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ABSTRACT !

This user's manual gives the details of eight computer

programmes to carry out flood frequency analysis. These programmes

are for fitting of :
1. Lognormal two pérameter,
2. Lognormal three parameter,
3. Fxtreme value type 1
4. Pearson type III
5. Log Pearson type III distributions, and for
6. Computation of standard errors,
7. Best fit distribution using normalization procedures and ch-
sguare criterion and
8. Flood freguency analysis using power transformation method.
These programmes are written in FORTRAN language. The
programmes listed 1 to 6 have been adopted from Kite (1977} and
implemented and tested on VAX-11/780 Computer Sy?tem of National
Institute of Hydroleoqy, Rocrkee. While the programmes 7 to 8
have been developed and tested on the computer system of the
Institute. -
The programmes l1tos compute the floods of 2,5,10,20,
50, and 100 years recurrence interval only. The parameters are
estimated by method of moments and method of maximum likelihood.
The programme 6, compuytes standard errors of events
'cAmputed from normal, 2 parameter log normal, 3 parameter log
normal, EV-1, Pearson type III and log Pearson type III

distributions compﬁred éo the observed event magnitudes.



Various normalization procedures uieq in the programme
7, include inverse Pearson type III transformation, lognormal
transformation for which the parameters are estimated on the
basis of theoretical relationships, log transformattbn. inverse
log Pearson type III transformation and sgquare root transfbrma-
tion.

Programme 8 estimates 50, 100, 200, 500, 1000 and 10,000
years return period floods using power transformation method to
normalize the data.

'All these programmes could be run on micro computers also
with minor mcdifications on to suit particular system. This
user's manuai provides useful inférmation for application by-
field engineers for hydrologic analysis and design. The results
obtained by these programmes are sﬁbject to assumptions and

limitation of flood frequency analysis approach.

i1



L.0 INTRODUCTION

Flopd frequency analysis is a tool used to estimate the
frequencies of future floods. In this apprcocach the sample date
éré used to fit frequency or probability distributions which in
turn are used to extrapclate from recorded events to design
events either graphically or analytically. The sample data can
be either annual flood series or partial duration series. 1In
annual flood series highést floods for each year are considered
while in partial duration series all the floods ahove a particu-
lar threshold are considered. The only restriction about
partial duration series is that the floods considered should be
independent. Generally in field practice annual flood series
is considered. The programmes given in this user's manual deal
only with the annual flood series. Commonly used probability
distributions for flood frequency analysis include leg normal
- two parameter distribution, log normal -3 parameter distribu-
tion, extreme value type 1 distribution, Pearson type III
distribution and log Pearson type III distribution. Various
methods for estimation of the parameters of these distributions
are available in literature. Among these the method of moments
and method of maximum likeljhood are more popular. 1In frequency
analvsis goodness of fit of various distributicn is e#amined
based on some statistical eriteria. The two most commonly used
tests of goodness of fit are the Chi-sgquare and Kolmogrove
smirnov tests. An additional check on goodness of fit may be
made by computing the sum of squares of differences between
cbserved and cdmputed event magnitudes. Once the distribution
of sample data is decided .the floods of variocus return periods
can be estimated from the samplg data. The standard errors of
flood estimates increase as the return period increases.

1



Another methodtof carrying out flood frequency analysis
is to first transform the data to normal distribution using
power transformation, carry out the frequency analysis and
again transform the results to original domain. This user's
manual gives details of eight cdmputer érogrammes which deal

with the above aspects of flood frequency analysis.



2.0 PURPOSE

The main purpose of this user's manual is to provide,
.Ehe computer proqramm;s for carrying out the flood frequency
analyiis, to the field engineers. The user's manual gives
the details of eight computer programmes. The first five
programmes are for fitting of the :

l. 1log normal two parameter.

2. 1log normal three parameter,

3. extreme value type 1,

4. Pearson type III, and

5. log Pearson type III distributions.

The remaining three programmes are for

6. computation of standard error of various ‘distribu-

tions in fitting the annual flood series,

7. best fit distribution using normalization procedures

and Chi-square criterion, and

8., flood frequency anilysis using power transformation

method.

These programmes are yritten in FORTRAN language. .The
prograrmes listed 1 to 6 have beern adopted from 'Preguency and
Risk Analysis in Hydrology' by G.W., Kite. These programmes
have been implemented and tested on VAX-11/780 Computer system
of National Institute of Hydrology, Roorkee. While the
programmes 7 to 8 have been developéd and tested at NIH. The

purpose of each programme iz described as follows :



2.1 Programme 1 {(LN2!FOR)
This programme computes method of moments and method.
of maximum likelihood estimates for T year events and

. .gtandard errors for two parameter log normal distribution.
2.2 Programme 2 {(LN3.FOR)

This programme computes method of moments and method
of maximum likelihood estimates for T year events and

standard errors for three parameter log normal distribution.
2,3 Programme 3 (T1E.FOR).

This programme computes method of moments and method
of maximum likelihood estimates for T year events and

standard error for extreme value type 1 distribution.
2.4 Programme 4 (PT3.FOR)

This programme computes method of moments and method
of maximum likelihood estimates for T year events and

standard errors for Pearson type 3 distribution.
2.5 Prograrme S5 (LP3.FOR)

This programme computes method of moments and method
of maximum likelihood estimates for T year events and

standard errors for Log Pearson type 3 distribution.



2.6 Programme 6 (SER.FOR)

This programme computes the standard errors of events
computed from variocus probability distributions compared to

the observed event magnitudes.
2.7 Programme 7 {CHI.FOR)

The purpose of this programme is to find out best fit
distribution after testing various normalization procedures
on the basis of Chi-square statistic for different seasons/
months of the year. The programme compares the following

normalization procedures :

a. Normal distribution by method of moments
b. Inverse Pearson type IIL transformation
c. Log normal iransformation (parameters are obtained on

the basis of theoretical relationships)

d. Log transformation (parameters are estimated by method
moments)

e. Inverse log Pearson type III transformation

£. Square root transformation.

The programme calculates the number of degrees of
freedom and can be applied to data sets of weekly, monthly,

seasonal and annual time series.
2.8 Programme & (POWTRA.FOR)

The .purpose of the programme is



{1) to tranform the given independent and homogeneous
annual maximum flood peak series to near normal

distribution using power transformation, and

(2) to perform frequency analysis on this nearly normally
distributed series using method of moments for
estimating 50, 100, 200, 500, 1000 and 10,000 years
return period floods based on éwo approaches viz.,

(a) The coefficient of skewness is neafly zero, and

(b) The coefficient of Kurtosis equal to 3,0.



3.0  METHODOLOGY

Some of the important terms which have appeared in the text ‘very
frequently are described first and later specific method used in each pro-
gramme is explained.

Terminoclogy :

1) Population data: Population data encompasses all possible values, an
event can take.

{i1) Sample data : Sample data are available data from the cobservation of
an event.

- (ii1) Randam sample : A random sample is taken from the population in such

o a way that every possible sample, drawn in the specified manner, has

an equal chance of being chosen.

(iv)  Recurrence interval ¢ T years recurrence interval or return period
means an event which may occur, on an average, once in T years.

{v) Quantile eétimate : Magnitu;)de of an event which may occur once in
T years.

(vi) Standard error : It is the measure of the variability of the result-
ing event magnitudes. '

(vii} Mean : It is a measure of central tendency of the data‘ ard is given

by

- N

X = £ X ees (1)
{1 =1

where X i=1, 2, ,N represents N -years sample.

(viii) Standard deviation : Standard deviation is a measure of the vari-
ability of the data series. The unbiassed estimate of standard devia-
tion is given by



(ix)
(%)

{x1)

(xii)

(xiit)

% = (
i

[ B4

(x, = 0?2 7 ti-1) ' e ()
1 .

Variance : Varlance 1s square of standard deviation.
Coefficient of variation : Coefficient of variation is a dimensionless
parameter, generally used as a reglonalization parameter.

®x

& = 3 . .- 3

Coefficlent of skewness : It is a measure of the symmetry of the

- empirial distribution of the sample data. The unblassed estimate of

the coefficlent of skewness 1s given by

N =3
c - N. i-'l(xi-x)

Sk v 4 0

e (4)

Coefficient of kurtosis : It is a measure of the peakedness of the
empirial distribution of the sample data. The unblassed estimate of
the coefficient of lurtesis is given by
N
=4
M. I - R

c, = aen (5)
k (N-1) (¥-2) (8-3)a

Standard error of statistical parameters: The statistical parameters
such as mean, standard deviation, coeffident of skewness calculated
from the data are not the true representatives of population statisti-

cal parameters. The standard errors assoclated with these parameters

are given by following equations

[+3 .
- X
Se(x) "f—N_'- see (6)
. O x
Se\o?‘) - o e (7)



6N (N-1) -
% %!~ W weom _ e B

where,

Se {x) - .standard error of mean, 7

S, (9,) = standard error of standard deviation,

Se (Cs) = standard error of coeff. of skewness

N . = sample size

Oy = standard deviation of the prcgnmes are explained as

follows.

A

3.1 Programme 1 (Tuo Parameter Lognormal Distribution)

If the logarithms of a variable x are normally distributed, then

the probability density function p(x).is given by the following equation :
: 2

1 _‘lﬂx-v

(x) = e
P Xoy 2w 2 :ng.

-es (9)

vhere,

"y ~ mean of the natural logarithms of the vartable x, and

o, = standard deviation of the natural logarithm-of the
variable x



i.1.1 Estimation of parameters
The parameters of the distribution are estimated using the
following methods :

(i) Method of Moments

tii) Mathod of Maximum likelihood

(i) Method of Moments 3 ' .
The general equations for first moment of the p 4 f about
the origin and second moment of the p d f about the centroid are

given as @

Yy+o 2 /2 .. (10
U= e ¥
2
02 - (e¥q) u? . EEY

where U and O are the mean and standard deviation of the

variable x.

If a sample of annual maximum flood peaks is given, then
the mean and standard deviation estimated frum that sample provide
‘the estimates of u and 'a . 'l'.'quation {10) and (11} are solved

to estimate the two parametecs, uy and Oy . of the distribution.

{ii) Method of Maximum likelihood :
: : \

By this mathod, the parameters of the distribution, p
are estimated by smolving. the following equations resulting fro:differGXting ‘

the logarithms of the likelihood function with respect I:or-y and =y respectively

n
o= gk Inxg/n : .. 2y

n
o2 = I

2. '
Y e Ilnxi— uy) /n 1R

10



3.1.2 Quantile estimates
T-year flood can be computed using the equation :

Inx, = ) +tuy vs (14)

where Xy is an estimate of T-year flood, and

t is standard normal deviate

An alternative way for calculating the T-year flc;pds.
;nvglves the use of frequency factor, XK in the frequency equation.
The general frequency equation in terms of frequency factor, K is

" given by the equatian :

x,r-u-l-UKT .o {15}

-

where U and O are mean and standard deviation of the

‘original flood peak series.
The f.nqu_‘ency factor l,r for log normal two parameter
distribution is given by the following equation (Kite 1977) :

eunnu’nw t - [Iln(1422))/2 \

K, = [ - ] . es (16}
T . M

where, Z is the co-efficlent of variation of recorded svents.

11



21.3 Standard error of estimate

(i) Method of moments :

The standard error of estimates
for T-year flood events are computed by method of moments using

the following equations :
AT = (14 (z3+32) KT + (za+szs.+1524+ I622+ 2) K;M ]5 e 117)

Sp = Ao e SR}

where .
KT is frequency factor given by equation (16)
z is co-efficient of va.riation of the recorded events
O is standard deviation of ths recorded events
n is no. of recorded cven;s, -and

S is the standard error of estimate for T-year flood events.

(ii} Method of maximum likelibeod :

The programme ) uses the following equations to
compute the standard error of- estimates for T-year Elocd events

by method of maximum likelihood :

£, = 1 anze ) texn? (ae? s 2212 .. (19)

Sp = Qro‘//n_ .20

The listing of thesource programme is given in Appendix IA.

12 .



3.2 Programme 2 (Three Parameter Lognormal Distribution)

The three parameter log normal distribution rcpresents .
the normal distribution of ‘the logarithme of the variable {(x-a},
where a is a lower boundary. The probability defisity function

of this distribution‘is given by :

2
' _ =[ln (x -a} -lJy]

1 e .. 421
{x-a)g_ /20 - 2 2
b'd . UY

pix) = [

‘where, l-ly and Uy are the form and scale parameters for the
distribution and considered to be the mean and standard deviation

of the logarithms of (x-a).

3.21 Estimation of parameters

fhe following methods of parameters estimation are used
in the programse.
(i) Method of moments

(1i) Mathod of maximum likelihood

(i3 Mathod of moments :

The three parmters.‘ H.» dy and a of this distribution

) Y
are computcd as follows using method of mcnent's in thpaprograhne.

-

-, CARYIAG ' o .. (22
w = 2
z, = a-w’ W3 .. 29

13



o =11n (2241112 o e (24)
Y 2 : ]

B = 1Intc/ )-11 { 2+n . . '(25)"
¥ ) zz 3 _n zz . e

a = u-a./zz . {26}

'l'herefore, the procedure ‘involves the computation of
the mean, i standard deviation, o and co-el'u:nent of skeu, R Y of the-
observed events, which are used in’ equat:.on (22) to (26) to provide

an estimate of parameters.

(ii) Method of maximum likelihood :

The parameters are obtaj.nad by -ethod of lelnn u,lmuhood

after solving the following Ron-linear equatlons using Newton's

method -
u, = =t in (xi-a') ' - (27
. ; a L | _ . 7
o = I, Iln (x; - a) -Hyl'!r_l o e szi.
? {x, - "I(u. 5% . ? tx, ~a}"! Inix -a) . (a9)
1= 1% -a) y % PIALT nix; e i

i=

Bquations (27) to (29) are solved by HNewton's mathod
of non-linear optimization 1n ordn\ to arrive at an m Vllu
of a which is substituted bu-l: in equations (271 ana {28) to mmu

2

u and oy respectivoly.

1



i3.2.2 Quantile estimates

(i) Method of moments : .
T-years flood sevents using the method of moments are
estimated from the standard frequency equation :

. [}
x,r-I-I ”"I‘

where exp ( [1n (142211 ¢ oq1n W42 1/20- 100
K, = - .
T z,
and U and O are the sample estimates of mean & standard
deviation,
tii) MBethod of Maximum Likelihood ;

The following relationship is used to estimate T-years flood
events by the maximum likelihood procedure ;

+to
¥ 4

Xp " ate Y ‘ ‘ v (31)

3.2.3 8tandard error of uthﬁtt

L) Mathod of moments :

The standard error of estimate using method of moments

is computed from the follewing expressicns,

? ] 3
2 *x .2 ) e I *» 2
B, = (au‘t ) vu'll‘-+ (-ﬁl—;’ var ¥, *l-ﬁ—al var §,
CR 1 g 23x,r Ox,r r
] e——am cov (u e U | I — cov (u TS |
¥ BT 1 2 + oy 173
3!1' 2 3111 k| .
Ix ? ’ .
+ zW"L au,__x'z cov (B, U, -+ 132
2

i5

.. (300



where

¥
,T = 1 .. (33
au,
9x
7 1 3k
= — TK-3 v .. {39)
A, 29 Y1,
ax
T
T '2 g_{—"— .. {35)
3 )
' . ‘
var u' I-lz/n .. £386)
1 2
var "z - {u‘-uz } ... {37)
1 2 3
var My s = (uo-MS-euuy +90,7 ) .. 138)
w', u) = 9
cov u.l, "2 uan . (39)
! 1 2
cov HJ1 . |.|3) - n (l.l‘ 3u2 } «. (40}
1 .
cov (uz.usl = (us-iu3 uz) _ .. (47)
2 2
0 4 2 o,
u, = e ¥ (e - 1) .. (42}
lg 2’2+3"y g 2 , o?
My = e te Y-1l(e ¥ 42y .o 143)
2024-4;.1 o 2 2 40 2 36 2 20 ?
u, = e ¥ Yie "-nfte Yeze Yize ¥o3) ..(am

16



!
c 022+ 10g?  e0? 3?2 a2
My =e ¥ Yie Y -se ¥ +108 ¥ -10e ¥ sty . 145
3024 1502 100? e ? 3.9
'i.lsfey Y ¥ e Y s15e¢ Y _zpe ¥
2
-]
+156 ¥ -5 .. 146)

Suba'tii;.ution of the estimates from egns. (33) to (46)
into equation (32) yields an expression for the standard error
of estimate. The initial computations a_r'i' to obtain the mean,
variance and co-efficient of skew, u" 4, and '{1_ réspoctivqu.
from the observed events; calculate uy and 0 and thc mht’s

Yy
u‘ to I-IG.

{ii) . Method of maximum likelihood :

The equatiomgused to compute the standard orror of estimate

by method of maximum likelihood are given as follows :

x Ix ' Ix_
2 T, 2 T 2 2 T, 2
ST = (-573 var a + ‘N“-i) var ﬂy _+"=ll_.) var Y
. Y y
ax Ix : ax x ‘
T T 2 T T
+ 2 —a—. o 3 QD‘V/(!,UY b+ 2 _E -"a"—y cov Ia.-u y)
¥ .
Ix ¥x
T T 2
+2aaz E I cov wy .uy} . {47)
Y .
Y
H 4+ 0 .
X, -'.a-l-. Y y ..(48)
Ix : . .
_,._'r. - 1 .. (49)
. Bx Uy, *ta .
T te . -« (50)
- i - JA—— . .
LY o? ;



'u"' e ¥ y ..(51)
y
3
VAT & = S nD . . 152)
g, =2y
2 2 : 2 ¥y y
g ‘4 - 20 7€
Dw! } 2 by l.ly)_l . ) e .
20 2 26 *°
b 4
g ? o 2+l) Ao "-u.) -2y ] )
var i -—'%._I e . Y e k . [54)
4 B
"v _ :
2 2 2 .
o U9 C - ) -2y )
var Uyz -_'—nxd-l ldyz-tl le . ¥ Y .e ¥ Y -. --{5%) .
o 4z2-n .
e ¥ y
oov (a, L Ty : . 158)
2 ] o? z/?-u :
cov {a, 0,9 = s C k57
2 2
[ g -2y
cov (uy,oy’: = - e ¥ 4 LY

substitution of the n'tint-'u using equations (48). to (s8)
in equation .(47) yields the snndlrl Stror of the r-mr uood
ovent. The listing of wource programme  is. .given in
* Appendix II A, . , .
3.3 Programme 3 Extrame Value Type 1 Di'*-ribut““

The typs -1 extremal distribution has the probability
density function and cu-ulativc probabilit.y ucnsity function
reapectively as ‘

g ~(x-B)]
pix) = o [-@{x-B)-a _ _ .. (59)

~a(x-B) : . .
and pix) = 2 ., (60)




where
o is a concentration parmtéi. and

B iz a measure of central tendency

3.1.1 Estimation of parameters

The programme uses the following two methods
for estimating the parameters,aand B, of the distribution.
(1) Method of moments

{ii)} Method of maximum likelihood

(i) Method of moments :

The two parameters @ and B are computed in the programme
EV1.BAS using the following equations : -
O = 71,2825/ © +.(61)

8 = u- 0.4500 © . ..l62)

vwhere U and O are the mean and standard deviation of the
sample.
The co-efficients of skew and Kurtosis for the
EVI distribution are approximately equal to 1.14 and 5.40

respectively.

(i1}  Method of maximm likelihood :

The following non-linear equation is Vsolved in the Programme
EV1.BAS using Newton's method of non-linear optimigation to compute

the parameters o andf by method of maximum likelihood:

afg

n_ - SRy A%, i
a-niu-B) +e 1 (.1:1 Bye i «+163)

19



where

" or

3.3.2

1)

Quanti 1e‘ estimates

Method of moments :

The programme computes the

‘T-year flood events

the following expressions by the method of moments.

‘ vhere

SRR Y

. . "
Kp == [0.45 + 0,.7797 1n (*1n l?--‘,-ﬂ 1

-.(64-a)

.. (64 b)

using

««{65)

«+ {66}

and U and T are sample estimates of mean and standard deviation,

reaspectively.

(ii)

Method of maximum likelihood :

T-ysar flood events are computed using the maximum likeli-

hood estimates of -parmml. a.and B . in the fol.iowing expressions :

3.3.3

(i)

1.
w =8 3 Y

Yo " “In{=ln ({T=1)/T}))

Standard error

Method of moments :

.. {67)

- (68)

The atandard error of T-year event is computed using

the following equations by method of moments :



- _ 21
8 = 7?1"“*"‘”"‘,* 1.1000 X . ..(69)

11} Method of Maximum likelihood ;

The standard error-of estimates for T-year event is computed

using the following equation in the programme :

1 ,
.ST = 7o {1.1086 + 0.514 Yo * 0.6079\!: y 2 .470)
The listing of the source programme is given in Appendix-
III.A

3.4 Programme 4 (Pearson type III Distribution)
The probabili_ty density distribution of the Pearson type

II1 distribution is of the form
| PE Sub &
( a )

1 -i¥.8 -1
plx) = —gm X, - t71)

where ©,B and Y are parameters to be defined for the distribution

andl-B’ is the gamma function. of parameter B

3.4.1  estimation of parameters
(1) Method of moments :
The programme computes the parameters of the

pearson type III distribution, o, 8 .and ¥ using the following equa~

tions by thé¢ method of moments :

B = (2/1))? .72
o= o/vB .. 173)
y=p-ovB o (T4)

where ‘7| is the unbiased estimate of skewness computed as

21



-1 - .
Yo~ 1/ o (e -+ 17%)

41 = Biased estimate of skewness computcdfrom the sampile.

n = Size of the sample.

(ii) Method ot maximum likelihood :

The parameters, @, 8 and 3y , of the distribution are .
estimte& by method of maximum likelihood in the programme P‘I‘SBAS
using an iterative procedure of non-lingar dptimlzation. based on

Newton's Method, to solve the following non-linear equation fory :

f-n P‘(B)/P('Bl_-l- 1& lnhti-'y_) ~-nlna=0 ..{76)
vhere ¥ (B) = TUBY/ T(B) | .77

“ln (B2 -2‘;;2" ) Vtz(e‘+z:2 ' 120:3 a2t

‘ ) 252(;;21‘_ ) ‘8“” ) & -7

B=1/11~ = n’ | | a1

’;'(xi-\it (t/lxi-q 1)

T
(x, =V
aw AN _ n

n n
‘ I (l/(xi-_'!il
i=1

-.(80) -

The optimum value of the parasster, Y ir iud in eqﬁation (79)

and (80) for estimating the remaining two parameters, O and B .



