + .0405 + L0422 + 0412 + L0257 + , 0237 + L0185 +
Table B.36(c):Computed Values of Uz—Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R376)
Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
- position
formula MM ML PWM MM ML PHM M ML PWH
Weibull .0899 + | .0939 + | 0748 + | .0410 + [ .0448 « | .0377 + | .0331 + | .0301 + | .0191 +
Beard 0847 + | .0873 + | .0734 + | .0402 + | .0424 + | .0396 + | .0275 + | .0252 + | .0178 +
Hazen 0824 + | .0841 + | .0736 + | .0407 + | .0420 + | 0418 + | ,0250 + | .0231 + | .0179 +
Blom 0838 + | 0861 + | .0734 + | .0403 + | .0422 + | .0377 + | 0266 + | .0244 + | 0177 +
Tukey .0844 + | ,0868 + { .0734 + | .0402 + | .0423 + | .0398 + | .0272 + | .0249 + | .OL77 +
Gringoreon 0830 + 0850 + 0735 + 0405 + +0420 + 0410 + L0257 + L0237 + ,0178 +
Note MM : Method of Moments.
ML : Method of Likelihocd.
PWM: Probability Weighted Moment Method.
+ : Hypothesis is accepted at 10% significance level

Hypothesis is rejected at 10% significance level
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Table B.37{a):Computed Values of Kolmogorov-Smirnov Statistic for Method of
moment, Method of Likelihood, and Method of Probabilty weighted moment

{Station R377)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position

formula MM ML PWM MM ML PWM MM ML PWM
Weibull L1003 + , 0965 + L1025 + .1288 + .1324 + .1132 + .0842 + . 0955 + 0698 +
Beard 1015 + L0976 + 1036 + 1239 + L1275 + .1083 + .0901 + .0914 + 0656 +
‘Hazen L1022 + 0983 + 1043 + , 1208 + 1244 + L1052 + .0875 + .0888 + L0630 +
Blcm 1017 + L0971 + .1038 + L1228 + 1265 + L1072 + 0892 + 0905 + 0647 +
Tukey .1016 + L0977 + L1037 + L1235 + 1272 + 1079 + +D898 + 0911 + 0653 +
Gringorten .1020 + L0983 + .1041 + L1218 + .1254 + 1061 + . 0883 + 0896 + L0638 +

Table B.37(b):Computed Values of W-Statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R377)

Plotting One-day Rainfall Two~day Rainfall Three-day Rainfall
position

formula MM ML - PWM MM ML PWM MM ML PWM
Weibull 0861 + 0584 + 0583 + .0924 + .0899 + .0525 + ,0303 + L0331 + L0173 +
Beard L0776 + .0543 + +0553 + .0816 + L0792 + L0479 + 0249 + 0264 + 0165 +
Hazen L0731 + .0527 + L0545 + .0759 + 0735 + L0460 + 0225 + 0241 + 0171 +
Blom .0761 + .0536 + 0549 + D796 + JO771 ¢ L0471 + 0240 + 0259 + 0166 +
Tukey L0771 + +0540 + .0552 + . 0809 + 0784 + 0470 + 0246 + 0266 + 0165 *
Gringorten L0746 + 0531 + 05486 + L0776 + L0752 + L0465 + 0232 + 0249 + L0168 +

Table B.37{c):Computed Values of vl-statistic for Method of moment, Method of
Likelihood and Method of Probabilty weighted moment (Station R377)

Plotting One-day Rainfall Two-day Rainfall Three-day Rainfall
position
formula MM ML PHM MH ML PHM MM ML PHM
Weibull .0841 + | .0562 + | .0530 + | 0914 + | .0898 + | .0524 + | .0299 « | .0331 + | .0170 +
Beard .0756 + | ,0521 + | .0499 + | .0807 + | .0791 + | .0477 + | ,0245 + | .0269 + | .0162 +
Hazen L0713 + 0505 + L0491 + .0749 + 0734 + 0458 + 0222 + 0240 + .0168 +
Blom 0740 + | .0514 + | .0496 + | .0786 + | 0771 + | .0470 + | .0238 + | .0258 + | .0163 +
Tukey L0750 + | ,0518 + § .0493 + | 0799 + | 0784 + | .0474 + | .0242 + | .0265 + | .0163 +
Gringorten | .0726 + | .0509 + | ,0493 + | .0767 + [ .0751 + | .0463 + | .q228 + | .0248 + | .0165 +
Note MM : Method of Moments.

