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ABSTRACT 

The purpose of the programme is (1) to transform the given 

independent and homogeneous annual maximum peak flood series to near 

normal distribution using Box-Cox transformation and (2) to perform 

frequency aralysis on this near normally distributed series using 

method of moments for estimating 50,100,200,500,1000, and 10000 years 

return period floods using two approaches viz.,(a) based on the criteria 

of coefficient of skewness is nearly zero and (b) based on the criteria 

that coefficient of skewness is nearly zero and coefficient of kurtosis 

equal to 3.0. The documentation describes in brief the methodology 

adopted for transformation and necessity for correction of kurtosis 

of the transformed series. The programme is written in FORTRAN-IV. 

The input variable and input card description are detailed in the 

documentation. The documentation also lists the example input and 

the output generated by the programme. 



1.0 INTRODUCTION 

The objective of frequency analysis is to derive from the limit-

ed sample data, design events useful in practice. An assumption must 

be made of a theoretical frequency distribution which fits the populat-

ion events and the statistical parameters of the distribution must 

be computed from the sample data. Instead of assuming a known distribut-

ion to fit the data, it is better to transform the data to a particular 

distribution of known characteristics and then analyse the transformed 

series. Since the properties of a normal distribution are completely 

defined, it is a common procedure to transform the given data to normal 

distribution. Power transformation or Box-Cox transformation (Box 

and Cox, 1964) is one of the procedures available for transforming 

the given data series to near normalization. The application of this 

procedure to flood frequency analysis has been found successful (Chander 

et.al.,1978). The computer program documented here performs flood 

frequency analysis using annual maximum series data after transforming 

it to near normalization by the power transformation method. 
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2.0 PURPOSE OF THE PROGRAMME 

The purpose of the program is 

to transform the given independent and homogeneous annual maximum 

flood peak series to near normal distribution using power trans-

formation and 

to perform frequency analysis on this near normally distributed 

series using method of moments for estimating 50,100,200,500, 

1000 and 10000 years return period floods based on two approaches 

viz., (a) the coefficient of skewness is nearly zero and (b)the 

coefficient of skewness is nearly zero as well as coefficient 

of kurtosis equal to 3.00. 
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3.0 METHOD USED 

The near normal distribution of the given annual peak flood 

series is obtained using power transformation, the form of which is 

given as: 
X 

1 
Z.=  forX 0 (1) X 

Z. = in X. for X +•0 1 1 

where 

X.= the variate of the original series. 1 

Z.= the transformed series and 1 

X = an exponent which near normalizes the series. 

The near normalization is considered to be achieved when the coeffi- 

cient of skewness (CS) of the transformed series approaches zero. 

The unbiased coefficient of skewness of the sample data is computed 

as: 

CS - 

  

(N -1)(N -2) 

 

   

in which, 

S = Sample standard deviation 

Z.= the power transformed variate 1 

2.= the mean of the power transformed variates. 1 

N= the sample size 

The mean of Z series is computed as: 

2 = 1_ ? z. 
i N i=1 1  

The standard deviation S is computed as: 

5= 

  

rN 
(z.-i.)2  1=1 1 1 j1/2 (N-1) 



In this program, when ICSIS.;0.001, it is assumed that near normality 

is achieved. The exponent, X which near normalizes the data series 

is obtained by grid search technique. The grid search technique is 

used to find out x based on the criterion that there is a systematic 

variation of CS for variation in 2\. 

The transformed series is said to be near normally distributed 

as the coefficient of kurtosis (CK) of the transformed series may be 

near to, but not equal to 3.0 as required for normal distribution. 

The unbiased coefficient of kurtosis of the sample data is computed 

/ (Z .-E.)4  
i-71 1 1 

CK=  (N-1)(N-2)(N-3) 

Correction procedure is available(Box and Tiao,1973) for computing 

the standard normal deviates taking into consideration, the deviation 

of CK of the transformed 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 transformed to the original 

domain using the following expression: 

1/X 
xT 

= (zT
X +1) . . ( 6 ) 

where, X and ZT 
are the flood peak magnitudes in the original and 

the transformed domain respectively. 

Although log transformation is a particular case of power trans-

formation, its identification through Box-Cox transformation may lead 

to computational difficulties due to the required division of the quant-

ity(X
A  -1)by x ,which is nearly equal to zero. Therefore provision is 

made in the program to compute, invariably, the log transformation 

as: 
N
2 

S
4 
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of the series for the purpose of computing flood peak estimates for 

50,100,200,500,1000 and 10.000 year return periods. 

3.1 The Goodness of Fit Test: 

The goodness of fit test is evaluated by the most commonly 

used Chi-square test procedure. There are two methods available to 

compute the Chi-square statistic viz.,(1) equal class interval method 

and (2) equal probability method. In this program the equal probability 

method is adopted. The observed data are grouped into NCLASS classes. 