4.2 Estimation of qquantiles

(i) Method of moments :

The programms computes T-year flood events using

the following eqﬁatidnsl b); l:he method of mowents :

-x‘-u-!-cl-x,r ..181)

where |l and G are the mean and standard deviatioa estimated from’

the sample respectively,

: 2 R 1,.3 Y1 2 .2
Kp=te (ti=1) = + 3 (t7=-6L} (——1"-(t7-1)
Y, ¥ Y
. 3 Ji a1 T s
l'—s 1Y+t (—6 Yoo+ 3 (*—6} ..{82}

t= standard normal reduced variate corresponding to T-year
return period . :

and Y= co-efficient of skewkess

(ii) Method of maximum likelihood :

The parameters @ , B and'y , estimated by the method of
maximum 1ikelihood, are msédatad in the following equation to

compute T-year flood events from the programme PT3.DAS.
oy : T 3
X, =0 B 11 3T ¢ t/—ﬂ—‘i +y B L)

where ¢ = standard normal reduced variate corresponding to T-year
return period.
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3.4.3 Standard error

(i) Method of moments :
The standard error of T-year floed event, 5., is computed

by Method of moments using the following equations, in the programme

2 2
2 4] K 2 ax .3
ST- -n—l|+Kyl+T(3¥' /1+1l+3!5-;:(’4*'f' 74)
+3 (2—"—;2 (z+3-r'2+ 511"/31 ) .. (80)
; -

DK o (2 - 1) . ae’ - ex) y - 3;:2-1)7.'2
Y, - ¢ PE | &3 1

4t 10 .4 B
+ ‘1-1’ - .. (8%)

where t = standard normal reduced variate

and -".'I = co-efficient of skewness

(i) Method of maxisum likelihood :

The variance of the T7T-year cvent, 52, is computcd  in

1.!
the programse using the to;lwinq egquations by method
of maximum 1ikelihood : .
ax ? ] Ing ¥
s:-(.a: }zvar u+l-—r}1)z v-r8+t—-5:‘!)2va!1+z—rxg- 5—?
3xy,  dx 3xy ax,r ' _
cov(tl.ﬂ)*?—a-&" Wm(ﬂ.\li'?—rr ?rm(a d) 0 L.(B6)



..TR7)

E:I = (B i/3 a t )
3a g 23 1g /6
ax
T 173 1 t 2
= 3la - + —
Y3 og 273 3 /6
1 ) t
18 | ..188)
3 2/3 278 /3 18 /6
Ix
P
35 = 1 .. (89
vara = 1 l;’ég;, - ! 2) (90}
na’p (B -1)
var § = ———T——i—————- Lot9n)
nna B-2)
Vi .
‘var y = ﬂ_l_ﬂ__;_—_l_:ﬂ__ L. (92}
na‘n
-1 1 1
cov (&,B) = ( = - A ) - .{93)
naip B-2y (B-1}
1 1 .
S SV - (9
cov (&,Y) P ITB—_—W ¥Y(8)) (94}
n"n
1 <]
cov (B,y) = - { -1 ..{95}
n(l]D (B-1
po= —l— [2¥s) - LB, .. (96)
(8 -2)a (B~1)
, 1 1 1
YiB) = + +
tB+2) 2( B+ 212 6B +2)°
1 1 1 3 i 87)
- + 1- 3 + 2 + —2 |
30(8+42)°  42(B+2)7 30(B +2) (B +1) ]

where N is the determinant of matrix of tikelihood derivatives,
The listing of source programme is given in Appen-

dix IV.A
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3.5 Programme 5 ‘Log Pearson Type III Distribution)

If the logarithms, Inx of a variable x are distributed
as a pearson type III variate, then the variable will be distributed

as a log pearson type II1I with probability dansity Function (pdf) :

Inx -1
(x) = 1 (Inx-y B -1 =0T
PIX) = 3T o --(98)

where o , # and y are the scale, shape and location paramcters

respectively,

3.5.1 Estimation of parameters

The parameters of the distribution are estimated by the

fol lowing three methods.

(i} Method od moments (Direct)
{ii) Method of moments (Indirect)

(iii) Method of maximum likelihood

(i) thod of moments (Direct) :

The parameters, & , 8 and Y are estimated by the direct
application of the moment generating function to the pdf of the
log pearson type III distribution t;y this method. Thevfollowinq
cquations are used in the programme to computc the paramcters
of Ehe distribution by this method :

1n|-l3 - 3nH

..{99)

1n u2 - 21lnu
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where u;' M, W, are the third, second ‘and first moments of the
pdf about the‘crigin respectively and these woments can be estimated
from the sample. Therefore, B can be estimated directly from
the sample.

; .
C = zg’:—j‘)" : .. (100}

It 3.5 < B £ 6.0, then

A = -0.23019+1.65262C + 0.20911 c*® - 0.04557C° (101}
iIf 3.0 < B £ 3.5, then
A = -0.47157 + 1,99955C ..{102)

The values of C obtained from eqqation {100} is substituted
either in regression equation (101} or eguation (102} depending
upon the value of B. If the _v.alue of B does not lie within the
above stated ranges, then this method is considered to be inappli-
" eable for that particular sample data and the programme prints
out the instruction 'METHOD NOT APPLICAELE BECAUSE OF B VALUE
OF 'X', where X is any value of B érnter than 6.0. However, if the
value of B lies within one of the above stated ranges ‘then the
parameters O, B and Y are estimated by substituting corresponding

A, B and C values in the following equations :

a = 1/(A+3} ..{103)
B = Unky -2 M) /(10 (1-a)?- In(1-2a) ) .. 1104)
Y = 1In u; + 8 1n (1-a} ' .- (105)
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The parametersa ,B and } are then used to compute mean l.ly. standard
1

deviation Uy' and co-efficient of skow, ."y of the logarithms

of x as :
u = T+aB .. (106)
Y
g = o/B .. 1107}
Y
Y, = 2.0//8 ..(108)
(iii Method of moments {Indirect) :

The programme computes the parameters,a , 8 and y , by
this method following the procedure stated in section 3.4.1..
using the equations (72) to (75), from where the mean, u , standard
deviation, O , and skewness, Y , arc replaced by the calculated
mean, uv, the standard deviation, Uy. and the co-efficicnt. of

skewness, Ny, of the logarithms of x respectively.

(iii) Method of maximum }ikelihood :
In the programme - the parameters & , B and 3
are estimated by this method by solving the follouimj non linear

equations iteratively using Newton's method of optimisation :

n .
L nxime) = nap .. 1109}
‘ n
n¥(g) = Ly Inl{lnx-y)/a) Lnm
n
n~-aq (B=~1) i;, 1/ (lnxj—‘r) R RRRT!

28



3.5.2 Estimation of gquantiles
(i) Mcthod of moments (Direct) :

T-year events are computed using the following equation :

U o+ K.O
xT =- a Y Ty L i112)

where uy and cy are the mean and standard deviation of the logarithms
of xrespectively and computed using the equations (106) to (108) and

KT is computed using the equation (82}.

{ii} Method of moments (Indirect):
T-year events are computed by this methed using the equation
{112) wherellv and Gy are the sample estimates of mean. and standard

deviation respectively.

(iii) Mcthod of Maximum likelihood :

Ry this mothod, T-year flood cvents are computed in the

programme using the following equations :

Xp = ExP l(!..E3 +7Y) : L)

1 1 _
E =B(1-oF *‘/W' L.(114)

where @ , B and y are the maximum likelihood estimates of the para-

meters and t is the standard normal reduced variate.
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3.5.3 standard error
(i) Method of moments (Dircet) :

The standard error of the T-ycar cvent {or the log perarson

type III distribution by this method is computed using equation (84)

to obtain ST-y in log units from the standard normal deviate and
, .

the co~efficient of skew, computed from cquation {B5).

The standard error is then converted back to linear units

as
S -8,
x (e T.¥ -e le)
SN . o= - u-('l.’),
X 2.0

where ST .x is the average of the positive and negative standard
r

‘errors in linear units and Xy is the T-year event.

{ii) Method of moménts {Indirect) :

A"rha p:oce;:lure for estimating the standard error of the
T-year event by this method is same as for the method of moments
(Direct) except the sample estimate of skewness in log domain
is used to equation (84} and (85) along with standard normal reduced
variate ta obtain sT.y in log units. The equation (115} is used

to obtain the standard error.

(iii) Method of maximum likelihood :

The l‘tandar"d error in log unita is obtained from equation
{86) to (97) using the maximum likelihood estimates of parameters
a,B and Y. The lt\)garithuic standard error is then converted

to linear units using equation (115).
The 1listing of socurce programme is given in Appendix V.A



3.6 Program 6 (Standard Error of Frequency Distribution)

The programme is used to compute the standard
error of each of the distribution including turncated normal distri-
bution. The tollowing equation is used for this computation :

P oix, -y0?
e 4N

SE, = [ 1 2 L. (1186)

3

{n~-m)

i

where Xy i=1, 2....n are the recorded events

¥y i=t, 2....n are the event -ngni.r.ﬁdu computed
trom the 3" probability distribution at probabilities
.computed from the moxtad ranks of % i=1,...n and lj is the number

of parameters estimated from the jth distribution.

The probabilities of non-exceedence, 1"1. for each din.rir-

bution are computed as :

i

. = TeET e 117)

where i is the rank no. in ascending order..

‘The listing of the source prégra—é is given in Appendix-
VI. A '
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3.7

ii.

Cidi.

Program 7 . ( Rest Pit Distribution Using Chi-Square

Criterion)

The following steps are involved.

The programme first sorts out the data for a particular
Season. In the case of time series of monthly data
the ﬁrogrnnme sorts out the data for each month while
in the case of weekly data, the data for each week

is separated.,

' The programme arranges the seasonal data in descend-

ing order.
Various transformations are tested on this arranged
data, which are as follows:
a. Norﬁal distribution sy method of moments:
The data as such is compared with the nérnil

¥

distribution.

" b, Inverse Pearson type III transformation:

The following equation is used to normalize the

»

data:
cs
2

, c
Xy 13 %— + -2
-

...0118)

aja

¥ = {{

where,

X Original series

L Mean of the original series

gy Standard deviation of original series

C, r Coefficient of skewness of original series
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C.

Y : Pearson type III transformed series

Log normal distribution ( parameters estimation
on the basisof theoretical (parameters estimation on
the gasis of theoretical-relationships):

Parameters of the  log transformed series are cal-
culated on the basis of following theoretical rela-

tionshipk:

wy = 109 (u,) - 0.5 log {(g,/u )2 + 1 } een (119

qy = {log ( (ux/ux)2 + Ti )te oo (120)
where,
¥. : Mean of the original series
¢, 3 Standard deviagion of the original serieg
u, : Mean of log transformed series
“y : Standard deviation of the log transformed aer;es
The parameters $o obtained are used for the calculation
of chi-square statistic. )
Log transformation:

Y = log X ' eee(121)
where, _

Y : Log transformed series-

X : Original series
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iv.

e. Inverse log Pearson type III transformation:

In inverse log Pearson type III

transformation

log transformed series is used instead of ‘original

series. Rest of the procedure for

transformation

is similar to that for inverse Pearson type III

transformation.

f. Square root transformation:

in this procedure square root of .the original series

is used as transformed series.

After computing the statistical parameters of the trans-

formed series, the programme calculates

statistic for the4transforma£ion.

the chi-square

There are two methods available to compute the

Chi-square statistic wviz., (i) equal
method (2} equal probabflity method. In
the equal probability method is adopted.

statistic is computed as

2
NCLAS ({ f £ ..)°)
x2 = I ol - "ei
im1 fei
where,
foi = the observed -frequency in the
val.
Eei = the expected frequency in the
. " interval

¢lass interval
this programme

The chi-square

. s $122)

ith class inter

ith class

a = the level of significance at which the

distribution fitting the data

The programme .only computes x2

is being tested.

statistic and

it is left to' user for verifying the goodness of fit.



Bumber of degress of freedom is also calculated. Number of degress of freedom
is given N-p-1 vhere p is the parameter of the distribution and N is the
mumber of classes.

v. The chi-square value so obtained can be compared with critical chi-square
value for desired significance level and calculated rumber of degrees of free-
dom. The transformation giving the least chi-square value is considered to
be the best for that seasom/month/week data set. The critical value of X°
can be seen from Appendix IX. For example R% value for 951 significance level
ard 3 degrees of freedom is 7.81.

vi. Steps i to v are repeated for other seasons. The computer programme for
best fit distribution consists of one main routine and ten subroutines. The sub-

" voutine NOTRI calculatss standared normal variate corresponding to a given pro—
bability. The subroutine MSS calculates mean, st:andard'devial:im and coeffi-
cient of skewness of the given series. The subroutine €SS calculates chi-
square and degrees of freedm for a transformation. Subroutine NORMAL, analysés

normal distribution. Subroutine PT3, 1P3 and SQRIT analyse inverse pearson
Type III, log inverse Pearson Type III and square root transformations
respectively. Subroutine LNC analyses loé normal distribution for which pava-
neters are calculated on the basis of theoretical relationships. The subrou-

tine IN analyses log transformation. The subroutine SORTX arrarges the data
in descerding order.

The listing of the source programme is given in Api:endix'— VII A.

3.8 Programme 8 (Flood Frequency Analysis using Power Transformation)

The near normal distribution of the given annual peak flood series is obtain-
ed using power transformation, the form of which is given as :

Xf =1
Z = — for x& 0 .e. (123)
z, =~ In X; forx=0
where :
xi = the variate of the original series
Z, = the transformed series and

= an exponent which near normalizes the series.
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The near normalization is considered to be achieved when
the coefficient of skewness (CS) of the transformed series
approaches zero. The unbiased coefficient of skewness of

the sample data is computed as:

N = ,3
N B
cs= (N-1)(N-2) {"'—sr——l .ea(124)

in which,
§ = Sample standard deviation
Z2; = the power transformed variate
Zj = the mean of the power trangformed variates.
N = the sample size

The mean of Z series is compuﬁed as:

I, =4 & z Li.(125)

The standard deviation 8 is computed as:
N

8 =1 [iz-1(zi-z)21‘/2 cee(126)

In this program, when [C:[g 0.001, it is assumed that near
normality is achieved. The exponent, A which near normalizes
the data series is obtained by Newton Raphson technique.

The transformed series is said tp be near normally
distributed as the coefficient of kurtosis (CK} of the trans-
formed series may be near to, but not equal to 3.0 as réquired
for normal distribution. The unbiased coefficient of kurtosis

of the sample data is computed as:
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N
5 4
z (z;-%,)

2 ;
N i=1
CK = mWoiTm—sTeen) | o ] {127

Correction procedure is available for computing the standard
normal deviates taking into consideration, the deviation
of CK of the transfo;med series away from 3.0. The program
invariably computes the estimates of different recurrence
intervals based on this kurtosis correction procedure.

Statistical estimates of the near normalized@ series
are computed for the required return period and it is trans-
formed to the original domain using the following expression:

Xp = {20 + 1) M ...{128)
where, Xn and ZT are the flood peak magnitudes in the original
and the transformed domdin respectively.

Although log transformation is a particular case of
power transformation, its identification through Box-Cox
transformation may lead to computational difficulties due
to the required division of the quantity (xM-1) by *, which
is nearly equal to zero. Therefore provigsion is made in
the program to compute, invariably, the log transformation
of the series for the purpose of computing flood peak estim-
ates for 50, 100, 200, 500, 1000 and 10000 year return pericds.

The goodness of fit test is evaluated by the most commonly
used Chi-sguare test procedure. The program only computes

2

X" statistic. It is left to the user for verifying the good-

ness of fit.
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The programme consists of a main programme and six
_subroutines. Subroutine ARI computes the mean, the unbiased
standard deviation, the unbiased coefficient of skewness
and the unbiased coefficient of kurtosis. Subroutine SEQ
arranges the data series in ascending order and assigns
the corresponding years of occurrence against each arranged
data. Subroutine SPLINE and AKIMA are used for interpolation.
These subroutines are adopted from EHEC 1 flood hydrograph
package. Subroutine CHIST computes the Chi-square statistic
based on equal probability criteria for each class interval.
Subroutine NDTRI is adopted from IBM's scientific subroutine
package. This subroutine computes the standard normal deviate
and the corresponding ordinate of the normal distribution
for the given probability of nonexecedance.

The list of the source programme is given in Appendix

' VIII.A.



4.0 INPUT SPECIFICATIONS AND CUTFUT DESCRIPTICN

4.1 Input Specifications

Input card/lines have been devided in bwo parts
(a) Job cards
(b) Data cards

4.1.1 Programe 1-6

The Lnput specifiéations from programme 1 to 6 are same.

Job Cards

Card Variable Description Format

FIRST  TITLE Title of the problem A

SECOND N Number of anmual Free
maximm events

Data Cards

X (1), X (2),....X {N), series. of annual maximm events is punched
till end, in free format.

4.1.2 Programme 7 (Best Fit Distribution using Chi-square criterion)

Job Cards
Card Variable Description Format
" FIRST TITLE Title of the problem A
SECOMD N Total rumber of obse-rvat.ions Free
NS Number of seasons in a year
NCLAS Number of classes for the
calculation of Chi-square
THIRD N1 Option code for normal dis— Free
tribution -
N2 q:)tlm code for inverse

Pearson type III transformation
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N3 Option code for log normal dis-
tribution (parameters on the
basis of theoretical relationships)

N4 Option code for log transformation

N5 Option code for inverse log Pearson
type III transformation

N6 ion code for square root trans-
ormation

If any of the trensformation is not required O is given corresponding
to its option code, otherwise 1 is given.

Observations KX(1), KX{2)...., KX(N) are punched till end In free
format.
The mmber of classes should be chosen in such a way that at least

5 observations are there in each class and the observations for a season
should be independent.

The listing of data file is glven in Appendix - VII B.

4.1.3 Programme 8 (Flood Frequency Analysis using Power Transformation)

Job Cards
Card Variable Description = - Format
FIRST TITLE Title of the problem A
SECOND . N Number of armual maximm Free
. values to be analysed
NCLASS Nunber of classes used in
the Chi-square test
RI Recurrence interval for which
flood estimate is made
Data Cards

IVEAR {1),... IVEAR (N), series of years of flood observations are
punched in free form at till end. '



X (1}, X(2),=—, X (N), series of ammual maximum peaks are punched
till end in free format.

The listing of data file is given in Appendix VIII-B.

4.2 OQutput Description
4.2.1 Programme 1 {Two parameter log normal Distribution)

The main variables used in the output list are described below

Variable Description Format
TITLE Title of the .problen A

ML Mean of X E12.5
M2 Variarce of X Ei2.5
G Skew of X £12.5
XT{3) Array of flood estimates for 6E12.5

géfmgsretum periods by method
X{J) Array of standard error of flood 6E12,5

nagnitudes of different return
periods by method of moments

ML " Mean of In {X) E12.5
v} Variance of In (X) E12.5
G Skew of In (X) E12.5
XT(I) Array of flood estimates for E12.5

different return pericds by method
A meximm likel.ﬂiud

X (1) Array of standard error of flood 6E12.5
magnitudes of different retumn

The listing of output file is given in Appendix -I C.
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4.2,2 Programme 2 (Three parameter Log normal Distribution)

The mein variables used in the output 1list are described below

Variable Description Format
TITLE Title of the problem A

ML Mean of X E12.5
M2 Variance of X ) E12.5
G Skew of X E12.5
AMO location parameter, A E12.5 -
XT{J) Array of flood estimates for 6E12.5

different return periods by
method of moments

SX(J) Array of standard error of flood 6E12.5
magnitudes of different return
periods by method of moments
TOOUNT Serial rwumber 12
AS Location parameter " E12.5
FCN Objective function E12.5
AML Location parameter A, using E12.5
vethod of maximum likelihood :
wo Mean of In (X-A) E12.5
VAR Variance of In (X-A) E12.5
SKEW Skewnessof 1n (X-A) E12.5
XT(J) Array of flood estimates for 6E12.5

different return periods method
of maximm 1i.keli.lp1:od >

ST(J) Array of standard errors of flood  6E12.5
estimates for different return

periods by method of maximum
Likelihood

The listing of the output file is given in Appendix-II B.
T
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4.2.3 Programme 3 (Extreme Value Type 1 Distribution)

The main variables used in the output list are described below:

Varlable Description Format

TITLE Title of the problem A

ALPHA Location parameter of EV-1 distri- E12.5
bution by method of moments

ML Mean of the sample E12.5

BETA Scale parameter of EV1 distribution FE12.5
by method of moments . .

M2 Variance of the sample E12.5

SKEW Skewness of the sample E12.5

XT(J) Array of flood estimates for 6E12.5

different return periods by
method of moments..

sX{J) 7 Array of standard errors of flood 6E12.5
estimates for different return
periods by method of moments

ICOUNT ) Serial mmber 12 -
AS Location parameter E12.5
FCN Objective function E12.5
ALPHA Location parameter by method E12.5

of maximum likelihood

M1 Mean of the sample estimated E12.5
indirectly assuming ALPHA and
BETA estimated by method of
maximom 1ikelihood as correct

BETA Scale parameter by method of E12.5
) maximm likelihood
M2 Variance of the sample estimated E12.5

indirectly assuming ALPHA-and BETA
estimated by me of maximum
likelihood as correct
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XT(J) Array of flood estimates for 6E12.5
different return periods by method
of maxfmum likelihood

5T Array of standard errors of flood  6E12.5

magnitudes for different return
lf'eriods by method of maximum
1kelihood :

The listing of output file fs given in Appendix - III D.

4.2.4 Programme 4 (Pearson type ITI -Distribution)

The main variables used in the output list are described below:

Variable Description Format
TITIE Title of the problem A
ALPHA Scale parsmeter estimated by E12.5
method of moments
M1 Mean of the sample El2.5
BETA Shape parameter estimated by E12.5
: method of moments .
M2 : Variance of the sample E12.5
GAMMA Location parameter estimated by E12.5
method of moments ]
SKEW Skewness of the sample E12.5
XT(J} Array of flood estimates for 6E12.5
different return periods by method
o_cE moments ) -
SX(J) Array of standard error of flood 6F12.5

magnitudes for different return
periods by method of moments

ICOUNT Serial munber ‘12
AS Location parameter E12.5

FCN Objective function E12.5



ALPHA Scale parameter estimated by Ei2.5
method of maximum likelihood

M1 Mean of the sample estimated E12.5
indirectly assuming parameters
estimated by met of maximum
likelihood as correct '

BETA Shape parameter estimated by E12.5
method of maximem likelihood

M2 Variance of the sample assuming E12.5
parameters estimated by method of
maximm 1likelihood as correct

GAMMA Location parameter E12.5
SKEW Skevness .
parmtergfema aae%of Ei2.3
- maximm likelihood as correct
XT(T) Array of flood estimates for 6E12.5

different return periods by method
of maximm likelihood

Xs{J) Array of standard error of flood 6E12.5
estimates for different return
periods by method of maximum
likelihood ’

'n'nhlisting of the output file is given in Appendix - IV B.

4.2.5 Programse 5 (Log Pearson Type III Distribution)

The main variables used in the output list are described below:

Variable Description Format

TITLE Title of the problem ‘ A )

u First moment about origin of E12.5
' original series

2 Second moment about origin of E12.5
original series

L3 - Third moment about origin of E12.5
original series

M . Mean of the sample E12.5

7] Varisnce of the logarithms E12.5
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SKEW Skevmess of the logarithms E12.5

XT{J) Arrgy of flood estimates by 6E12.5

: method of moments direct

ST(J) ' Array of standard errors by method  6E12.5

. of moments—direct

ALPHA i Scale parameter (method of 6E12.5
moments-indirect) -

BETA Shape parameter (method of E12.5
moments-indirect } )

GAMMA . Location parameter (method of E12.5
moment-indirect)

ML Mean of logarithms of sample E12.5

M2 Variance of logarithms of sample E12.5

SKEW Skewness of logarithms of sample. E12.5

XT(}) Array of flood estimates by method 6E12.5
of moments-indirect

ST(D Array of flood estimates by method 6E12.5
of moments-indirect

ICOUNT Serial number 12

AS Location parameter ' E12.5

FCN Objective function . E12.5

ALPHA Scale parameter by method of E12.5

maximum likelihood

ML Mean of logarithms assuming para-  E12.5
: meter estimated by method of
maximum likelihood as correct

BETA Shape parameter by method of E12.5
maximm likelihood

M2 Variance of the logarithms assuming E12.5
parameters estimated by method of
maximum likelihood as correct

GAMMA Location parameter by method E12.5
‘ of maximum likelihood

SKEW Skewness of the logarithms assuming E12.5
parameters estimated by method of
maximm likelihood as correct



XT(J) ggr:gxg&; mﬂﬁ%‘” by method 6E12.5

ST(J} ' Array of standard errors by method 6E12.5
of maximm 1ikelihood

The listing of output file is given in appendix - V B.

4.2.6 Programme 6 (Standard Error of Different Distributions)

The main vari;bles used in the cutput list are described below:

Variable Description Format
TITLE Title of the problem . A .
ML Mean of the sample E12.5
"2 Variance of the sample E12.5
SKEW Skewness of the sample E12.5
X(n Array of sorted recarded events 6E12.5
IR P _ Mean of logarithms E12.5
L2 Variance of logarithms E12.5
s ' Skewness of logarithms E12.5
(1) Array of truncated normal events = 6E12.5
D) Array of 2 parameter lognormal 6E12.5
events
Z{1) Array of 3 parameter log 6E12.5
normal events
2ul) Artay of type 1 extremal events 6E12.5
Z(I) Artay of Pearson type III events 6E12.5
Z(I) . Array of log Pearson type III events 6!-212..5
SIM ' Standard error E12.5

The listing of output file is given in Appendix - VI B.
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4.2.7 Programme 7(Best fit Distribution using Chi-square critetion)

The following statistics are printed for desired transformations)

for all the seasons

Statistics Format

" Mean of the transformed series . F8.3
Standard deviation of the transformed serles F8.3
Coeff. of skewness of the transformed series F8.3
Chi-square : F8.3
Mumber of degrees of Ereedom 15

The 1isting of output file is given in Appendix. VII-C.