ML : Method of Likelihood,

PWM: Probability Weighted Moment Method.

+ : Hypothesis is accepted at 10% significance level

- t Hypothesis is rejected at 10% significance level
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Moarmal Dicteibation

inteager year{30) DMl ndata.mt

Aimen=ion YfﬁOJ.n{WO).mS(SO).dﬁff(SO).z(BO).w(EO),91(50)
charactar a*BO x50

READ(L,’(a)") &

REQD(l.’(?EX,IS)’) MT

write(z,%) A

write(?,’(320.14‘36)’)’M0ving Total For’,mt,’days’
PRINT *, 'How many years 7'

READ #*_  NDATA

XSUM=0 .0

DO 10 I=1,NDATA

read(l,’(2x,i4,8x,f7.2)’) year(i),x(1)

XSUM=XSUM + X(I) :

CONTINUE

XMEANZ XSUM/NDATA

SN=0.0 ’

DO 20 7 =1 ,NDATA

SNz SN + (X(j)*XMEQN)**Z

SD= sqrt(SN/(NDﬁTﬁ—l))

- NOW DATA WILL BE ARRANGED- IN THE DESCENDING ORDER

DUM=~39 0

DO 400 L=1,NDATA
DG 50 M=L,NDATA
IF(x(M) .GT. DUM) THEN
DUM=x (M)

II= M

ENDIF

CONTINUE

UMY SYEAR({TT)
YEAR(II)ZYEQR(L)
YEAR (L) =nUM]
x(1i)=x(1)
x(1)=DuUM
dum=-99 0
CONTINUE

PRINT *_ "ENTER PLOTTING POSITION NAME °
READ (*."(a15,f5.3)") f.pp

write(2.%) ? ’
write(2,’(4x.815,f5.3)’) f,pp

DG 60 N:-1.NDATA

P(N)= (float(N)—pp)/(NDﬁTﬁ+1-2*pp)

Z(NY= (X{(n)-xmean)/sd

G=1.0

S Al= 2.515517+0.802853*G+.010328*G**2

B = l+l.432788*G+O.189269*G**2+,001308*G**3




i

4 At s e b

' c-2

Cz 2.79+0.93*G+0 . 151 *%G**2
Dz1+4C/A1

- G = G -(G-(A1/BY-abs(z(n)))/D

E E =(G-A1/B-abs(z(n)))/abs{z{n))
; if{abs(E). ge. .001) go to 35

) win)=6

b ps(n) = sart(exp{-w(n)**2))

if (p(n).gt.0.5%) go to 72
diff(n)=p(n)-ps(n)

J

go to &0

72 diff(nd= p{n)+Ps{ni-1
pe(n) = 1-pa(n)

X e) continue

dmax = abs(diff(1))
do 6% i=z1,ndata-1
if ( dmax . lt.abs(diff{i+l1)))then
dmax = abs(diff(i+1))
endif
&5 continue
write (2.%) ° ’
: write(2.%) ' K - 5 Test for Normal Distribution
; write{z,%) ° '
; : write(2, %) ' Mean Std Dev
write(2, ' (3x,f7.2,4%,f7.2,/)") Xmean ,sd
: write(2,*) °’ Year - Rmax P EPP Diff Z
i 4 W T .
f write(2,*) * ’
‘ write(2 T(4x,14,1%,14,2%,T7.2,2%,f5.4,2%,f5.4,2%,f7.4,1x,f7.4,1x%,
4 4 £8.4)" ) (year(k), year(k)+1 x(k) D(k) ps(k) dlff(k) z(k),
4 4 w(k),k=1,ndata)
| write(2,%) ’
! write(2,'(a45,2x,f5.4)") ’ Computed Kolmogrov -~ Smirnov ( k-s )
i 4 Value’,dmax x '
! stop
i end
|