The number of classes, NCLASS is supplied by the user. The Chi-square 

statistic is computed as: 

     

2 

a 

NC LASS 

i=1 

 

2 
( f . - f .) 

oi el 

 

 

f . 
es 

 

     

in which, 

f0
. = the observed frequency in the ith class interval. 

f
ei

=the expected frequency in the ith class interval. 

a = the level of significance at which the distribution 

fitting the data is being tested. 
2 

The program only computes the x statistic. It is left to 

the user for verifying the goodness of fit. 



4.0 COMPUTER PROGRAMME 

The computer program developed at National Institute of Hydrology 

is given in this document. The program was tested at VAX 11/780 computer 

system available at NIH. The memory requirement of this program is 

15600 bytes and the CPU time required for compilation is 19.65 secs. 

The CPU time required for running the program is 4.92 secs. 

The program consists of a main program and six subroutines. 

Subroutine MI computes the mean, the unbiased standard deviation, 

the unbiased coefficient of skewness and the unbiased coefficient of 

kurtoais. Subroutine SEQ arranges the data series in ascending order 

and assigns the corresponding years of occurrence against each arranged 

data. Subroutines SPLINE and AK1MA are used for interpolation. These 

subroutines are adapted from HEC-1 flood hydrograph package. Subroutine 

CRISP computes the Chi-square statistic based on equal probability 

criterion for each class interval. Subroutine NDTRI is adapted from 

IBM's Scientific Subroutine Package. This subroutine computes the stan-

dard normal deviate and the corresponding ordinate of the normal distri-

bution for the given probability of non-exceedence. 

The computer program is given in APPENDIX-I. 



5.0 INPUT SPECIFICATION AND OUTPUT DESCRIPTION 

The input variable description is given below: 

Variable Description 

Number of annual maximum values to be analysed. 

NCLASS Number of classes used in the Chi-square test 

RI Recurrence interval for which flood estimate 

are made. 

DL Grid size used in the search method for deter-

mining the power transformation exponent 

which near normalizes the series. 

IYEAR Year corresponding to the annual maximum series. 

X The annual maximum series. 

5.1 Input Cards: 

Two input cards are required. They are read in the free format 

although they can be modified in the user required format. The form 

in which the data to be supplied is as follows: 

Card 1 

N, NCLASS, RIM), RI(2), RI(3), RI(4), RI(5), RI(5), DL(1), 

DL(2),DL(3) 

Card 2  

IYEAR(1), IYEAR(2), IYEAR(N) 

X(1), X(2)  X(X) 

5.2 Output Description 

The output tabulates the original series in chronological order 

along with years and then it arranges them in ascending order of magni- 
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tude along with the corresponding year of occurrence. It assigns the 

rank to them according to the ascending order and computes the probab-

ilitY0f non-exceedences ofthese events using Blom's plotting position. 

Plotting positions are written, in case the user wishes to display 

the original series and the corresponding power transformed series 

in a normal probability paper for the purpose of eye fit. Then the 

statistical parameters of the series are written. These tabulations 

are made for original, log transformed ad power transformed series 

in their respective domains. Chi-square statistic values are written 

for log transformed 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 written. 
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6.0 EXAMPLE 

The preparation of an example input consisting of annual maximum 

peak flow series is given below as per the required format. The data 

was extracted from the following source: 

Varshney, R.S." Engineering Hydrology", Nem Chand and Brothers, Roor- 

kee(U.P.). 

The input informations required for Card 1 is given below: 

The number of years of annual peak flow series, N = 77 

The number of class intervals used in Chi-square test, NCLASS=12 

The recurrence intervals for which the flood magnitudes are to be 

estimated are RI(1) = 50; RI(2) = 100; RI(3) = 200 RI(4) = 500; RI(5)= 

1000; RI(6) = 10000. 

The grid sizes used in grid search technique for estimating the expo- 

nent are DL(1)=0.1; DL(2)=0.01; DL(3) = 0.001. 

The card 1 input is typed as below 

77, 8, 50, 100, 200, 500, 1000, 10000, 0.1, 0.01, 0.001. 

The input information required for card 2 is given below: 

The year of occurrence of the given magnitude of flood viz. IYEAR(1), 

IYEAR(2), IYEAR(77). 

The peak flood series arranged in chronological order viz. X(1), X(2), 

X(77). 

The card 2 input is typed as below: 

1901, 1902,  , 1977, 11400, 9250,  ,5710. 