4.2.8 Progresme 8 (Flood Frequency Analysis using Power Transformation)

‘ The ‘output tabulstes the riginal series in Chronological order along-
‘with years and then it arranges then. in ascending order of magnitude along-
with the corresponding year of occurrence. It assigns the rank to them accord-
ing to the ascending order and computes the probability of non exceedances
using Blow's plotting position. Then the statistical parameters of the series
are written. These tabulationg are made for original, log transformed and
power transformed series in their respective domsins. Chi-square statistic

values are written for logtransformed as well as power transformed series.
The recurrence intervals of 50, 100, 200, 500, 1000 and 10000 years and the
corresponding flood estimates using log transformed and the power transformed
series are displayed. The tabular contents required for kurtosis correction
are also displayed.

The listing of output file is given in Appendix - VIII C.



3.0 RECOMMENDATIONS

" The eight computer” programses given in this user's manual are
written in FORTRAN language. FORTRAN compiler and simple FORTRAN instruc-

,tims are required to run the programmes. The memory requirement depends
upon the lemgth of the data which will modify the dimension statements of

the programmes.

The programmes LN2.FOR, IN3.FCR, TIE.FOR, PT3.FOR and 1’93.ma,
Compute the floods of 2, 5,'10, 20, 50 and 100 years recurrence interval
only. If the user warmaqto estimate the floods of the recurrence intervals
mentioned above, then one wore statement should be added in the programmes
to supply the normal reduced variate corresponding to the desired recurrence
interval through the single subscripted variable SND.

The programme CHI.FOR for best fit distribution using normalization
procedures and Chi-square criterion, can be used for any type of seasomal
hydrologic data e.g. daily, pented, ten daily, monthly or annual. It can
also be applied to otI‘m' data sets. The data should be continuous without
any gap and the observations dcross the year should be independent.

The programme POWTRA.FOR uses 'Nwtm-napl-um technique to eatimate
the power transformation exponent, & . The same can be done by grid neurehr
technique also. Since there is a systematic variation in the coefficlent of
skewness p_f the transformed series for different values of) , the Newton-
Raphson technique is somewhat more . efficient.

The results obtained by these computer programmes are subject to

various assumption regarding adequacy, relevency and sccurscy of deta and
lisitations of flood frequency analysis approach.
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APPENDIX - IA
SOURCE PROGRAMME (LN2.FQR)

MASTER LOG NORMAL DISTRIBUTION WITH TWO PARAMETERS
ESTIMATES FOR T YEAR EVENTS AND STANDARD ERRORS FOR 2 PARA
MEYERS {.OGNORMAL DISTRIBUTION

DIMENSION SND(SY» X100 XT(4)1SX{4)» TITLE(BO)

REAL KrM1,M2,M3
DPEN(UNIT”5:FILE=’DQTQ.D$T'!STATUSI’DLD')
DPEN(UNIT=6!FILE='LNZ.DUT’rSTﬁTU5=’NEu’)

SN (1)=0.0

SND(2)=0,841¢

SNL(3)=1.,2814

SND(4)=1,6449

BND(5)r=2.0538

SNE(46)=2,3244

READ(S,8) TITLE

READCS %) N

XN=N

READ(Srx) (X(I)rl=1sN)

WRITE(6+11) TITLE

WRITE(&6s12)

A=Q o,_o

B=B+X(I)%xXx2
C=CH+X{I)%%3

CONTINUE

MizA/XN

M2=(B/XN)~-(A/XN)X%2
M3=(C/XNY+2,0XM1%XX3~3 . OXM1%¢{B/XN)
M2=M2XXN/ (XN~1.0)

G=MI/(M2%%1.5)

WRITE(4»5) M1

WRITE(6+86) M2

URITE(&:7) G

Z={SART(M2)) /M1

A=ALOG(1,.04Zx%2)

DO 2 Jd=1,4

T=8NIDICJ)
K=(EXP{SQRT(A)XT-A/2.0)-1,0)/Z
XTCJ)=M1+KXSART(MN2) .
DELTA=SGRT(1.0+((le3+3.0*Z)IK)+((Z#*B+6.0121!6+15.012t*4
1416, 0%Z%%242,0) XK%%2)/4,0)
SXCJ)=DELTAXSORT (M2/XN)

WRITE(A513)

WRITE(S514) (XT(J)rJdul,4)

WRITE(4s15) (BX(J)sd=1s4)

Do 3 J=1s+6

T=8SND(J)
K=(EXP(SORT(A)XT-A/2,0)-1,0)/Z
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DELTA=SQRT(CARC (1, 0+KXZ)XX2)K(1.0+(THX2)/2.0))/2%%2)
SX{(J)=DPELTAXS50RT(M2/XN)

WRITECS:20)

Az0.0

B=0.0

C=0.0

Do 4 I=1+N

X(I)=ALOG(X(I))

A=A+X(I)

B=B+X(I)%xX%x2

C=C+X(I)%%3

CONTINUE

M1=A/XN

M2={B/XN)-(A/XN)%X2
MI=(C/XNY4+2.0%M1XX3I-3,0kM1X(B/XN)
M2=M2%XXN/(XN-1.0)

G=M3/(M2%%x1.5)

WRITE(&917) M1

WRITE(4,18) M2

WRITE(S+19) G

WRITE(As16)

WRITE(6+13)

WRITE(&+14) (XT{(J)rJ=1,8)

WRITE(&-1'3) (SX{M)rd=1+4)

STOFP

FORMAT{(20Xs ‘MEAN OF X’s14X+E12,5)
FORMAT (20X, "VARIANCE OF X’»12X,E12.5)
FORMAT(20Xs ‘SKEW OF X’ r186X+EL2.5+/)
FORMAT(80A1)

FORMAT(IS)

FORMAT(8F10.0)

FORMAT(/+80A1»//>21Xs’ THWD PARAMETER LOGNORMAL DISTRIB
1UTION’ 2 /) .

FORMAT (31X 'METHOD OF MOMENTS ://)
FORMAT(3X»7HT s YEARS s 4Xs1H27 11X 1HS+ 10X 2H105 10X 2H20+ 10Xy
12HS50»10X»3H100s /)
FORMAT(IX s IHX»IXEEL2,55 /v AXs1HT)
FORMATC3X31HS»3X+6E12.52 /4% 1HT»/ /)
FORMAT(3Xs "NOTE~FOR 600D USE OF THIS DISTRIBUTION SKEW OF
1L0GS SHOULD BE CLOSE TO ZERO’+/)

FORMAT (20X, "MEAN OF L N(X} ‘18XsEL12.5)
FORMAT (20X "VARIANCE OF LN(X) ‘s&XsE12.5)
FORMAT (20X, 'SKEW OF LN(X) ‘,10X,E12.5,/)
FORMAT(25X» 'METHOD OF MAX. LIKELIHOOD’)
END
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APPENDIX - IR
DATA FILE FOR PROGRAMMES 1-6 (DATA. DAT)

ANNUAL FEAK FLOOD DATA FOR NARMADA AT GARUDESHWAR (194B-79) IN CUMECS
3z

23890 26810 45430 10380 13290 17100 28450 29150 12810 26700 19700 38800
21250 43340 38880 15250 19560 15250 13000 22670 58100 31170 59400 19980
47980 61350 27300 33750 19500 22700 34240 38200
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APPENDIX - IC
OUTPUT FILE FOR PROGRAMME 1 (LNZ.0UT)

ANNUAL FEAK FLOOD DATA FOR NARMADA AT GARUDESHWAR (1948-7%) IN CUMECS
TWO PARAMETER LOGNORMAL DISTRIBUTION

METHOD OF MOMENTS

MEAN OF X 0+29537E+05
VARIANCE OF X 0,22095E4+09
SKEW OF X 0.,95539E+00
Ty YEARS 2 5 10 20 50 100

X 0.264046E405 0.3937BE+05 0.4B52BE+05 0.57445E4+05 0.70022E+05 0.79498BE+05

-] 0,22498E+04 0,44411E+04 0,6426BE+04 0.84931E+04 0.11339E+05 0.13587 £+05

METHOD OF MAX. LIKELIHOOD

MEAN OF LN(X) 0.10179E+02
VARIANCE OF LN(X) 0.23B20E+00
SKEW OF LN(X) 0.94500E-01

NOTE-FOR GOOD USE OF THIS LDISTRIBUTION SKEW OF LOGS SHOULD BE CLOSE TOD Z
T+ YEARS 2 3 10 ' 20 -1 . 100
X 0.24408E4+05 0.39378E405 0.48528E+05 0.574645E4+05 0,.70022E+05 0.79498 E+05

T ‘
S 0.22165E4+04 0,3B444E+04 0.54973E4+04 0,74247E+404 0,10364E4+05 0.12879E+05
T
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APPENDIX - IIA

SOURCE PROGRAMME 2 (LN3.FOR)

MASTER FROGRAM FOR LOG NORMAL 3 PARAMETER DISTRIBUTION
ESTIMATES FOR T YEAR EVENTS AND STANDARD ERROR

FOR 3 PARAMETER LDGNORMAL DISTRIBUTION BY METHOD OF MOMENTS
AND METHOD OF MAXIMUM LIKLIHOGD -

REAL M1sM2sM3sMA+MS»Més MY KrMU

DIMENSION SND{&)+X(100)

DIMENSION XT(&)eSX(&)»TITLE(BO)

‘REALX 8 SNDsX»XT»SX

CFEN (UNIT=5.FILE="DATA.DAT'STATUS="OLD")
OFEN (UNIT=4,FILE="LN3.0UT’+sSTATUS="NEW")
SNII(1)=0.0

SND(2)=0.8416

SNDR(3)=1.2814

SNI(4)=1,6449

SND(5)=2.0538

GNIN(E)=2.3244

READ(S»16) TITLE

READ(S+ %) N

XN=N

REAR{S»X) (X{I)vI=1sN)
WRITE(é6219) TITLE

WRITE(46,20)

A=0.0

B=0.0

C=90.

PO 1 I=1.N

A=AEX(I)

B=B+X{I)%Xx2

C=C+X(I)%xx%3

CONTINUE

Miz=A/XN

H2=(B/XN)-(A/XN)2X2
MN3I=(C/XN)1+2.0%XM1XX3~-3,0KM1X{B/XN)
G=M3/(M2%%1.5)
M2=M2EXN/(XN-1.,0)

WRITE(S6211) M1

WRITE(&+12) H2

WRITE(Ar13) G

IF(G.LT.0.0) GO TO 3
Wa{-G+{(GX%2)+4,.0)%%0.5)/2.
Z2=(1.-WEK(2,/3.))/CUEK(1./3.:})
AMO=M1-(M2%%.5) /22

WRITE(4-21) AMO
SY=(ALOG(Z2%%2+1,0))%%0.5
5Y2=8Y%x¥2
MY=ALOG((M28%.5)/22)~-.52ALOG(Z2%X2+1.0)
E=EXP(SY2)

EA=EXP(2,%8Y2)

EB=EXP(2.3%8Y2)

EC=EXP(3,0%8Y2)
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EN=EXF{4.0%X5Y2)

EF=EXF{6.0%5Y2)

EG=EXF(10.%5Y2)

EH=EXF(15.%5Y2)

EI=EXP(4,XMY)

EJ=EXP(5.0%MY)

EK=EXP (&, 0%MY)

EL=(EXP(S5Y2)-1.0)%%x2
M4=EAXEIXELX(ED+2.X¥EC+3.,%EA-3.)
MS=EBRXEJ¥(EG-S5.¥EF+10.XEC-10.%XE+4.)
MO=ECXEK¥(EH-6.0XEG+15.XEF-20.XEC+15.XE-5.)
UM1=M2/XN

UM2=(M4-M2XX%2) /XN
UM3=(ME&-MIXX2-6,. XMHAXNM2+T . XHN2KXT) /XN
CM1IM2=M3/XN

CHLIM3=(MA-T . XM2%X%X2) /XN
CH2M3I=(MD~4 . kMIXM2) /XN

Do 2 Jsisé

T=SND(J)

DXDM1=1.0. o _
IWDG=~-,5+6/(2. ¥(GXX244,)%%X,3)

DZ2DW=(~1 /73, )R (WXR(~4,/3.)tWXX(~2./3.4) .,
D1=ALOG(Z2%%2+1.0)
D2=EXP({SART{(D1})XT-D1/2)
D3A=(2.%Z22)/(1.0+Z2%%2)

Ra=T/ (2. 0RZ2XSART(D1))

nS5=1.0/22

D6=1.0/(2.0%Z2%x3)

DKDZ2=D3%(D2% (D4-D5-Dé&2+D64D5/2.)
K=(D2-1.,0)/22

DKDG=DKDZ2XDZ2DWXDRIG

- DXDM2=(1,0/(2,%SART(M2)) ) ¥ (K-3.,0%BXDKDG)

oXDM3I=DKDG/M2
SX(J)=BGRT({(OXDHIXEZ2)XVM1+ (DXDM2AX2 > kVMI+{DXDHIXX2)
AVHI+2.,. 0XDXDMIXDXDM2XCMIM242. 0XDXDM1XDXDNIXCHIMI+2,0
¥DXDM2ZXDXDMIXCH2ZM3)

XT()=M1+KXM2X%.5

WRITE(46y24)

WRITE(&+23) (XT(J)rJ=1s4)

WRITE(&24) (SX(J)rt=1948)

GO TO 4

WRITE(&6,14)

WRITE(&227)

WRITE(&4,28)

XMIN=10000000.,

D0 5 I=1.N

IF(XCI)LLTXMINY XMIN=X{(I)

AML=XMINX.8

ICOUNT=0

ICOUNT=ICOUNT+1
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2N 0w
CODOOOO
LA O L I )
CODHOOO

= O I (I TH | B T 1|

7 I=1yN
A=A+DLOG (X (T ) —ANL)
R=B+(DLOG(X(I)-AML))¥xx2
FoP+(DLOG(X(I)~AML} ) XX3
C=C+1.0/((X(I)-ANL))
D=D+1.0/((XCI)—-AML)¥%X2)
E=E+(1.0/((X(I)~AML)}))XDLOG{X (I)-ANL)
F=F+(1.,0/C{X(I)~ANL)£X2) )XDLOG(X{])-ANL)
B=(B/XN)~(A/XNIXX2-CA/XN)

H= (-2 XE/XN) 4+ (2. XA/XNYR(C/XN)+(C/XN)
FCN=CXG+E

FPN=CXH+DXG4+F-D

AS=AML-(FCN/FFN)

WRITE(6+29) ICOUNTsAS,FCN
DELTA=ABS(0.00001%AS)

IF (ABS(AS-AML).LT.DELTA) GO TO 8

IF (ICOUNT.GT.S50) GO TO 10

AML=AS

GO TO 4

CONTINUE

AML=AS

MU=A/XN

VAR=(B/XN)~(A/XN)XX2

VAR=VARXXN/ (XN-1)
SKEW=(P/XN)+2.0kMUXEI-~3, OXMUR(B/XN)
SD=SART (VAR)

A=EXP(VAR~2 , XMU)
E=EXP(2.0kVAR-2.%MU)
C=EXP(VAR/2,~MU)
D1=¢VAR+1,0)/(2.0kVAR)
D2=1,0/(2.%VAR)

D=D1XE-D2XA-A

£=1.0/(N¥D)

UA=E*05

VMU= (VARXE) X (N1 %XE-A)

VVAR=VARXEX( (VAR+1.0)XB-A)

CAMU=C%E/ 2. o
CAVAR=VARXEXC TR
CHUVAR=VARKE XA
CAMU=-CAMU
CMUVAR=-CMUVAR

DD ¢ J=1+6

T=8ND(J)

I1-3/6



Z=EXF (MU+TXSED)
UX=VAH(UMUXZRED) $(TRXZXCAVAR/SD) H {2 X Z¥CAHLD

F(TRZEXDRCHUVAR/SDY +{ TRRDEZHR2EVUAR S (4. OXVAR)Y)
XTC(J)y=AML+Z
8XC(JY=8SART (WX}

CONTINUE

WRITE(Ss30)

WRITECSHr32) ANL

WRITE(4»22) MU

WRITE(&+23) VAR

WRITE(&r15) SKEW

WRITE(&:,33)

WRITE(S:24)

WRITEC4:25) (XT(J)sd=1+47

WRITE(&r26) (SX(J)rd=1s6)

WRITE(A:31)

CONTINUE

STOF

FORMAT (20X, PHMEAN OF Xr16X+EL12.5)
FORMAT(20X, 13HVARIANCE OF Xs12XrE12.%5)
FORMAT (20X 9HSKEW OF X»14XsE12.5)
FORMAT(/+3Xs*NO MOMENTS SOLUTION IS FOSSIBLE’,

* DF ~VE SKEW’:/)

FORMAT(20Xs15HSKEW OF LN(X-AY,10X,E12,5)
FORMAT(B0AL)

FORMAT(1S)

FORMAT(BF10.0)

FORMAT(/180ALr// 121X,

IBHTHREE FARAMETER LOGNORMAL DISTRIBUTION:/)
FORMAT(31Xs17HMETHOD OF MOMENTSy//)
FORMAT(20Xy 1HAs24X,E12,5:/)

FORMAT (20Xs 1SHMEAN OF LN(X-A)s10XsEL12.5)

FORMAT(20X» 19HVARIANCE OF LM{(X-A)+&6X,E12,5)

FORMAT(3Xr7HT s YEARSrAXs1H27 11X 1HS 10X, 2H1010X,2H20
+10X s ZHS0» Xy IHL00: /)

FORMAT (3X s 1HXs3XAEL2.55 /94X 1HT Y/ /)

FORMAT(3Xy1HS s 3Xr4E12.5: /14X 1HT 2/ /)
FORMAT (25X 28HMAXIMUN LIKELIHDOD PROCEBURE.//)
FORMAT(21XsSHTRIAL11Xs1HAS11Xs4HFCAY ¢ /)
FORMAT (22X I1238%+E12,5,1%)E12.5)

FORMAT(//)

FORMAT(/1H1)

FORMAT{(20XstHAy24X,E12.5)

FORMAT (/s 3X»33HFOR GOOD USE OF THIS DISTRIBUTION

I9HSKEW OF LN{X-A) SHOULD BE CLOSE TO ZERD«/) *
END
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APPENDIX = IIB
OUTPUT FILE FOR PROGRAMME 2 (LN3,0UT)

ANNUAL PEAK FLOOD DATA FOR NARMADA AT GARUDESHWAR (1948-7%) IN RUMECS
THREE PARAMETER LOGNORMAL DISTRIBUTION

METHOD OF MOMENTS

MEAN OF X 0.29557E4+03
VARIANCE OF X 0.22095E+09
SKEW OF X 0.10020E+01
A =0.14493E405
T:YEARS 2 5 10 20 50 100

X 0.,27330E+05 0.40425E+05 0,49112E405 0,57041E+05 0.467144E405 0,74563 £ a5
T

-] 0,29353E+04 0,37490E+04 0.50350E+04 0.72429E404 0.11370E4+05 0.15172 E+cg
T

MAXIMUM LIKELIHOOD PROCEUURE

TRIAL A Fia)
1 0.738863E+04 -0.28105E~-03
2 0.463678E4+04 ~0.11043E-03
3 0.54662E+04 -0,3%0467E-04
4 0.49400E104 -0.11189E-04
-] 0.48042E404 -0.19483E-05
-1 0.,47884E+04 -0.20489E-06
.7 0, 4784SE+04 -0, 24214E-07
8 0.47349E+04 0,55879E-08
? 0.4788BE404 0.24214E-07
10 0.47892E404 0,95879E-08
i1 0.47853E+04 -0.50291E-07
12 0.,47888E+04 0.,44703E-07
13 0.47891E+04 0,37253E~-08
14 0.47932E404 ° 0.52154E-07
15 0.47917E+04 -0.18624E-07
16 0,47916E404 ~0.18428E-08
17 0.47913E+04 -0,37253E~-08
18 0.,47920E4+04 0.93132E-08
19 0.47898E+04 -0,27940E-07
20 0.47844E4+04 -0.40978E-07
21 0+47903E1+04 0.,446544E-07
22 0. A7761E+04 0.74504E-07
23 0.,47867E+04 -0.12107E-04
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0,47927E+04
0.47830E+04
0.478642E+04
0.47878BE+04
0.47875E+04
0.47955E+04
0.,47907E+04
0.47900E+04
0.478B42E+04
0.47859E+04
0.479242E+04
0.47895E+04
0:.47902E+04
0.47934E+04
0.47913E+04
0.,47916E4+04
0.47899E+04
0.47867E+04
0.47922E404
0,47898E+04
0.478S7E404
0.47850E+04
0.47921E404
0,47983E+04
0.47949E+04
0.47884E+04
0.47897E4+04
0.47917E+04
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0.7636BE-07
~-0.12480E-04
"Q.4097BE-07
0+20489E-07
=0, 37253E-0R
0.10245E-06
~0.61447E-07
~0.93132E-QB
-0.48429E-07
~0.37252E-08
0.10417E-06
~0.414467E~-07
0.93132E-08
0.40978E-07
~0+26077E-07
0.37253E-08
=0 +22352E-07
-0.40978E~-07
0.70781E-07
-0,314655E~07
~0.52154E~07
~0,93132E-08
0.91270E-07
0.80094E--07
-0.184624E~07
-0.10990E-04
0.146744E-07
0.26077E~-07
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APPENDIX - III A
SOURCE PROGRAMME 3(T1E.FOR)

MASTER PROGRAM FOR GUMBEL EV1 DISTRIBUTION

COMPUTES METHODE OF MOMENTS AND MAXIMUM LIKELIHOOD ESTIMATES
FOR T YEAR EVENTS AND STANDARD ERRORS FOR EV1 DISTRIBUTION
REAL M1yM2sM3sK

DIMENSIDON T(&)X(100)

DIMENSION XT(6)sSX¢&)rTITLE(BD)

REAL %8 TsX+¢XT»5X -

OFPEN (UNIT=5.FILE=‘DATA.DAT‘»STATUS="0LD")
OPEN (UNIT=4>FILE="TI1E.OUT’',STATUS='NEW’)
T(i)=2,

T(2)=5,

T(3=10,

T(4)=20,

T(5)=50,

T(6)=100.

READ (5+9) TITLE

READ (S+%) N

XN=N

READ (Ss%k) (X(I)sI=1sND

A=0.0

B=0.0

C=0.,0

DD 1 I=1sN

A=A+X(TI)

B=B+X(I)%x%2

C=CH+X{I)%xx%x3

CONTINUE

Mi=A/XN

M2=(B/XN)-(A/XNY kX2

M2=M2XXN/ (XN-1,)

M3I=(C/XNI+2. 0XM1%X3-3,0xH1X(B/XN)
SKEW=M3/(M2%x1.5)
ALPHA=1,.2825/(SQRT(MN2))
BETA=M1-0,45X5QGRT(H2) '

A=0,0

B=0.0

DO 2 I=1+N

XI=I

XN=N
Y==ALOG(-ALOG((XN+1,0-XI)/{(XN41.0))}
A=AtY

B=B+Y%%2

CONTINUE

YBAR=A/XN

YSTD=SORT((B/XN)-YBARK%X2)

Do 3 J=1,8
YH=-DLOG(-DLOG((T(S)~1.,0¥/T(J)))
K={YM-YBAR)/YSTD

XTC(JI=M1+KXSAGRT (M2}
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DELTA=1.041.139547093%K+1.100000027kK%¥2
SX(J)=SART(M2XDELTA/XN}
CONTINUE

WRITE(6+12) TITLE
WRITE(4s1i3)

WRITE(A220) ALFHArM1
WRITE(6,21) BETAsM2
WRITE(&,22) SKEW
WRITE(&6,25)

WRITE(G614)

WRITE(4:15) (XT{Jis»J=1rb)
WRITE(S:148) (SX(D)rJ=1r8)
WRITE(6:17)

WRITE(&,18)

ICOUNT=0

AML=ALFHA

ICOUNT=ICOUNT+]
A=1.0/(AMLXX2}
B=M1-1.0/AML

TEMP=EXP(-AML¥X{I))

C=CH+TEMFP

O=D+TEMPXX(I)

E=E+TEMPRX{I) k%2

CONTINUE

FCN=E-BXC

FPN=BXD-E-A%C

AS=AML-{FCN/FFN)

WRITE(4+19) ICOUNTsAS)FCN °
DELTA=ABS(0.,0000001XAS8)
IF(ABS(AS-AML).LT.DELTA)Y GO TO &
IFCICOUNT.GE.S0) GD TO 8

AML=ASB

GO TO 4

CONTINUE

ALPHA=AS
BETA=(1.0/ALFHA)YXALOG(XN/C)
M2=1.2825/ALFHA

M1=BETA+0.45%kM2

M2=M2X%2

DO 7 J=1s4
YM==-DLOG(-DLOB(1.0-1.,0/T(J)))
XT(JY=BETA+YM/ALPHA
SX(J)=SQART((1,1086+.5140KYM+0.6079XYMEX2) / (XNKALFHARX2))
CONTINUE

WRITE(&6+23)

WRITE{(&520) -ALPHAsM1
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WRITE(&224) BETAM2

WRITE(6:,14)

WRITE(6:15) (XT(J)sd=1+8)

WRITE(Ss16) (8X(J)sJ=1,4)

CONTINUE

STOP

FORMAT(BOAL)

FORMAT(IS)

FORMAT(BF10.,0) .

