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ABSTRACT

Flood frequency analysis 1s a very useful tech-
nique for the estimation of design flood corresponding
to a specified recurrence 1nterval from the limited
data. Generally, sample data 1s fit to several frequency
distributions and then a suitabele distribution 1s con-
sidered for estimating the floods of required recurrence
intervals. Instead of fitting a probability distribution
to raw data, sometimes the data 1s transformed, so that
1t conforms to a particular distribution of known char-
acteristics for the purpose of flood frequency analysis.
Power transformation (Box and Cox) 1s one of the powarful
techniques for transforming any data series to near
normal series.

The present user/ s manual describes the power
transformation technique 1n details and the computer
programme transforms the given series of annual maximum
peak flood to near normal distribution using power trans-
formation. It then performs the flood frequency analysis
on this transformed series using the method of moments
for estimating 50,100,200,500,1000 and 10,000 years
return period floods using two approaches based on the
criteria that (1) coefficient of skewness 1s nearly
zero and (11i) coefficient of skewness 1s nearly zero
and coefficient of Kurtosis nearly equal to 3.0

The programme of this user s manual 1s usable

both on VAX-11/780 computer system as well as on IBM

compatible Personal Computer with minor changes, which
111




has been described in the programme 1itself. This user’s
manual also 1lists the sample 1nput and corresponding

generated output of one example.
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1.0 INTRODUCTION

e 1l General

The estimation of design flood of desired fre-
quency from fairly short series of observed data is
one of the major problems faced in hydrology. The sample
data 1s used to fit frequency or probability distribution
which in turn is used to extrapolate from recorded events
to design events either graphically or analytically.

Graphical method has the advantage of simplicity
and visual presentation. But the main disadvantage 1is
that different persons will fit different curves. In
theoretical analysis, either the data are fitted to
the most appropriate frequency distribution or the data
are transformed to a particular frequency distribution

of known characteristics.

Since the properties of a normal distribution
are completely defined, so this distribution is generally
used. But the hydrological data in its original form
are rarely normally distributed. Many of the hydrological
data are positively skewed and so the application of
normal distribution to the original data 1s not appro-
priate. However, various methods are available to trans-
form the data to normal distribution e.g. log transfor-
mation (Chow, 1954), inverse pearsontype III transform-
ation (Beard, 1967), Square root transformation, (Richard-
son, 1978), cube root transformation (stidd, 1953),

and inverse log pearson type III transformation. All




these transformations have been shown to be special
cases of power transformation (Box and Cox, 1964).

Goodness of fit of various distribution is exa-
mined based on some statistical criteria. Chi-square
test, Kolmorov-Smirnov and Crammer-Von Mises test are

some of the well known tests for this purpose.

1.2 BASIC Language

Although BASIC stands for Beginner’ s All-purpose
Symbolic Instruction Code, it is an extremely powerful
and useful language.

Within the last few years, BASIC has become one
of the leading programming languages because of wide-
spread popularity and proliferation of microcomputers,
nearly all of which now have BASIC interpreters or com-
pilers.

BASIC 1s easy to earn and use. It is very flexible
and 1s very well suited for use in an interactive environ-
ment. It has the facility for manipulation of character
strings and carrying out arithmatical operations on mat-
rices.

BASIC 1is relatively standardized, though there
may be minor differences between one version of BASIC
and another. Thus the language is largely machine-independ-
ent. Consequently, most BASIC programmes can be run of
many different computers with little or no modification.

1 2 Purpose

The computer programme has been developed in BASIC




on the basis of the logic given by Seth and Perumal (1982).
It performs the flood frequency analysis using the power
transformation for estimating the floods of 50,100,200,
500, 1000, 10,000 years return periods. Thiis analysis
1s based on the two approaches viz. (i) the coefficient
of skewness 1is nearly zero and (ii) the coefficient of
kurtosis is nearly egual to 3.0 as well as coefficient of
skewness 1s nearly zero.
1.4 Scope

The programme can be used to estimate the peak
flood of specified return periods. Statistical parameters
€.g. mean, standard deviation, coefficient of skewness,
coefficient of kurtosis and Chi-Square statistic etc.

can also be computed.




2.0 FLOOD FREQUENCY ANALYSIS

The basic objective in the use of statistical
methods and statistical distribution 1s the analysis
of outcomes of real observations of random phenomena

such as floods. For solving the practical statistical

problems, generally the following steps are involved:
1) Application of various statistical distribution.
ii) Estimation of theilir parameters

1i1i) A check of the goodness of the distribution 1n

fitting the aiven sample of annual maximum peak series by

various statistical tests.

iv) Selection of most appropriate statistical dis-
tribution.
v) Prediction of future floods using this distribution.

In this user’ s manual, power transformation has

been discussed and used. The parameters of the distribution

are estimated by the method of moments.

2l Power Transformation Technique for flood Freguency
Analysis:
The given annual peak flood series can be trans-
formed to the nearly normal distribution by using power

transformation. (Box & Cox) 1.e.

G e for N # 0

and . = 1ln X. for A—> 0 o s AL



in which,

Xi = the variate of .given seriles
Zi = the transformed variates
N = an exponent which near normalizes the series and

its value is found by trial and error.
Eqn.(1) is a more general power transformation

and 1t can be shown that the logarithmic, reciprocal,

; and square root transformation are special cases of 1t.
The near normalization is considered to be achieved
when the coefficient of skewness (CS) of the transformed

serles approaches to zero.
The unbiased coefficient of skewness of the sample

data 1s computed as:

N
(z. 797
R (N-1)(N-=2) [ 53 ] wss L)
where,
N = the sample size
Zisi = the power transformed variate
Ei = the mean of the power transformed variates
N
o4 2 E ce o (ild)
N 1=1
S = Sample standard deviation
N
S P 1 .
o7y | gz](zi—zi) ] .o (1W)

The value of )\ which near normalizes the data
series 1s obtained by grid search technique by using
the criterion that there is a systematic variation of

€S for wvariation of A . For near normality the value




of CSL (deviation of coefficient of skewness) is specified
depending upon the accuracy required. It is found that
0.001 is a quite reasonable value. So in present programme
this value has been inputted.
The unbiased coefficient of kurtosis of the sample
data 1s computed as: N 4
5 X (Z.- 7.)

N [ 1=1

&= T -2y (N=3)

2 ] e o (7]

The transformed series is said to be near normalized
if the coefficient of kurtosis (CK) of the transformed
serlies may be near to, if not equal to 3.0, as required
for normal distribution.

Estimation of flood peaks:

Neglecting the kurtosis in the transformed serles,
the flood peak X(T) of recurrence interval T can be esti-
mated from the following expression-

Xp = (ZT)‘H)V}\ e CVI)

where,

Xp = Flood peak magnitude 1in the original series.

ZT Flood peak magnitude in the transformed series.
=% + K(T)S Vi)
K(T) = Standard deviate corresponding to recurrence
interval T
For taking into consideration the effect of kurtosis

K(T) should be adjusted for estimating X by egn.(vi)

T

so, 1n spite of standard deviate, it will be a function

of Kurtosis CK to account for non-normality.



Box and Tio (1973) have introduced a factor £
as a measure of symmetrical distribution (Table 1 and
2). Thus the transformed series can be adjusted for Kurto-
sis by using the’vdlue of the adjusted standard deviate
K corresjponding to the calculated value of (5. The programme
computes the estimates of different recurrence 1intervals
based on kurtoslis correction procedure.

Although, log transformation 1s a particular case
of power transformation, its identification due to the
required division of the quantity (X 1) by Xy which 1s near-
ly equal to =zero. Therefore, provision 1is made 1n the
programme to compute, 1in variably, the log transformation
of the series for the purpose of computing flood peak
estimates for 50, 100,200,500, 1000 and 10,000 year return

periods.

The goodness of fit test:

The goodness of fit 1s evaluated by the most commonly
used Chi-Square statistic viz.,(1) equal class interval
method and (ii) equal probability method. The latter
approach has been used 1in present programme. The observed
data are grouped into NCLASS Classes. The number of classes

supplied by the user. The Chi-Square Statistic is

1s
computed as: 2
2 HCLESS (foi < fel) SN
X, = z [ = ]
1=1 el
where
: th pa
i = the observed frequency 11 The clas
o1
interval
: -th 1
f . = the expected frequency 1n the 1 class
el

interval
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A = the level of significance at which the distri-
bution of fitting the data 1is being tested.

X

The programme only computes 7Jt‘statist1c and it

v

is left to the user for wverifying the goodness of fit.

252 Programme Description

Much of the programme 1s explained by remark cards.
However, subroutines used in the programme are explained
in details:
(a) Subroutine STAPS

This subroutine calculates the statistical para-
meters e.g. Mean, Unbiased standard deviation, Unbiased
coefficient of skewness and unbiased coefficient of kurtosis
of the given series.
(b) Subroutine ASCOR

This subroutine has been used for arranging the
given series 1n ascending order.
(e} Subroutine INPOL and Subroutine AKIMA

These subroutines are used for 1interpolation based

on smooth curve fitting using procedure given by AKIMA

(1970). It interpolates linearly 1f only two points are
available.
(d) Subroutine CHIST

This subroutine computes the Chi-Square statistic
based on equal probability criterion for each class 1interval
(e) Subroutine PROND

The purpose of this sub-routine 1s to calculate

standard normal variate and the corresponding ordinate




of the normal distribution for the given probability
of non-exceedence.
The 1listing of computer programme has been given

in Appendix I.

2.3 Hardware and Software Requirements

The programme has been written in BASIC and has
been 1implemented and tested on VAX-11/780 version 4.2
computer system of National Institute of Hydrclogy, Roorkee,
Same programme has also been tested and implemented on
IBM Compatible Personal Computer with minor differences
which have been explained in the programme itself by
Remark Cards. It requires BASIC compiler and simple BASIC
instruction to run the programme on VAX and Microsoft
BASIC version.l1.12 software on personal computer.

For VAX the CPU time required is 11.53 secs and
total elapsed time is 16.57 sec. For P.C.total elapsed

time required is 3 mins 4 secs.



3.0 DATA REQUIREMENTS

Description of 1nput variables 1is given below:

Variable Description

N Number of annual maximum values to be
analysed.

NCLASS Number of classes used 1in the Chi-Square
test

CSL specified accuracy limit for coefficient
of skewness

RI Recurrence interval for which flood estimate
are made.

DL Grid size used in the search method for
determining the power transformation expo-
nent which near normalizes the series.

IYEAR Vear corresponding to the annual maximum series

X the annual maxlmum series

Sl Preparation of Input Data

Five input cards which are read 1in free format

are requlired.

The form in which the data to be supplied

1s as given below:

Card 1

N, NCLASS, CSL

Card 2

RI(1),

Card 3

DL 1),

Card 4

RI(Z2)s RE(3) cio s s e« RLL6)

BL( 2} DL3)



LYERR(1), IYEBARIZ), . suesecsns IYEAR(N)
Card 5

> TS RN o e R e 1 1

The declared dimensions of the variables of last
four cards which are read by Mat input statement should
be exactly the same numbers as used for programme and

not more or less.

B Output Description

The output tabulates the original, log transformed
and power transformed series in chronological order along
with years and 1t arranges these 1n ascending order of
magnitude and corresponding year of occurance. It assigns
the rank to them and computes the probability of non-
exceedances using Blom ‘s plotting position. The statist-
lcal parameters of the series are written. Chi-Square
statistics are also written for log-transformed and for
power transformed series. The flood peak estimate of
log-transformed and power — transformed corresponding to
required recurrence intervals of 50,100,200,500,1000,1000

years are given.