The test input and the corresponding test output of the program are 

given in APPENDIX II and III respectively. 
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7.0 RECOMMENDATIONS 

The programme uses the grid search technique to estimate the 

power transformation exponent. As there is a systematic variation 

in the coefficient of skewness of the transformed series for different 

values of A , this could be used to find A in a somewhat more efficient 

manner by using the Newton-Raphson technique. 
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APPENDIX-I : POWER TRANSFORMATION PROGRAMME 

C THIS PROGRAM PERFORMS THE FLOOD FREOUENCY ANALYSIS OF 

C ANNUAL MAXIMUM mous USING LOG TRANSFORMATION AND 

C POWER TRANSFORMATION (PDX-COX TRANSFORMATION)sASSOMINO 

C THE TRANSFORMED SERIES FOLLOWS THE NORMAL. DXSTRIDUTION 

C 
C X =ANNUAL MAXIMUM SERIES 

C Y =POWER TRANSFORMED ANNUAL MAXIMUM SERIES 

C Z =LOO TRANSFORMED ANNUAL MAXIMUM SERIES ARRANGED 

C IN DESCENDING ORDER 

C IlL =GRID SIZE USED IN THE SEARCH METHOD FOR MIER- 

C MINING THE Exisomcor ;LAMDA. WHICH HEAR NORMALISES 

C THE SERIES 

C SK =ARRAY FOR STORING KURTOSIS VALUES 

C X1 =ARRAY FOR STORING THE ANNUAL MAXIMUM SERIES IN 

C ,CHRONOLOWCAL ORDER 

C P =PROBABILITY USINO PLUM'S PLOTTING POSITION 

C FORMULA 

C IYEAR =YEAR CORRESPONDINS 10 THE ANNUAL MAXIMUM VALUES 

C ALPHA -.4ABLE OF STANDARD NORMAL nEvortys CORRECTED FOR KURTOSIS 

C ALPHAS =TEMPORARY ARRAY rot: STORING ALPHA 

C ALINPI =ARRAY OF INTERPOLATED STANDARD NORMAL. DEVIATES 

C CORRESPONDING TO THE DIFFERENT PROBABILITY OE 

C EXCEEDENCE LEVEL 

C IYEAR1 =ARRAY LIE YEARS IN CHRONOLOGICAL ORDER 

C X2 “ABLE OF, DEVIATION OF THE COM:ICY:NV OF KURTOSIS 

C VALUES AWAY FROM 3.00 

C 12 :TABLE OF CORRECTION FACTORS CORRESPOMMO VO X2 

C 21 =LOS TRANSFORMED .FLOOD FLOW VALUES IN CURONOLOCXCAL 

C ORDER 

C 11 =POWER TRANSFORMED FLOOD FLOW VALLI'S IN CHRONOLOGICAL 

C ORDER 

C RI =RECURRENCE INTERVAL FOR WHICH FLOOD ESTIMATES ARE 

C MADE 

C TD ,,STANDARP NORMAL DEVIATE OBTAINED FROM THE 
SUBROUTINE 

C NMI coonsoomnimo to THE GIVEN PROBABILITY OF 

C EXCEFDENCE 

C ESTP 4STIMATED FLOOD PEAK USING POWER TRANSFORMATION 

C PEX =TABLE OF EXCEEDENCE PROBABILITIES FOR WHICH KURTOSIS 

C 
CORRECTED STANDARD NORMAL DEVIATES ARE AVAILABLE 

C ALINPI1:qEMPORARY ARRAY FOR ovum ALIMPI 

C PEX1 ::TEMPORARY ARRAY FOR STORING FIX 

C IRX .TEMPORARY ARRAY FOR •I“OriIMO RI 

C On =NUMBER OF OK VALUES AVAILAPLE FOR KunTools CORRECTION 

C MAMA =NUMBER OF EXCEEDENCE PROBAPILITIES FO H WHICH KORTODIS 

C • CORRECTED STANDARD NORMAL DEVIATES AVE AVAILABLE 

C KLASS flNUMDER Or CLAMS UDEO IM ra CHK-BUOAPF YE UT 

C N =NUMBER OF ANNUAL MAXIMUM VALUEt ID i:F. READ 

C **WilratV0=41144*Vatt***tVatIntfa**VafltWil****MUM**  

DIMENSION X(100/sY(100)sZtIONsDLUOsSE41001sX1(100)P000Is 

1 IYEAR(100))ALPHAMOIJALPHAS(?/3 ALINP1(9)1IYEAR14100I,  



2 X2(91a2(91$21(100)01(100)/RI(101,TD(10),ESTP(10),PFX(7), 
S A1INPI1(9) &MU) IRI(10) 

OPEN (UNIT,.21/FILE:L'POWTRA.3YAT'slITATINWOLD') 
OPEN (UNIfr22/FILE w'POWYRAvOUT'/STATUS,.:'NEN") 
OPEN (ONIT:z23FFILEn'NDIRI)OUT'sSIATOTWNEW) 
DATA X2/-1.201-1,07,-0,011-0,4570.00:5Gilv22:2,.03/3.00/ 
DATA Y2/-1.00;-0.75/-0.501-0.210.00,25;0.50,0;75sI,00/ 
DATA ((ALPHA(X/J);X”1/9)/J:117)/0,07,0.(14,0.80/0,73,0.67/0.62; 