FORMAT(/+80A1s//+26X GUMBEL EV1 DISTRIBUTION'/)

FORMAT(31X:17HMETHOD OF MOMENTS.//)

FORMAT(ZXy7HT 1 YEARS »AX» 1HZ» 11X r1HS»10Xs2H10,10X
2H20, 10X »2HS50 s PX JH10C /)

FORMAT(3IX» 1HX  3X s 4EL2. 5, /74Xy 1HT)

FORMAT(IX s 1HS»IXPEEL2.8+ /24X 1HT /)

FORMAT (25X MAXIMUM LIKEL1KROOD PROCEDURE’//)

FORMAT (21X sSHTRIAL»11Xs1HA 11X AHFCAY /)

FORMAT(22X 128X E12.5:1X»E12.5)

FORMAT(9XsSHALFHArSXsE12.5, 14X, 4HML s 6X»EL12.3)

FORMAT(9X+sSHBETA 85X E12.5:14X,AHM2 +46X+EL12.5)

FORMAT (435X » AHEKEW» X rEL12,5¢ /)

FORMAT(//) .

FORMAT(9X»SHEBETA+SX,EL2.5+ 14Xy 4HM2 +6XsE12.55/)

FORMAT (33X, “NOTE - FOR GOOD USE OF THIS DISTRIBUTION SKEW
* SHOULD RE AROGUND 1.137:+/)

END
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APPENDIX - III B
OUTPUT FILE FOR PROGRAMME 3 (T1E.OUT)

ANWUAL FPEAK FLOOD DATA FOR NARMADA AT GARUDESHWAR (1948-79) IN CUMECS
GUMBEL EV1 HISTRIBUTICGN

METHOR OF MOMENTS

ALFHA 0.845280E-04 M1 0.2%557E+05
BETA 0.,2284BE+405 M2 0.22093E+09
SKEW 0.9553%E+00

NOTE - FOR GODD USE OF THIS DISTRIBUTION SKEW SHOULD BE AROUND 1.13
T+YEARS 2 5 10 20 50 100

X 0.27280E+05 0.42332E+05 0,52298E+05 0,41857E+05 0.74231E405 0,83503 5405
T .

8 0.24244E4+04 0.43905E+04 0,40594E+04 0,77373E404 0,.99577E404 0.11640 E #o-~
T :

MAXIMUM LIKELIHOOD PROCEDURE

TRIAL A Fa)

0.92424E-04 0,.57902E+404
0,93714E-04 0.868B9E+03
0.937462E-04 0.30404E402
0.,73762E-04 0.31250E-01
0.93762E-04 0.00000E+00

e N

ALPHA 0.937462E-04 M1 0.29177E4+05

BETA» 0,23022E+405 M2 0.18709E4+0%
TrYEARS 2 S 10 20 50 100

X. 0.28931E+05 0.39019E+05 0.47023E4+05 0,54700E+05 0,44437E405% 0.72084E 405"
T

S 0.22137E404 0,33975E404 0.43583E+04 0,53320E404 0.865309E404 0,7420% E+409
T
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AFPENDIX - 1IV A
COURSE PROGRAMME 4 (PT3.FOR)

MASTER COMPUTER PROGRAM FOR PEARSON TYPE 3 DISTRIBUTION
ESTIMATES FOR T YEAR EVENTS AND STANDARD ERRORS
FOR FEARSON TYPE 3 DISTRIBUTION BY METHOD OF MOMENTS AND
METHOD OF MAXIMUM LIKELIHOOD

REAL M1:,M2sM3,K

DIMENSION SND(&)+X(100)

DIMENSION XT(4)8X(&4)yTITLE(BO)

REAL %8 SNDsXT:SX,P:,P1,P2

OPEN (UNIT=5,FILE='DATA.DAT’+STATUS=’0LD")
OPEN (UNIT=6,FILE="PT3.0UT'»STATUS='NEW’)
SND(13=0,0

SND{(2)=0.84142

SND(3)=1,28155

SND(4)=1,64405

SND{5)=2,05375%

SEND(46)=2,32635

READ(S5,9) TITLE

READ{Sr¥) N

READ (5sX%X) (X(I)sI=1sN)

XN=N

A=0.,0

B=0.0

C=0,

DO 1 I=1:N

A=A+X(1)

B=B+X{(I)%x%2

C=C+X{(I)%x%x3

CONTINUE

Mi=A/XN

M2=(B/XN)-(A/XN)%%2

M3=(C/XNI+2, 0XM1X%kI-3, 0%M1%(B/XN)
SKEW=M3/(N2%%1.5)
Cl=(B8ORT(XNR(XN-1.0)))/(XN-2.0)
C2=1,04+8.5/XN

C3=XN/(XN-1.0)

SKEN=SKEWXCLXC2

M2=M2%xC3 .

BETA=(2,0/SKEW) ¥%2

ALPHA= (M2XX0.5) /(BETAXX0,.5)
SAMMA=M1-(M2%%0.5)X(BETAXX0,5)
WRITE(4,12) TITLE

WRITE(&,13)

WRITE(4+22) ALPHA/M1

WRITE(4:+23) BETA:M2

WRITE(&+24) GAMMAsSKEW

DO 2 J=1+6

T=8ND(J)

Ti=T

T2=(TER2~1.0)/64,

TI=2 K(TREI-4,. XTI/ 6, k%3
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&}

T4=(THX2~1.0)/6,%%X3

TS=T/6.%%4

Té=2./6.%%k6

K=T1+T2XSKEW+ TIXSKEUKK 2~ TAKSKEU KRS+ TS HSKEW KR4~ TSRSKE WK KT
SLOPE=T24T3%k2, XSKEW-TAXZ . XSKEWKK2+TSXA . XSKEWKK I~ T6HG . XSKE WK XA
T7%(1,040. 7SKSKEUKXD)IK (0, SRKK¥2)

TB=K¥SKEW

T9=6,%(1.40,25KSKEWK¥2) XSLOPE
T10=SLOPEX (1,041 ,25¥SKEWKX2) + (SKEWKK/2.)
DELTA=T74T34+TIXT10

XTCJy=M1+KXSORT(H2)

SX (1) =SORT(M2¥DELTA/XN)

WRITE(&4s14)

- WRITE(S15)(XT( s d=1 s b)

WRITE(Ss164) (SX(J)sd=1:4)

WRITEC4,17)

WRITE(&6s18)

ICOUNT=0

XMIN=10000000,

DO 3 I=fsN

IF (X(I).LT.XMIN) XMIN=X(I)

GML=XMINX,?9

ICOUNT=ICOUNT+1

A=0.

B=0,

C=0,

R=0.

DO S5 I=1.N

A=A+1 ./ (X{I)-GML)

B=B+(X(I)~GML)

C=C+ALOG(X(I)~-GML)

R=R+1.,0/C(X(I)-GML)*¥%X2)

CONTINUE

BETA=A/(A-(XN%X%2)/B)

ALPHA=R/ (XNXBETA)

D=BETA+2.
PSI=ALOG(D}-(1./(2,XD)) {1,/ (12, XDXX2))+(1,/(120.%D%x%4))
1-01,/(252,0%XD3%6) ) =(1.,/(BETA$1.0))~(1,0/BETA)

FCN=—-XNXPSI+C~-XNXALOG(ALPHA)
TRI=C1./D)+C(1./ (2. %XD%XX2))4(1,0/(6.,XDK%XZ)I)—(1.0/(30.XDXX5))
F(1./7C42,XDXX7) )~ (1,0/(30 ., XDXXFIV+{1,./((BETA+1.)2%%2))
+(1.,0/(BETAXX2))

V=A-(XNXx2)/B

U=4a

W=(B/XN)-(XN/A)

DU=R

DV=R- (XNX%3)/(B¥X2)

" DU=-1,04(XN¥R)/(AXX2)

FPN=-XN¥TRI*((VtDU-UXDU)/(Ut*Z))-A-XN*DU/U
AS=GML-(FCN/FPN)
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WRITE(4s19) ICOUNTsASECN

DELTA=ABS(.00000001%AS)

IF (ABS(AS-GML).LT.DELTA) GO TD 6

IF (ICOUNT . GE,50) GO TO 8

GML=AS

60 TO 4

CONTINUE

GAMMA=AS

M1=GAMMA+ALFHAXBETA

M2=RETARALFHARKD

SKEW=2,/SART(BETA)

WRITE(4:20)

WRITE (61 22)ALFHA) M1

WRITE(6:23) BETAeM2

WRITEC&s34) GAMMAISKEW

JRITE(6+20)

D=BETA+2.0

TRI=(1.0/D)4(1,0/(2,0XDKX2))4(1.0/(6.0KDXX3))
~(1,0/(30., XDRXS5))+(1.0/ (42, 0XDEX7))~(1,0/(30.%
DEX9))4(1.0/C(BETA+1.0)8%2))4(1.0/(BETAXX2))

H=(BETA-2.0) XALPHAK % 4

F1=2.0%TRI

P2=(2.0%BETA-3.,0)/((BETA-1,0)%%2.}

P=F1-pP2

DET=P/H

VARA=(1.,0/ (XNK(ALPHARXE2)RIET) )X ((TRI/(BETA~2,0))

. =1,0/((BETA=1,0)%%2))

VARE=2,0/(XNXDETX(BETA-2,0) KALFHAX%4)

VARG=(BETAXTRI-1,0)/ (XNKDETXALPHAXX2)

COVAB=(~1.0/(XNXKDETXALPHAXX3) )X((1,0/(RETA-2,0))
~(1,0/(BETA-1,0))}

COVAG=(1,0/(XNKDETKALFHAXX2) )X ((1.0/(BETA~1,0))-TRI)

COVBG=(-1,0/(XNXDETXALFHAX¥3} )X ((BETA/(BETA-1.0))~1,0)

DO 7 J=i:6

T=SND(J)

E=BETAXK(1./3.)-1,0/(9, OXKBETAKK(2,/3,))4T/ (3, 0KBETA
KK(1./764))

F=1.0/(3,0XBETAXK(2.,/3.))42.0/ (27, OXBETAK%(5,/3,)
)=T/(18,0XBETAKK(7,/64,))

XT (J)=GAMMA+ALPHAXEXX3

DXDA=EX%3

DXDB=3,0XALPHAKEXX2KF

DXDG=1.0

SX(J)=SART (VARAXDXDAKKZ+VARBXDXDEKXR2+VARGEDXDGHR2
+2,0%¥DXDAXDXDEXCOVAB+2, 0XDXDAXDXDGKCOVAGH2, OXDXDE
*DXDGXCOVBG)

CONTINUE

WRITE(&r14)

WRITECSs1S) (XTI rJd=1:4)

WRITE(&r14) (SXCJ)rJd=1,4)
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- 10
i1
12

13

15
16
17
i8
19
20
21
22
23
24

WRITE(46921)
CONTINUE
STOP
FORMAT(80A1)
FORMAT(IG)
FORMAT(BF10.0)
FORMAT(/v80A1s// 126Xy
‘PEARSON TYPE 3 DISTRIBUTION'/)
FORMAT(31Xr17HMETHOD OF MOMENTS://2

FORMAT(IX) 7HT s YEARS» 4X s 1H2, 1 1% 1HS s 10Xy 2H10 10X, 2H20 510X,

2HS0» PA»3H100,/)
FORMAT (X, 1HXsIXy6E12.5, /54X 1HT)
FORMAT(IX» 1HS» IX»6EL2, G/ rdXs 1HT 7/}
FIRMAT (25X ‘MAXINMUM LIKELIHODOD PROCEDURE’,//)
FORMAT (21X ySHTRIAL s 13Xs 1HG» 11X+ AHF (G}, /)
FORMAT (22X»I2,8X E12.5+1X,E12.5)
FORMAT(//)
FORMAT(71H1)
FORMAT(9X»SHALFHAs SX,EL2.59 14X» AHML s 46X, E12.5)
FORMAT(9X:5HBETA sSXsE12.5s14X,4HN2 46X:EL12.5)
FORMAT (PX s SHGANMA» SX+E12,59 14X AHSKEW 8XF12, 541
END
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APPENDIX - IV B

OUTPUT FILE FOR PROGRAMME 4 (PT3.0UT)

ANNUAL PEAK FLOOD DATA FOR NARMADA AT GARUDESHWAR (1948-79) IN CUMECS
PEARSON TYPE 3 DISTRIRBUTION

METHOD OF MOMENTS

ALFHA 0.98951E+04 Mi 0.29557E+05
BETA 0.22564E401 M2 0.,22095E+09
GAMMA 0,72278E4+04 SKEW 0.13314E£+01
T:YEARS 2 ] 10 20 50 100

X 0.2641BE+05 0.40093E+05 0.49302E+05 0.58050E4+05 0.49354E405 0.77720€ ¢0§
T

S 0.18794E+04 0.32450E404 0.49577E404 0.7494BE+04 0,12280E+05 0.16232 Edo5
T

MAXIMUM LIKELIHOOD PROCEDURE

TRIAL 5] F(G)
1 0.99971E4+04 0.22898E+01
2 0.98023E4+04 0,6825BE4+00
3 0.97167E404 0.16794E400
4 0.97055E+04 0.17914E-01
S 0.97053E404 0,27444E-03
4 0.27053E+04 0.00000E4+00

ALFHA 0.12314E405 M1 0.29557E+05
BETA 0,16119E401 M2 0.24448E10%
GAMMA 0.97053E404 SKEW 0.15753E+01
T:YEARS 2 5 10 20 30 100

X 0.25728E+05 0.40058E+05 0.50133E+05 0.59943E405 0.72800E+05 0.824708+40 5

T
] 0.23279E404 0.42895E404 C.59747E+04 0.77544E404 0+10211E405 0.12134 E4os
T
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APPENDIX -~ V A

SOURCE PROGRAMMES 5 (LP3.FOR}

C MASTER FRDGRAM FOR LOG PEARSDN TYPE 3 DISTRIBUTION
£ CODMPUTES METHOD OF MOMENTS AND MAXIMUM LIKLIHQOD ESTIMATES FOR
¢ T YEAR EVENTS AND STANDRAD ERROR FOR LOG-PEARSON TYPE 3
€ DISTRIEUTION

REAL M1+M2 /M3 sKsNSXsL1sL24L3

DIMENSTION SND(&)XC(100) :

DIMENSION XT(&)s TITLE(BO):8T(6)

OPEN(UNIT=5 FILE="DATA.DAT’ »STATUS="0LD’}

OPENC(UNIT=6+FILE="LP3.0UT’»STATUS="NEW")

SND(1)=0.0

SND(2)=0,84162

SND(3)=1.28155

SND{4)=1,44485

SND(5)=2,033759

SND(6)=2,32435

REATI(S5s16) TITLE

READ(S+%x) N

XN=N

READ(Sr¥) (X(I)sI=1sN}

C1=(SORT (XNK(XN=~1.0)))/(XN~-2.0)

£2=1.0+8.5/XN

CI=XN/{XN-1.0)

MRITE(4+19) TITLE

WRITE(&:20)

A=0.0

B=0.0

€=0.0

po 1 I=1sN

A=AFX(I?

B=B+X(I)%%2

C=CHX(IIXRX3
1 CONTINUE

L1=A/XN

L2=B/XN

LI=C/XN

M1=A/XN

M2=(B/XN) - CA/ XN RX2

M3=(C/XNI 2., 0XMEIXXT-3 . 0kMIX(B/XN)

SKEW=M3/ (M2%X%X1,5)

B=(ALDG(L3)-3. 0¥ALDB(L1))/(ALDG(L2) -2, oxALus(Lx))

WRITE(&r34) L1sM1

WRITE(&»35) L2:M2

WRITE{&+36) Ls.SKEu'

C=1.0/(B-3.0)

IF(B.BT.4.,0) GOTOD 3

IF{B.LE.Z.0) GOTO 3

IF(B.LE.3.5) GOTO 2

A=-0.2301941,65262%C+0,20911%CXx%2-0,04557%XCx%3

GOTO 4
2 A=—0.4715741.99955%C
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GOTO 4

WRITE(6:21) B

6070 &

ALFHA=1,0/(A+3.0)

A1=ALOG(1,0-ALPHA)

A2=ALOG(1.0-2.0KALPHA)
BETA=(ALOG(L2Y-2,04AL0G{L1})/(2.0%A1-A2)
GAMMA=ALOG(L1)+BETA%A] ‘
M1=GAMMA+ALFHAXBETA

M2=BETAKALPHAXK2

SKEW=2,0/S0RT(BETA)

WRITE(&»23) ALPHAMI1

WRITE(6,24) BETAsM2

WRITE(6+25) GAMMA»SKEW

IF(SKEW.LT.0,0) WRITE(6+33)

PO 5 J=1:6

T=SND(J)

Ti=T

T2=(T¥%x2-1,0)/4.0

T3=2,08(TKX3-5,04T)/6,0%%3

TA=(Tk%2~1.0)/6.0%%3

TS=T/56.0%%4

T&6=2,0/6.0%X%6
K=Ti+T2XSKEN+TIXSKEWKK2-TAXSKEWKKI+TSASKEWKKA-THXSKEWRKT
SLOPE=T24T3X2,.0%SKEW-T4%3 . OXSKEWKX2+TE*4, OKSKEWKAI-TEX5 . OKSKEWKK
14
T7=1.0
TB=SKEWXK
T9=(1.04.7S¥SKEWKE2I K (KX%K2)/2.0)
T10=3.0%SLOPEXKK (SKEWH0, 25XSKEWKRS)
T11=3.0%(SLOPEXXZ)X{2,0+3 . 0XSKEWRK24(5,0/8,0) kSKEWK®4)
DELTA=T7+T84TP4T10+T11

XT(JI=EXP(MLI+KXSORT{H2))

SX=8QRT (M2XDELTA/XN)

PEX=XT(JIR(EXP (8X)~1.0)
NEX=-XT (DX (EXP(~5X)-1.:0)

ST(J)={PSX+NEX)/2.0

CONTINUE

WRITE(Sr26)

WRITE(&:27) (XT(J)rJ=1r6)

WRITE(4:28) (ST(Dsd=144)

DO 7 I=1i.N

X(I)=ALOG(X(L))

A=0.0

B=0.0

C=0.0

DO 8 I=1:N

A=A+X (D)

B=B+X(I)%Xx2

C=C+X(I)X%3
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11

CONTINUE

Ml=a/XN

M2=(B/XNY~(AZXN) ¥X2

M3I=(C/XN)+2, 0KkM1X¥3-T, 0%kH1X(B/ XN}
SKEW=MI/ (M2¥x1.3)

"SKEW=SKEW¥C1ikC2

M2=M2%XC3

BETA=(2,0/8KEW) ¥%2
ALFHA={M2k*0.5)/(RETA¥%0.5)
GAMMA=M1 - (M2XX0. S X(BETAXRKO . 5)
WRITE(46y22)

WRITE(&923) ALFHAsMI1
WRITE(&y24) BETASNM2
WRITE(5+25) GAMMA:GKEW
IF(SKEW.LT.0.0) WRITE(4:33)
Dg 9 J=1:6

T=8NDC(J)

T1=T

T2=(TXx2-1.0)/6.0

TI=2, 08 (TRX¥3-6.0%T)/6.0%%T
TA=(TEX2-1.0)/6.0%%3
T9=T/6.0%%4

T6=2,0/6.0%%4

K=T14T2XSKEWHTIXSKEWKXD - TAXGKEWAR I+ TORSKEWR X4~ TOXKSKEWK AT
SLOPE=T24+TIX2,0XSKEW-T4%3 . OXSKEWKX2:TIX4 , OXSKREUKKI-TEXS, OXEKEWX¥

14

T7=1.0

T8=SKEW¥K
T?=(1,04+0,75XSKEWXER2) X ( (KXx%X2)/2,0)}
T10=3 . 0%SLOFEXKK(SKEW+ 0. 2TKEREWKXT)

T11=3, 0% (SLOFEXX2) K (2,043, OXSKEWKKDH (5,078, 0IASKEWKRS)

DELTA=T7+T@4T94T10+T1]
XT (J)=EXF (M1 +KESART (H2))
§X=SART(M2XDELTA/XN)
PEX=XT(J)RK(EXP(SX)~1,0)
NSX==XT(J)X(EXP(-SX)~1.,0)
ST =(PSXENSX)> /2,0
CONTINUE

WRITE(6726)

WRITE(6527) (XT(J)rd=1,6)
WRITE(4,28) (ST(J)sJ=1s6)
WRITE(4,29)

WRITE(4,30)

ICOUNT=0 ‘
XMIN=10000000.

DO 10 I=1+N
IF(X(I). LT XMIN) XMIN=X(I)
BML=XMINK,99
ICOUNT=ICOUNT41

A=0.0
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B=0.0

C=0.90

R=0.,0

DO 12 T=1sN
A=A+, 0/ {X{I)~GHL)

E=B+(X(])-GHL)

C=CHALAG (X (T)~BML)

R=R+1.,0/( {X(I}-GMLIK¥2)

CONTINUE ‘
BETA=1.0/{1,0~{XN¥¥2)/{BA)?
ALPHA=CE/XN) ~ (XN/AD

D=BETA+2.0
FSI=ALOG(I)~(1.0/ (2. 0k 3=(1,0/C12, 0XDRK2Y I+ (1, /C2120, kDk%43)-1,
10/¢252,0XKDXXS) ~ (1, Z(BETA+1, )~ (1. /BETA)
FCN=-XNAFSI+C-XNXALOGCALFHA)
TRIE=(1.0/D04(1. /{2 KDEKD2) I+ {1,/ (6. 0XIKX3) ) ~(1.,0/(30. ¥DkXT))
TRIZ=(1,0/C42, XDX%7))~(1,/ (30, kb¥X%))
TRIZ=(1./((BETA+L.0)%%2))
TRI4=(1.0/{BETAX%2))
TRI=TRI1+TRIZ+TRIZ+TRI4

Y=A-(XNKED) /B

u=4

W= (B/XND = CXN/R)

DU=R

PYU=R- {XNKX3) / (BXXD)

DUi~1. 04 (XNKR) 7 CAKED) ,

FPN=-XNETRI C{URDU-URDY) / (VRK2) ) ~A~XNKTW/W
AS=GML - (FON/FFN)

WRITE{&s31) ICOUNT+ASFON

RELTA=ABS (0,000001%A5)

IF (AES(AS~GHL) . LT, DELTA) 3070 13
IF{ICOUNT,GE.50) GCTC 13

GML=AS

6OTO11 ‘

CONTINUE .

GAMMA=AS

M1=BAMHALALFHAXBETA

M2=RETAXALFHARK?