12



4.0 CASE STUDY

For running the programme and for an example,

the data has been taken from Varshney (5).

4.1 Data Used for Case Study

The information required for input data 1is as
follows: -
Card 1

The number of years of annual peak flow series

The number of class 1interval used in Chi-Square
test (NCLASS)=8

Limit of accuracy for coefficient of skewness=0.00]1
So 1nput of Card

77,8,0.001
Card2

The recurrence 1interval for which the flood mag-
nitudes are to be estimated are

RI(4)

50, RI(2) =100, RI(3)=200
RI(4) = 500, RI(5)=1000, RI(6) =10000
So input of the card
50,100,200,500,1000, 10000
Card 3
The grid size used 1n grid search technique for
estimating the exponent are-

DL(1)=0.1, DL(2)=0.01, DL(3)=0.001

162




So input of Card

QRN O ORIETS 0= 010
Card 4

The year of occurrence of the given magnitude
of flood e.g.IYEAR (1), IYEAR(2),.....- IYEAR(77)

So input of card

1900, 1902, 1903 .40 2sin aie 1977
Card: 5

The peak flood series arranged 1in chronological
order eJg.X{1),; X{2), X(3)4anne- X(77).

So input of the card
11400, 92501, 7400, ... 5710
The test input and the test output of the programme

are given in Appendix II and III respectively.



5.0 CONCLUSIONS

Application of the power transformation to flood
frequency studies does not require the assumption of
the population distribution. It 1is more efficient than
other transformations 1in normalizing the skewed flood
distribution. Power transformation method can also 1ncor-
porate the effect of the kurtosis 1in the estimation of

flood.

s




REFERENCES

Box, G.E.P., and D.R.Cox (1964),"An Analysis of
Transformations", Jour of the Royal statistical
Society, Vol.B.26, pp.211-252.

Box, G.E.P., and G.C.Tio(1973),"Bayesian Inference
in Statistical Analysis", Addison Wiesley Publish-
ing Co., New York, pp.156-160.

Chander, S.,S.K.Spolia and Arun Xumar (1978),
"Flood Frequency Analysis by Power Transformation",
Jour. of the Hydraulics Div.ASCE, Vol.104, No.HYI11,
November, pp.1495-1504.

Seth, S.M., and M.Perumal (1982-83),"Flood Frequency
Analysis Using Power Transformation", report DP-1,
National Institute of Hydrology, Roorkee (U.P.).
Varshney, R.S.( 1979 ) ,"Engineering Hydrology",

Nem Chand and Brothers, Roorkee, U.P., pp 604-605.



APPENDIX - I : LISTING OF PROGRAMME

035 REM THIS PROGRAMME PERFORMS THE FLOOD FREQUENCY ANALYSIS &
06 ° OF ANNUAL MAXIMUM SERIES USING LLOG TRANSFORMATION AND &
07 ° POWER TRANSFORMATION (BOX-CODX TRANSFORMATION) ,ASSUMING &
08 ° THE TRANSFORMED SERIES FOLLOWS THE NORMAL DISTRIBUTION

10 REM DESCRIPTION OF TERMS

1EiL RIS e e e e

12 REM X = ANNUAL. MAXIMUM SERIES

15 CREM Y = POWER TRANSFORMED ANNUAL MAXIMUM SERIES

20 REM Z = LOG TRANSFORMED ANNUAL MAXIMUM. SERIES &

21 : ARRANGED IN DESCENDING ORDER

25 REM DL = GRID SIZE USED IN THE SEARCH METHOD FOR &

26 7 DETERMINING THE EXPONENT ,LAMDA WHICH &
2o NEAR NORMAL ISES THE SERIES

30 REM SK = ARRAY FOR STORING KURTOSIS VALUES

59 REM Xt = ARRAY FOR STORING THE ANNUAL MAXIMUM &

36 SERIES IN CHRONOLOGICAL ORDER

40 REM P = PROBABILITY USING BLOM'S PLOTTING POSITION

45 REM IYEAR = YEAR CORRESPONDING TO ANNUAL MAX. VALUES

50 REM ALPHA = TABLE OF STANDARD NORMAL DEVIATES &

a1 I CORRLCTED FOR KURTOSIS

52 REM ALPHAS = TEMPORARY ARRAY FOR STORING ALPHA

53 REM ALINPI = ARRAY OF INTERPOLATED STANDARD NORMAL &

54 DEVIATES CORRESFPONDING TO THE DIFFERENT &

898 PROBABILITY OF EXCEEDENCE LEVEL

S&6 REM IYEARL = ARRAY OF YEARS IN CHRONOLOGICAL ORDER

58 REM X2 = TABLE OF DEVIATION OF THE COEFFICIENT OF &

FiT L KURTOSIS VALUES AWAY FROM 3.00

&0 REM Y2 = TABLE OF CORRECTION FACTORS CORRESPONDING TO X2
62 REM Z1 = LOG TRANSFORMED FLOOD FLOW VALUES IN &

IS E CHRONOLOGICAL ORDER ;

64 REM Y1 = POWER TRANSFORMED FLOOD FLOW VALUES IN &

&5 - CHRONOLOGICAL ORDER

&6 REM RI = RECURRENCE INTERVAL FDR WHICH FLOOD &

&7 ESTIMATE ARE MADE

648 REM TD = STANDARD NORMAL DEVIATE OBTAINED FROM &

&7 THE PROBABILITY OF EXCEEDENCE

70 REM ESTP = ESTIMATED FLOOD PEAK USING POWER TRANSFORMATION
71 REM PEX = TABLE OF EXCEEDENCE PROBABILITIES FOR &

P WHICH KURTOSIS CORRECTED STANDARD NORMAL &

7 DEVIATES ARE AVAILABLE

74 REM ALINPI1 = TEMPORARY ARRAY FOR STORING ALINPI

76 REM PEX1 = TEMPORARY ARRAY FOR STORING PEX

78 REM IRI = TEMPORARY ARRAY FOR STORING RI

BO REM NPTS = NO. OF CE VALUES AVAILABLE FOR KURTOSIS &

B1 ' CORRECTION

82 REM NALPHA = NO. OF EXCEEDENCE PROBABILITIES FOR &
EPSRNE WHICH KURTOSIS CORRECTED STANDARD NORMAL &
84 - DEVIATES ARE AVAILABLE

83 REM NCLASS NUMBER OF CLASSES USED IN THE CHI-SQUARE TEST
B4 REM N NUMBER OF ANNUAL MAXIMUM VALUES
DO REM kK0 0K KK KKK KK K KK KKK KKK KK K KOK KK 0K 30K 2k 0k ok ok 0k ok 0K K 0K 0K 0K K %

It

| = L 7




100 DIM  X(77),Y(100),Z(100),DL{(3),5K(100),X1(100),P(100),X2(9)
101 DIM IYEAR(77),ALPHA(S,7),YYY(9),ALPHAS(9) ,ALINPI(9),Y2(9)
102 DIM IYEAR1(100),Z1(100),Y1(100),RI(&),TD(10),ESTP(10)

103 DIM ALINPI1(9),PEX1(7),IRI(10),T(81),XX(100) ,XXX(F) ,PEX(7)

107 REM 3080 280k ok %k ok 5k % 0k 30 8 Ok K K00k ok 35 K 3 ok 3K K 80k ok 5 K oK 2k ok 2k 60k 30k ok ok k ok ok Ok 2k k
108 REM XXXk k¥ FOR USE ON IBM COMPATIBLE PC'S  kX¥kk¥ kXXX
109 REM K0k 0k 30k 3k 0k K 35 ok 3k ok Ok ok 2k 3k k 3k k ok 3k 350K 3 ok K 2K 8 ok K oK 3 ok 0k 10K K 0K 0K 0K k0K 0K Ok X
110 REM THE FOLLOWING STATEMENTS (115-155) ARE FOR USING &

111 FROGRAMME ON IBM COMBATIBLE PERSONAL COMPUTERS &
112 ’ (PC'S).FOR USING IT ON MAIN FRAME PUT ° REM ° &
113 ; STATEMENT ON THESE.

120 OPEN "I",#1,"PTP.INP"

125 OPEN "0",#2,"P7.0UT"

126 OPEN "0",#3,"PT1.0UT"

130 REM XXxkx%x%% READ INPUT INFORMATION (FOR PC) XXXk XkX
135  INPUT#1,N,NCLASS,CKL

140 FOR I = 1 TO &6 : INPUTH#1,RI(I) : NEXT I

145 FOR I 1 TO 3 : INPUT#1,DL(I) : NEXT I

150 FOR I 1 TO 77 : INPUTH#1,IYEAR(I) : NEXT I

155 FOR I = 1 TO 77 : INPUT#1,X(I) : NEXT I

156 REM K00k d0kok 0Kk 0K KOk KKk K0 o KK KK K K KK K K K0k 0K 3K K 3K K K 3 3 3 3% % % o o % % % X

li

164 REM. kK % oK K oK oK Sk 3 0k %K 3% 3 K ok 30Ok % 0k K %K Ok oK 3K ok ok K0k k0 ok ok K ok k0K ok ik ok ok ok Ok ok k0K ok
165 REM- XXX XX%%% FOR USE ON VAX-11/780 COMPUTER X%k X ¥k X0k kX
166 REM % K % ok 2500k ok 3K % 2K K0 k080 K 0k K 3K 8 2080 ok 0k o 3K 28 ok 250k ok 5 ok K 280k 3k 0ok 2k ok ok 0k K KK Xk K kOk
170 REM THE FOLLOWING STATEMENTS (180-245) ARE FOR USING &

171 PROGRAMME ON VAX-11/780 COMPUTER . FOR USING IT &
172 ’ ON IBM COMBATIBLE PERSONAL COMPUTERS (PC'S) PUT &

173 ’ " REM ° STATEMENT ON THESE.