1 0.511,0.530.49,1.39,1/36T1,35/1.31,102tv1.25$1.22,11.18/11119 
2 1gi6/1.51/1.61/1.63,1.64/1,65/1.6/1.64/1.43,1.65J1.71,1,01. 
3 1.090,960,0212.0652.09;2.121170,1,114,2,03,1,1110,33,2.46, 
4 2,511/2.68/2,71/1,71/1.91#2.16/2.31/2.58,2>///2.71,3,1013,281 
3 1,7S52.05,2.41s2,75 / 3.09;3.4Sr3.75,4.0O,1,Z9/ 

DATA PEX/0.25/0,100.05/0.0250,01/0/005/0,001/ 

READ INPUT INFORMATION 

READ (215*) N.NCLASSs(RI(I)/Inis6),(11L(K),K;C(53) 
READ (2144) (ITEAR(.1);Jx1/N)/(X(J),J=1/N) 

WRITE(2205) 
95 FOR14AT(40X/51(11M1) 

WRIT1(2206) 
96 FORMAT(40X/1H*,11(1H ) 'ANALYSIS OF THE ORISINA1 SERIES', 

1 10(1H )/1ITS) 
WRITE (2205) 
WRI1E(22,1001 N 

100 FORMAT(//40WTHE TOTAL NO. VALUES IN INL ORIGINAL SERIES 
lARE=t/X4//) 
WRITE (22,97) 

97 FORMAT(//35X NOTE: DLOMS PLOT1ING POSITION IS USED 
1 THROUONOUT(//) 

ARRANGING THE DATA IN ASCENDING ORDER) 
DU 5 I=1/N 
P(1)=(FLOAT(I1-0.375)/(FLOAT(N)+0.25) 
P2=P(I) 
CALL NDTRI(P2/TalsIE) 
WRITE(2317/77) I,P2/T 

7777 FORKAT(20XCI=r5i4s5nTNEX2',EIT,11,5WSNDn',F10.4) 
MARI ( I ) MAR( I ) 

5 Xl(I)=X(1) 
CALL SEU(NIPEARJX) 
WRITE (221016) 

1016 FORMAT(14X/116(1H-)1 
WRIlf (22,1007) 

1007 FORMAT (l4n'I's12WI .,29Xs'Ys7X>'!'11X !'519X 
WRITE (22/106) 
SRITE(22/1007) 
mirE (22;1018) 
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1018 FORMAT(14XCI's12X5'!',67(1H—) 's14Xs'!'13XITROBABILIT( OF' 

1 ;23,'!') 
WRITE (22;107) 
WRITE(22o1016) 

107 FORMAT(141.5 1 1'55)15'SL.NO.'s3n e l'53x,'YEAR's4WI',6WDISCH  

LAROE's2X,'!',9WYEAR',4Xs'I'-77,WDXSCHAROE'J3X7'!'s5X71RANK!  

295X,'!'53X,'NON—EXCEEDENCE'On'1')  

999 WRITE(22,2001(XiIYEAR1(X)/X1(1)JIYEAR(DiX(X);IYP41)tI=1,N)  

WRITE(2251016) 

200 FORMAT(147,5 1 1 1 0X;15,57.5'!',2X,15f4)4111$5X5 F8.1;4Xs e t's8X,15,  

143,1 156%/F8,15SW!'12X,I547X7'!')43)F8.3)7321!')  

WRITE (22,300) 
WRITE(2213004) 

3001 FORMAT(21X,59(1H—)) 

106 F0RMA1(14WI's121a 'I'DiZsiDATA IN CHRONOLOGICAL ORDER'sln'I's7X,  

l'DATA IN ASCENDIN(; ORDER1 ,637 1!'/14X,'I'ilrAs e!')  

COMPUTE MEAN$STANDARD DEVIATION3COEFFECTENT OF SKEWNESS AND 

C. KURTOSIS OF THE GWEN ORIGINAL SERIES 
300 FORMAT (///////21WSTATI8TICAL ESTIMATES OF THE ORIGINAL SERIES 

/ ARE AS FOLLOWS :1) 
CALL ARI(X,NsOMEANONIDsSKEWI,SKUR) 

AVESE.,SMEAN 
WRITE(22;400)SMEAN 

400 FORMAT(/21WMEAN OF THE SERIES::' ,E14.8) 

WRITE(22$500)S9D 
SOO FORKAT(/2EWSTANDARD DEV OF THE SERIES=';E16.0) 

WRITE(22,600)SKEW 
600 FORMAT(/21WCOEFF. OF umrss OF THE SERXES:ifsE16,1) 

WRITE(22,700)SKUR 

700 FORMAT(/21XsTOEFF,  OF KURTOSIS OF THE SERILS,:1 7E161-8////) 

FREQUENCY ANALYSIS unnis LOG TRANSFORMED SERIES 

WRITE (22;1003) 
1003 FORMAT (1111) 

WRITE (22,95) 
WRITE (22A98) 

98 FORMAT (4M et ANALYSIS OF THE LOG TRANSFORMED SERIES 

1 t') 
WRITE (22,95) 
WRITE(22;905) 