SKEW=2.0/50RT(BETA)

WRITE(4¢32)

WRITEC&,23) ALFHArH1

WRITE(Hr24) BETA M2

WRITE(4+:25) GANMA:SKEW

IF (SKEW.LT.0,0) WRITE (6¢33)

D=RETA+2,0
TRI=C1.,0/0)4¢1,0/(2,0%kDEk2) 3+ (1.0/(6,0%DK%3))~{1.,0/(30.0XD*¥X5))¢
101,07 (42, kDKX?) ) (1. / (3OXKDRED) 5 (1, /¢ (BETA+1,)%%21)+ (1, / (BETAKX
22))

"H=(RETA-2,0)XALPHAXX%A

P=2,0KkTRI-(2,0XRETA~3. )}/ ({BETA-1,)¥¥2)
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14

13

14
17
18
19
20

21
23

24
25
26

27
28
29
‘30
31
32
33
34

BET=F/H

VARA=(1 ./ {XNX(ALPHAXXZ)¥DET) )X (¢TRIZ(BETA-2.03)-1.0/((BETA-1.0)%
4%2)) '
VARB=2,0/(XNXNET*(BETA-2.0) XALFHA%XX4)

"VARG=(BETAXTRI-1,0)/ (XNXDETkALFHAX*2)

COVARB=( -1, 0/ ¢(XNXDETXALFPHAXXIY )X (L1, 0/ (BETA-2.0))-(1.0/(BETA-1.0)
1

COVAG={1.0/ (XNXDET¥ALFHAXXZ) I X((1.0/(BETA-1.0))~TRI?}

COVBG=( -1, 0/ (XNXDETXALFHAXKZ ) )X ((RETA/(RETA-1,0))-1,0)

DO 14 J=1+4

T=8ND'(.))
E=BETAXX(1./3.)3-1 .0/ (9. 0XKBETAXK{2 . /33 +T/ (3 OXKBETAXKX{L,./ /4.2
TYPE %[

F=1,0/(3 . XBETA¥XX(2,/3)342.0/(27 . ¥BETAXX(S5,/3:.))~T/{18 . 0XBETA¥X(
S7./64))

XT(I)=EXP(ALFHAXEXX3+GAMMA)

DXDA=EX%3

DXDE=3,0XALPHAXEXK2%XF

nXnGg=1.0
SX=SART{(VARAXDXDAXKZ2HVARBXDXDEX X2+ VARGEXDXDIGXX2+2, ¥ DXDAXDXDBXCOVA
SE+2.0%DXDAXDXDGXCOVAGH2 . OXDXORXDXIGXCOVES)
FSX=XT(JIX(EXF(5X)-1.0)

NSX==XT(J)R{(EXF(--8X)-1.0)

STIH) = (PEX+NSXI /2.0

CONTINUE

WRITE(&+28)

WRITE(&Hy27) (XT(J)rd=1s4)

WRITE(6,28) (ST(Iyrl=148)

CONTINUE

STOF

FORMAT(80A1)

FORMAT(13)

FORMAT(8BF10.0) .
FORMAT(/8CAL1,/»24X>31HLODG-PEARSON TYFE 3 DISTRIBUTION,/)
FORMAT (28X, 26HMETHOR OF MOMENTS (DIRECTI»/)

FORMATC(/3X"METHGD NOT AFFLICARBLE BRECAUSE OF B VALUE “9XsE12.5/7)
FORMAT (27X 28HMETHOD OF MOMENTS (INDIRECT),»/)

FORMAT(?X s SHALFHA» SXsE12, 5 14X AHM1 y&XsEL12.5)
FORMAT(9Xy "BETA  ySX+sE12.5, 18X, "MZ " +8XyE12.5)

FORMAT(FXs "BAMMA s 3X»E12,55 14X "SKEW  +6XsE12,5y 7}
FURHRT(3Xr’TlYEﬁRS"4X!1H2111Xv1H5!10X!2H10r10¥12H?U:10X12H5019X
33H100+/)

FORMAT (3Xs IHX» 3X26EL2:¢5: /94X 1HT)
FORMAT(3X s 1HS»IXsAE12.59 /94X 1HT /)

FORMAT(27Xy 'MAXIMUM LIKLIHOOD PROCEDURE” s /)
FORMAT(21Xy "TRIAL s 11X 1HG» 11X 4HF{G) /)
FORMAT(22X,12+8XsEL12,5¢1X+EL12.5)

FORMATL(/)

FORMAT{ /93Xy *SKEW 15 NEGATIVE~ DISTIBUTION HAS ad UFFER ROUNL’ /)
FORMAT(?Xy L1 ‘rOGXIE12.5714Xs MY 79 &6XELR D)
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35  CFORNAT(9Xs’L2 “¢SXsE12.5:14Xs/H2 “16XsE12,5)
36 FORMAT(9Xs ‘L3 *»SXsE12.5:14Xs*SKEW’ 16XvE12,5/)
: END ' :
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APPENDIX - V B
OUTPUT FILE FOR PROGRAMME 5 (LP3.0UT)

ANNUAL PEAK FLOOD DATA FDR NARMADA AT GARUDESHWAR (1948-7%) IN CUMECS
LOG-PEARSON TYPE 3 DISTRIBUTION

METHOD OF MOMENTS - (DIRECT)

L1 0.29557E+05 M1

L2 0,10877E+10 M2

L3 0,47938E+14 SKEW
METHOD NOT APPLICABLE BECAUSE OF B VALUE

0.293557E4+05

0214048409

0.10020E+01
0.28233E401

METHORL OF MOMENTS (INDIREET)
M1

ALPHA 0.321346E-01 0+.10179k4+02
BETA 0,.23045E+03 M2 0.23B20E+00
GAMMA 0.27643E401 SKEW 0.131692E4+00
T»YEARS 2 5 10 20 S0 100

X 0,26051E405 0.39569E+05 0.495330E+05 0,.59823E+05 0.74239E405 0.85%09E +¢5

T
1 0.24340E+04 0.41392E+04 0.62407E+04 0,93927E104 0.,15422E405 0.21554 E+cs

T

MAXIMUM LIKLIHOOD PROCEDURE

TRIAL 6 F(G)

1 0,70747E401 0,10644E+01

2 0.89577E401 0.47743E+00

3 0.87890E+01 0.20828E+00

-4 0.85838E+01 0.88318E-C1

5 0.82776E401  0.34594E-01

é 0,79281E+01 0, 14870F-01

7 0.,75220E+0% 0.58670E-02

8 0.70841E+01  0.23334E-C7

9 0465962E+01 0.B4486E-0X

10 0.63792E401  0.,17348E-07F

11 0.61321E4+01  0.14022E-03

12 0.61311E401 0,00000E+00
ALPHA 0.573469E-01 Mi 0101796402
_ BETA 0+70551E+02 ) 0,23220E+00
GAMMA -0.61311E+401 SKEW 0.22811E400

T:YEARS 2 . S 10 20 100

X 0.25834E+05 0.39237E405 0.49361E4+05 0.40014E405 0,75259E405

T

S 0.23548E404 0.41431E404 0.43953E+04 0,97479E404 0,14220E+05
T . i
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APPENDIX - VI A
SOURCE PROGRAMME 6 (SER;FOR}

€ PROGRAM TO COMPUTE THE STANDARD ERRORS OF EVENTS COMFUTED
C FROM VARIOUS PROBABILITY DISTRIBUTIONS COMPARED TO THE
C OBSERVED EVENT MAGNITUDES
DINENSION X(100)sY(100),Z(100)P(100)+RP{(100)+T(100)»TITLE(BO)
REAL L1+L2/L3¢LG
REAL K:M1rM2sM3
REAL %28 XsYrZsPsRP»T
E=2,515517
C1=0.802853
C2=0.010328
Di=1.432788
D2=0,.18926%
D3I=0.001308 -
GPEN(UNIT=5y FILE='DATA.DAT'»STATUS="0LD")
OPEN(UNIT=4r FILE='SER.QUT’sSTATUS="NEW")
READ (5:6) TITLE
READ (S.%) N
XN=N
READ (SeXk) {(X(I)sI=12N)
WRITE (4:%) TITLE
A=0.0
B=0.0
C=0.0
DO 1 I=1:N
A=A+X (T}
B=B+X(I)%X%2
C=C+X(I)%%3
1 CONTINUE -
M1=A/XN
M2=(B/XNY-(A/XNIXX2
M3I=C(C/XN) 42, 0%H1%X3I-3 . 0kMLX(B/XN)
M2=M2XXN/ (XN-1.0)
G=M3/{M2%%x1.5)
WRITE (6,113 M1
WRITE (&:12) M2
WRITE (6+13) G
CALL SORTX(NsX)’
WRITE (46,10)
WRITE (6:19) (X(I)sI=1,N}
WRITE (6:17)
A=0,0
B=0.0
C=0.0
B0 2 I=1sN
Y(I)=DLOG(X(I})
A=A+Y(T)
B=B+Y(1)%%2
C=C+Y(1)X%3
2 CONTINUE
L1=A/¥XN
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N m N

L2=(B/XNY~(A/XN)YRX2
L3=(C/XN)+2-0*L1**3-3;0*L1*(B/XN)
L2=L2%XN/{(XN-1,0}
LG=L3/(L2%%1,5)

WRITE (6+,14) L1

WRITE (6:15) 1.2
WRITE(S6:16) LG

D0 3 I=1,N

XI=]

FIIY=1.,0-XI/(XN+1.0)
RP{I)=1.0/¢(1.,0~P(I))
B=P(I) .

IF (DOGT.OOS) D=1,0-0
W=SARTC(ALOG(1.0/(DN%%*2)))
T(I)=U"(E+C1*U+C2*U**2)/(1'0+DI*H+DQ*W**2+D3*U**3}
IF (PCI)JLT.0.5) T(I)=-T(1}
CONTINUE

WRITE (46,18)

CALL TN (NsML1syM2sTr2)
URITE (6519) (Z(I3¥sI=1sN)
CALL SSR (NsXsZ) ’

WRITE (4,20)

CALL TN (N:L1,L2yT+s2)

O 4 I=1+N

ZCIY=EXPCZ(YY)

WRITE (4:19) (ZCI)yI=1,N)
CALL 8SQ (N:Xs2Z)

WRITE (4,21)

CALL LN3 (N¢XsT,2Z)

WRITE (6+19) (Z(I)sI=1,N)
CALL 880 (NsXsZ)

WRITE (&4,22)

CALL TIE (NsXsM11M2sRP,Z)
WRITE (&4519) (Z(1)sI=1,N)
CALL SSQ (NyX:Z)

WRITE (6,21

CALL PI3 (N:XeT»2)

WRITE (611%) (Z(I}yI=1sN)
CALL S50 (NyXs2)

WRITE <&,24)

CALL PI3 (NsYsT,Z)

B0 5 I=1,N

ZCIY=EXFCZ(IY)

WRITE (4519) (Z(I)rI=1sN)
CALL S8Q (NsXsZ)

§T0P

FORMAT (BOAl)

FORMAT (IS)

FORMAT (BF106.0)

FORMAT (/+80A1,/)
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FORMAT (3X»22HS0RTED RECORDED EVENTS)
FORMAT (20X, 9HMEAN DOF X»16X»E12.3)

FORMAT (20X»13HVARIANCE OF X+12XsE12.5)
FORMAT (20X,9HSKEW OF X,16XsE12.5./)

FORMAT (20X, 15HMEAN OF LN(X) »10XsE12,.5)
FORMAT (20X:19HVARIANCE OF LMN{X) 6X»E12.5)
FORMAT (20Xs1GHSKEW OF LN(X) »10XsE12,5+/)
FORNMAT (///)

FORMAT (3X»23HTRUNCATED NORMAL EVENTS)
FORMAT (3X:6E12.5)

FORMAT (3Xs28H2 PARAMETER LOGNORMAL EVENTS)
FORMAT (3X,28H3 PARAMETER LOGNORMAL EVENTS)
FORMAT (3X,»22HTYPE 1 EXTREMAL EVENTS)
FORMAT (3IX,21HPEARSON TYPE 3 EVENTS

FORMAT (3X,25HLOG-FPEARSON TYFE 3 EVENTE)D
ENI

SUBROUTINE SSQ (NsXsZ)

DIMENSION X(100),Z(100)

REAL X8 X.Z

SUM=0.0

DO 1 I=1sN

SUM=SUM+(Z(I)-XCI) rkk2

XN=N

BUM=SORT({SUM/XN)

WRITE (6:2) SUM

RETURN

FORMAT (3Xs17HSTANDIARD ERROR ISsE12,5+//)
END . ‘

SUBROUTINE TN (NrXBAR»XVAR»TX)

CDIMENSTION X(100),T(100)

RE&AL %8 X,T

XSTD=50RT (XVAR)

DO 1 I=1sN’

X{D) =XRAR+T(IYXXSTD
RETURN

END

SUBROUTINE SORTX (N»X)

SORTS IN IECREASING GRDER. X(I)=LARGEST

DIMENSION X(100)
REAL x8 X

K=N-1

00 2 L=1.XK

M=N--L

Do 2 Jd=1:M

IF (X=X ) 1:1,2
XT=X¢(d)
X(Jy=X{J+12
XA+ ) =XT
CONTINUE

RETURN
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END

SUBRQUTINE PI3 (NsX»EBND,XT)

DIMENSION X(100),8ND(100Y,XT(100)

REAL %8 XsSNI»XT

XN=N

ICOUNT=0

XMIN=10000000.

DO 1 I=1:N

IF (X€I).LT.XMIN) XMIN=X(I}

CONTINUE '

BML=XMINXO.?9

ICOUNT=ZICOUNT+1

A=0,0

B=0.0

C=0.0

R=0.0

DO 3 I=1:N

A=A+1.0/(X(TI)-GML)

B=B+(X(I)-GHL)

C=C+OLOG(X(I>-GML)

R=R+1.0/({X{I)~0GML)%X%x2)

CONTINUE

BETA=A/(A-(XNX%2)/E)

ALPHA=B/ (XNXBETA)

D=BETA%+2. .
PSI=ALOG(D)-(1.0/¢2,0%D))-(1.0/{12 . %DkX23)4(1./(120.%kD¥%k4)}-(1.
10/(252.XDX%6))-(1./(BETA+1,))-{1./BETA)}
FCN=-XNEPSI+C-XN¥ALOG(ALPHA)

TRI=C1/D3¥4(1 . /7C(2,%DXX21)4(1./{6,XD%%k3))-(1.0/(30,0%DXX5))+(1.0/
2042 . %D%%?)>1~(1 . /(30 %kDkXk?))+(1,0/((BETA+1.0)¥%x2)}+(1.0/{BETAX%X2))
U=A~(XNX%2)/B

u=a

W= (B/XN)--{(XN/A)

bu=R

DVU=R- (XNX%x3)/(B¥xXx2)

DW=-1.+(XNXR)/(AXX2)

FPN==XNXTRIX{(UXDU-UXDV)/ (VEX2))-A-XNXDW/W
AS=BML-(FCN/FPN)

DELTA=ABS(0.00000001%AS?}

IF (ABS(AS-GML).LT.DELTA) GOTO 4

IF(ABS(FCN).LT. .001)GOTO 4

IF (ICOUNT.GT.25) GOTO &

GML=AS

GOTOD 2

CONTINUE

GAMMA=AS

DO 5 J=1,N

T=SND(J)
E=BETAXX{(1,/3.)=-1.0/(9.0XBETAXX(2,/3.))+T/(3.0XBETAXX{1,/6.))
XT(J)=GAMMA+ALPHAXEXX3
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CONTINUE

CONTINUE

"RETURN

END

SUBROUTINE TIE (NsXsM1sM2,ToXT)
DIMENSION X(100)yT(100),XT(100)
REAL M1.M2

REAL X8 XsTsXT

. XN=N

ICOUNT=0
ALPHA=1,2825/(SART(M2))
AML=ALFHA

ICOUNT=ICOUNT+1

A=1.0/(AMLXX2)

B=M1~1,0/AML

D=D+TEMPRX(1)
E=E+TEMPRX(I)Xx%2

CONTINUE

FCN=D-B&C

FPN=BXD-E-AXC

AS=AML- (FCN/FPN)
DELTA=ABRG (0, 0000001 %AS)

IF (ABS(AS-AML).LT.DELTA) GO TO 3
IF (ICDUNT.GT.25) GO TO 5
AML=AS

G0 TO 1

CONTINUE

AlL.PHA=AS

BETA=(1.0/ALPHA) XALOG(XN/C)
DO 4 J=1+N
YM=~DLOG(-DLOG(1.0-1.0/T()))
XT{J)=BETA+YM/ALFHA

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE LN3 (NsXySNDXT)
DIMENSION X(100)sSND(100)sXT(100?
REAL MU ’

REAL X8 X»SNR#XT

XN=N

XMIN=10000000,

DO 1 I=1,N

IF (X{I) LT.XMIN) XMIN=X{I)
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AML=XMINX0.80
ICOUNT=0
ICOUNT=ICOUNT+1
A=0.0

PoUOTIMOoOO®

[T - T O VI T B I

> OOOOO0D

I I=1,N
+DLOG(X{I)-AML)
E=B+(DLOG(X(I)~-AML))IXX2
F=P+(DLOB(X(T)—AML) ) %X3
C=C+1.0/70(X(T)-AMLY))
D=D41./0{X(T)-AML) $%2)
E=E4+(1./7¢(XCT)~AMLY ) )YXDLOG{X(I)-aML)
F=F+{1./((X(I)-AMLYXX2) )KDLOB(X (T} ~ANL)
CONTINUE :
G=(B/XNY~ (A/XNIRX2-{A/XN) )
H=(-2,0KkE/XNI+ (2, 0%A/XN)X{C/ XN (C/XN)
FCN=CXG+E

FPN=CkH+DXG+F-D

AS=AML-(FCN/FPN)
DELTA=ABS (0, 0000001%AS)
IF(ABS(AS-AML).LT.DELTAY GOTO 4

IF (ICOUNT.GT.100) GOTO 4

AML=A8

GoTO 2

CONTINUE

AML=AS

MU=A/XN

VAR=(B/XN)-(A/XN)IXX2

VAR=VARKXN/ (XN=-1)
SKEM=(F/XN)+2., XMUEX3 -3, OXMUX (BR/XND
SD=SQRT(VAR) ~

D05 J=1sN

T=SND(J)

Z=EXP{MU+TX5D)

XT(J)y=pAMLEZ

CONTINUE

- CONTINUE

RETURN
END -
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APPENDIX - VI B
OUTPUT FILE FOR PROGRAMME 6 (SER.OUT)

ANNUAL PEAK FLOOD DATA FOR NARMADA AT GARUDESHWAR (1948-79) IN CUMECS

HEAN OF X
VARIANCE OF X

0.29557E+05
0.22095E4+0%

SKEW OF

SORTED RECORDED EVENTS

0.467400E+05
0.38880E+05
0,29150E405
Ce22700E4+05
0+19500E405
0+12810E+05

0.61350E+405
0,38800E4+05
0.2B650E40%
0.22670E+05
0.17100E+05
0.10380E+05

MEAN OF

X

0.58100E+05
0.38200E4+05
0.27300E+05

0.95

0.479B0E+05
0.34260E405
0.26810E405

S3IPELO0

0.45630E4+0%5
0.33730L40%
0.24700E405

0.42360E+05
0,3L170E+05S
0+ 23B90E4+05

0.21250E+05 0.199B0E+05 0.19700E+05 0.1F5460E405

0.15250E405

LNCX)

VARIANCE OF LN(X)

SKEW OF

TRUNCATED NORMAL EVENTS

0.57454E+405
0.41432E405
0.33550E+4+05

0.52597E+05
0.,39934E4+05
0.32391E+405

LN{X)

0.49407E40%
0.38538E+05
0,31250E+05

0.26722E+05 0.,25544E405 0,24379E+05

0.,17178E+405
0,63167E404

0.17482E+405
0.16598E4+04

0.14055E+05

STANDARD ERRDR IS 0.43011E+04

2 PARAMETER LOGNORMAL EVENTS
0.65811E405 0.56110E405 0.50529E+05
0.3888BE+05 0.37024E+05 0,35343E405
0.30021E+05 0,28900E+05 0.27837E+0%
0.23991E+05 0.23094E4+05 0.22215E405
0.18727E+05 0,17829E405 0.16902E405
0.12337E+05 0.1053FE+05

STANDARD ERROR IS 0.2077B8E+04

3 PARAMETER LOGNORMAL EVENTS
0.708601E+05 0.5B444E405 0.52001E+05
0.38760E+05 0.34726E+05 0,.34934E+05
0.,29326E+05 0,28181E+05 0.27105E405
0.23301E+05 0,22434E405.0,21595£405
0.18348E+405 0.17536E+05 0.14708E405
0.12830E+05 0.11349E+05

STANDARD ERROR IS 0.148514E404

VI-T/8

0.15250E405

0,13290E4+05

0.1017%E+02
C¢,23823E+00
0.,90287E-01

V. 44934E+05
0.37217E405
0.30120E+05
0.23141E4+05
014247405

0.44658%E+05
0.33861E+05
0.26823E+405
0.21343E40S
0.1592BE405

0.47421E4+05
0:3333SE+05
0.24087E+05
0.20770E+05
0,15851E+405

0.44B66E405
0.35953E4+05
0.28974E+05
0,21897E+05
0+.12180E405

0+43531E405
04324856405
0.25849E+05
0.20474E405
0.14882E405

0.43934E405
0.31885E+405
0.25120E405
0.19958E+05
0+14747E405

0,13000E+05

0.43059E+05
0.34734E405
0.27843E40%5
0.20375E+05
0.97072E404

0.41022E405
0.,31211E405
0.24907E405
0.19606E+05
C.13722E405

0.41120E405
0.305555+05
0.24193E+05
0,19153E+05
0.13961E405



TYPE 1 EXTREMAIL. EVENTS

0.460149E405 0.52589E405 0.48092E+405
0.38313E+05 0.3546BPE+03 Q. 35224E405
0.30398E4+05 0,293G8BE+05 0.28361E4035
0.24562E400 0.23778E+00 0.2289%E+05
0.19304E405 0.1B344E+405 0.17333E405
0.12028E+05 0.%5714E+04

STANDARD ERROR IS 0.32640E+04

PEARSON TYPE
0.67006E405
0.39179E+05
0429652E+05
0.23280E+05

3 EVENTS

0.37260E405 0.51501E4+05
0.37178E405 0.35393E+05
0.28454E4+05 0.37322E+05
0.22355E4+05 0,21455E+05
0.18004E+035 0.17155E4+05 0.146300E+05
0.12563E4+05 0.11377E405

STANDARD ERROR IS 0.17300E+04

LLOG+-FPEARSBON TYPE 3 EVENTS :
0.42720E405 0.35444E+405 0.31455E+05
0.23588E+05 0,22384E405 0.21328E405
0.18012E405 0.17332E105 0.16694E+05
0.14425E4+05 0.13%206E4+05 0.13399E405
0.13424E4+05 0.10924E405 0.10410E+05
0.79413E4+04 0.676935E404

STANDARD ERROR IS 0.13437E+405

0.44B45E4+05 0.42284E+05 0.40151E403
0.3388BE+05 0.324050E405 0.31491E405
0.27400E+05 0.2846BE+05 0.25557E+405
0,22012E+05 0.21131E+05 0.20230E+05
0.146249E405 0.15057E+05 0.13494E405

0.47372E405
0.33777E405
0.26247E+03
0.20574E405
0.13429E+05

0+44136E405
0,32297E4+05
0.25220E405
0.19709E+03
0.14531E405

0+.41A64E405
0.30728E4+05
0.24233E405
0.18854£4+05
0% IT3588E405

0.28723E400
0.20382E+05
0+16089E+05
0.12900E+05
¢,98751E+04

0.26651E1+03
0.19525E+05
0.15512E405
0.,12408E+03
0.93044E+04

0.249B4E+0S
0.18739E4+05
0.14959E+05
0. 11917E+05
0.86754E404
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APPENDIX ~- VII A