180 REM OPEN "PTV.INP" FOR INPUT AS FILE #1
185 REM OPEN "PT.OUT" FOR OUTPUT AS FILE #2,RECORDSIZE 131%
120 REM OPEN "P1.0UT"™ FOR QOUTPUT AS FILE #3,RECORDSIZE 131%

220 REM kXXX READ INPUT INFORMATION (FOR VAX COMP.)  XXkXX
225 REM INPUT#1,N,NCLASS,CKL "
230 REM MAT INPUTH#1,RI

239 REM MAT INPUT#1,DL

240 REM MAT INPUT#1,IYEAR

245 REM MAT INPUTH1,X

246 REM 0k Kk ok ok 0k ok 2K 3K K 50K 50 Kk 0K ok 3K 2K K 3K 3K K 50O Kk K K ok 3K 0K 2% K 0K 30K 3K 80 0k ok 0k 0k

249 REM k80K ok 0% K0k K oK K 30k 0K 3 K K 50K K 0K 2K 508 o ok 2K 5 80k ok 35 300k ok oK K 8 0K K 60K K K K 508 0Kk

250 REM %% FROM THIS POINT ONWARDS PROGRAMME CAN BE USED &
251 " EITHER ON VAX-11/780 COMPUTER OR ON IBM COMBATIBLE &
252 i PC'S WITH MINOR CHANGES IN STATEMENTS CONTAING &
253 ’ PRINT USING STATEMENTS( &
254 : FORMAT 1S GIVEN BELOW: &
29539 : FOR VAX-11/780 e PRINTH#2 USING A%;B;C &
296 ’ FOR PE S = PRINT#2,USING A%,B;C

257 REM 3 80K ok 3% K KOk oK % K 0K K K 3 K K 2K K K oK oK 35 ok oK 2K 28 K ok ok oK 5k o ok 0K 30K K 3K 308K 50K % 0K ok



260
261
262
265
266
267
270
271
272
273
276
277
278
279

285
290
295
300
301
302
303
304
305
306

310
315
320
325
327
330
331
332
333
335
336
337
338
335
340
341
342
345
330
395
360
365
370
380
385
390
400
405

FOR I = 1 TO 9
READ X2(I)

NEXT I

FOR J = 1 TO 9
READ Y2(J)

NEXT J

FOR K = {1 TO 7
READ PEX(K)
NEXT K

FOR M = 1 TO 7
FOR L = 1 TO @
READ ALPHA (L ,M)
NEXT L

NEXT M

DATA -1.70,-1.07,-0.81,-0.45,0.0,0.55,1.22,2.03,3.00
DATA -1.00,-0.75,-0.50,-0.25,0.0,0.25,0.50,0.75,1.00
DATA 0.25,0.10,0.05,0.025,0.01,0.005,0.001

DATA 0.87,0.84,0.80,0.73,0.67,0.62,0.58,0.53,0.49
DATA 1.39,1.36,1.35,1.31,1.28,1.25,1.22,1.18,1.14
DATA 1.56,1.57,1.61,1.63,1.64,1.65,1.65,1.64,1.63
DATA 1.65,1.71,1.81,1.89,1.96,2.02,2.06,2.09,2.12
DATA 1,70,1.84,2.03,2.18,2.33,2.46,2.58,2.68,2.77
DATA 1.71,1.91,2.16,2.37,2.58,2.77,2.94,3.10,3.2
DATA 1.73,2.05,2.41,2.75,3.09,3.43,3.75,4.08,4.39

PRINT#2,TAB(13);
0S$="THE TOTAL VALUES IN THE ORIGNAL SERIES ARE = ####"
PRINT#2,USING OS$;N

PRINT#2,CHR$(10) ;TAB(15) ; "NOTE: BLOMS PLOTTING POSIT ";
PRINT#2,"I10N IS USED THROUGHOUT" ;CHR$(10),CHR$(10)
PRINT#2,TAB(22) ;

FOR I= 1 TO 35

PRINTH#2, CHR$(42);

NEXT I

PRINT#2,

PRINT#2,TAB(22) ;"% ANALYSIS OF THE ORIGINAL SERIES x"
PRINT#2,TAB(22) ;

FOR I= 1 TO 35

PRINT#Z2, CHR$(42);

NEXT I
PRINT#2 ,CHR%(10)
REM % %% ARRANGING THE DATA IN ASCENDING ORDER XK kK

FOR I = 1 TO N
P(I)=(1-0.375)/(N+0.25)
P = P(1)

REM CALL PROND(P,T,D,IE)
B0 SUB 8000

IYEAR1 (1)=IYEAR(1)

X1CI)=X(I)
XX(I)=X(1)
NEXT 1 :

REM CALL ASCOR(N,IYEAR() ,X())
GO SUB 4000




420
422
424
426
430
432
433
434
435
436
437
438
440
450
451
460
465
466
467
468
470
480
482
48a
486
490
500
501
502
505
507
510
520
521
522
524
526
528
529
530
531
532
534
536
538
539
541
542
543
545
546
547
548
550
555

FOR I=1 TO 76&
PRINT®#2, CHR%(?5);

NEXT I
PRINT#Z,

DCs="! DATA IN CHRONOLOGICAL '

DAs=" DATA IN ASCENDING '

0%="0RDER"

P$="' PROBABILITY '“

S$="! SL.NQ.!'"

R$="! RANK '  OF NON- o

EX$="1! EXCEEDENCE '

Y$="! YEAR ! DISCHARGE ' YEAR ' DISCHARGE !'"
PRINT#2,"!";TAB(9);DC%; TAB(36) ;DA% ; TAB(L2) ;" "3 TAB(76) ;" 1 "
PRINT#2, "!“:TAB(9);" ' “;TAB(19);0%;TAB(33) ;"1 ;

PRINT#2, TAB(42);0%;TAB(SS) ;"' ";TAB(&2) ;P$
PRINT#2, S%;

FOR I = 1 TO 45

PRINT#2, CHR$(45);

NEXT I

PRINT#Z, R$

PRINT#2, "“!'“;TAB(9);Y$;TAB(&L2) ;EXS

FOR I=1 TO 7&

PRINT#2, CHR$(45);

NEXT I
PRINT#2,

FOR I = 1 TO N

PRINT#2, "! ":;I;TAB(9)3;"' "3;IYEARI(I);TAB(18);"! "y
PRINT#2, X1(I)3TAB(33);"! “;IYEAR(I);TAB(43);"! ";:X(1);
PRINT#2, TAB(S5);"! ";I;TAB(&2);"'";

PRINT#2,USING * HoRRHET 3P (I) ;

PRINT#2, TAB(7&);"!"

NEXT I

FOR I=1 TO 76

PRINT#2, CHR#%(43);

NEXT I

PRINT#2, CHR%(10) ,CHR$(10),CHR$(10)
AS="STATISTICAL ESTIMSATES OF THE"
B#="SERIES ARE AS FOLILOWS :"

Cs=" ORIGINAL "

D$=" LOG TRANSFORMED "

E$=" POWER TRANSFORMED "

MEAN$="MEAN OF THE SERIES = HH#H . HHA#HHAR
SSD% ="STANDARD DEV OF THE SERIES = HHH# . HHEHHH
SK# ="COEFF. OF SKEWNESS OF THE SERIES = ###. #8444 ~""
SKU% ="COEFF. OF KURTOSIS OF THE SERIES = ###.###H#4 "~ ""

VL% ="VALUE OF LAMDA = B HERREO S
PRINT#2, A$;C%;B%

REM *% COMPUTE MEAN,STANDARD DEVIATION,COEF. OF SKEWNESS
REM AND KURTOSIS OF THE GIVEN ORIGINAL SERIES  *¥x
FOR I=1 TO 62

PRINT#2, CHR%$(45);

NEXT I

PRINT#2Z,
REM CALL STAPS(X(),N,SMEAN,SSD,SKEW,SKUR)
60 SUB 3000




560  AVEGE=SMEAN

570  PRINT#2, CHR$(10);TAB(4);
580  PRINTH#2,USING MEANS;SMEAN
585 PRINT#2, CHR$(10);TAB(4);
590  PRINT&#2,USING SSD%;SSD
595  PRINT#2, CHR%(10);TAB(4);
600  PRINT#2, USING SK%;SKEW
605  PRINTH#Z, CHR$(10);TAB(4);
610 -PRINT#2,USING SKUS$;SKUR

615 REM  KXKKKkKkk  FREQUENCY ANALYSIS USING
616 REM LOG TRANSFORMED SERIES — KkAKOKKEX
625 PRINT#2,CHR$(10);TAB(17);

426 FOR I= 1 TO 41

627 PRINT#Z, CHR$(42);

628  NEXT I

629  PRINT#2Z,

631  PRINTH#2,TAB(17):;"% ANALYSIS OF THE LDG";TS%
630 TS$ = " TRANSFORMED SERIES X"

640  PRINT#Z, TAB(17);

642 FOR I= 1 TO 41

643  PRINT#2, CHR$(42);

645  NEXT 1

650  PRINT#2, CHR$(10)

660 FOR I=1 TD 76

665  PRINTH#2, CHR$(95);

670  NEXT 1

675  PRINT#2,

680 PRINTH#2,"!":;TAB(9) ;DC%;TAB(36) ;DA$3TAB(L2) 5" "3 TAB(76) 3" "
690 PRINT#2,"!":;TAB(9);" ! "3TAB(19);0$;TAB(3I3) ;" ! ";TAB(42);
691  PRINT#2Z, 0%$;TAB(S55);"!";TAB(&2) ;P%

695  PRINT#2, S%;

700 FOR I = 1 TOD 45

702  PRINT#2, CHR$(45);

704  NEXT I

710  PRINT#2, R%$

720  PRINT#2, "'";TAB(9);Y$;TAB(62) ;EXS

730 FOR I=1 TO 76

732  PRINTH#Z, CHR$(45);

734  NEXT I

736  PRINT#2,

740 FOR I = 1 TO N

770  Z(1)=LOG(X(1))/LOG(10)

780  Z1(1)=LOB(X1(1))/LOG(10)

FE2. AT i=Z 1) '

290  PRINT#2, "! ":I;TAB(9)3;"' "3IYEARI(I);TAB(1B);"! "3
791  PRINTH#Z, Z1¢I):sTAB(33);"!"sIYEAR(I);TAB(43) 3" "32(1) 3
792  PRINT#2, TAB(S5);"! ";I1;TAB(62)3"!";

800 PRINT#2,USING " HOHRRE P

802  PRINT#2, TAB(7&);"!"

805  NEXT I

810 FOR I=1 TO 76

812 PRINT#2, CHR%$(45);

813  NEXT I

816 PRINT#2, CHR$(10) ,CHR$(10),CHR$(10)

T =5 el




820
BZ3
830
835
838

840
841
850
852
(S5
860
B65
870
B7Z5
880
885
890
892

i ]
P16
P
P2

925
926
930
40
250
P60
965
?70
280
220
1000
1010
1032
1014
1016
1018
1020
1030
1032
1034
1036
1040
1042
1045
1050
1051
1052
1053
1055
1056

PRINT#2, A%$;D%;B%
FOR I=1 TO &9
PRINT#2, CHR$(45);
NEXT I

PRINTH#Z,

REM k%% COMPUTATION DF STATISTICAL PARAMETERS OF
THE LOG TRANSFORPMED SERIES ¥k X

REM CALL STAPS(Z(),N,SMEAN,SSD,SKEW,SKUR)

GO SUB 3000

FRINTH#2Z2, CHR$(10);TAB(4);

PRINT#2,USING MEAN$; SMEAN

PRINT#2, CHR$(10)3;TAB(4);

PRINT#2,USING S5S5D% ;55D

PRINT#2, CHR$(10);TAB(4)

PRINT#Z ,USING SK%;SKEW

PRINT®#Z, CHR%(10);TAB(4)

PRINTH#2 ,USING SKUS;S5KUR

PRINT#Z ,CHR$(10)

-

REM k00K ok ok X COMPUTATION OF CHI-SOQUARE &
STATISTIC FOR LOG NORMAL FITTING XK K X

REM CALL CHIST(N,NCLASS,Z(),SMEAN,SSD)

GO SUB 7000

REM kX XK X X0k ¥ COMPUTATION OF PEAKS FOR
REM DIFFERENT RECURRENCE INTERVALS kXXX
FOR I =1 TO &

P = sl =1 P RIVGT 9

IRICI»=RI(I)

REMIGAEL S RPROMBICE I D e

GO SUB 8000

TD(I)=TT

ESTP(I)=SMEAN+SSDXTT

ESTP(I)=10"ESTP(1)

NEXT I

FP$="ESTIMATED FLOOD PEAKS"

SL$=": SL.NG. : RECURRENCE : ESTIMATED =
INS=""2 INTERNAL : FL.OOD s

Je ="3 # = HE#H#H YEARS @ HH#HHHHUH, T

PRINT#Z, CHR$(10),CHR$(10)
PRINT#2, TAB(30);FP$
PRINT#2, TAB(18);

FOR I = 1 TO 41

PRINT#2, CHR$(95);