905 FORMAT ( MUM) 
WRITE(2211016) 
WRITE(2251007) 
WRITE (22,106) 
WRITE(22;1007) 

WRITE(2271018) 
WRITE (225107) 
WRITC(22710t6) 
DO 1 1:.11s14 

1-3/13 



XI(I)rX(I)+1 
Z(I)=AL0610(X(I)) 
11(1)vAL041001(X1' 

1 CONTINUE 
WRIIE(22;250,(I;IYEAR1(I).;MX);XYEAR(11;7(1)0tP(I);PisN) 

250 FORMAT(I4X;1 1 1 ;2;(;):?6SX!'!v12Y;15;4X;'!';5X;F8.3;4X;'1 1,0X; 
1I5,01X,'!'16X;F8.3$51'!'2XX507,9'!'141:a1113y7X$'!') 
WRI1E(22)1016) 
WRITE (221301) 

301 FORMAT(/////f/21%, 'ETATISTICAL ESIIMATFC or THE LOG TRANSFORMED 
1 SERIES ARE AS rounwste) 
WRITE(22,3002) 

3002 FORM4T(21X;64(1H“)) 
COMPUTATION OF STATISTICAL PARAMETERS OF IHE LOO IRANSFORMFD 
SERIES 
CALL ARJ(1;NsaMEAN;StD;SKEW;SKUR) 
WRITE (22;400)SMEAN 
WRITE (22,500)SSD 
WRITE (221400)SKEU 
WRITE (22s700)SKUR 
COMPUTATION OF OMVSOUARE SIATIBTIC FOR LOS NORMAL FITIINU 
CALL CHIST(NACLASS;1;SMEAN;atD) 
COMPUTATION OF PEAKS FaR DIFFEREN4 RECURRENCE INIERVALS 
DO 701 X=1;16 
P14*-1./RI(I) 
IRI(I):421(I) 
CALL NDTRI(P1a;D;IE) 
TD(I)flT 
ESTP(1);;SMEANtS$D4T 

701 ESTP ( I )!--,1044ESTP( I ) 
WRITE(22$711) 
WRITE(22;712) 
WRITE(225713) 
WRITE(221714) 
WRITE(225712) 
WRIlt(22;715)(b1RI(I);ESTP(I);I=1;6) 
WRITE(22;712) 
WRITE (22;1003) 

711 F0RMAT(////////44/s'UTIMATED FLOOD PEAKS') 
712 FORMAT435X;304114-)) 
713 FORMAT(35X,'!';1X;'SLMO.';'!'0X;'RECURRENCE's3X:'!' 

11X,'ESTIMATED'i3X;'!') 
714 FORMAT(35X1'!'s7X;'!';ZXCINIERVAL';4WI's3X;IFLOOD';5n 

1'!') 
715 FORMAT(35Xse!';3X;Ils3neles4XsI5r' YEARS';'!'s3X4F10.0s(L') 

WRITE (22;9S) 
WRIIE (22199) 
WRITE (22;95) 
WRITE(22s905) 
W111(22;1016) 
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WRITE(22s10071 
WRIT(22i106) 
WRITE422$1007) 
WRITE(22;1018) 
WRITE (22,107) 
WRITE(22;1)16) 

FREQUENCY ANALYSTS USINO POWER TRANSFORMED SERIES 
COMPUTATION OF THE WILLIE OF EXPONENT HHICH MAKES THE SERIES 
SYMKETRICARY DISTRIDUTED 
AL:: 1. 
DO 2 Knis3 

11 ALnAL-DL(K) 
10 

IF (K.E0.2AND.J.E000) SO TO 79 
IF (K.E0,.3.ANDJ.E0p10) 00 TO 19 
DO 3 Iu1,14 

3 
CALL ARI(YiNsSMEAN;SSDFSKEWFSKUR) 
SK(.1):ISKEW 
IF(A8U(SK(J)),LT,0.001) SO TO 20 
IF(J,E0,1) 00 TO 11 
IF(CSK(J)*SKIJ-11).LT.04) SO TO 4 
SO TO 11 
AL‘,AL.EDL(K) 
CONTINUE: 

99' FORMAT (40n 1 14 ANALYSIS OF THE POWER TRANSFORMED SERIES 
1 $1) 

C79 ALrrAL+10.iDL(K) 
79 DO 78 lnlyN 
78 Y(I)=(X(I)**6L-10/AL 

CALL ARI,(YIN;SMEAN;SSO/SKEW,SKUR) 
20 DO 77 IlyN 
77 Yl(I)v(Xl(I)fl4L-1))/AL 

WRITE(22;2150)(1,IYEAR1(i)$Y1(I)51YEAR(I);Y(I)0:P(X),I: Hi 
WRITE(22;1016) 
WRITE(22c1002) 
WRITE (22;3003) 