SOURCE PROGRAMME 7 {CHI. FOR}

PROGRAM TO TEST VARIOUS NORMALIZATION PROCEDURES ON THE
BASIS OF CHI SQUARE
N1 STANDS FOR NORMAL DISTRIBUTION
N2 STANDS FOR FEARSON TYPE 3 DISTRIBUTIDN
N3 STANDS FOR LOGNORMAL DISTRIBUTION PARAMETERS ARE ESTIMATED
ON THE BASIS OF THEODRETICAL RELATIONS
N4 STANDS FOR LOGNORMAL DISTRIBUTION
N5 STANDS FOR LOG PEARSON DISTRIBUTION
Né STANDS FOR SQUARE RODT DISTRIBUTIGN
IF ANY OF THE TRANSFORMATIDN IS NOT REQUIRED GIVE ¢ CORRES
PONDING TO THAT TRANSFORMATION
DIKMENSION TITLE(BC) sKX{S5003»THF(100)»FL{100):T(100),CX(500)
1,CX1(500)sCX2(500)
COMMON/BLL1/L
COMMON/BK1/N1rN2yNZ N4 NS)NG
COMMOMN/BL2/NCLAS
REAL RX
DFEN(UNIT=1,FILE=/GDEL.DAT’ sSTATUS=/0LO’)
OPEN(UNIT=2yFILE=‘GOEL.OUT’sSTATUS=’NEW")
FORMAT(B0A1)
FORMAT(1Xr80A1}
FORMAT(1X+10F8.0)

FORMAT(’ TOTAL NCG. OF VALUES='"»I4/° NO.OF SEASONS PER YEAR=',I6

1/’ NCLAS='s16&)
FORMAT{(11H INPUT DATA/12(1HX)/)
READ(1,80) TITLE
WRITE(2:,81) TITLE
READCL1rX) NsNSsNCLAS
N IS THE TOTAL NO. OF OBSERVATIONS
NS IS THE NO., OF SEASONS PER YEAR
NCLAS IS THE NO. OF CLASSES REQUIRED FOR CHI
SAUARE CALCULATION; THIS DEPENDS UPON THE NO.
bF VALUES FER YEAR
READCL1 s XINLs N2+ NIrNArNSsING
WRITE(25,1001) NsNS/)NCLAS
READCL %) (KXCIYsX=1sN)
WRITE(Z2:1002) )
WRITE(2:14) (KX{I)sI=1sN)
MPT=NCLAS+1 -
L=N/N§
FL{1)Y=0.0
FLI(NFT)Y=0.9999
DO S5 T1=2yNCLAS
FL(I)=FLOAT(I-1)/FLOAT(NCILAS)
CALCULATE STANDARISED VARIATES CORRESPONDING TO LIMITS oF
SELECTETD CLASS. INTERVALS
D0 555 I=1:NPT
FFL=FL(T)
CALL NOTRICFFL»AXsCsIER)
T(IY=aAX
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CALCULATE THEORETICAL FRERUENCY FOR EACH CLASS
D0 48 I=1sNCLAS
THF (I)=FLOAT(L)Y/FLOAT(NCLAS)
J=1
o 15 I=1,L
II=(I-1)%N5+J
CX(IN=KX{(ID)
CX2(I)=CX(D)
CX1(I)=CX(I)
WRITE(2,40)J
FORMAT (20X» ANALYSIS FOR SEASON’»4XyI5/20Xr19(1HX) />
WRITE(2,10)(CX(I)sI=1sL)
FORMAT(3X,10F8.0)
CALL SORTX(LCX)
WRITE(2:20)
FORMAT{(3Xs 'SORTED REGURDED EVENTS')
WRITE(2,10)(CXCT)eI=1y)

" CALL NORMAL(CXsLyTHF»T+AMEAN:STIEV,SKEW)

CALL PT3(CXsLsTHF s T+ AMEAN, STREV » SKEW)
CALL LNC(CX1sLsTHF T AMEAN: STIEV,SKEW)

CALL LM(CX1sLsTHF »TrAMEANsSTREV,SKEW)

CALL LP3(CXL1sLsTHF T+ AMEAN, STDEV SKEW)

CALL SGRTT(CX2sLsTHF» Ty ANEANSTIEV, SKEW)
J=Jd+1 '

IF¢(J.B6T.NSIGD TOD 200

GO TO100
STOP
END
NORMAL DISTRIBUTION
SUBROUTINE NORMAL(EXsLeTHF» TrAMEAN»STIEV, SKEW)
DIMENSION CX{500)y THF(100)T{100)
COMMON/BKL/N1+N2: N3y N4sNTs NS
IF(NL1)5005100,500
WRITE(2,1003)

FORMAT(33H ANALYSIS FOR NORMAL DISTRIEUTION)
CALL MSS(CXsAMEANsSTOEVSKEW)
CALL CSS(CXsAMEANsSTDEVsSKEW,THFT)
RETURN
END
PEARSON TYFE 3 DISTRIBUTION EY BEARD NORMALIZATION
SUBROUTINE FT3(CXsL s THF»T+AMEAN:STOEV, BKEW)
COMMON/BK1 /N1y N2, NIsNAsNS NS
DIMENSION CX(S00)s THF(100),T(100)
IF(N2.EQ.0)GDOTO 100

IF(N1,EQ.0)G0 TO 200
G0 TO 300
CALL MSS(CX»AMEANySTDEVsSKEW)
WRITE(2+,2T)
FORMAT(1X» FEARSON TYPE 3 DISTRIBUTIN)

po 725 J=1,L

v1L-2/9



CX(J)=(CX(J)-AMEAN) /STIEV
CXCJ)=(SKEWRCX( )Y/ 2.0+1,0

’ IF(CX{J) 507,507,508

507 CXCJ)=(=1 . 3k{ARGLCX (I I IXX (L, /3,)

GO 70 5909
508 CX{(J)=CX *(l 73D
509 CXO =04, /SKEWIR(OX(I)~1 .2+ (SKEW) /4.,
725 CONTINUE

CALL MSS(CXrAMEANSTDEV, SKEW)
CALL CSS(CX»AMEANSTREVsSKEW«THF»T)

100 RETURN
END.

c LOGNORMAL DISTRIBUTION FARAMETERS ESTIMATED RY CHOW’S METHOD
SUBROUTINE LNC(CXrLsTHF s TyAMEANsSTREY » SKEW)
COMMON/BRK1/N1yN2»NZ»N4s NSy NS
DIMENSION CX(S00),THF({100):T(200)
IF(N2.EQ.0)GO TO 100
IF(N1.EQ.0}GD TO 300
IF(NZ.EQ.+1)860 TO 300
GOTO 500

300 CALL MSS(CXsAMEAN,STDEV:SKEW)

500 WRITE(2,25)

25 FORMAT(1Xy 'CHOW METHOD FOR LOGNORMAL DISTRIBUTION’)

- VAR=(STDEV/AMEAN) X%x2+1.0
AMEAN=ALOG (AMEAN)~0.5%ALDG(VAR)
STREV=ALOG(VAR)
STDEV=SQRT(STDEV)
no 60 I=1,1
IF(CX(I)ER.0.0)CX(I)=1,

40 CXCI)=ALOG(CX(IY)

CALL MSS(CX»AMEAN1,STDEV1»SKEW1)
CALL CSS(CXrAMEANsSTDEV,SKEWIs»THFsT)

100 RETURN
END

C LOG TRANSFORMATION
SUEROUTINE LN{(CX+LsTHF s TsAMEANsSTDEVySKEW)
COMMON/BKE/NLsN2rNIr N4y NSrN&
DIMENSION CX(500)s THF(100)»T(100)
IF(N4.EQ.0)GD TO 100
IF(N3.EQ.0)G0 TD 200
GO0 10 S00

200 DD 20 I=1sL
IF(CX(I}Y.EQ.0.,)CX{I)=1,

20 CXCIY=ALOG(CX(I))

500 WRITE(2,1012)

1012 FORMAT(1X»19H LOG TRANSFORMATION)
CALL MSS(CX,AMEANsSTDEV,SKEW)

CALL CSS(CXrAMEANsSTDREV:SKEW»THF,»T)

100 RETURN
END
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C LOG PEARSON TYPE 3 DISTRIEUTION
SUBROUTINE LP3(CXsLyTHF +T+AMEAN,STIEVSKEW)
COMMON/BKLI/NL1sN2sNI3sN4sNSeNS
DIMENSION CX(S00)s THFC(100},T(100}
IF(NS5.ER.0)GO TQ 100
IF(N3.EQ.0.AND . N4,.EQ.0)GOTO 200
GO TO S00 .

200 Do 20 I=1s1.

IFCEXCIY EQ.OIEX(IY=1.0

20 CX{(I)=ALOG(CX(I))

CALL MSS(CX+AMEAN:STDEV,SKEW)

500 B0 728 J=1,L

CX()=(CX(J)-AMEAN) /STDREV
CX{J)=(SKEWXCX( 1)) /2.0+1.0
IF(CX(LY 60796079608

607 CX{DI=(-1)X(ABSICX () ¥%(1,/3,)
GO TO 4609
408 CXC=CX(H) %X (1./3.)
609 CXLD)=Ca, /SKEWIR(CX (-1, )+ (SKEW) /4,
728 CONTINUE

WRITE(2,1023)
1023 FORMAT(1X,’LOG PEARSON TYPE 3 DISTRIBUTION’)
CALL MSS(CXsAMEANSTDEV,SKEW)
CALL CSS(CXsAMEANsSTDEV,SKEW,THF»T)
100 RETURN
END
C SQUARE ROOT TRANSFORMATION
SUBROUTINE SGRTT(CXsisTHF»TsAMEAN,STDEV,SKEW)
COMMON/EK1/N1sN2s N3+ N4 s NS s N&
DIMENSION CX(500),THF(100),T(100}
IF(N4)50051001500-
S00 DO 123 I=i.L
IF(CXCI)JLE.0,)EX(I)=041
123 CX(I)=8QRT(CX(I))
WRITE(2,1020)
1020  FORMAT(’ SGUARE ROOT TRANSFORMATION’)
CALL MSS(CXsAMEAN,STDEV,SKEW)
CALL CSS(CX»AMEANsSTDEVsSKEWs THF,T)
100 RETURN
END _
c CALCULATE AND TYPE SEASONAL STATISTICAL PARAMETERS
SUBROUTINE MSS(X»AMEAN+STDEV,SKEW}
DIMENSION X(500)
COMMON/BL1 /L
SUM=0,
DO 2 I=1,L
2 SUM=SUM+X (1)
AMEAN=SUM/L
SUM1=0.
SUM2=0,
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DD 4 I=1st.
SUM1=SUKI+(X{I)-AMEAN) XX2
SUMZ=SUMR (X (I)-AMEAN) X%3
STODEV=SORT(SUML/(L-1})
SKEW=(LXSUM2) /¢ (L-1)%{L~-2)¥STREVXSTDEVEKSTDEY)
RETURN

END :
CALCULATE €HI SQUARE AND NO. OF DEGREE OF FREELOM
SUBROUTINE CSS(XsAMEANsSTOEV sSKEWsTHF »T)
COMMON/RL 2/NCLAS

COMMON/BL1/L

DIMENSION X(S500)3THF(100)sT(100),FRER(1I00)

DO 78 I=1+NCLAS

FREQ(I}=0,

po 59 I=1sL
AMINP=AMEAN+STHEVXT(2)

M=1

IFCXCI)-AMINPYSZ 162043

FREG(M)=FREQ(M)+1,0
GO TO 59

IF(M-NCLAS)S01,42,501

M=ME1

AMINP=AMEAN+STOEVET (M+1)

GO0 TO 61 :

CONTINUE

CALCULATE CHI-SQUARE STATISTIC ANMD NO. OF DEGREES OF FREEDOM

CHIS=0. _

IO 69 I=1sMNCLAS

CHIS=CHIS+(¢ (ARS{FREQ(IY~THF(I})))X¥2/THF (1)
NDF=NCLAS-3
WRITE(2,1004)AMEAN, STOEVSKEW»EHISy NIF
FORMAT(7%s *MEAN’ +2X+ 'STD. DEVIATION’ ¢2X, COEF.OF SKEW’s2X
1+’CHI SOUARE’:2X, 'DEGREE OF FREEDOM‘/5X F9.3+2%XsF9.3
298X F8.3r5XsFB, 454X I5) .
RETURN
END

PP R N N N R N RN RN LR LR AR RS

SUBROUTINE NITRI

PURFPODSE .
COMPUTES X=PXX(-1)(Y), THE ARGUMENT X SUCH THAT Y=FP(X}
=THE PROBABILITY THAT THE RaANDOM VARIARLE U»DISTRIRUTED
NORMALLY(Or1)r IS LESS THAN OR EQUAL TO X. F(X)» THE
ORDINATE OF THE NORMAL RENSITYs AT X, IS ALSO COMFUTED,

USAGE
CALL NBTRI(P:X,C,IER)
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DESCRIFTION OF FARAMETERS
£  -INPUT PROBABILITY -
X  -DUTPUT ARGUMENT SUCH THAT F=Y=THE PROBARILITY THAT
THE RANDOM VARIAELE IS LESS THAN OR EQUAL TO X
€  -OUTPUT DENSITY:F(X)
IER -QUTPUT ERROR CODE
=-1 IF P IS NOT IN THE INTERVAL (0,1)yINCLUSIVE
X=C=,99999E+37 IN THIS CASE
=C IF THERE IS NO ERROR
SEE REMARKS EELOW
REMARKS
MAXIMUM ERROR IS ©.00045
IF P=0s% IS SET TO -(10)%%74.0 1§ SET 10 €
IF P=1,sX I8 SET TO (10)%%74.D IS SET TO C
SUBROUTINES AND SURFROGRAMS REQUIRERD
NONE
METHOD _
BASED ON AFFROXIMATIONS IN C.HASTINGS:'’'APFROXIMATIONS
FOR DIGITAL COMFUTERS’‘sFRINCETON UNIY.FREGS,FRINCETON,
N.J,»1955.8EE EQUATION 24.2.23sHAND EDOK OF MATHEMAICAL
FUNCTIONS ARBRAMOWITZ AND STEGUN,DOVER PUBLICATIONS:INC.»
NEW YORK.
SUBROUTINE NDTRI(PsXsD,IE)
1E=(
X=,99999E+37
D=X
IF(F)}1+4+2
IE=-1
GO TO 12
IF(P-1,0)7+501
X==-0,999999E4+37
D=0,.0 ’
GO TO 12
D=F .
IF(D-0,5)9:19:8
D=1 oO"‘['
T2=ALOG(1.,0/(DxD))
T=SRRT(T2)
X=T-(2.51%51740,802853%T+0.010328%T2)/(1.041.43278B%T+
10,189269%T2+0.001308%TXT2)
IF(P-0.5)10+10511
X==X
D=0,39BP42TKEXE (~XXX/2,0)
RETURN
ENI
SUBROUTINE SORTX (NsX)

SORTS IN DECREASING ORDERs X(I)=LARGEST

DIMENSION X(100)
Ks&N=-1
DO 2 L=t,K
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Me=N-{

DO 2 J=1+M

IF (X(J)=-X¢J+1)) 1,1,2
AT=X(Jd)

X{Jry=X(J+1)

X¢Jd+1)=XT

"CONTINUE

RETURN

END
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APPENDIX - VII B
DATA FILE FOR PROGRAMME 7 (GGEL.DAT)

ANNUAL .PEAK FLOOD DATA FOR NARMADA AT GARUDESHWAR (1948-79) IN CUMECS
32+104 :
1r1sdvlsird

23890 24810 45430 10380 13290 17100 28450 29150 12810 26700 19700 38800
21250 43340 38880 15250 19540 15250 13000 22670 58100 31170 69400 199490
47980 61350 27300 33750 19500 22700 34240 38200 .
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APPENDIX - VII C
OUTPUT FILE FOR PROGRAMME 7 (GOEL.OQUT)

ANNUAL PEAK FLOOD DATA FOR NARMADA AT GARUDESHWAR (194B-79) IN CUMECS
TOTAL NO. DF VALUES= 32

ND.OF SEASONS FER YEAR= 1

NCLAS= 4,

INPUT DATA

BAXKEEXKKORKK

23870, 24810. 45630. 10380, 132%0. 17100, 284%0. 29150. 12810, 26700
19700. 38800, 21250. 43340, 3I8880. 15250, 19560, 15250¢. 13000, 22470
58100. 31170. 69400. 19980, 47980. 41350, 27300. 23730. 193500¢. 22700
34260. 38200.
ANALYSIS FOR SEASON i
KA RAOR KA ACK KR KKK KKK XK

23890. 26810, 45630, 10380, 13290. 17100. 28450, '29150. 12810. 247p0
19700, ‘38800, 21250. 43340, 38880, 15250, 19560, 15250, 13000, 20470
58100, 31170, 49400, 19980. 47980. 41350, 27300. 33750, 19500. 22700
242460. 38200,
SORTED RECORDED EVENTS .
§9400, 41350, SB100., 47980, 45630. 43340, 388B0. 38800, 3B200. 34240
33750, 31170, 29150, 28450, 27300. 24810, 26700. 23890, 22700. 224To
21250, 19920. 19700. 19560, 19500. 17100, 15250. 15250. 1329G., 130490
12810. 10380,
ANALYSIS FOR NORMAL DISTRIBUTION '
MEAN STD. DEVIATION COEF.OF SKEW CH1 SOUARE DEGREE OF FREEDNOHM
29556.875 148564,373 1.052 5.8750 3
PEARSON TYPE 3 DISTRIBUTIN
MEAN STD. DEVIATION COEF.OF SKEW CHI SQUARE DEGREE OF FREENOM
0.016 0.958 0.371 0.46250 3
CHOW KETHOD FOR LOGNORMAL DISTRIBUTION
MEAN STD. DEVIATION COEF.OF SKEM CHI SQUARE DEGREE OF FREEDOM
10,181 0.475 0.104 1.3750 3
LOB TRANSFORMATION
MEAN STD., DEVIATION COEF.OF SKEW CHI SQUARE DEGREE OF FREEDOM
10,179 0,488 0.104 1.375¢ 3
LOG PEARSON TYPE 3 DISTRIBUTION
MEAN STD. DEVIATION COEF,OF SKEW CHI SQUARE DEGREE OF FREEDOM
0.001 1.000 0.036 0.6250 3
SQUARE ROOT TRANSFORMATION
MEAN STD., DEVIATION COEF.OF SKEW CHI SQUARE DEBREE OF FREELOM
167,040 41,328 0.583 - 1.0000 2
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APPENDIX - VIII A
SOURCE PROGRAMME 8 (POWTRA.FOR)

THIS PROGRAM PERFORMS THE FLODD FREQUENCY ANALYSIS OF
ANNUAL MAXIMUM SERIES USING LOG TRANSFORMATION AND
FOWER TRANSFORMATION (EBOX-COX TRANSFORMATION) r ASSUMING
THE TRANSFORMED SERIES FOLLOWS THE NORMAL DISTRIBUTION

X =ANNUAL MAXIMUM SERIES
¥ =POWER TRANSFORMED ANNUAL MAXIMUM SERIES
z =LOG TRANSFORMED ANNUAL MAXIMUM SERIES ARRANGED
IN DESCENDING ORDER
oL =GRID SIZE USED IN THE SEARCH METHOD FOR DETER-
MINING THE EXFONENT ,LAMDA WHICH NEAR NORMALISES
THE SERIES ’
SK =ARRAY FOR S8TORING KURTOSIS VALUES
X1 =ARRAY FOR STORING THE ANNUAL MAXIMUM SERIES 1IN
CHRONCLOGICAL ORLER
F =PROBABILITY USING FLOM’'S FLOTTING FOSITION
FORMULA

IYEAR =YEAR CORRESFONDING TO THE ANNUAL MAXIKUM VALUES
ALPHA =TARLE OF STANDARD NORMAL DEVIATES CORRECTED FOR KURTOSIS
ALFHAS =TEMFORARY ARRAY FOR STORING ALPHA
ALINFI =ARRAY OF INTERFOLATED STANDARD NORMAL DEVIATES
CORRESPONDING TO THE UIFFERENT FPROEAEKILITY OF
EXCEEDENCE LEVEL
IYEAR1 =ARRAY OF YEARS IN CHRONOLOGICAL ORDER

X2 =TAELE OF DEVIATION OF THE COEFFICIENT OF KURTOSIS
VALUES AWAY FROM 3.00

Y2 =TARLE OF CORRECTION FACTORS CORRESFONDING T X2

1 =LOG TRANSFORMED FL.OODL FLOW VALUES IN CHRONOLOGICAL
ORLDER

Y1 =FOWER TRANSFORMED FLOOD FLOW VALUES IN CHRONOLOGICAL
ORDER

R1 =RECURRENCE INTERVAL FOR WHICH FLOOD ESTIMATES ARE
MADE

o =STANDARD NORMAL DEVIATE OETAINED FROM THE SUBRDUTINE
NOTRI CORRESFONDING TO THE GIVEN FROEABILITY OF
EXCEEDENCE

ESTP =ESTIMATEDN FILOODL PEAK USING POWER TRANSFORMATION

FEX =TABELE OF EXCEEDENCE PROBABILITIES FOR WHICH KURTOSIS

CORRECTELT STANDARD NORMAL DEVIATES ARE AVAILABLE
ALINFI1=TEMFORARY ARRAY FOR STORING ALINFT
FEX1 =TEMPORARY ARRAY FOR STORING PEX
IRI =TEMFORARY ARRAY FOR STORING RI
NFTS =*NUMBER OF CK VALUES AVAILARLE FOR KURTOSIS CORRECTION
NALFHA =NUNMBER OF EXCEEDENCE FROBABILITIES FOR WHICH KURTASIS
CORRECTED STANDARD NORMAL DEVIATES ARE AVAILABLE
NCLASS =NUMBER OF CLASSES USED IN THE CHI-SQUARE TEST
N =NUMBER OF ANNUAL MAXIMUM VALUES TO BE READ
****************t*********t*#****ttl*t#tt********t*!*#**********
DIMENSION X100 ,YC100)52¢100)X1(100)sF(100),

1 IYEAR(IOO);ALPHA(?:?)pALPHAS(?)thINPI(?)-IYEARI(IOO)u
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(AN

b 0 -

X2(9) s Y2(F)yZ1(100)y¥Y1{100) sy RICIQ)y TOCLO) »ESTF(I0) »FPEX(7)y
ALINFIL(9)»FPEXLIC(?)IRIC10)TITLE(RD)
OPEN (UNIT=21,yFILE="FOWTRA,DAT’ »STATUS="0LD"}
OFPEN (UNIT=22:FILE ='FOWTRA.OUT " sSTATUS="NEW")
DFEN (UNIT=23,FILE=/NOTRI.QUT +STATUS="NEW’}
GATA X2/-1,20r-1.07¢s-0,81r-0.4%,0,0+0,550+1,22+,2.03+3.00/

NATA Y2/-1.009-0.75s~0.50¢~0,2550.0+0.,2590.50+50.75+1.00/
DATA ((ALPHAC(I« 1)+ I=1+2)3)=1+s7)/0,8750.8450,.80,0.73+0.6750.562»
0.58+0.953r0.4991,3%9:1.36+1,35,1,31¢1.2851.25,1.22+1.1851.14,
1.5691+5701.6191.48371.6891.6591.6091.6421,63+1.65,1.71+1,.81»
1,87:1.,924692,02+2,06+2,09+2.1251.70+1.84,2.03+2.18+2.3352.46»
2.58r2.6892,77+1.7151.91:2,16:2.37:2.58:2.77:2.94,3:10,3.28
1:7392.0522.4122.75¢3.09+3:4393.,75,4.08:4,39/
DATA PEX/0.,25,0.10:,0.05,0.025:,0.,901:0.00%5,0.001/

READ INFUT INFORMATION

READ{(21,333)TITLE

FORMAT(80A1)

WRITE(22,333)TITLE

READ (21s%) NsNCLASS,(RI(I)»I=1+4)

READ (212%) (IYEARC(JY»J=1 9N} s {(X(J)rd=1sN}

WRITE(22,93)

FORMAT(A40X >S54 (1HX))

WRITE(22,96)

FORMAT(40Xs1H%X»11(1H )+ 'ANALYSIS OF THE ORIGINAL SERIES’,
10(1H ) r1HX)

WRITE (22,93)

WRITE(22,100) N

FORMAT(//40X, THE TOTAL NO. VALUES IN THE ORIGINAL SERIES
1ARE="rI4//)

WRITE (22:97)

FORMAT(//35Xy *NOTE? BLOMS.PLOTTING POSITION IS USED
THROUGHOUT"//) )

ARRANGING THE DATA IN ASCENDING ORDER)

BO S I=1sN

P(IY=(FLOAT(I)-0,375)/(FLOAT(N)>+0,.25)

P2=P(I1)

CALL NDTRI(F2,T,DsIE)

WRITE(23,7777) IsP257

FORMAT(20Xs “I="214,5Xs "PNEX="1FB8.,4,5X>» "SND="+F10.4)
IYEAR1(I)=IYEAR{(I)

X1(I)=X{I)

CALL SEQ(NsIYEAR!X)

WRITE (22,1014)

FORMAT(14X»116C1H~})

WRITE (22+1007)

FORMAT (14Xy 71 p12Xe 7 p29Xs 717 937X 1o 14X 717 919%s ")
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WRITE (22,104}
WRITE(22,1007)

WRITE (22,1018)

FORMAT (14X " 1 512X s’ 1 7 ¢ 67 (1H=) s’ 1" 314X, ' 17 33Xy 'PROBARILITY OF *
P2Xr 1)

WRITE (22,107)

WRITE(22510164)

FBRMAT (14Xs 17 »5Xs "SLNO.“y1Xs 1 y3Xs'YEAR’ v4Xs ' 1“1 46X 'DISCH
LARGE’ r2Xs* 1" 3 @Xy "YEAR ' 14X 17|/ s 7Xs " DISCHARGE’ s 3Xs ‘1 /15Xy’ RANK
275Xs 717 y3Xy 'NON-EXCEEDENCE* 2% 717} ‘
WRITE(22,200)(IyIYEARLCI)sX1CI) rIYEAR(I) s XCI)sIsP (L) sI=LsN)
WRITE(22,1014)

FORMATC(LAXs/ P p2XoIS5e5Xs“ 1 s 2X oI5+ 4Xs "t/ 350N sFB.1r4Xs’ ! s8X,15,
14X 71 s 6XsFB. 15X e /1 "3 2X0 IS 7Xs " 17 AXsFB. I 7Xp 17}

WRITE (22,300)

WRITE(22,3001)

FORMAT(21X,59(1H~-})

FORMAT(14X» 1/ 932Xs 1 11Xy ‘DATA IN CHRONOLOGICAL ORDER’s1X» ‘177X,
1’DATA IN ASCENDING ORDER’»&6Xr !/ v 14X,/ 17 319Xy 17}

COMPUTE MEANsSTANDARD DEVIATIDN:COEFFECIENT OF SKEWNESS AND
KURTOSIS OF THE GIVEN ORIGINAL SERICS

FORMAT (///7///7/721%y'STATISTICAL ESTIMATES OF THE ORIGINAL SERIES
1 ARE AS FOLLOWS!’)