NEXT I

PRINT#2Z,

PRINT#2, TAB(18);SL%
PRINT#2, TAB(18);":";TAB(28);IN%
PRINT#2, TAB(18);

FOR I = 1 TO 41

PRINT#2, CHR$(45);

NEXT I

PRINT#2,

FOR I = 1 TO &

&



1057 PRINT#2, TAB(18);
10S8 PRINT#Z,USING J$;[;IRICI);ESTP(I)
1060 NEXT I
1062 PRINT#2, TAB(18);
1063 FOR I = 1 TO 41
1064 PRINT#2, CHR$(45);
1065 NEXT I

1066 FOR I = 1 TO 4

1067 PRINT#2, CHR$(10);

1068 NEXT I

1069 REM ¥* FREQUENCY ANALYSIS USING POWER TRANSFORMED SERIES
1070 REM COMPUTATION OF THE VALUE OF EXPONENT WHICH MAKES &
1071 THE SERIES SYMMETRICALLY DISTRIBUTED  XXx

1072 PRINT#Z,

1073  PRINT#2, TAB(16);

1074 FOR I= 1 TO 44

1075 PRINT#2, CHR$(42);

1076 NEXT 1

1077 PRINT#2,

1078 PRINT#2Z, TAB(16);"% ANALYSIS OF THE FOWER";TS$

1079 PRINT#2, TAB(16);

1080 FOR I= 1 TO 44

1081 PRINT#2, CHR$(42);

1082 NEXT I

1083 PRINT#2, CHR$(10)

1085 FOR I = 1 TO 76

1087 PRINT#2, CHR$(95);

1090 NEXT I

1095 PRINT#Z,

1100 PRINT#2,"!";TAB(9) ;DC$; TAB(36) ;DA% ; TAB(62) 5" "3 TAB(76) 5" ! "
1105 PRINT#2,"!"3TAB(%) ;" ! ";TAB(19);0%;TAB(33) ;" ! ";TAB(42) ;
1106 PRINT#2Z, 0%3;TAB(S5);"!";TAB(LZ) ;P%

1110 PRINT#2, S$;

1115 FOR I = 1 TO 45

1116 PRINT#2, CHR$(45);

1118 NEXT 1

1120 PRINT#2, R$

1125 PRINT#2, "!";TAB(9);Y$;TAB(62) ;EXS

1130 FOR I = 1 TO 76 .

1131  PRINTH#2, CHR$(45);

1132 NEXT I

1133 PRINT#2,

1135 AL=1.5

1136 FOR K = 1 TO 3

1137 J = 0

1140 AL = AL-DL(K)

1145 J = J+1

1150 IF(K=2 AND J=10) GO TO 1207

1155 IF(K=3 AND J=10) GO TO 1207

1160 FOR I = 1 TO N

1161 Y(I)=(X(I)"AL—-1.)/AL

1162 NEXT I

1163 FOR I = 1 TO N

1164  XX(I)=Y(I)

1165 NEXT I

el s U

IO, It o 0 MR e T




1166 REM CALL STAPS(XX(),N,SMEAN,SSD,SKEW, SKUR)
1167 GO SUB 3000
1170 SK(J)=5KEW
1175 IF(ABS(SK(J))<=CKL) GO TO 1217
1180 IF(J=1) GO TO 1140
1185 IF((SK(J)%SK(J-1))<0.0) 60 TO 1200
1190 GO TO 1140
1200 AL=AL+DL (K)
1205 NEXT K
1207 AL=AL+10.XDL (K)
1210 FOR I =1 TO N
1211 Y(I)=(X(I)™AL-1.)/AL
1212 XX(I)=Y(I)
1213 NEXT 1
1214 REM XXX COMPUTATION OF STATISTICAL PARAMETERS OF
1215 REM THE POWERTRANSFORMED SERIES XK K
1216 REM CALL STAPS(XX(),N,SMEAN,SSD,SKEW, SKUR)
1217 GO SUB 3000
1218 FOR I =1 TO N
1220 Y1(I)=(X1(I)~AL-1)/AL
:
:
\

1230 PRINT#2, "' ";I;TAB(9);"! ";IYEARI(I);TAB(18);
1231 PRINT#2,"'! "3;Y1(I);TAB(3I3);"! ";IYEAR(I);TAB(43);"!";
1232 PRINT#2, XX(I)3;TAB(SS);"! ";I1;TAB(&2);"!";

1235 PRINT#Z,USING " #oHHEH P (1)

1236 PRINT#2, TAB(7&6)3" "

1237 NEXT I

1240 FOR*I = 1 TO 76

1241 PRINT#2, CHR$(45);

1242 NEXT 1

1245 FOR I = 1 TO 4

1246 PRINT#2, CHR$(10)

1247 NEXT I

1248 PRINT#2, A%$;E$;B$

1250 FOR I = 1 TO &9

1251 PRINT#2, CHR$(45);

1252 NEXT I

1253 PRINT#2,

1254 PRINT#Z, CHR$(10);TAB(4);

1255 PRINT#2,USING VL%$;AL

1256 PRINT#2, CHR$(10);;TAB(4);

1257 PRINT#2,USING MEAN$ ;SMEAN

1258 PRINT#2, CHR$(10);TAB(4);

1260 PRINT#2,USING SSD$%;SSD

1262 PRINT#2, CHR$(10);TAB(4);

1264 PRINT#2,USING SK$3;SKEW

1266 PRINT#2, CHR$(10);TAB(4);

1268 PRINT#2,USING SKU$;SKUR

1269 PRINT#2, CHR$(10),CHR$(10)

1270 REM %%x  COMPUTATION OF CHI-SGARE STATISTIC FOR
1271 REM POWER TRANSFORMATION FITTING XXX
1280 REM CALL CHIST(N,NCLASS,Y(),SMEAN,SSD)
1285 GO SUB 7000

1290 REM XXX COMPUTATION OF PEAKS FOR DIFFERENT RECU-
1291 REM RRENCE INTERVALS (WITHOUT KURTOSIS CORRECTION) X




1300
1510
P32
PSS
1317
1320
1330
1331

1332
13335
1335
1340
1345
13350
1351

1352
1354
1355
1356
1357
1358
1360
1380
1582
1384
1386
1390
1400
1410

1420
14235
1440
14350
1455
1456
1457
1458
14460
1465
1467
1468
1469
1470
1475
1480
1490
1495
1497
1500
1505
1510
1515
1517
1520

FOR I = 1 TO &
ESTP(1)=SMEAN+SSDXTD(I)
ESTP(I)=(ESTP(I)KAL+1.)"(1./AL)
NEXT I

PRINT#2, CHR$(10),CHR$(10),CHR$(10)
PRINT#2, TAB(29);FP$

PRINT#Z, TAB(18);

FOR I'= 1 TO 41

PRINTH#Z, CHR$(95);

NEXT I

PRINTH2,

PRINT#2, TAB(18) ;5L $
PRINT#2,TAB(18) ;" :" ; TAB(28) ; IN$
PRINT#2, TAB(18);

FOR I = 1 TO 41

PRINT#2, CHR$(45);

NEXT I

PRINT#2,

FOR I = 1 TO &

PRINT#2, TAB(18);

PRINT#2,USING J$;I1;IRI(I);ESTP(I)
NEXT 1

PRINTH#2, TAB(18);
FOR I = 1 TO 41
PRINT#2, CHR$(45);
NEXT I

PRINT#2,

CK = SKUR-3.0

X INP=CK

REM %% % COMPUTATION 0OF THE STANDARD NORMAL DEVIATL
REM CORRECTED FOR KURTOSIS DEVIATION AWAY FROM 3.00
NBEIS=9

NALPHA=7

FOR I=1 TO 9

XXX(I)=X2(1)

YYY(I)=Y2(1)

NEXT I

REM CALL INPOL(NPTS,XXX(),YYY(),XINP,YINP)

GO0 SUB 3000

XINP=YINP

FOR I=1 TO 9

XXXCI)=YZ(T)

NEXT I

FOR J = 1 TO NALPHA

FOR I = 1 TOD NPTS

REM ALPHAS(I)=ALFPHA(I ,J)

YYY(I1)Y=ALPHA(I,J)

NEXT I

REM CALL INPOL(NPTS,Y2(),ALPHAS(),YINP,ALINP)
GO SUB 5000

REM ALINPI (J)=ALINF

ALINPI (J)=YINP

NEXT J

PRINT#Z, CHR$(10),CHR%(10)

Ioa = G s




1700
1701
1702
157058
1704
1705
1706
1710
1745
1720
1725
1726
L 750
1732
1734
1736
1740
1743
1746
1747
1748
150
iy |
1760
1762
1764
1766
1770
1577

A2 e
AT
177D
1776
1778
1780
1782
1784
1790
1800
1805

1810
1820
1830
1840
1850
1860
1870
1880
1885
1890
1 GO0
1705
1906
1907

PRINT#Z, "REQUIRED VALUES FOR KURTOSIS CORRECTION ARE:"
FOR I = 1 TO 44
PRINT#2, CHR$(43) ;

NEXT I

PRINT#2,

PRINT#2, CHR$(10);TAB(4);

PRINT#2,USING "COEFF. OF KURTOSIS (CK) = ##.##";CK

PRINT#2, TAB(4);
PRINT#2,USING "CORRESPONDING VALUE OF BETA = ##.##";XINP
PRINT#2, CHR$(10);CHR$(10);"KURTOSIS CORRECTED "3;
PRINT#2, "STANDARD DEVIATES CORRESPONDING TO THE "j
PRINT#2, "COMPUTED Clk ™

FOR I =1 TO 71
PRINT#2, CHR$(95)

e

NEXT I

PRINTH#2,

PRINT#2Z, "! BETA !'";

FOR I =1 TO 7

PRINT#Z, " ALPHA '“;

NEXT I

PRINTH#2,

PRINT#2, "!";TAB(8);"! .25 5 D0 ) Wi

PRINTS#2, » 0.05 ! 0.025 ! ©.0f | 0.005 .! 0.001 {°

FOR I = 1 TO 71

PRINT#Z, CHR$(45);

NEXT 1

PRINT#2,

PRINTH2,

ALS=" # . ### re

PRINTH2,USING " ##.## " 3XINP;

FOR I =1 TO 6

PRINT#2,USING AL$;ALINPI(I);

NEXT I

PRINT#2,USING AL$:;ALINPI(7)

FOR I = 1 TO 71

PRINT#2, CHR$(45);

NEXT I

PRINTHZ,

REM XXX COMPUTATION OF PEAKS FOR DIFFERENT &
RECURRENCE INTERVALS (WITH KURTOSIS CORRECTION) X%

FOR I = 1 TO NALPHA
PEX1(I)=PEX(1)
ALINPI1(I)=ALINPI(I)

NEXT I

FOR I = 1 TO NALFHA a
K = NALPHA-I+1

PEX(I)=PEX1(K)

ALLINFI (1)=ALINPI1(K)

NEXT I

FOR I = 1 TO 6

XINF=1./RI(I)

REM CALL INPOLINALPHA,PEX(),ALINPI?) F1,T1)
FBR J=1 FO ¥

XXX (J)=PEX(J)