R AL o b5 it e 370
]




c Lognormal Distrubution
integer yvear(50) . DUML, ndata . mt
dimension N(50).p(50),p3(50).diff(50),2(50),w(50),y(50),gz(50)
. character a¥80,f*50
i READ(L."{a)Y') A
: READ( 1,7 {22X,I3)°) MT
write(2,*) A
write(2,’(a20,1i4,a6)" ) Moving Total For™,mt, "days’
PRINT *, 'How many years ?°
READ *, NDATA
YSUM=Q. O
{ : DO 10 I=1,NDATA :
b read(1l,’(2x,i4,8x,f7.2)") year(i),x(i)
10 continue
5 do 20 I=1,ndata
i Y(i)= aloglo(x(i))
! YEUM=YSUM + Y(1)

20 CONTINUE
YMEAN= YSUM/NDATA
8N=z0.0 4
DO 2t J =1,NDATA
21 SNz SN + (y(j)—YMEAN)**Z

SD= sart(SN/(NDATA-1))
NOW DATA WILL BE ARRANGED IN THE DESCENDING ORDER

DUM=-99.0
DO 400 L=1,NDATA
DO 50 M=l NDATA
TFOy (M) LGT. DUM) THEN
DUMzv (M)
I1= ™
ENDIF
50 CONTINUE
; DUML=YEAR(TT)
i ' YEAR(IT)=YEAR(L)
' YEAR(L )} =puml
b y(ii)=y(1)
i y(1)=DUM
: dum=-93_ 0
i 400 CONTINUE

©

PRINT %, 'ENTER PLOTTING POSITION NAaME *
READ (*,’(al5,f5.3)") f,pp

c write(2,*) ’ ’
Write(2, (4x,a15,f5.3)’) f,pp

PPN




DO &0 N=1.NDATA
P(N)= (float(N)-pp)/(NDATA+1- —-2%pp)
Z(N)= (y(n)-ymean)/sd
Gz=1.0

55 Al= 2.515517+0.802853%G+. 010328%Gx%x?
B = 1+1.432788%G+0. 189269*G**2+ 001308%xG*%x3
Cz 2.7940.9Z3%G+0. 151 *¥G¥X*2
Dzl+C/AL :
G = G -(G-(Al/B)-~abs(z(n)))/D
E =(G~-Al/B-abs(z(n)))/abs(z(n))
if(abz{E). ge. .001) go ta 55
w{n)=G
ps(n) = sart(exp(-w{n)*x2))
if (p(n).gt.0.5) go to 72
diff{n)=p(n)-ps(n)

' go to &0
72 diff{n):= p{n)+Ps(n)-1
f . ps(n)=1-ps(n)
&0 continue

dmax = abs(diff(1))

: do 65 1z1,ndata-1

i if ( dmax . 1t.abs(diff(i+1)))then

dmax = abs(diff(i+1)) :

. endif

i 65 continue
write(2,x) ? K - & Test for Log Normal Distribution *
write(2,%x) ’

write(z2,x) ’ Mean Std Dev
write(2,’(1x,f7.2,4x,f7.2,/)") ymsan ,ad
; write(z2,*) °’ Year Rmax p EPP Diff z
: 4 W .
: write(2, *) ’ ’

write(2,’ (4x,id,1x,14,2x,f7.2,2x ,F5.4,2%,f5.4 2%, Ff7.4,1%,¥7.4 s 1,
4 f8.4)" )(year(P) vear(k)+1 y(k) D(k) ps(k) dlff(k) z(k)
4 w(k),k=z1,ndata)

write(?2, *) i ’

write(?2, (aSO 2x,f5.43" )’ Computed Kolmogrov - Smirnov { k-5 )
4 Value = L dmax :

stop

end




@]
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91

(o Gumbel Distribution

' integer year(50) . DUML  ndata,mt
dimension X(SO),p(SO),DS(SO),diff(SO),b(SO),gz(SO)
character a*g80,fx30
READ(1,’(a}') A
READ(1,7(22X,13)°) MT
write(z,x) A
write(2,’(a20,i4,aé)’)’Moving Total For’,mt, days’
PRINT *, "How many years ?°
READ *, NDATAH
XSUM=0_0 ‘
DO 10 I=1 _NDATA
read(l,’(2x,ia4,8%,f7.2)7) vear(i},x(i)
XSUM=XSUM + X(I) :