CALL ARI(XrNrySMEANsSSIsSKEW»SKUR)

AVEGE=SMEAN

WRITE(221400)SMEAN

FORMAT(/21Xs “MEAN OF THE SERIES=’,E14.8)

WRITE(22,500)88N . )

FORMAT(/21Xy'STANDARD DEV OF THE SERIES=',E14.8)
WRITE(22,600)SKEW ’

FORMAT(/21Xy 'COEFF, OF SKEWNESS OF THE SERIES=‘,E14.8)
WRITE(22,700)SKUR

FORMAT(/21Xy'COEFF. OF KURTOSIE OF THE SERIES=',E14.8///7)

FREQUENCY ANALYSIS USING 106 TRANSFORMED SERIES

WRITE (22,1003)

FORMAT (1H1)

WRITE (22,95)

WRITE (22,98) ’
FORMAT (40Xy'x% ANALYSIS OF THE LOG TRANSFORMED SERIES
1 x)

WRITE (22,93)

WRITE(22,90%5)

FORMAT(///77/777)

WRITE(22r1014)

WRITE(22,1007)

WRITE(22/,104)

WRITE(22,1007)

WRITE(22+1018)
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701

711
712
713
714

715

WRITE (22,107)

WRITE(22s1014)

O 1 I=1+N

XICI)=X(I)+1

ZIX=ALOGIGIXC(I )

Z1(I)=ALOGLO{X1(TI))

CONTINUE

WRITE(22y250 (T +IYEARI(ID s Z1 (T} IYEAR(I) s Z(I)pIsFP(I)sI=14N)
FORMAT (14X 152X rI5s5Xe 17 22X oIS AX s 71 ¢ DXFB.ZrdXy '} 18Xy
1ISsAXr "1 98X aFB,325Xe "9 2Xo TS50 7Xs " 1/ 9 4XsFB. 397Xy " 17)
WRITE(22s1016)

WRITE ¢(22,3201)

FORKAT(////7/7//721Xs STATISTICAL ESTIMATES OF THE LOG TRANSFORMED
1 SERIES ARE AS FOLLOWS!’)

WRITE(2253002)

FORMAT(21X,46(1H~-))

COMPUTATION OF STATISTICAL PARAMETERS OF THE LOG TRANSFQORMED
SERIES

CALL ARI(ZsN)SMEAN:SSDsSKEWs SKUR)

WRITE (22:,40Q)SHMEAN

WRITE (22,500)8SD

WRITE (22+600)SKEVW

WRITE (22»700)S8KUR

COMFUTATION OF CHI-SQUARE STATISTIC FOR LOG NORMAL FITTING
CALL CHIST(N,NCLASSsZ,SMEAN,SSD)

COMPUTATION OF PEAKS FOR DIFFERENT RECURRENCE INTERVALS

DO 701 I=1.6

F1=1,-1./RI¢I)

IRICI}=RI{I)

CALL NDTRI(FP1sT:D:IE)

TD{E)=T .

ESTP(I)»=SMEAN+SSD¥T

ESTP(I)=10%¥ESTP(I)

WRITE(22,711)

WRITE(22,712)

WRITE(22,713)

WRITE(22,714)

WRITE(22+712)

WRITE(22y715) (I IRICI)sESTF(I)»I=1+4)

WRITE(22,712)

WRITE (22,1003)

FORMAT(//7//7//7//744Xs 'ESTIMATED FLOOD PEAKE’)
FORMAT{39X»38(1H-))

FORMAT (35X’ 1 /91Xy’ SL.ND.“ s’ 92Xy "RECURRENCE " +3Xs» " !>

11Xy “ESTIMATED 23X, 1)

FORMAT(3ISXy " 737X 717 »3Xy "INTERVAL ‘s 4Xy 7 | 793Xy "FLOOD “ + 5X
1717} .

FORMAT(3SX /1 /93X 113X 17 54XrI5s" YEARS » 17/ +3XsF10.04717)
WRITE (22,93) ’

WRITE (22.,99)
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1201

79
78

20

77

3063
1002

1000

WRITE (22,95)
WRITE(22,2035)
WRITE(22,1014)
WRITE(22,1007)
WRITE(22+106)
WRITE(22,1007)
WRITE(22,1Q18)
WRITE (225107)
WRITE(22,1014)

FREQUENCY ANALYSIS USING FOWER TRANSFORMED SERIES

COMPUTATION OF THE VALUE OF EXPONENT WHICH MAKES THE SERIES

SYMMETRICALLY DISTRIEUTED

FORMAT (40Xs‘% ANALYSIS OF THE POWER TRANSFORMED SERIES
x’)

AL1=1.0

DO 2 I=1:N

Y(I)=(X(T)X¥AL1~-1.)/AL]1

CALL ART(Y,NrSMEANsSSD»SKEW,SKUR)

SK1=SKEMW

AL2=Al140.2

D0 3 I=1sN

YCI)=(X(IY*XAL2~1,)/AL2

CALE ARIC(YsN>SMEAN,SS5D,SKEW,SKUR)

SK2=SKEW

DL=-SK2¥(AL2-AL1)/(SK2-8K1)

IF(ABRS(DL).LE.C,001)G0 TO 79

SK1=8K2

AL1=AL2

AL2=AL2+DL

60 TO 1201

AL=AL2

00 78 I=1yN

YCI)=(X{T)%%xAL-1,)/AL

CALL ARI (Y N)SMEAN»SSD»SKEN:SKUR)

D0 77 I=f«N

YLI(D)=(X1<{I1)X*AL~1.)/AL

WRITE(22s250)(T+IYEARLIC(I} s Y1{I) IYEARCID s Y (I XsF(IdsI=1+N)

WRITE(22s1014)

WRITE(22,1002)

WRITE (22,3003)

FORMAT{21X» 69 (1H-))

FORMAT(///////21Xy"STATISTICAL ESTIMATES OF THE POWER TRANSFORMED

1SERIES ARE AS FOLLOWS )

WRITE(22,1000)AL »SMEAN,SSDsSKEW»SKUR

FORMAT(/21X» ‘VALUE OF LAMDA =',F15.8//21Xs’MEAN OF THE

1SERIES =’,F15.8//21Xy’STANDARD DEVIATION ='+F15.8//21X:

2’COEFF. OF SKEWNESS =',F1%5.,8//21X,'COEFF. OF KURTOSIS =',

3F15.8//)
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COMPUTATION OF CHI-SQUARE STATISTIC FOR FOWER TRANSFORMATION
FITTING

aonn

CALL CHIST(NsNCLASSY,SMEAN.SSIH)

COMFUTATION OF FPEAKS FOR DIFFERENT RECURRENCE INTERVALS
(WITHOUT KURTOSIS CORRECTION)

anan

DD BO1 I=1.6
ESTP(I)=SMEAN+SSD¥TD(I)

801 ESTP(I)=(ESTPC(I)XAL+1,)%k%X{1.,/AL)
WRITE(22,711)
WRITE(22,712)
WRITE(22,713)
WRITE(22,714)
WRITE(22,712) .
WRITE(22+7150(I»IRICI)»ESTF(I)»I=1+4)
WRITE(22,712)
DO 666 I=1sN
P2=P(I)
CALL NOTRI(PZ2:T»D»IE)
ZEOM=SMEAN+SSDXT
XCOM=(ZCOMXAL+1 . 0%kx(1./4AL)

C WRITE(22,%) X(I)»XCOM

666 CONTINUE
CK=SKUR-3.,0
XINP=CK

COMPUTATION OF THE STANDIARD NORMAL DEVIATE CORRECTED FOR
KURTOSIS DEVIATION AWAY FROM 3.00
NPTS=?
NALPHA=? .
CALL SPLINE(NPTSsX2,Y2sXINP:YINF)
DO 52 J=1,NALFPHA
PO 51 I=1»NPTS
91 ALFHAS(I}=ALPHA(I,» )
CALL SPLINE (NFTSs»Y2sALPHASIYINF,ALINF)
52 ALINFI()=ALINF
WRITE (22,1003)
WRITE(224+2004)
2004 FORMAT (63X TABLE-1"» 763X+ 7 (1H-})
WRITE(22+1004)
WRITE(22,1005)
WRITE(22,10084)
WRITE(Z22,1005)
WRITE(Z22y1008) (Y2{(I)sI=1,NFTS)
WRITE(22,1009)(X2(I)sI=1,NPTS)
WRITE(22,1005)
WRITE(22,2006)
2006 FORMAY(///// /777763y "TARLE=-2/ /63X 7(1H-})

o0 n
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WRITE(22,1010)
WRITE(22,1005)
WRITE(22,1011)
WRITE(22,1012}
WRITE(22,1005)
DD 9999 I=1,9

9959 WRITE(22,1013) (Y2(I)s (ALPHA(I )y J=1+77)
WRITE(22,1005)

WRITE (22,1003)

1004 FORMAT(25Xs RELATIONSHIP BETWEEN BETA AN CK REQUIRED
1FOR KURTOSIS CORRECTED STANDARD NORMAL DEVIATES)

1005 FORMAT(25X:89(1H-))

10064  FORMAT(25X»’ ! 1Xs ‘DATA’ +1Xs 17 135Xy ‘VALUES’ 339X+’ 1)

1008  FORMAT(25Xs’ 1’ s1Xs*BETA’ s1Xr 1 sF5.298CAXsF5.2)93Xs" 1)

1009 FORMAT(25Xs’ !’ 92Xs ‘CK’ +2Xr "1 +FS.2+8(4XsF5.2) 93Xy’ 1)

1010  FORMAT{(30X, ADJUSTED STANDARD DEVIATE K FOR SMALLER
1PROBABILITIES ALFHA FOR VALUES OF BETA')

1011  FORMAT(25Xs’ 1%+ BETA’ +5Xs 77 246(3Xs ALPHAZ »2Xs 17 )
13Xs " ALPHA »3Xs 2 17)

1012  FORMATL2SXr’ !/ s9Xr 17 +4Xr 0,257 52Xs" 17 24Xy 0,10732Xs" 17,
14Xy 0,057 92Xy 17 93Xr 0,025 92Xy 17 14%X270,017s2Xs "1 793Xy
20,005 r2Xy 1 93%r°0,00193Xs 717} \

1013 FORMAT(25Xs 17/ sF5,2+4Xe" 1/ r4{AXsFA2r2Xr’ 17 ) 14XsF4,2,3Xs
)

WRITE(22,280) :

280 FORMAT(10X»’THE VALUE OF CK AND THE CORRESPONDING BETA REQUIRET
1 FOR KURTOSIS CORRECTION IN THE STANDARD NORMAL DEVIATES ARE’/)
WRITE(22:285)CKyYINP

285 FORMAT(40Xs‘CK=/+F5.2,10Xs "BETA='sF5.2/)

WRITE(22,1023)

1023 FORMAT (35X, 'KURTOSIS CORRECTED STANDARD DEVIATES
1 CORRESPONDING TO THE COMPUTED CK?)

WRITE(22,1005)
WRITE(22,1011)
WRITE(22,1012)
WRITE{22,1005)
WRITE(22,1013) YINF+ (ALINPI(J)sJ=1+NALPHA}Y
WRITE(22,1005)

COMPUTATION OF PEAKS FOR DIFFERENT RECURRENCE INTERVALS
(WITH KURTOSIS CORRECTION)

noo0n

DD 1041 I=1sNALFHA
PEX1(I)=PEX(I)

1051 ALINPIL1(I)=ALINFIC(I)
DO 1071 I=1:NALFHA
K=NALFHA-I+1
PEXC(IY=PEX1(K)

1071 ALINPI(I)=ALINFI1(K)
DO 1081 I=1:4
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Pi=1,/RI(I)
CALL SPLINE(NALPHAYPEX ALINFIYP1,T1)
ESTP(I)=SMEAN+SSDATL
1081 ESTR(I)=(ESTF{IDXAL+1,)XX(1,/AL)
WRITE(22,711)
WRITE(22,712)
WRITE(22,713)
WRITE(22,714)
WRITE(22,712)
WRITE(22+71S)(IyIRICI) yESTF(I} 115145}
WRITE(22,712)
1001 STOP
END
SUBROUTINE ARI
SUBROUTINE FDR COMPUTING THE STATISTICAL PARAMNETERS OF
THE DATA
COMUTES MEAN,STANDARD DEVIATION,COEFFICIENT OF SKEWNESS AND
EOEFFICIENT OF KURTOSIS
INPUT DATA ARE AS FOLLOWS!
X=BIVEN SERIES FOR WHICH STRTISTICAL FARAMETERS ARE REOJIRE
N=NUMBER OF X VALUES
QUTPUT DETAILS ARE AS FOLLOWS!
SHEAN=MEAN OF THE SERIES
SSD=UNBIASED STANDARD DEVIATION OF THE SERIES
SKEW=COEFFICIENT OF BKEWNESS OF THE SERIES
SKUR=COEFFICIENT OF KURTOSIS OF THE SERIES
SUBROUTINE ARI(X’NvSHEAN:SSD:SKEH;SKUR)
DIMENSION X(&00)
SUMG=0.0
DO 4 I=1,N
4 SUHG=SUMB+X(I)
SMEAN=8BUMG/N
SUM=0.0
ASUN=0,0
BSUN=0.,0
DO 5 J=1.N
SUN=SUM+ (X (J)-SHEAN)XX2
ASUM=ASUM+(X(.J)-SMEAN) %23
BSUM=BSUM+(X(J)~SMEAN) XX4
5 CONTINUE
SSD=SART(SUM/(N~-1.)) .
B=(NINYZ/C(N-1,)%(N-2.))
C=(NENEN)/((N~F, )RI{N-2.)%(N-3,))
SKEW=(ASUM/(58DX23) )% (1./N)
SKEW=SKEWXE
SKUR=(BSUM/(SSDX24))%(1,/N)
SKUR=SKURXC
RETURN
END

aoaoooOOOOnNOnnM
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SUBRDUTINE FOR ARRANGING THE SERIES IN ASCENDING ORDER
INPUT DATA ARE AS FOLLOWS!
N=NUMBER OF VALUES TO BE ARRANGED
IYEAR=YEAR IN CHROGNOLOGICAL ORDEK
X=DATA SERIES IN CHRONOLOGICAL ORIER
GUTPUT RESULTS ARE AS FOLLOWS:
X=DATA SERIES IN ASCENDING ORIER
IYEAR=YEAR CORRESPONDING TG X
SUBROUTINE SER(NsIYEARsX)
DIMENSION X(100),IYEAR(100)
J=0
20 J=J41
DO 10 I=JsN
IF (X(I).BT.X(J)) GO, TOD 10
XT=X{d)
XTY=IYEAR{J)
X(J)=X(1>
IYEAR(J)=IYEAR(I)
X{I)=XT
IYEAR(I)=XTY
10 CONTINUE
IFC(J.NE.(N-1)) GD TO 20
RETURN
END .
FROGRAM FOR SPLINE INTERPOLATION

oonDooona

no

SUBROUTINE SFLINE(NPTS:XsYsXINP:YINF)
NFTE-NO. OF POINTS

DIMENSIONS SET FOR DAMAGE CLACULATION IN HEC-1
ARRAY NAME DIMENSION

EM» T KPTS=(10%(KRTIO~1)41)
sasen COMMON FOR INFUT AND DUTPUT UNITS

OoOoOOONO0O0O0n

DIMENSION X(20)»Y(20),XINP1¢20)
DIMENSION EM(B1),T¢81)
DATA KPTS/81/

k% COMFUTES SPLINE CDEFFICIENTS BY AKIMA METHOD -- A NEW METHOD
OF INTERPOLATION AND SMOOTH CURVE FITTING BASED ON LOCAL PROCEDURE
« AKINA> J.A.C.M.» 179 589-502, 1970, .
PROGRAM BY H. KUBIK: HYDROLOGIC ENGINEERING CENTER -- AUGUST 1974
N ~ NUMBER OF POINTS IN ARRAY.
X ~ X ARRAY: VALUES MUST BE UNIQGUE AND INCREASE,
Y - Y ARRAY,
T - COEFFICIENT ARRAY

noaoOooOnOn

VIII-9/22



c ¥ k ¥ ¥ IF ONLY TWO FOINTS, USE LINEAR INTERFOLATIDN
N=NFTS
IF{N.LE.2) BD TO 935
IF (N.BT.KPTS) GO TO 1080
DO 1000 I=2s+N
J=1
TMP=X(I)~X{I~-1)
IF(TMF.LE.O0.)> GO TO 1100
1000 EMCI-1)=(Y(I}=-Y(I~1))/TMF
D0 1070 I=1:N
IF(I.EQ+1) GO TO 1010
IFCI.E@.2) GO TO 1020
IF(I.EQ.(N~1)) GO TO 1030
IF(I.EQ.N) GO TD 1040
TEMPI=ABS(EM(I+1)~EM(I})
TEMP2=ABS(EM(I-1,-EM(I-2))
TEMFI=EM(I-1)
TEMF4=EM(I)
GO TO 1050
1010 TEMPL1=ABS(EM{2)-EM(1))
TEMP2=TEMF1
TEMPI=2.%ENMC(1)-EM(2)
TEMPA=EM(1)
GO TO 10350
1920 TEMP1=AES(EM(3)Y-EM(2))
TEMP2=ABS(EM(2)-EM(1))
TEMF3I=EM (1)
TEMF4=EM(2)
GO TO 1050
1030 TEMP1=ABS(EM(N--1}~EM(N-2))
TEMP2=ABSC(EM(N~2)-EM(N~-3))
TEMF3=EM(N-2)
TEMPA=EM(N-1}
GO TO 1050
1040 TEMF1=ABS(EM(N-1)~EM(N~2))
TEMP2=TEMFP1
TEMPI=EM(N-1}
TEMP4=2 ,%EM{N-1)~EM(N-2)
105¢ IF(TEMPL1.LE.Q. ,ANG.TEMP2.LE.0,) GO TO 1040
T =(TEMPIXTEMF1+TEMPAXTENP2) /¢ TEMP 1+ TENP2)
GO TO 1070
1040 T(I)=(TEMP4+TEMP3) /2,
1070 CONTINUE
CALL AKIMA(NPTS»XrYsXINP+sYINPyT)
3955 CALL AKIMA(NRTSrXsYsXINPsYINFT)
1080 WRITE(Z2+1090) KFTSsN ‘
1090 FORMAT (/44H %%% ERROR ¥%% ARRAY SIZE EXCEEDED IN AKIMA.
1 13H DIMENSION =sI4,12H, BUT NPTS =,I4)

1100 WRITE (251110) JsX{(J-1)X( D)
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1110

oOooon

1020

1030

1040
1050

[-Y.1)
1060
1070

oDonDoOoOoOnDoO OO0

FORMAT (/747H *x%x HEC-1 ERROR 3¢ %x% X VALUES ARE NOT UNIQUE,
i 47H AND/OR INCREASING FOR CUBIC SPLINE INTERFOLATION/
2 22Xs3H J=9I3s5XeBH X(J=-1)=»F10.2,5XséH X{(J)=yF10.2}

RETURN

END

SUBROUTINE AKIMA (NPTS:X:Y s XINP,FUNCT,T}

DIMENSION X(NPTS), Y(NPTS) ,T(81)

kxx INTEROLATION BY AKIMA METHOD. SEE SUBROUTINE AKIMA FOR REF.
‘PROGRAM BY H. KUBIK, HYDROLOGIC ENGINEERING CENTER -~ AUGUSY 19764

N=NPTS

XIN=XINP

IF(N.LT.2) GO TO 1040

IF (N.8T.2) GO TO 1030

USE LINEAR INTERFOLATION IF ONLY TWO POINTS

FUNCT=Y (1) #(XIN-XC1) )/ (X(2)=X(1) 2R (Y (2)-Y (1))

GO TO 446

DO 1040 II=2sN

I=II-1

TE(XINLLT. X{II)) GO TO 105Q

CONTINUE :

TP1=XIN-X(I)

TP2=Y{I+1)-Y(I)

TPI=X{(I+1)-X(1)

FUNCT=Y(I)+T(IXXTP1+( (3. XTP2) /TP 3~ 2.*T(I) T(I4+1))/TPIXTPLXXRZ
1HCTCIN4T(I41) -2, XTP2/TPI)RTP L XX/ TPIXX2
RETURN

WRITE (IP»1070)

FORMAT - (/474 %%% HEC-1 ERRDR 29 ¥k ONLY DNE DATA FODINT FORy
1 14H INTERPOLATION)

RETURN
END
SUBROUTINE CHIST FINDS CHI-SGUARE STATISTIC
EQUAL PROBABILITY METHOD IS5 AROPTED
INPUT INFORMATION ARE AS FOLLOWS:
X=THE PEAX FLOOD SERIES
N=NUMBER OF X
NCLASS=NUMBER OF CLASSES USED IN COMFUTING THE CHI-
SQUARE STATISTIC
SMEAN=MEAN OF THE X SERIES
88P=STANDARD DEVIATION OF THE X SERIES
NDF=NUMBER OF DEGREES OF FREELDM {NCLASS- NUMBER
OF PARAMETERS -1)

SUBROUTINE CHIST(NsNCLASS»X»SHEAN,SSD)