1908 NEXT J

1909 FOR J=1 TO 9

1910  YYY(J)=ALINPI (J)

1911 NEXT J

191 GO SUB SC00

1914 T1=YINP

1915 ESTP(I)=SMEAN+SSDXT1

1920 ESTP(I)=(ESTP(I)XAL+1.)"(1./AL)

1922 NEXT I

1925 PRINT#2, CHR$(10);CHR$(10);TAB(30) ;FP%
1930 PRINT#2, TAB(21);

1931 FOR I = 1 TO 41

1932 PRINT#2, CHR$(95) ;

1933 NEXT 1

1935 PRINT#2,

1940 PRINT#2, TAB(21);SL%

1945 PRINT#2, TAB(21)3;":";TAB(31);IN$

1950 PRINT#2, TAB(21);
1951 FOR I = 1 TO 41
1952 PRINT#2, CHR$(45);
1953 NEXT I

1954 PRINT#2,

1956 FOR I = 1 TO &
1957 PRINT#2, TAB(Z21);
1958 PRINT#2,USING J$;I1;IRI(I);ESTP(I)
1960 NEXT I

1965 PRINT#2, TAB(21);
1970 FOR I = 1 TO 41
1975 PRINT#2, CHR$(45);
1980 NEXT I

2000 GOTO 9000

-

3000 REM SUB STAPS(XX(),N,SMEAN,SSD,SKEW,SKUR)

3100 REM == e e

3110 REM FOR COMPUTING THE STATISTICAL PARAMETERS OF THE DATA
3120 REM COMPUTES MEAN, STANDARD DEVIATION, COEF. OF

3125 REM SKEWNESS AND COEF. OF KURTOSIS

3140 REM INPUT DATA ARE AS FOLLOWS:

3145 REM ==s=s==sssss=s====o—o=====

3150 REM XX = GIVEN SERIES FOR WHICH STATISTICAL PARAMETERS.
3155 REM ARE REQUIRED

3160 REM N = NUMBER OF X VALUES

3170 REM OUTPUT DETAILS ARE AS FOLLOWS:

3175 REM =========sssscsssssssssssss=s====

3180 REM -SMEAN = MEAN OF THE SERIES

3190 REM SS5D = UNBIASED STANDARD DEVIATION OF THE SERIES
3200 REM SKEW = COEFFICIENT OF SKEWNESS OF THE SERIES
3210 REM SKUR = COEFFICIENT OF KURTOSIS OF THE SERIES

3220  REM R0k k0K 0K k0K 80k 0k ok 0K ko ok 3k K k ok ok oK ok B ok ok ok 8 i ok ok 3k k ok ok ok 3K ok 2k ok ok 3K 3k Ok ok ok ok K k Xk k
3310 SUMG=0.0

3320 FOR I= 1 TO N

3322 SUMG=SUMG+XX(I)
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3325
3330
3335
3336
3337
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3430
3460

4000
4100
4110
4120
4125
4130
4140
4150
4160
4165
4170
4180
4120
4300
4350
4400
4450
4500
43550
4600
44650
4700
47350
4800
4850
4900

NEXT I

SMEAN=SUMG /N

SUM=0.0

ASUM=0.0

BSUM=0.0

FOR M =1 TO N
SUM=SUM+ (XX (M) —-SMEAN) "2
ASUM=ASUM+ (XX (M) -SMEAN) "3
BSUM=BSUM+ (XX (M) -SMEAN) "4
NEXT M

SSD=SAR(SUM/ (N=1))
B=(NXN)/C(N-1)%(N=2))
C=(B¥N)/ (N~-3)

SKEW=(ASUM/ (SSD"3) 1% (1/N)
SKEW=SKEWXB

SKUR=(BSUM/ (SSD™4) )y x ( L/N)

SKUR=SKURXC

RETURN

REM SUB ASCOR(N,IYEAR() ,X())

REME = e e e e e

REM FOR ARRANGING THE SERIES IN ASCENDING ORDER
REM INPUT DATA ARE AS FOLLOWS:

REM ========s=s================

REM N = NUMBER OF VALUES TO BE ARRANGED
REM X = DATA SERIES IN CHRONOLOGICAL ORDER
REM IYEAR = YEAR IN CHRONOLOGICAL ORDER

REM OQOUTPUT RESULTS ARE AS FOLLOWS:

REM ============Sssss=ssss==s===ss=S

REM X = DATA SERIES IN ASCENDING ORDER

REM IYEAR = YEAR CORRESPONDING TO X

REM %K %0k ok ok 0k ko ok ok 3k 80k ok ok ok 2k 0l 30k ok OkoOk oK 3K 10k k 5K 0k 50K K oK 3K KOKOR 0K O R Ok
J=0

J=J+1

FOR I = J TO N

IF X(I)>X(J) THEN 4800

XT=X(J)

XTY=IYEAR(J)

X(J)=Xx(I)

IYEAR(J)=IYEAR(I)

X(I)=XT

IYEAR(I)=XTY

NEXT 1

IF J<=(N—-1) THEN 4350

RETURN



5000
9100
2110
9120
2130
2140
9150
9160
2179
72
5174
9176
5180
2185
2200
D210
DEES
D220
2230

240
35300
9340
9350
9360
2370
59380
9390
35400
2410
0420
9430
5440
2445
95450
2460
2470
5480
2490
29500
o510
9520
9530
99540
9550
9560
9570
5580
59582
5584
o986
5588
9570
o995
29600
9610

REM SUB INPOL(NPTS,XXX(),YYY() ,XINP,YINP)

REM = e e
REM PROGRAMME FOR SPLINE INTERPOLATION
REM NPTS - NO. OF POINTS

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

REM ————m——mmm e

REM EM , T KPTS=(10%(KRTIO-1)+1)

REM ¥X% COMPUTES SPLINE COEFFICIENTS BY AKIMA METHOD
REM --- A NEW METHOD OF INTERPOLATION AND SMOOTH &
: CURVE FITTING BASED ON LOCAL PROCEDURE

REM H. AKIMA, J.A.C.M., 17, 589-602, 1970. XXX

REM PROGRAM BY H.KUBIK, HYDROLOGIC ENGINEERING CENTER
REM —— AUGUST 1976

REM XXX = X ARRAY, VALUES MUST BE UNIQUE AND INCREASE.
REM Y¥YY = Y ARRAY.
REM NP = NUMBER OF POINTS IN ARRAY.

REM T COEFFICIENT ARRAY
REM %% IF ONLY TWO POINTS, USE LINEAR INTERPOLATION XX
REM 0k K0k Kk K 0K KO K K K 0K 3K 0K K K K 0K K K K 3K K K oK 3 K 3K K K K % 3K oK K K 2K K K K 3 K oK 3 oK % K
KPTS=81

NP=NPTS

IF NP<=2 THEN 5720

IF NP>KPTS THEN 5730

FOR MI = 2 TO NP

MJI=MI

TMP=XXX(MI)—XXX(MI-1)

IF TMP<=0 THEN 5750
EM(MI-1)=(YYY(MI)=YYY(MI-1))/TMP
NEXT MI

FOR MI = 1 TO NP

IF MI=1 THEN 5520

IF MI= 2 THEN 5570

IF MI=(N-1) THEN 5588

IF MI=N THEN 5620

TEMP1= ABS(EM(MI+1)—-EM(MI))
TEMP2= ABS(EM(MI-1)-EM(MI-2))
TEMP3= EM(MI-1)

TEMP4= EM(MI)

GO TO 5660

TEMP1= ABS(EM(Z)-EM(1))

TEMP2= TEMP1

TEMP3= 2.XEM(1)-EM(2)

TEMP4= EM(1)

GO TOD 5660

TEMP1= ABS(EM(3)-EM(2))

TEMPZ= ABS(EM(2)-EM(1))

TEMP3= EM(1)

TEMP4= EM(2)

GO TO 56460

TEMP1= ABS(EM(N—1)—-EM(N-2))
TEMP2= ABS(EM(N-2)-EM(N-3))
TEMPI= EM(N-2)

TEMP4=EM(N-1)

B0 TO 5660

1l




5620 TEMP1= ABS(EM(N-1)-EM(N-2))

5630 TEMPZ2= TEMP1

S640 TEMP3= EM(N-1)

5650 TEMP4= 2.%EM(N—1)-EM(N-2)

5660 IF TEMPL <=0 THEN 5665

5665 [IF TEMPZ <=0 THEN 5490

S670° T(MI)=(TEMP3IXTEMP1+TEMP4XTEMPZ) / (TEMP1+TEMPZ2)
5680 GO TO S700

5690 T(MI)=(TEMP4+TEMP3)/2.

S700 NEXT MI

5709 REM CALL AKIM(NPTS,X(),Y(),XINP,YINP,T())

5710 GO SUB 6000

5719 REM CALL AKIM(NPTS,X(),Y(),XINP,YINP,T())

5720 BO SUB 6000

5730 PRINT#3,CHR$(10)

5740 ER1$="X%* ERROr ** ARRAY SIZE EXCEEDED IN AKIMA,"
5742 ER2%$="DIM=,####, BUT NPTS =,####"

5745 PRINTH#3,ER1%;

S747 PRINT#3,USING ER2%;KPTS;N

5750 HE1$="X%%* ERROR X¥% X VALUES ARE NOT "

5751 HE2$="UNIQUE, AND/OR INCREASING FOR CUBIC SPLINE"
5752 CU$=" INTERPOLATION MI=,"
S754 CULS="###, XXX (MI—1)=, S##8H H#, XXX (MI) =, $48H#H . 43"
5760 PRINTH#3,CHR$(10),HE$;CUS%;

5765 PRINTH#3,USING CU1$3MJ ;XXX {MI=1) ;XXX (MI)

5770 RETURN

6000 REM SUB AKIMINPTS, XXX (), YYY () ,XINP,FUNCT,T()})

65100 REM ——m e e e e e e

6110 REM %% INTEROLATION BY AKIMA METHOD.

6115 REM SEE SUBROUTINE AKIMA FOR REF. PROGRAM BY

6120 REM H.KUBIK,HYDROLOGIC ENGG. CENTER — AUG 1976

220  REM 30K %0k K 30K 0K 0K K K ok % ok Kk K K ok ok o 3K KOk 30K ok 3 K 3K % ok K K K0k ok K Ok K K

6300 NP=NPTS

6320 XIN=XINP

6340 IF NP<2 THEN 6620

6360 IF NP>2 THEN 6440.

6380 REM USE LINEAR INTERPOLATION IF ONLY TWO POINTS

6400 YINP=YYY (L) +H(XIN-XXX(1))/(XXX(2)=XXX{1))ROYYY(2)-YYY (1))
6420 GO TO 6600

6440 FOR 11 = 2 TO NP

6460 LI=II-1

6480 IF XINCXXX(II) THEN &520

6500 NEXT 11

6520 TP1=XIN-XXX(LI)

6540 TP2=YYY(LI+1)-YYY(LI)

6560 TP3=XXX(LI+1)-XXX(LI)

6565 FUN1=((3.%TP2)/TP3-2.XT(LI)-T(LI+1))

6570 FUNZ=(T(LI)+T(LI+1)-2.%TP2/TP3)

6580 YINP=YYY(LI)+T(LI)X*TP1+FUN1/TP3XTP1"2+FUN2XTP1"3/TP3"2
6600 GO TO 6640

6620 PRINT#H#3,"%% ERROR %% ONLY 1 DATA POINT FOR INTERPO, "
6640 RETURN
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7000 REM SUB CHIST(N,NCLASS,XX(),SMEAN,SSD)