"0 CONTINUE
XMEAN= XSUM/NDATH
SN=0.0
, DO 20 J =1,NDATA
20 SN= SN + (X(J)~XMEAN)*%x2
8Dz sqrt(SN/(NDATA-1))
C "NOW DATA WILL BE ARRANGED IN THE DESCENDING ORDER
‘ DUM=-99 0

DO 400 L=z1,.NDATA
DO 50 Mz=L .NDATA
IF(x(MY .GT. DUMY THEN
DUMzZx (M)
II=M™m
ENDIF

50 CONTINUE
DUML=YEAR(IT)
YEAR(II)=YEAR(L)
YEAR{LY=DUM1
x(1i)=x(1) ' .
(1) =2DUM

. dum==~99 O
400 CONTINUE

PRINT *, "ENTER PLOTTING POSITION NAME °
READ (*,’(alS,fS.S)’} f.pp

o write(2,*) ? ’

; Write(2.’(4x,a15,5.3)") f.pp

‘ PO &0 N=1 NDATA

: P(N)= (float(N)-pp)/(NDATQ+1—2*pp)

i o b(N)= 1/(0.77976*5d)*(x(n)—xmean+0.45*sd)

- Ps(N}= l-exp(-exp(-b{(n)))

: diff(n)= p(n)-ps(n)

o) continuea




dmax = abs{diff(1l))
do 65 i=l,ndata-1
if ( dmax . lt.abs(diff(i+1)))then
dmax = abs{diff(i+1))
. aendif

G5 continue
wsum=0.0
Tsum=0_0
Asum=0_ 0
do 11 i=1,ndata
gzr{iY= p=s(1)
wsum = wasumtdiff(l)+s*2
ZsumzIsumtgz (1)

i1 continue
Weaz wsum+l/{12*%ndata)
Usqs Wsa-ndata*x(zsum/ndata=0.5)**2
do 12 i=zl.ndata

12 nsumzasum+(2*i—l)*(alog(gz(i))+alog(l~gl(ndata+1—i)))
asg = -Asum/ndata - ndata
write(2,*%) ' K - § Teat for Gumbel Distribution
e write(2,%) ' ’
C write(2,x) ’ Mean 5td Dev
c write(z,’(3x.f7.2.4x,f7.2,/)’) ¥Xmean ,=od
c write(2.,*%) ’ Year Rmax P EPP Diff ’
c write(2,%x) ’ ’ )
c write(2,’(4x.i4,1x,ia.2x,f7.2,2x,f5.4,2x,f5.4,2x,f7.4)’)(year(k),
c 4 year(k)+l,x(k),p(k).ps(k),diff(k),kzl,ndata)
e write(z,*) ’ ’ .
‘ write(2,’ (as0,2x,f5.4)") "’ Computed Kolmogrov - Smirpnov ( k-s ).
{ 4 Value = 7 ,dmax
o Wwrite(2, “(a40)’) ’ WHx2 Us*2 axx2
write(2. '(£8.4,7x%,f8.4,7x,f8.4)7) wsq,usq,asq
stop .
and




c-7

c Pearson Type -T117T Distribution
integer year(SO).DUMl,ndata,mt .
dimension X(SO).p(SO).ps(SO),diff(So),z(SO),w(SO) »FRt(50)
character axgo . T*40 ‘
REQD(l.’(a)’) a
READ(l,’(Z?X,IE)’) MT
write(2,x) g :
write(?,'(a?O,i4,a6)’)’Moving'Total For’,mt, days’
PRINT *, "How many years ?°
READ *, NDATA : '

XSUM=0.0

DO 20 I=-1,NDATA ,
read(l,’(2x,i4,8x,f7.2)’) year(i),x(i)
XSUM=XSUM + X(1)