REAL MINP

;DIHENSIUN FLE20) sEXPF(20) s THFL(20) ,GND(20) » MINF(20),0RBSF(20) X (400)
DO 10 I=1,NCLASS
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FL(I)=1./FLOAT(NCLASS)
10 EXPF(I)=FL{I)XFLOAT(N)
NCLAS=NCLASS-1
DO 1t I=1,NCLAS
K=1
THFLCID)=FLOAT(K)XFL(T)
P=THFIL.(I)
CALL NOTRICFsY»DrIE?
SND(I)=Y
MINF{I)=SMEAN+SSDASND(I)
11 OBSF(I}=0,
TNUM=0,
J=1
DO 14 I=1sN
13 IF(XCI)~MINP(J}I70+7060
70 OBEF (J)=0BSF(J)+1,
TNUM=TNUM+1 .
GO TO 14
60 ° IF(J.LT.NCLAS) GD TO 15
. 6O TD té
135 J=J41
GO TO i3
14 CONTINUE i
16 OBSF(NCLASS)=FLOAT (N)-TNUH
c CALCULATION OF CHI-SQUARE STATISTIC
CHISQ=0.
00 17 I=1,NCLASS
CHIS=(DRSF(I)-EXPF(I))XX2/EXPF{1)
o CHISO=CHISQ+CHIS ’
17 WRITE (20+111)>I,0BSFCI)EXPF(I)»CHIS,CHISA
111 FORMAT (10Xs ' I='sI5s4Xs 0BRSF(I)="sFB.:.3s EXPF(I)="
1¢FB.3»’CHIGB="',FB.3,'CHISA="»F8.3) )
NDF=NCLASE-3
WRITE(22,51)INCLASS»NDF,CHISQ

51 FORMAT(//40X:”NCLASS="+sI5+10Xs ‘NDF=,15,

110X; 'CHISQ="sF7,3} : :

RETURN

END
c E
E.OI.!Q..OO.CQ00!000!"‘l‘.’.."‘.!.'i.‘0..".."...'.l..l..l..‘.
C
c SUBROUTINE NDTRI
c
c FURFOSE
C COMFUTES X=PX%(-1)(Y)y THE ARGUMENT X SUCH THAT Y=P(X)
c . =THE PROBABILITY THAT THE RANDOM VARIABLE U»DISTRIBUTED
c NORMALLY(Os1)y IS LESS THAN OR ERUAL TO X. F(X)s THE
c ORDINATE OF THE NORMAL DENSITY, AT X IS ALSO COMPUTED,
c \ J
c USAGE
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OO0O0OOCOCOoOOOOoO00000 0000

~ [ 0 ] [

0w

10
11
12

CALL NDTRI(FsXsCsIER)

DESCRIPTION OF FARAMETERS
F ~INPUT PRORARILITY
X  -OUTPUT ARGUMENT SUCH THAT P=Y=THE FROBABILITY THAT
THE RANDOM VARIAELE IS LESS THAN OR EaGUAL TO X
€  -OUTPUT DENSITY,F(X)
IER ~OUTFUT ERROR CODE
=-1 IF P IS NDT IN THE INTERVAL (0,1}, INCLUSIVE
X=C=,99999E+37 IN THIS CASE ‘
=C IF THERE IS NO ERROK
SEE REMARKS RELOW
REMARKS
MAXIMUM ERROR IS 0.00045
IF-P=0,X IS SET TO -{10)%%74.D I& SET TO C
IF P=1,X IS SET TO (10)%%74.0 IS SET TD C
SUBROUTINES AND SUEPROGRAMS REQUIRED
NONE
METHOD
BASED ON AFFRDXIMATIONS IN £.HASTINGS,’’APPROXIMATIONS
FOR DIGITAL COMFUTERS’’,PRICETON UNIY.FRESS)FRINCETON,
N+J.r1955,SEE EQUATION 26.2,23:HAND EOOK OF MATHEMAICAL
FUNCTIDNS s ARRAMOWITZ AND STEGUN,DOVER FUBLICATIONS:INC.»
NEW YOQRK.
SUBROUTINE NOTRICFsXsDsIE)
IE=C
=,99999E+37
=X
IF(P)1y442
IE=-1
GO TO 12
IF(P-1.,0)7s51
X=-0,999999E+37
D=0.0
GO TO 12
n=p
IF(D~0,5)9:9,8
p=1,0-D
T2=ALDE(1.,0/(DXD))
T=SART(T2)
X=T-(2,51551740,802853%T+0,010328%XT2)/(1.,041,432788%T+
10.189269%T240,001308%XTXT2)
IF(P-0.5)10s10,11
X==X
D=0.398F423KEXP (-XXX/2.0)
RETURN
END

v = a4 At



APPENDIX - VIII B

' DATA FILE FOR PROGRAMME, & (POWTRA.DAT)

ANNUAL PEAK FLOOD DATA FOR NARMADA AT GARUDESKHAR {1948~ -79) IN CUMECS
32 35 50 100 200 500 1000 10000

1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

1961 1962 1943 1944 19463 1964 19467 1958 1949 1970 1971 1972 1973

1974 1973 1976 1977 1978 1979

23890 24810 45430 10360 13290 17100 28450 29150 12810 24700 19700 38800
21250 43340 38880 13250 19540 15250 13000 22470 38100 31170 49400 19980
47980 41350 27300 337%0 193500 22700 34240 38200

;
k

VIII-14/22 .



APPENDIX - VIII C

OUTPUT FILE FOR PROGRAMME 8 (POWTRA.OUT)

ANNUAL PEAK FLOOD DATA FOR NARNADA AT GARUDESHWAR (1948-79) IN CUMELS
etiiiissattidastilinetiiideetatinedininttiotisatinsitd
] ANALYSIS OF THE ORIGINAL SERIES - t
s iitotad i it i s bitretatiitibrbiibininiiteiid

THE TOTAL NC. VALUES IN THE ORIGINAL SERIESARE= 32

NOTE: BLOMS PLOTTING POSITION IS USED  THROUGHDUT

T ;

! ! DATA IN CHRONGLOBICAL GRIER ! 38Th TN ASCEMDING ORDER
i [ ] .

! ! :
i SLD. ' YEAR ! BISCHARGE ! YEAR DISCHARGE
! 11 1Mg 238900 ! 1951 ! 10330.¢
' I B TR N | X B 195 ! 12810,0
! I 1950 1 55300 ! 1986 13000.0
! a1 10380.0 | 1952 ! 13290.0
! 5 1 1982 1390.0 ! 1965 ! 15250,
' & 1 15 171000 1962 ! 15250,0
1 700 1 8650.8 ! 1953 1 1710040
! B! 1955 © Mi500 ! 1976 1950040
! g1 195 ! 128100 ! 1964 ! 19560,0
b1t 195 267000 1958 ! 19706.0
bt 1 1988 ! 197000 ! 1971 19980,0
Coo12 19 368000 ! 190 | 21250.0
M3 190t 2250.0 197 1 22670.0
Co14 1 19 a0 {772 227000
O A T 1 388800 ! 1998 238900
116 1 1983 ! 15250,0 © ! 1957 " 1 26700.9
I A T 195600 1 14y 26810.0
P18 1 195 1 15250.0 1 1w 273000
Y19 196 ! 130000 ! 1954 28650.0
- I R TV 26700 ! 195 | 29150.0
A 1 198 ! 581000 ! 1969 31170.0
T TR T 7T S MmN ! 1975t 37500
T B I 1 I 940,01 1978 ) 34260.0
P o 199800 | e ! 382000
I s 1 1972 . 79800 ! 1959 | 38800,
T N 7 < S SR T F - T 1962 1 36880.0
too 1 e 7300.6 ! 1961 ¢ 43350,0
- B T 7 S 370,00 ! 1950 | 45630.0
A 195000 ! R 479800
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PROBABILITY OF
RANK NON-EXCEEDENCE
1 ! 2,019
2 t 0.050
M ! 0.081
4 ! 0.112
H ! 0,143
8 ! 0.174
7 ! 0,205
8 ] 0,23
y ! 0,267
10 ! 0,298,
11 ! 0.3
12 ! 0,340
13 ! 0,391
14 ! 0.422
15 ! 0,453
1 ! 0,454
17 P 0518
18 ! 0,547
19 ! 0.578
2 ' 0,509
2 ' 0,640
2 ! 0,671
2 ! 0,702
u ! 0.738
% ! 0.744
2% ! 6,795
7 ! 0,62
P ' 0,857
® ' ©.888
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K LI L 77 22700.0 ! 1968 ¢ 58100.0 ! 3 ! 0.919
i [ 7 342466.0 ! 1973t 51350,0 ! it ! 0.950
32 LI 7 38200,0 ! 1970 | 67400.0 ! 32 ! 0.981

STATISTICAL ESTIMATES GF THE ORIGINAL SERIES ARE AS FOLLOWS!

MEAN OF THE SERIES= 0.2955487SE405
STANDART DEV OF THE SERIES= 0.14364373EH05
COEFF. OF SKEWNESS OF THE SERIES= 0.10519811E401

COEFF, OF KURTOSIS OF THE SERIES= 0.3BS79183E401
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ANALYSIS OF THE LOG TRANSFORMEDR SERIES ¥
flositetistitasiiitrasiaidihontintioacirsticesiditoiss

t

| DATA IN CHRONOLOGICAL CRDER
|

T
!
!

DATA IN AGCENDING ORDER

PROBABILITY OF

VIII-17/22

SL.NO, ' YEAR I DISCHARGE ! YEAR ! DNISCHARGE RANK NON-EXCEEDENCE
! 1 I 1948 ¢ L% v 1931 4,018 ! H ! 0.019
! 2 1949 ! 4428 ¢ 1956 ! 4,100 ! 2 ! £.050
! 3 LR <1 4,839 ! 1986 ! 4,114 ! 3 ! 0.081
! 4 LN § 7 N 4,016 1 ez ! 4,12 ! 4 ! 0.112
T .3 U < 4129 %5 ! 4,183 ! H ! 0,143
! é VoI ! 431 ! 963 ! 4,183 ! ) ! 0.174
! ? S 1 B 4,457 1 1953 ! 4,213 ! 7 ! 0,205
! 8 Do ! 445 ! 1976 4,290 ! 8 ! 0.234
! ? U T 4.108 ! 1964 1! 4,291 ! 9 ! 04267
! 10 LIS VY 4427 ! 1958 ! 4,294 ! 10 ! ¢.298
! 1 !o1938 ! 4,294 ! 1971 ! 4,301 ! 11 ! 6,329
! 12 toesy | 4.389 ! 1950 ! 4,327 ! 2 ! 0.340
! 13 o190 ! 4,327 ! 1967 I 4,35 ' 13 ! 0.191
! 14 o9l ! 4.437 ! 1977 ! 4.356 ! 14 ! 0,422
! 15 boigsz ! 4590 ! 1948 ! 4,378 ! 13 ! 0.453
! 18 o198 o 4.183 ¢t 1957 4,427 ! 14 ! 0.434
! 17 194 ) 4291 ! 1947 ! 4,428 ! 17 ! 0.518
! 18 Po1ess 4,183 ! X 7L 4,436 ! 18 ! 0.547
! 19 To19ss ) 4.114 1! 1994 ! 4,457 ! 19 ! 0.578
! 20 LI\ Y L35 ! 195 ! 4,465 ¢ 20 ! 0.409
! 21 ! -1948 ! 4,764 ! 1949 ! 4,494 ! 2 ! 04640
t 2 o198 ) L4940 ¢ 1975 ! 4,528 ! 2 ! 0.471
! zZ oy wn 484t ! 1978 ! 4,335 ! 23 ! 0.702
! 24 LI 1 74 S 4300 ! 174 B 4,582 ! 24 ! 0.733
! P 11972 ! 4488t t w1 4,587 ! 23 ! 0,764
! 26 !o1973 ! 4,788 ! 1962 f 459 ! 26 ! 0,793
! 27 LIS 7. 4,43 ! 191 ! 4,437 ! 27 ! 0.824
! 2 Powno 458 ! 1950 ! 4,859 ! 2 ! 0,857
! F LS| 7/ S 4290 ! wr | 4,681 ! ¥l ! 0.688
! 30 LIS | /A 4358 | 198 ! 4,764 ! 30 ! 0,919
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~ STATISTICAL ESTINATES OF THE LOG TRANSFORMED SERIES ARE AS FOLLONS!

JEAN OF THE SERIES= 0,44204741E401

STAMDARD DEV OF THE SERIES= 0.21194480E400

COEFF. OF SKEWMESS OF THE SERIES= 0.10410827E400

~ COEFF, OF XURTOSIS OF THE SERIES= 9.25930945EH01

WF= 2 CHIS@= 0.187

ESTINATED FLOOD PEAKS

! SL.MO.! RECURRENCE ! ESTINATED !
! ! INTERUAL ! FLOOD !
T I 50 YEARS! N7
12 1 100 YEARS! 81971,
Y3 1 200 YEARS! 92584, 1
I 4 | 500 YEARS!- 1073041
f 0§ 1 1000 YEARS! - 119003,
16 ) 10000 YEARS! 161729,
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priettiaitiitottedantieittidesioindtitiedsisdiietiiiod]
' T v ANMALYSIS OF THE POWER TRANSFORNED SERIES f
protdiiateesedlittettitititeseetibitsisntipiancieitsiifg

1 H ! ! 1
! ! DATA IN CHRONOLOGICAL ORDER ! DATA IN ASCEKDING ORDER ! !

! 1 ! 1 I

1 ! ! ! PROBADILITY OF
! SL,M0. | YEAR ! DISCHARGE ! fEAR DISCHARGE ! RANK I NON-EXCEEDENCE
! 1 o1t 13 | 195 5.839 ! 1 ! 2010
! 2 P ! 6,189 ! 1956 ! 3.915 H 2 ! 44050
! 3 o ! &30 1966 ? 5.920 ! 3 ! 0.081
! 4 voes 37 ! 1952 1 5.928 ! L ! 9.112
! 5 Tome S.928 ! 1965 ! 5.977 ! 3 ! 0,143
! & o ) 6017 ! 1963 ! 2.977 ! § i 0,174
! 7 [ L 2 | &:191 ! 1953 ¢ 5:017 ! 7 ! 4,205
! 8 Po1ess ! 6,197 ! 976 ! 6,082 ! 8 1 0,235
! 7 P ! IS ! 1764 1 54043 ! g ! 0.267
! 10 vy ! &,188 ¢ tys8 ! 6,068 ! 10 ! 0.298
! 11 11958 ! §.066 ! 1w 84070 ! 1 ! 0.329
! 12 11y ! 6,289 ! 1960 ! 6:091 ! 12 ! 0,360
1 13 o190 ! 6,001 ! 1967 ¢ 8113 ! 13 ! 6,391
! 1 To1ss ! £33 | 1977 ¢ 4114 ! 14 ! 0.422
! 15 to19s2 ! 6,290 ! e ! 8131 ! 13 ! 0,433
! 15 [ L/ B 3977 ! 1957 1 4,168 ! 16 ! 4,484

! 17 o196 | 6,063 ! 1749 ! 6,169 ! 17 ! 0.31¢6
! 18 [ -~ S 5977 ! 1974 | €173 ! 18 ! 0,547
! 19 'R ! .90 ! 1954 ¢ [ 343 ! 19 ! 0.578
! 20 o197 ! 6113 ! 1w ! 6.197 ! 20 ! 2.500
! 21 Toins ! 6415 ! 1967 ! £219 ! 21 ! 0.540
! 2 o9y ! 8,219 ! 1975 ! 6,245 ! 2] ! 941
! F4] v ! 6,468 ! 1978 ! 6,249 ! ] ! 6.702
! 1] Pt 8,070 ! i ! 6204 ! 2 ! 0,78
! 23 v §,356 ! e ! 4,289 ! o] ! 0,764
! % [N 7 B &4l ! 1962 ! 6,290 ' 26 ! 0.795
! 27 [N L 7 I &175 ¢ 1w ! 5,324 ! 27 ! 0.825
! -] 'ouwn ! G245 ! 190 £.340 ! 28 ! 0.857
! o to19% ! a082 ! 1972t 6. 3346 ' 2 ! 0,828
! » LI\ 77 114 1 198 ¢ 8415 ! 30 ! 9.919
! | LIS L 1 B 4209 ! 57 S 44431 ! 3 ' 0,950
! 2 (7 B 6.284 1 1w ! &.468 ! 2 ! 0.981
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STATISTICAL ESTINATES OF THE PONER TRANSFORMED SERIES ARE AS FOLLOMS ¢

VALLE OF LAMDA = -0.10844412

MEAN DF THE SERIES =  4,13924981
STANDARD DEVIATION = 0.16156110
COEFF, OF SKEWNESS = 0, 00050505
COEFF, OF KURTOSIS = 257971287

NCLASS= 35 NF= 2 HISe= 0.187

ESTINATED FLOOD PEAKS

! SL.ND)! RECURREMCE ! ESTIMATER !

K 1 INTERVAL ! FLOOD ¢
g 50 YEARS! 74984.!
U-2.°1 100 YEARS!  E7090.!
13 200 YEARS! 100128, !
14 800 YEARS! 118811,
1 5 | 1000 YEARS! 134412,
I & 1 10000 YEARS! 195204, !
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RELATIONSHIP BETWEEN BETA AMD CK REQUIRED FOR KURTOSIS CORRECTED STAMDARD NORNAL DEVIATES

1 DATA ! VALUES !

PBETA 1-1,00  -0.75  -0.50  -0.28 ¢.00 0.25 30 0.75 1.0 1

1 X 1-1.20 1,07 -0.81 -0.45 0.00 0.55 2 2,03 Loe !
TABRLE-2

ADJUSTED STANDARD DEVIATE K FOR SHALLER PROBABILITIES ALPMA FOR VALUES OF BETA

19ETA ! ALPHA ! ALPHA ! ALPHA ! ALPHA ! ALPHA 1| ALPHA | ALPHA

! P02 ! 00 ! 005 ! 0025 T 0,01 1 0,005 ! 0,000
100 1 087 ! L3P ) LS ! 145! LW LUt LT
S B! LBt Ll LTl 4841 Lt 2,05 o
0,50 ! 080 ! 135 1 111 L8110 203 ) 206 ! 241 )
.5 ! 07 ! L3 ! 1.483 ) Y ! 2,080 237! 2,755 !
P00 ! 07! 128 F L) 1,91 2331 258 ' .09 !
PS5 1 082 1 1,251 (45 ) 2,02 ! 246! 2771 143 I
OS50 ! 058 ! L2! L1450 2060 258! 291 375
POl 1 0B ! 1481 L& P 24091 248 1 30 1 408 !
TLod 1 09 ! LA ! 143! 2121 277 ) 328 1 AR
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THE WALUE OF CX MMD THE CORRESPONDING BETA REQUIRED FOR KURTOSIS CORRECTION IN TME STAMDARD NERMAL DEVIATES ARE
CK=-0.42 BETA=-0.23

KURTUSTS CORRECTED STANDWRD DEVIATES CORRESPOMDING TO THE COMPUTED CX

!BETA!W!W!M!W!M.M!W!'W!
P Vo025 1 G0 U 005 T 0.025-F  0.00 ! 0,005 1 0,001

023 F AT L3 ! L Lt 2491 23 1 277 1

. ESTINATED FLOOD PEAKS

! SLoNO,! RECURREMCE ! ESTIMATED ¢
! ! INTERVAL ! FLDOD !

! 50 YEARS! n7m.
I 100 YEARS) 80773,1
I 200 YEARS!  69MS.!
b 500 YEARS! 104504,
I 1000 YEARS!  112005.!

- o b
Lo B R
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APPENDIX - 1X

2
Percentile Values ( ) for the Chi-Square Distri-
bution with v Degrec¥’of Freedom (shaded area = a ).

2 2 2 2
X995 X99 X975 X.95 X9gp

! 7.38 6.63 5.02 3.84 2.71
2 10.6 9.21 7.38 5.99 4.6l
3 12.8 11.3 %35 7.81 6.25
4 14.9 13.3 11.1 9.49 7.78

5 16.7 15.1 12.8 i1 %.24 6.63 4.35
6 18.5 16.3 14.4 12.6 10.6 7.84 5.35
7 20.3 18.5 16.0 14.1 12.0 9.04 6.35
8 22.0 20.1 17.5 15.5 13.4 10.2 7.34
9 23.6 21.7 19.0 16.9 14.7 11.4 8.34

10 25.2 23.2 20.5 18.3 16.0 12.5 9.34
1 26.8 24.7 21.9 19.7. 17.3 13.7 10.3
12 28.3 19.8 23.3 21.0 18.5 14.3 11.3
13 29.8 27.7 24,7 22.4 2%.6 16.0 12.3
14 31.3 29.1 26.1 23.7 281 17.1 13.3
15 32.8 30.6 27.5 25.0 22.3 18.2 14.3
16 34.3 32.0 238.8 26.3 23.5 19.4 15.3
17 35.7 33.4 30.2 27.6 24.8 20.5 l6.3
18 37.2 348 315 28.9 26.0 21.6 17.3
19 38.6 36.2 32.9 30.1 27.2 22.7 18.3
20 40.0 37.6 34.2 314 28.4 23.3 19.3
21 O1.4 38.9 35.5 32.7 29. 24.9 20.3
22 42.8 40.3 36.8 339 30.8 26.0 21.3
23 44.2 41.6 38.1 35.2 32.0 27.1 22.3
24 45.6 43.0 39.4 36.4 332 28.2 23.3
25 46.9 44,3 40.6 37.7 34.4 29.3 24.3
26 48.3 45.6 1.9 38.9 35.6 30.4 25.3
27 49.6 47.0 43.2 40.1 36.7 3l.5 26.3
28 51.0 48.3 44.5 41.3 37.9 326 27.3
29 52.3 49.6 45.7 42.6 3%.1 33.7 28.3
30 33.7 50.9 47.0 43.8 40.3 34.3 29.3
40 66.8 63.7 39.3 55.8 51.8 43.6 39.3
30 79.5 76.2 71.4 67.5 63.2. 56.3 49.3
60 92.0 38.% 83.3 79.1 . 744 67.0 59.3
70 104.2  100.4  93.0 90.5 85.5 77.6 69.3
80 116.3 112.3 106.6 101.9  96.6 88.1 79.3
90 128.3 124.1 118.1 113.1 107.6 93.6 89.3

100 140.2 1358 129.6 124.3 118.5 109.1 99.3
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. 2

X' 25 X3y X",05 Xp2s Xp1 X005
1 .62 .0158 - .0039 .00l L0002 .0000
2 .575 211 .103 - 050 L0201 0100
3 1.21 584 352 .216  LWI15 .072
4 1.92 1.06 .71l 484 .297  .207
5 2.67 1.61 1.15 .83l 554 412
6 3.45  2.20 1.64 1.2 .872  .676
7 4,25  2.83  2.17 1.69 .26  .989
3 507  3.49 273 218 1.65 1.34
9 590 417 333 270 209 1,73
10 6.74  4.87  3.9% 325 256 216
1 7.58  5.58 457  3.82 305  2.60
12 844 630 523 440 357  3.07
13 9.30 7.04 5.89 501 &l 3.57
14 10.2 779 657  5.63  4.66  4.07
15 11.0 855  7.26 €.26  5.23 4.60
16 1.9 9.31 7.96 691 5.81 5.14
17 12.8 10.1  8.67 7.56 641 570
18 13.7 109 939 823 7.0l 626
19 14.6 1L 10.1 .91 7.63  6.84
20 15.5  12.4 109  9.59  8.26  7.43
21 16.3 13.2 11.6 10,3  8.90  8.03
22 17.2 14,0 12.3 11.0 9.5¢  8.64
23 18.1 14.8 13.1 11.7 10.2  9.26
24 19.0 15.7 13.8 124 109  9.89
25 19.9 16.5  14.6 13.1 11.5 10:5
26 20.8 17.3 15.4 13.8 122 1.2
27 21.7 18.1  16.2 14.6 12.9 11.8
28 22.7 18.9 16.9 15.3 13.6  12.5
29 23.6 19.8 17.7 16.0 18.3  13.1
30 24,5 20.6 18.5 16.8 15.0 13.3
40 33,7 29.1 26.5 204 222 20.7
50 42.9  37.7 3.8 324 297  28.0
60 52.3  46.5 432  40.5 375  35.5
70 61.7 553 517  48.8 454  43.3
80 71.1 6.3 604 57.2 535 512
90 80.6 733  69.1 656  61.8 50,
100 90.1 824  77.9 742 70.1 67.3
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