3003 FORMAT(21)(56T(1H-)) 
1002 FORMAT(///////21X'STATISTICAL ESTIMATES OF THE POWER TRANSFORMED 

1SERIES ARE AS mum l's 
WRITE(22,1000)ALvSMEANSSD,SFEWFSKOR 

10)0 FORMAT(/21X.11/ALUC OF LANDA v:HF15,8//21X,'MEAN OF HE 
1SERIES r'sF15.11//21)(s(SIANDARD DEVIATION ,--IsFA5.C//21X: 
:nom:, or oNrworoo  .:1 1r10.8//217,;(GOEFF, or KURTOSIS 
3F15.8//) 

COMPUTATION OF CHI-SQUARE STATISTIC FOR POWER TRANSFORMATION. 
FITTING 
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CALL CHIST(N;NCLASSasSMEAN;SED) 

COMPUTATION OF PEAKS FOR DIFFERENT RECURRENCE INTERVALS 
(WITHOUT KURTOSIS CORRECTION) 

DO 801 I=1;6 
ESTP(I)=SMEANS3SUTD(I) 

801 E8TP(I)=(ESTP(I)*ALfl1)**(1./4L) 
WRITE(22,711) 
WRITE(22;712) 
WRITE(22;713) 
WRITE(22c714) 
WRITE(22;712) 
WRITE(225715)(X;IRI(1);ESTP(I);I=1;6) 
WRXTE(22;712) 
CK=SKUR-3,0 
KINPvCK 

COMPUTATION OF THE STANDARD NORMAL DEVIATE CORRECTED FOR 
KURTOSIS DEVIATION AWAY rRom 3'00 
NPTS=9 
NALPHAv7 
CALL SPLINE(NPTS$X2sT2v7aNP;YINP) 
DO 52 inliNALPHA 
DO 51 Irl;NPTS 

51 ALPHA8(I)=ALPHA(11J1 
CALL SPLINE (NETS;T2sALPHAS;YINP;(LINE) 

52 ALINPI(J)vALINP 
WRITE (22,1003) 
WRITE(22;2004) 

2004 FORMAT(63WIADLE-1';/63X;7(1H—)) 
WRITE(22;1004) 
WRITE(22,1005) 
WRITE(22;1006) 
WRITE(22,1005) 
WRITE(224008)(Y2(I);I=1,NPTS) 
WRITE(22/1009)(X2(X),Y=1;NPT9) 
WRI1E(22;1005) 
WRITE(2232006) 

2006 FORMAT(////f//f//63X; 'TABLE-2'  
WRITE(22;1010) 
WRITE(22s1005) 
WRUE(22;1011) 
WRITE(22;1012) 
WRITE(22;1005) 
DO 9999 P:ly9 

9999 WRITE(22;1013)(Y2(I)s(ALPHA(IsJ),J=1;7)) 
WRITE(22;1005) 
WRITE (22,1003) 
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1004 FORMAT(25Xs'RELATIONSHIF BETWEEN BETA AND CK RERUIRED 
1FOR KURTOSIS CORRECTED STANDARD NORMAL DEVIATES') 

1005 FORMAT(25Xs8V(1H—)) 

1006 FORMAT(25WI'lliAseDATA's1WI's35Xs e VALUES's39Xs t!')  

1008 FORMAT(25)(s'I',1,1 AETA's1W!',F5•2,3(4X)F5s2),3XI I!')  

1009 FORKAT(25Xseler2WCK's2Xs'I',F5.2s8(4XsF5,2)0Xs e !')  

1010 FORM4T(10WADJUSTED STANDARD UEVXAT X FOR SMALLER.  

1PROBABILITIES ALPHA FOR VALUES OF BETA') 

1011 FORMAT(25X/ 1!')/BETA's5WI's6(3X7'ALPNA',2WIth 

13Xs'ALPHA's3Xs'!') 

1012 FORMAT(25)(sel's9WIrs4Xs'0125's2W!'s4n r0110's2Xsel's  

14W0s05',2Xs'I'll3X1'0,025')2Xs e l y s 4Xs'0,01's2X,'1';3Xs 

2'0.005's2Xv!!'s3Xs'01001's3X5(1')  

1013, FORMAT(25X,'!')F5s2s4W!'s6(4%7F4s2i2X,'!');4XIF4s2s3X,  

l'!') 
WRITE(22,280) 

280 FORKAT(10Xs'THE VALUE OF CK AND THI CORRESPONDINO BETA REQUIRED 

1 FOR Kamm columcnom IN THE STANDARD NORMAL DEVIATES ARE V) 
WRITE(22,285)CKsYINP 

285 FORMAT ( 40X $ F5 '2 ;10X BE ro=',E5,2/) 
WRITE(22s1023) 

1023 FORMAT(35XseKHRTOSIS CORRECTED STANDARD DEVIATES 

1 CORRESPONDINS ro THE COMPUTED cr) 
WRITE(22s1005) 
WRITE( 22,1011 ) 
WRITE ( 22 s 1012) 
WRITE(22/1005) 
WRITE (22s 1013 )YINPs ( AL INF' ( J) s s HALM) 