20 CONTINUE
XMEAN= XSUM/NDATA
GNzZ0 .0
CN = 0.0
DD 21 J =z1,NDAaTA
SNz 8N+ (X(J)-XMEAN)*%2

21 CN 2 ON + (X(j)-XMEAN)**3

SD= sqrt(SN/(NDATA-1)) A

Cs = ndata*CN/((ndata—l)*(ndata—?)*SD**Z)

NOW DAt WILL RBE ARRANGED IN THE DESCENDING ORDER

OO

DUM=-94 .0
DO 400 Lzi ,.NDaATA
DO 50 M=L ,NDATA
IF(x(M) .GT. DUM) THEN
DUM=X(M)
IT= M
ENDIF

50 CONTINUE
DUMl:YEAR(II)
YEQR(II)ZYEQR(L)
YEAR( L }=DUM1
X(11)=x(1)
x(1)=DUM
dum=-9%_0

400 CONTINUE

i C
E PRINT *_ "ENTER PLOTTING POSITION NAME '
' READ (*,’(alS,fS.S)’) f.pp
write(Q,’(dx,als,fS.S)’) f.pp
DO 6C N=1,NDATA
p{n)= (float(N)—pp)/(NDATA+1*2*pp)
Ft(N)= (x(n)-xmean)/sd
< if ( fkt(n) -gt. tt} then
c Tkt(n) = tt

o endif




c-8
flk= cs/6
27=0.1
75 all=ZZ+fk*(ZZ**2—1)+(1/3)*(ZZ**3—6*ZZ)*fk**z-(ZZ**Z—l)*fk**s

A+LIXR(FRE*X4 )+ (1 /3 )% FREXS

CC= 1+2*fk*zz+(fk**?)*(lz**2)~2*fk**2~2*(fk**s)*22+fk**4
ZZ=2Z-(all-fkt{n))/cc
EE = (ALl-fkt(n))/fkt(n)
if (abs (EE). ge. .00001) go to 75

z{n) = 22
G = 1 ) .
55 Al= 2.515517+0.802853*G+.010328*G**2
B = l+l.432788*G+O.18926?*G**2+.001308*G**3

C= 2.79+0.93*G+0.151*G**2
Dz1+C/AlL

G = @ ~-(G—(ﬁl/B)—abs(z(ﬁ)))/D

E =(G-A1/B~abs(z(n)))/abs(z(n))
if(abs(E). ge. .00001) go to s5

Ps(n) = sart(exp(-w(n)**2))
if (p(n).gt.0.5) go to 72
diff(n)=p(n)-ps(n)

go to &0

72 diff(n)= p(n)+Ps(n)-1
ps(n)=1-ps(n)

&0 continue

dmax = abs(diff(1))

do 65 iz]1,ndata-1

it ( dmax . It abs(diff(i+1)))than
dmax = abs{diff(i+1))

endif
&5 continue
c write(2,x) ° ?
write(2,*) ° K - S Test for Pearson Type III Distribution
c Write(2,%) ° ’ '
c write(2,*x) ° Mean Std Dev Coff of Skew'
c write(?,’(3x.f7.2,3x,f7;2,10x,f7.3/)') xmean ,sd,CS '
c write(2,*) Year Rmax p EPP Diff b4
c 4 W'’
c write(2,x) -’ ’
(o write(Z.'(4x.i4,lx,i4,2x,f7.2,2x,f5.4.2x,f5.4.2x,f7.4,1x,f7.4,l
) c 4 T8.4) )(year(k) year(k)+l,x(k).p(k),ps(k).dlff(k).z(k), ‘
C 4 w(k),k:l.ndata)

write(2,’(a50.2x.f5.4)’) ’ Computed Kolmogrov - Smirnov ( k-s
4 Value = ’ dmax

stop

end
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c-9

Log Pearson Type III Distribution

integer vear{50),DUMl,ndata,mt

dimension X(50).p(50),ps(50),diff(50),z(50),w(50),y(50)
character a*xgQ ,f*40

READ(1,’(a)’) A

READ(1.(22X,13)°) MT

write(2,*) A

write(2.'(a20,14,a6)’ ) ' Moving Total For’,mt, 'days’
PRINT *, ’How many years ?’ :

READ *, NDATA

YSUM=0.0

00 10 I=1.NDATA

read{l, (2x.id4.8x.f7.2)") year(i),x(i)

continue .