7100 REM ————————m

7110 REM SUBROUTINE CHIST FINDS CHI-SQUARE STATISTIC &
20N USING EQUAL PROBABILITY METHOD

7130 REM INPUT INFORMATION ARE AS FOLLOWS:

7135 REM ==s==ss===ss===s=======s=s===s=======

7140 REM XX = THE PEAK FLOOD SERIES

7150 REM N = NUMBER OF XX

7160 REM NCLASS =

NO. OF CLASSES USED IN COMPUTING THE
7165 REM CHI-SAUARE STATISTIC J

7170 REM SMEAN = MEAN OF THE XX SERIES

7180 REM SSD = STANDARD DEVIATION OF THE XX SERIES \
7190 REM NDF = NO. OF DEGREES OF FREEDOM (NCLASS-NO. |
7195 REM OF PARAMETERS —1)

7200 REM KKKk %K KKKk 0K K KKK K KOk 30K 30K K 080K 0K 30K K 30 % % KKK % 0k % K K K
7360 FOR I=1 TO NCLASS

7380 FL(I)=1/NCLASS |,

7400 EXPF(I)=FL(I)%N

7420 NEXT I

7440 NCLAS=NCLASS-1

7460 FOR I= 1 TO NCLAS

7480 K=I

7500 THFL(I)=KXFL (1)

7520 P=THFL<{I)

7540 REM CALL PROND(P,Y,D,IE)

7545 GO SUB 8000

7560 SND(I)=TT

7580 MINP(I)=SMEAN+SSDXSND(1)

7600 O0OBSF(I1)=0.0

7620 NEXT 1

7630 TNUM=0.0

7640 J=1

7650 OBSF=0.0

7660 FOR I= 1 TO N

7680 IF (XX(I)=-MINP(J))>0 THEN 7760
7700 OBSF (J)=0BSF(J)+1.

7720  TNUM=TNUM+1.

7740 GO TO 7840

7760 IF J<NCLAS THEN 7800

7780 GO TO 7860

7800 J=J+1

7820 GO TO 7680

7840 NEXT I

7860 OBSF (NCLASS)=N-TNUM

7880 REM CALCULATION OF CHI-SQUARE STATISTIC
7885 CHISE=0.0

7900 FOR I = 1 TO NCLASS

7910 CHIS=(0BSF(I1)-EXPF(I))"~2/EXPF(I)
7920 CHIS@=CHISE+CHIS

7935 NEXT I

7940 NDF=NCLASS-3

7950 PRINT#2, CHR$(10)3;TAB(10);
7955 NCL$="NO. OF CLASS USED (NCLASS) = ####"
7956 NOD$="NO. OF DEGREE OF FREEDOM (NDF)= ####"
7957 CSS$="CHI-SQUARE STATISTIC (CHISA) #i L HHH"

O L[S A 8




7960 PRINT#2,USING NCL$;NCLASS
7965 PRINT#2, CHR$(10);TAB(10);
7970 PRINT#2,USING NOD$;NDF
7975 PRINT#Z, CHR$(10);TAB(10);
7980 PRINT#2,USING CSS$;CHISQ
7990 RETURN

8000 REM SUB PROND(P,TT,D, IE)

8100 REM -

8120 REM COMPUTES X=P™(-y), THE ARGUMENT X SUCH THAT

8130 REM Y = P(X) = THE PROBABILITY THAT THE RANDOM

B135 REM VARIABLE U, DISTRIBUTED NORMALLY (O, 1),IS <=

B140 REM X. F(X), THE ORDINATE OF THE NORMAL DENSITY,
8150 REM AT X, IS ALSO COMPUTED

8190 REM DESCRIPTION OF PARAMETERS :

8195 REM S E=E====—o—o—s—oo=—=—======

8200 REM P = INPUT PROBABILITY

8210 REM TT = 0OUTPUT ARGUMENT SUCH THAT P = Y = THE
8220 REM PROBABILITY THAT THE RANDOM VARIABLE
8225 REM IS LESS THAN OR EQUAL TO TT

8230 REM C = OUTPUT DENSITY,F(X)

B240 REM IE = OUTPUT ERROR CODE

8250 REM = -1 IF P IS NOT IN THE INTERVAL

8255 REM (0,1), INCLUSIVE .

8260 REM TT = C = .99999E+37 IN THIS CASE

8270 REM = C IF THERE IS NO ERROR

8280 REM  dokkkkokok kX ' SEE REMARKS BELOW L EREESEEE

8290 REM REMARKS - MAXIMUM ERROR IS 0.00045

8310 REM IF P=0,TT IS SET TO -(10)%%74. D IS SET TO C
8320 REM IF P=1,TT IS SET TO (10)%%x74. D IS SET TO C
8330 REM SUBROUTINES AND SUBPROGRAMS REQUIRED - NONE

8360 REM METHOD BASED ON APPROXIMATIONS IN C.HASTINGS,
8365 REM “APPROXIMATIONS FOR DIGITAL COMPUTERS",PRINCETON
8370 REM UNIV.PRESS,PRINCETON,N.J.,1955. SEE EQUATION 2&.73.23
8375 REM HAND BOOK OF MATHEMAICAL FUNCTIONS,ABRAMOWITZ AND
8380 REM STEGUN, DOVER PUBLICATIONS, INC., NEW YORK.

BAL10  REM 30k k00K 30K K 80K 0K K K K K K K ok ok 3k K 30K 0K K KK 0K 0 3 K K K K K K K K X
8510 IE=C

BS520 TT=0.99999E+37

8530 D=TT

8540 IF P=0 THEN 8590

8545 IF P»0 THEN 8570

8550 IE=-1

8560 GOTO 8720

8570 IF P<1.0 THEN 8&20

8580 [IF P=1 THEN B&00

8585 IF P»>1 THEN 8550

85790 TT=-0.999999E+37

84600 D=0.0

8610 GOTO 8720

8620 D=P

8630 IF D<=0.5 THEN 8&&0




B&5S0 D=1.0-D

B&660 T2=L0OG(1.0/(D%D}))

B6&70 T=SQR(TZ)

8680 TT1 = (2.515517+0.802853%T+0.010328%T2)
86872 TT2 = (1.0+1.43278B%T+0.189269*%T2+0.001308%TXxT2)
8685 TT = T-TT1/TT2

8620 IF P>0.5 THEN 8710

8700 TT=-TT

8710 D=0.398F423¥EXP(-TT*TT/2.0)

8720 RETURN

2000 END

Iie A7 & 47




APPENDIX - I1I

TEST INPUT FOR P.C.

77,8,0.001

50, 100, 200, S00, 1000,10000
0.1,0.01,0.001
1901,1902,1903,1904, 1905, 1906, 1907,1908,1909,1910,1911
1912,1913,1914,1915,1916,1917,1918,1919, 1920, 1921, 1922
1923,1924,1925,1926,1927,1928,1929,1930,1931, 1932, 1933
1934,1935,1936,1937,1938, 1939,1940, 1941, 1942, 1943, 1944
1945,1946,1947,1948,1949,1950, 1951 ,1952, 1953, 1954, 1955
1996,1957,1958,1959, 1960,1961,1962, 1963, 1964, 1965, 1966
1967,1968,1969,1970,1971,1972,1973,1974,1975,1976, 1977
11400,9250,7400,8550,9070,7070,7530,11500,8320, 11880 ,6940
8320,3510,9230,7400,4700,8410,4640,46280,8150,9070, 7400
5480,19130,9650,3680,7240,3680,4540,6160,3460,6150,5270
9000,5280,3310,3220,3520,2340,2430,3130, 6620, 4400, 4220
5100,4620,4340,4880,3610,6190,4760,3810,5470,6375, 4610
6365,4520,4050,5020,3880,4850,5750,6350,4010, 2430, 4750
5920,3320,5360,6310,5700,4920,7400,5160,3810,6790,5710




TEST INPUT FOR VAX - 11 / 780 COMPUTER

77,8,0.001

50, 100, 200, S00, 1000,10000
0.1,0.01,0.001
1901,1902,1903,1904, 1905, 1906, 1907,1908,1909,1910,1911
1912,1913,1914,1915,1916,1917,1918,1919,1920, 1921, 1922
1923,1924,1925,1926,1927,1928,1929,1930,1931,1932, 1933
1934,1935,1936,1937,1938, 1939, 1940,1941,1942,1943,1944
1945,1946,1947,1948,1949,1950, 1951, 1952, 1953, 1954, 1955
1956,1957,1958,1959, 1960, 1961, 1962, 1963, 1964 ,1965, 1966
1967,1968,1969,1970,1971,1972,1973,1974,1975,1976,1777
11400,9250,7400,8550,9070,7070,7530,11500,8320,11880,6940 &
8320,3510,9230,7400,4700,8410,4640,6280,8150,9070,7400 &
5480,19130,9650,3680,7240,3680,4540,6160,3460,6150,5270 &
%000 ,5280,3310,3220,3520,2340,2430,3130,6620,4400,4220 &
5100,4620,4340,4880,3610,6190,4760,3810,5470,6375,4610 &
6365 ,4520,4050,5020, 3880, 4850,5750, 6350,4010,2430,4750 &
5920,3320,53£0,6310,5700,4920,7400,5160,3810,6770,5710

R Q0 Q0 0 Qo

LT =22




APPENDIX — III : TEST OUTPUT

THE TOTAL NO. VALLES IN THE ORIGNAL SERIES ARE =

NOTE: BLOMS PLOTTING POSITION IS USED THROUGHOUT

3K KRR KKK KO HOKOK KKK AR K K KKK KK KK K HOK XK
X ANALYSIS OF THE ORIGINAL SERIES X
HOKAOKHOR A A A AR R R Ak o ROK KKK KoK K K

J ! DATA IN CHRONOLOGICAL ! DATA IN ASCENDING ! L !
! | ORDER ! DRDER ! ' PROBABILITY !
! SL.NO. ! ! RANK ! OF  NON-— -
' ¢ YEAR ! DISCHARGE ! YEAR | DISCHARGE ! ! EXCEEDENCE !
: 1 / 1701 ! 11400 ! 1239 2340 ! L 0.0081 :
! 2 J 17202 ! 9250 J 1965 ! 2430 ; z | 0.0210 1
! S5 ! 1903 ! 7400 L 1240 ! 2430 ! Sl 0.0340 L
! 4 ! 1704 ! 8330 ! 1941 ! 3130 ! 4 ! 0.0457 ]
i b= : 1905 ! FO70 ! 1937 ! JZ220 ! =W 0.0599 A
! =} ' 19206 ! 7070 ! 19356 1 3310 ) q % 0.0728 :
4 7 A 1207 ! 7330 ! 1968 ! 3320 1 TR 0.0838 J
/ 8 ! 1908 ! 11500 ! [E1 3450 : B 0.0787 4
! 9 ! 1909 ! 8320 ! L R 3510 : ol QU1 !
! 10 ! 1710 * 11880 : 19358 ¢ 3520 J et 0.1246 !
. 2t S A il 4740 ! 1942 ! 3610 ! Ll ) G375 i
J T 1212 ! B320 L 1228 ! 3680 ! 12 ! 0.1505 !
L 15 ¢ 1913 ! 3510 : 1926 ! 2680 I L3S Y 0.1634 \
t i4 ! 1914 ! 9230 ! 1973 ! 3810 ! 14 ! 0.1764 !
i 15 ! 1215 ! 7400 ! LFaL el 3810 p 1o 0.1873 !
i 16 L 1916 ! 4700 : 1960 ! 5880 L T4t 0.2023 !
! A 1217 8410 ! 17964 ! 4010 ! (7 AR 0.2152 !
1 8 ! 1918 ! 4640 J 1738 | 4050 ! 18 ! 0.2282 !
i Fet 1919 ! 6280 Y 1744 ! 4220 : 159 0.2411 i
' 20 ¢ 1920 ! 81350 ! 1947 ! 4340 ! 20 ! 0.2540 :
! 210 4 1921 ¢ 070 1 1943 ! 4400 ! Zib 0.2670 !
! 220 19220 7400 : 1997 4520 J 22 ! 0.27799 !
| Z35 ! e S 5480 - 1929 ! 4540 ! G 0.2929 ]
- 24 ! 1924 ! 12130 ! 1999 ! 4610 ! 24 ! 0.3058 ’
4 Zant 1925 ! 650 J 7l o 4620 ! Fas i 0.3188 '
4 26 ! 1926 ! 2680 L L EHS 4640 ! Zh 0.3317 -
! 27 ! 1927 ! 7240 ! 191& | 4700 ! 27 ! 0.3447 :
! 28 ! 1928 ! 3680 ! 1966 ! 4750 L 28 ! 0.3576 J
! 22 ! 1929 ! 4540 ! 1951 ! 4760 : 2 L 0.3706 !
! SO 19500 6160 2 1961, 4830 ) 0 0.3835 L
! 5 L 1931 ! 450 ! 1948 ! 4880 - Sl 0.3764 L
! E 1932 ! 6150 L {BETATA 4920 L &yt 0.4094 !
! 55 ! 1933 ! 5270 : 197 5020 d 3504 0.4223 !
! 3q ! 1934 ! OO0 ! 1945 ! 5100 : 34 ! 0.4333 )
4 Bt H 1959 ! 5280 ) 1974 ! 35160 ! 33 ! 0.4482 :
' 36 ! 1936 ! 3310 . LSRN 5270 ! 36 ! 0.4612 !
4 Ly 1937 ! 3220 ! Bl 5280 : Syl 0.4741 s
4 S 1938 ! 5520 ! 18550 ST60 ! 3 ! 0.4871 !