WRITE(22i1005) 

COMPUTATION OF PEAKS FOR DIFFERENT RECURRENCE INTERVALS 

(WITH KURTOSIS CORRECTION) 

DO 1061 I=11NALPHA 

PEX1(I)=REX(T) 

1061 ALINPI1(WALINPI(I) 
DO 1071 I=1,MALPEIA 
K=NALPMA—It1 
PEX(1)::PCX1(K) 

1071 ALINPI(DrALINP11(10 

DO 1031 1=1)6 
P1=1./RI(1) 
CALL SPLINE(NALPHAsPEXsALINP1sP1$11)  

ESTP(I),,SMEAWESSOST1 

1081 ESTP(I)=CESTF(I)*AL410M11/AL)  

WRITE(22014) 
WRITE(22,712) 
WRITE(22,713) 
WRITE (22s714) 
WRITE(22s712) 
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WRITE(22,7/5)(IsIRI(I)FEUIP(I);P:1,5) 
WRITE(22,712) 

1001 STOP 
END 
SUBROUTINE ART 
SUBROUTINE FOR COMPUTINO THE STATISTICAL PARAMETERS OF 
THE DATA 
COMES MEANISTANDARD DEVIATIONsCOEFFICIENT OF SKEWNESS gND 
COEFFICIENT OF KURTOSIS 
INPUT DATA ARE AS FOLLOWS; 

X=SIVEN SERIES FOP WHICH STATISTICAL PARAMETERS ARE REQUIRED 
WINOKUR OF X VALUES 

OUTPUT DETAILS ARE AS FOLLOWS: 
IINEAW:MEAN OF THE SERIES 
SSD”UNBIASED STANDARD DEVIATION OE THE SERIES 
SKEW:COEFFICIENT OF SKEWNESS OF THE SERIES 
SKUWICOEFFICIENT OF KURTOSIS (DIRE SERIES 

SUBROUTINE ARIIX,NiUMEANiSSO;SKEW;SKUR) 
DIMENSION X(600) 
SUKO:10.0 
DO 4 I=1,N 

4 sumo=sumoi-x(x) 
SMEAWrSUMG/N 
SUM=0,0 
ASUM:r0.0 
BSUMv0.0 
DO 5 
SOWSUM+(X(.1)-SHEAN)*42 
ASUM=ASUMIX(J)-SMEAN/tt3 
BSUM=BSUM+IXIJ)-SMEAN)884 

5 CONTINUE 
SSD=SURTISUM/IN-1.1) 
Itn(N*N)/((N-10t(N-24) 
C=(NSN*N)/(04-10tIN-20*IN-30) 
SKEWIASUNMSD**111*(1./N) 
SKEWSKEW*8 
SKUW:CBSUM/CS8D**4)/*11./N) 
SKURcliKURSC 
RETURN 
END 

SUBROUTINE FOR ARRANSING THE SERIES IN ASCENDING ORDER 
INPUT DATA ARE AS FOLLOWS: 

N=NUMBER or VALUES TO tE ARRANGED 
ITEAR=YEAR IN CHRONOLOGICAL ORDER 
X=DA1A SERIES IN CHRONOLOGICAL. ORDER 

OUTPUT RESULTS ARE AS FOLLOWS: 
X=DATA SERIES IN ASSENDINS ORDER 
XYEAR=YEAR CORRESPONDING TO X 

SUBROUTINE SEQ(NsITEARIX) 
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DIMENSION X(100)/IYEAR(100) 
.PrO 

20 
DD 10 I=.1,14 
IF (XCl/.61..XIA) 80 TO 10 
XMX(J) 
XTY=IYEAR(J) 
X(J)=X(I) 
IYEAR(J)vIYEARIT/ 
X(I)XT 
IYEAR(I)=XTY 

10 CONTINUE 
IF(.1.NE.(N-1)) 00 TO 20 
RETURN 
END 
PROGRAM FOR SPLINE 1NTERPOLAIION 

SUBROUTINE SPLINE(NPTS;X;YIXINPFYIRP) 
MPTS—NO? OF POINTS 

DIMENSIONS SEI FOR DAMAGE CLACULATION IN NEC-1 

ARRAY NAME DIMENSION 

EN; I KPTSv.(10*(KRT10-114.11 

COMMON FOR INPUT AND OU1POT UNITS 

DIMENSION X(20),M0YIXINP1(20) 
DIMENSION EM(81),T(81/ 

DATA KP1I1/81/ 

*** COMPOTES SPLINE COEFFICIENTS BY AKIKA METHOD -- A NEW METHOD 
OF INTERPOLATION AND SMOOTH CURVE FITTING BASED ON LOCAL PROCEDURE 
H. AKIMA, J.A.C.M.y 17s 589-602; 1970. 
PROGRAM BY H. KUBIK' HYDROLOGIC ENGINEERING CENIER AMAMI 1976 