do 20 I=1,ndata

Y(id= aloglo(x{i))

YSUM=YSUM + Y(I)

CONTINUE

YMEAN= YSUM/NDATA

AMz=0.0

CN = 0.0

DO 21 J =1,NDATA

SNz BN + (y(J)-YMEAN)#*Z

CN = CN + (y{3j)-YMEAN)*xXx3

5D sgrit(SN/(NDATA-1))

CS = ndata*CN/{(ndata-1)}*(ndata-2)*SD*%*3)

NOW DATA WILL BE ARRANGED IN THE DESCENDING ORDER

DUM=-99 .0

DO 400 L=1,NDATA
DO SO0 M=z=L,NDATA
IF(y{M) .GT. DUM) THEN
DUM=y (M)

II= M

ENDIF

CONTINUE
DUML=YEAR(II)
YEAR(II}=YEAR(L)
YEAR{ L) =DUMIL
y(ii}=y(1l)
v{1)=Dhum
dumz-99 . ¢
CONTINLUE

PRINT *, "ENTER PLOTTING POSITION NAME °
READ (*, (a15,f5.3)") f,pp
Write(2, ' (4x.al15,f5.3)") f.pp
write(*,*) cs :
print *, ’Critical value for cs
road ¥, tt

L]

LIERS o

yFKE(50)




DO &0 N=L . NDATA
p(n):= (float(N)-pp)/(NDATA+1-2%*pp)
fkt(N)= (y(n)-ymean)/sd

c if ( fkt{n) .gt. tt) then
c fkt(n) = tt
c endif
fkz cs/6
272=0.1
75 allaZz+flew({Z2wk2- 1)+(1/3)*(ZZ**3 GHTZ IRFR*ED~ (ZI¥2-]1 YRFREXT
4+ZZﬂffk‘*4\+(l/ JHf K¥%S
(] CcC= 1+2*fk*22+(fk**Z)*(ZZ**Z) 2% F kR 2-2% (FR¥*KTIXZT+FK**4

72=77-{all-fkt(n))/CC

EE = (All-fkt(n))/fkt(n)

if (abs (EE). ge. .00001) go to 75
z(n) = 22

.515517+0.802B53*%G+. O1032B*G**2
. 41 ATPTRBFGHO . 1 RIVEIRGHFD+ OO]’OB*G**’
= 2.79+0.93*xG+0. lSl*G**Z

D=1+C/A1 '

G = G -(G-(A1/B)-abs(z(n)))/D

E =(G-Al/B-abs(z(n)))/abs(z(n))
if(abs(E). ge. .00001) go to S5
wi{n):=G

peln) = sartlexp(-win)*¥*2))

if (p(n).gt.0.5) go to 72
diff(n)yzp(n)-ps(n)

u—-\JI—'

G =

55 Al
R =
C

go to &0

72 giff{n)=z p(n)+Ps(n)-1
ps(n):zl-ps(n)

0 continua

dmax = abs(diff(1))
do 65 i=1,ndata-1
if ( dmax . lt.abs(diff(i+l)))then
dmax = abs(diff(i+1)) .
endif
65 continue
write(2,x) ’ K - S Test for Log Pearson Type III Distributioh’
write(2,») ° ' )
write(2,*) ’ Mean Std Dev Coff of Skew'
write(2, (1x,f7.2.2x,f7.2,12x,f7.3/)") ymean ,=d,CS
write(2.,%) ’ Year Rmax P EPP Diff z
4 W'
write(2, *) ’ :
write(2, {4x,id, 1x,14,2%,f7.2,2%x,f5.4,2x,f5.4,2x,17.4,1x, 7.4, lx

4 £8.4) " Y(vyear(k), year(k)+1 y(k) p(k) ps(k) dlff(k) z(k),
4 w(k).k=1,ndata)
write(2,*%) ° ’
write(Z,’(aSO.?x,f5.4)')’ Computed Kolmogrov - Spis -5 )
4 Value = ' ,dmax
stop @_{.?}12 ﬁ'f}
end ‘

,
(4 RAesaramrsdiveive
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