39

41
42
43
a4
45

47

49
50
31
92
93
94
25

7
o8
57

&l
&2
63
&4
&35

&7

=
70
71
72
73
74
i)
74
77

1939
1240
1941
1942
1943
1244
1945
1946
1947
1948
17949
1950
1951
1952
1953
1954
1935
1936
1957

1738 -

19592
1260
1961
19562
1963
1964
12465
19646
1947
1948
19469
1970
1971
1972
1973
1974
1975
1976
1977

2340
2430
3130
6620
4400
4220
5100
4620
4.340
4880
3610
6190
4760
3810
o470
&375
4610
6365
4320
4050

2880

9790
&350
4010
2430
4750
57920
Z320
9360
6310
3700
4920
7400
5180
2810
&7790
5710

1955 ! 5470
EES 3480
Rl 9700
L7 3710
1962 ! 9750
19267 ! 57920
1520 6150
1930 1 6160
1950 ! 6190
1915 1 6280
1970 + ! 6310
1963 ! &350
1956 ! 6363
1954 ! 6375
1992 &E20
1976 ! &790
1211 ! 4940
1906 ! 7070
1927 ! 7240
a7 S 7400
1220 7400
IR1s 7400
1903 ! 7400
T @ el 7230
1920 ! B130
| 57 [ 8320
1209 ! 8320
LGdiZ 8410
17204 ! 83550
1974 ! F000
1921 ! 070
1205 ! FO70
1714 ! 230
1202 ! 9250
7 aa ] 630
1701 ! 11400
1go8 ! 113500
1910 ! 11880
1929 ! 12130

284

a2
43
aq
45

47

49

S1

33
94

=T

a9

61
&2
&3
&4
&5

&7

&9
70
7l

73
74
75
76
77

Q.3000
0.95129
0.5259
0.5388
0.95318
0.5647
0.5777
0.9906
0.6036
0.6165
0.6294
Q.6424
0.6353
0.6683
0.6812
0.6942
0.7071
0.7201
0.7330
0.7450
0.7589

- STATISTICAL ESTIMSATES OF THE ORIGINAL SERIES ARE AS FOLLOWS

MEAN OF THE SERIES

STANDARD DEV OF THE SERIES

COEFF. OF SKEWNESS OF THE SERIES

COEFF. OF KURTOSIS OF THE SERIES

III

=  60.26884E+02

26.40165E+02

19.359438E-01

99.32779E-01

=278




AORRANORAR AR A KA R KA RAKRRNAOKNORIORKORKOK KK KOk
¥ ANALYSIS OF THE LOG TANSFORMED SERIES X
HERKR A AR HORK K KKK K oK K K 3o K o ok o o Kk KK ok ok

L ! DATA IN CHRONDLOGICAL ! DATA IN ASCENDING ! ! d
! ¢ ORDER ! ORDER b ! PROBABILITY !
! SL.NOL!Y ' ! RANK ! OF NON- !
t !OYEAR ! DISCHARGE ! YEAR ! DISCHARGE ! ! EXCEEDENCE !
: 1 J 1901 ! 4.056904 PO 7 fe T U 3.369216 ! 1yt 0.0081 )
! 2 ! 1902 | 3.966142 ! 1965 ! 3.383606 ! 20 0.0210 :
! 3 ! 1903 | 3.869232 ! 1940 ! 3.383606 ! = ! 0.0340 :
! 4 ! 1904 ' 3.931964 v 1941 ' 3.495544 ! q4 ! 0.0456%9 !
! s ! 1909 ' 3.957&607 A4 ! 3.907856 ! 2 ,0999 !
) 6 : 1906 ! 3.849419 L1936 ! 3.519828 ! & ! 0.0728 !
Y 7 : 1907 ! 3.8B76795 ! 1968 S .521138 ! ! 0.0838 :
Y 8 : 1908 ! 4.060698 11931 ! 3.939076 ! 8 ! 0.0987 !
Y 9 ! 1909 | 3.920123 SIS ! 3.945307 ! .5 0.1117 !
! FOR 1210 ! 4.0748B16 ! 1938 ! 3.546543 ! 10 ! 0.1246 !
! fips ot 1?11 ! 3.84135%9 ! 1949 ! 3.557507 ! 11 ! 0.1375 !
! 7 1912 ! 3.920123 L1928 ! 3.565848 ! 12 ! 0.1305 d
J 13 1 1913 | 3.545307 ' 1926 ! 3.565848 ! 5 0.1634 !
4 14 ! 1914 ' 3.965202 11975 ! 3.580925 ! 14 ! 0.1764 !
! 15 1915 !  3.B&9232 ! 1952 ! 3.980925 ! 150 0.1893 :
4 16 ! 1916 | 3.6472098 ! 1960 I 5.088832 16 ! 0.2023 !
! LZ ! 1917 ! 3.924796 ' 1964 ! 3.603144 ! 17t 0.2152 -
! 18 ! 1918 ! 3.5666518 ! 19358 ! 3.607455 ! 18/ Q.2282 1
L | 57, 1219 ! 3.797959 ' 1944 ! 3.625312 ! Bl 0.2411 :
! 20 ! 1920 | 3.911138 L1947 ! 3.63749 ! 20 ! 0.2540 :
! 21 ! 1921 ! 3.937607 ! 1943 ! 3.643453 ! g 0.2670 !
! 22 1922 | 3.B49232 ! 1957 ! 3.655137 ! it 0.2799 L
- 23 ! 1923 ' 3.73878 1979 ! 3.657036 ! 2301 0.2929 {
¢ 24 ! 1924 ' 4.281715 ! 1935 ! 3.663701 ! 29 ! 0.3038 !
! 29: . 1925 ! 3.984527 ! 1946 ! 3.664642 ! 290! 0.3188 !
{ 26 ! 19246 ¢ 3.565848 {1918 ! 3.666518 ! 26 ! 0.3317 !
. 27 ! 1927 | 3.859738 1916 ! 3.672098 ! 27 ! 0.3447 ;
E 28 ! 1928 | 3.565848 ! 1966 b 3.676694 ! 28 i 0.3376 !
: 29 1929 | 3.657056 ! 1951 b 3.677607 ! 270 Q.3706 !
£ 30 ¢ 1930 ! 3.789381 19561 ! 3.683742 ! 30 ! 0.3835 !
¢ 31 ! 1931 ! 3.33907&6 ! 1948 ! 3.68842 ! ST 0.3964 !
J 2 ¢ 1932 ' 3.788875 ! 1972 ! 3.671965 ! Sl 0.4074 L
4 33 ! 19350 3. 721811 ! 1959 ! 3.700704 ! 33 ! 0.4223 )
4 34 ! 1934 ! 3.954243 L1945 ! 3.70757 ! 34 ! 0.4333 :
4 Fo ! 1935 | 3.722634 ! 1974 ! 3.71265 : 5 0.4482 J
! 36 ! 1936 ! 3.519828 L1933 3L 721811 ! 35 ! 0.4612 !
1 37 ! 1937 | 3.907856 ! 1935 U 3.722639 | 37 ! 0.4741 !
! 38 ! 1938 ! 3.546543 L1967 ! 3.729165 ! 3B ! 0.4871 :
% a7 A 1939 ! 3.389216 LTSS BT T = e 57 1 0.3000 !
- 40 ! 1940 | 3.385604 ! 1923 ! 5.73878 ! 40 ! 0.5129 J
; 41 ! 1941 ' 3.4935544 N T | ! 5. 700878 | 41 ! 0.3239 :
' 42 ! 1942 ! 3.8208358 b U 3.756636 ! 42 | Q.3388 !
J 43 ! 1943 ! 43.643453 U 1952 L 3.709688 ! 43 ! 0.5518 !
t 44 ! 1944 ! 3.4625312 ' 1967 LI a4 ! 0.5647 /
! 45 ! IR4a Y 5. 70757 L1932 ! 3.788875 ! 45 ! 0.5777 !




! 45 ! 1946 | 3.6646472 11930 ! 3.789981 ! 45 ! '0.59046 !
! 47 ! 1947 ' 3.63749 V1900 35791671 ! 47 ! Q.60346 !
! 48 ! 1948 ! 3.68842 1919 V5797997 |\ 48 ! 0.6165 -
; 49 ! 19272 ¢ 3.557307 ! 1970 I 3.80003 J 49 ! 0.6294 )
! 2N 1950 4 30791671 ! 1963 ! 3.802774 ! 50 ! 0.6424 :
: 21 ! 199l f - 3.6 77607 ! 19594 ! 3.803798 ! 51 ! 0.6553 !
- DRt 1992 ! 3.3580925 ! 1954 ! 3.80448 s a2 ! 0.6683 :
! Sy 1958 1 S.725758Y ! 1942 ! 3.820838 ! = 0.6812 :
! 54 ! 1954 ! 3.80448 ! 1976 ! 3.83187 ! o4 ! 0.6942 ]
! ey 1955 | 3.663701 11 ! 3.841359 ! D! 0.7071 !
] el 1956 ! 5.803798 ! 1906 ! 3.849419 ! a6 ! 0.7201 :
! il 1997 ¢ 3.65513% LN ! 3.859738 ! VA 0.7330 :
| = | 1958 ' 3.6074355 ' 1973 P 3.869232 ! SE 0.7460 !
: P 1957 ! 3.700704 L1922 v 3.859232 ! ST 0.75879 !
: (=70 1960 | 3.58883Z 1913 VX B9 ASRE 60 ! 0.7718 :
! a1 ! 1961 | 3.683742 ' 1903 5. B6FESE ! (=Y 0.7848 4
! &2 ! 1962 ' 3.739668 ! 1907 ' 3.876799 | &2 ! 0.7977 !
! a& ! 1963 ' 3.B02774 ' 1920 ! 3.211158 ! &3 | 0.8107 !
! &4 ! 1964 ' 3.4603144 1912 LNZCAPEN L &4 ! 0.8236 /
! 685 ! 1965 ' 3.385606 A 9 U3LF20125 ! a3 ! 0.8366 !
! GhH= 1966 | 3.676694 L ASLT 13.924796 ! &6 ! 0.84935 !
! &7 ! 1967 | 3.772522 ' 1904 5951966 L &7 ! 0.8625 d
! &8 ! 1968 | 3.521138 ! 1934 1 3.954243 ! &8 ! 0.8734 J
. AL 1969 ¢ 3.729165 11921 ! 3.957&607 ! (e 0.8883 -
J 7Q L 1970 ' 3.8B0003 ! 1905 ! 3.997&607 ! 70 ! Q.9013 !
: Hal 1971 '\ J.799875 ! 1914 E.9657202 L 71 ! 0.7142 d
¢ Tz 1972 L SLaY1T6a ! 1902 ! 3.966142 ! 72 0.9272 :
- 725 1973 ' 3.B47232 L1925 ! 3.984527 ! 73 ! 0.9401 :
! 74 ! 1974 ¢ 3.71265 ' 1901 ! 4.056%04 ! 74 ! 0.9931 J
: = 1975 ' 3.380923 ! 1908 L 4.060698 | 7t Q.9650 .
/ Za 1976 | 3.83187 U910 ' 4.074816 ! 76 ! 0.9790 !
L 77 1977 ¢ 3.796636 ' 1924 ! 4.281715 ! FATA 0.9919 |

STATISTICAL ESTIMSATES OF THE LOG TRANSFORMED SERIES ARE AS FOLLOWS :

MEAN OF THE SERIES = 37.43347e-01

Il

STANDARD DEV OF THE SERIES 17 .19228E-02

COEFF. OF SKEWNESS OF THE SERIES 23.99446E-02

34.124156-01

COEFF. OF KURTOSIS OF THE SERIES

NO. OF CLASS USED (NCLASS) = 8
MO. OF DEGREE OF FREEDOM (NDF)= S
CHI-SQUARE STATISTIC (CHISQ) = 1.026




ESTIMATED FLOOD PEAKS

: SL.NO. : RECURRENCE : ESTIMATED
= : INTERNAL 2 FLOOD -
3 1 s 30 YEARS : 125346, =
3 2 z 100 YEARS : 15978 %
3 = g 200 YEARS : 15426, :
2 4 : 200 YEARS : 17387. =
] 5] g 1000 YEARS : 1890%., =
z & . 10000 YEARS : 24252, :

R MR HOR AR MK KKK MO K XK 3K K 0K 5 KK 3Kk 3k o ok ok
¥ ANALYSIS OF THE POWER TRANSFORMED SERIES X
HHOK KK ROK KK JKKAOK K KKK KKK KR K K KoK

! ! DATA IN CHROMOLOGICAL ! DATA IN ASCENDING ! ' .
. J ORDER i ORDER 1 ! PROBABILITY !
! SL.NO,Y ! RANK ! OF NON-
! ' YEAR ! DISCHARGE ' YEAR ! DISCHARGE ! ! EXCEEDENCE
! 1 i 1901 ! 4.383721 ! 1939 ! 4.069888 ! 1 i 0.0081
: 2 ! 1902 ! 4.349248 ! 1965 ! 4.078567 ! 2 =l 0.0210
L 3 4 1903 ! 4.308681 ! 1940 ' 4.078367 ! 55 0.0340
L q ¢ 1904 ! 4.335137 ! 1941 ! 4.135209 ! G 0.0469
! =] ! 1905 ! 4.345744 ! 1937 ! 4.141385 ! a ! 0.0599
; & ! 1906 ! 4.300173 ! 1936 | 4.147359 ! 6 ! 0.0728
J 7 ! 1907 ! 4.311909 ! 1968 ! 4.14801 ! 7A 0.0858
} 8 ! 1908 ! 4.387214 ! 1931 ! 4,156899 ! g8 ! 0.0987
! ? ! 1909 ! 4.330198 ! 1913 ! 4.159969 ! e 0.1117
! 10 ! 1710 ! 4.392751 L 1938 ' 4.160578 ! 10 ! 0.1245
! LI LA 4.296694 ! 1949 | 4.165959 ! i S 0.1375
! P2t 1912 4.330198 ! 1928 ! 4.170035 ! 12 ! 0.1505
| TSI iy L gl 4.15996%9 ! 1926 ! 4.170035 ! 15 ! 0.1634
! 14 1914 ! 4.348862 ! 1973 ! 4.17736&4 ! 14 ! 0.1764
Y ! 1915 ! 4.3084681 ! 1952 ' 4.177366 ! 15! 0.1893
L 16 ! 1916 ! q.220687 ; 1960 ! 4.181192 ! 16 ! 0.2023
: 1l 1217 4.33215 . 1964 | 4.188082 ! il 0.2152
: B8 ! 1918 ! 4.218085 ! 1958 ! 4.190149 ! 18 ! 0.2782
! LA L1915 0! 4.277735 ! 1944 ' 4.198472 ! LSt 0.2411
! 20 ! 1920 ! 4.326442 S 1947 ' 4.204445 ! 20 ! 0.2340
! 21 ! 1921 ! 4.345744 ! 1943 | 4.207261 ! 210, 0.2670
! 220! 1922 ! 4.308681 ! 1957 ' 4.212759 ! 22 ! 0.2799
! 25 ! 1925 ! 4.251301 i 1929 ! 4.213658 ! 25 0.2929
! 24 ! 1924 ! 4.470094 ! 1995 ! 4.216769 ! 24 ! 0.3058
! 23, ! 1925 ! 4.336753 4 1946 | 4.217209 ! 23 ! 0.3188
! 26 ! 19256 ! 4.170035 ! 1?18 ! 4.218085 ! 26 ! 0.3317
! 27 ! 1927 4.304615 ! 1916 ! 4.220687 ! 27 ! 0.3447
! 28 ! 1928 ! 4.170035 J 1966 ! 4.222825 ! 28 ! 0.3576
! 29 1929 ¢ 4.213658 ! 1931 ! 4.22325 ! 27 ! 0.37086
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1930
1931
1932
1933
1934
1935
1936
1937
1938
1932
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1930
1991
1932
1933
1954
1935
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1964
1967
1968
1967
1970
1971
1972
1973
1974
1975
1976
1977

4,274034
4.156899
4,273721
4.243594
4.344359
4.,2439469
4.147359
4,141385
4.160578
4.049888
4.078567
4135209
4,287783
4,207261
4.198472
4.237083
4.217209
4,204445
4.,228263
4., 165959
4.274967
4,22325

4.177366
4.250942
4.280607
4216767
4.280307
4,212759
4,190149
4.233928
4.181192
4.227023
4. 260709
4279856
4. 188082
4.078567
4.222875
4., 266367
4.14801

4.246941
4.278648
4.259007
4.229901
4.308681
4.23941

4.177366
4.292578
4.259349

L1961 !
L1948 !
to1972 !
| 1(?59 L]
L1945
t1974
{1935 1
Lo
L1969
1 1?53 {
e
L1971 !
L1977 !
to1962 !
C1967
L1932
L 1930 !
1 1?'3) 1
L1919 !
L1970 !
t1963
] 1956 1
L1954 !
L1942 !
L1976 !
S G
C1906 !
L1927 !
L1973 !
to1922 !
i IR
] 1%3 1
¢ 1907 !
' 1920 !
'1912 !
L] lm I
to1917
t 1904
t1934 !
{1921 ¢
1 1905 I
L1914
] 1902 1
t192S !
t 1901 !
1 Im 1
C1910 !
to1924

! 4.227023
! 4.228263
! 4.229901
! 4,.233928
! 4.237083
! 4.23941

! 4.2435949
' 4.2439469
! 4.2446941
! 4.250942
! 4.251301
! 4.239007
! 4.259349
! 4.260709
! 4.,266367
! 4.273721
! 4.274034
! 4.274967
! 4.277735
! 4.278648
! 4.279856
! 4.280307
! 4.280607
! 4.287783
! 4.292378

4,296674

! 4.3001735
! 4.3044615
! 4.308681
! 4.308681
! 4.3084681
! 4.308681
! 4.311909
! 4.326442
! 4.330198
! 4.330198
! 4.33215

! 4.339137
! 4.344359
! 4.345744
! 4.345744
! 4.348842
! 4.349248
I 4.3546733
! 4.385721
! 4.387214
! 4.392751
! 4.470094

L R R R I B R e e T e T = P 1= i i e g e g

NEg

SdHYFHEY

0.3835
0.3964
0.4094
0.4223
0.4353
0.4482
0.4612
0.4741
0.4871
0.3000
0.5129
0.3259
0.5388
0.3518
0.5647
0.9777
0.3906
0.6036
0.6165
0.6294
0.6424
0.6953
0.6683
0.68172
0.6942
0.7071
0.7201
0.7330
0.7460
0.738%
0.7718
0.7848
0.7977
0.8107
Q.8236
0.8366
0.8493
0.8625
0.8754
0.8883
0.9013
0.9142
0.9272
0.9401
0.9331
0.9660
Q.9790
0.9919

III -6/ 8




STATISTICAL ESTIMSATES OF THE POWER TRANSFORMED SERIES ARE AS FOLLOWS :

—18.20002E-02

VALLE OF LAMDA

42.51416E-01

MEAN OF THE SERIES

]

STANDARD DEV OF THE SERIES 77 .22943E-03

COEFF. OF SKEWNESS OF THE SERIES —81.22850E-06

COEFF. OF KLRTOSIS OF THE SERIES 32.027086-01

]
@

NO. OF CLASS USED (NCLASS)

]
a

NO. OF DEGREE OF FREEDOM (NDF)

CHI-SQUARE STATISTIC (CHISQ)

1.234

ESTIMATED FLOOD PEAKS

: SL.NO. : RECURRENCE : ESTIMATED -
] = INTERNAL : FLOOD 2
: 1 : 30 YEARS = 13168. :
= 2 H 100 YEARS : 14966. :
2 3 T 200 YEARS : 16872, :
. 4 z 300 YEARS : 19983, :
N =) : 1000 YEARS : 21797t
] & 9 LOOOO) YEARS : 30344, :

REQUIRED VALLES FOR KURTOSIS CORRECTION ARE:

COEFF. OF KURTOSIS (CK) = 0.20

CORRESPONDING VALLE OF BETA

i
>
0
o

KURTOSIS CORRECTED STANDARD DEVIATES CORRESPONDING TO THE COMPUTED CK

' BETA ! ALPHA ! ALPHA ! ALPHA ! ALPHA ' ALPHA ' ALPHA ! AP !
' ' 0.25 ! 0.10 ' 0.05 ! 0.025 ' 0.0l ! 0.005 ' 0.001

0.10 0.649 1.268 1.644 1.985 2.384 2.658 3.223




ESTIMATED FLOOD PEAKS

: SL.NO. : RECURRENCE : ESTIMATED =
3 4 INTERNAL 1 FLODD -
- 1 3 S50 YEARS : 15392, ¢
- 2 - 100 YEARS = e 2 = (]
- 3 3 20 YEARS = 17961. =
= 4 = SO0 YEARS : 21299503
2 S E 1000 YEARS : 25526, & .
z & 10000 YEARS = 295475. *

LI — B8
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