N — NUMBER OF POINTS IN ARRAY. 
— X ARRAY 7 VALUES MOST BE UNIQUE AND INCREASE. 
— Y ARRAY. 

o T — COEFFICIENT ARRAY 

* t * * IF ONLY 180 POINTS. USE LINEAR INTERPOLATION 
WW  1'S 
IF(N.LE.2) GO TO 555 
IF (N.OT.KPTS) GO TO 1080 
DO 1000 I=2rN 

TMPmX(I)—X(I-1) 
IFITMP.LE.0.1,00 TO 1100 
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1000 ENTX-1)(y(1)-Y(1-1))/TMP 
DO 1070 Inl,N 
If(I.E8.1) GO TO 1010 
IF(I.E0.2) ao.To 1020.  
IF(1.0.(14-1)1 BO TO 1030 
IF(X.E.O.N1 00 TO 1040 
TEMP1=ABSCEM(It1)-EM(I)1 
TEMP2=ABS‘EM(X-11-EMI-2/1 
TEMP3=ENTI-1) 
TEMP4::EM(I) 
GO TO 1050 

1010 TEMP17:ABS(EM(2)-EW1)/ 
TEMP2=TEMP1 
TEMP3472.*EM(11-EM(21 
TEMP4t.EM(1) 
GO TO 1050 

1020 1EMP1=A8STEM(31-EM(2)) 
TEMP2=ABSTEM(2)-EM(1)1 
TEMP3=FM(1) 
TEMP4=EM;2) 
GO 10 1050 

1030 TEMP1=A4S(EM(N-1)-EMCN-2/1 
TEMP2HABS(EM(N-2)-EM(N-fli 
TEMP3vEM(N-2) 
TEMP4=E1401-11 
GO TO 1050 

1040 TEMP1=ABSUM(14-1)-EWN-21Y 
TEMP'22:TEMP1 
TEMP3=EM(14-1) 
TEMP4=2.*EM(N-1)-EM4N-2) 

1050 IF(TEMF1iLE.OnAND.TEMP2ILE.0.) SO TO 1060 
1(X)7:(TEMP3*TEMP1+TEMP4*TEMP27/(TEMPUTEMP2) 
GO TO 1070 

1060 1.(1)=GTEMPOTEMPD/2. 
1070 CONTINUE 

CALL AKIMAINPTSFX;YIXINNYIN1'$T1 
555 CALL AKIMA(NPTS)X,Y)XIMP,YINVir) 
1080 WRITE(20090) KPISs14 
1090 FORMAT S/44H St* ERROR *A* ARRAY SUE EXCEEDED IN AKIMAts 

1 I314 DIMENSION -)I4,12H, DUI NPTS 
1100 WRITE (21110) J1X(J-1/;X(J) 
1110 FORMAT T/4734 *** HEC-1 ERROR 30 *** X VALUES ARE HOT UNIQUE, 

1 49H AND/OR INCREASING FOR CUBIC SPLINE INTERPOLAITON/ 
22X;3M ,P.7)I3/5X;S4 XTJ-1),, y17102,5X/SH X(J),Fl0v21 

RETURN 
END 
SUBROUTINE AKIRA (NPTS;XYY,XINP;FUNCT;T) 
DIMENSION X(MPTS1; YTNPTIO ?T(81) 
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**t IMMOLATION BY AKXMA METHOD, SEE SUBROUTINE AKIMA FOR REF. 
PROGRAM BY H, KUBIK) HYDROLOGIC ENGINEERING CENTER -- AUGUST 1976 

N=NPIS 
XIN=XXNP 
IF(M.LI.2) GO TO 1060 

1020 IF (N.(;T.2) GO TO 1030 
USE LINEAR INTERPOLATION IF ONLY IWO FOOS 

FUNCT=Y(1)+(XIN—X(1))/(X(2)—X(1))*(Y(2)— Y(1)) 
GO TO 666 

1030 DO 1040 IX=2;N 
I=II-1 
IF(XIN.LT. X(II)) GO TO 1050 

1040 CONTINUE 
1050 IPI=XIN—X(I) 

TP2=Y(I+1)—Y(I) 
1P3=X(I+1)—X(I) 
FUNCT=Y(I)+T(I)BTP1+((3.BTP2)/TP3-2.tI(X)—T(Ii1))/IP:MPlgt2 
1-E(T(I)+T(1+1)-2,*TP2/TP3ISTP1**3/TP3**2 

666 RETURN 
11460 WRITE (IPs1070) 
1070 FORMAT (/47H Ut HEC-1 ERROR 29 I= ONLY ONE DATA POINT OR 

1 148 INTERPOLATION) 
RETURN 

END 
SUBROUTINE CHIST FINDS CHI—SQUARF STATISTIC 

EQUAL PROBABILITY METHOD IS ADOPTED 
INPUT INFORMATION ARE AS FOLLOWS: 

X=THE PEAK FLOOD SERIES 
N=NUMBER OF X 
NCLASS=NUMBER OF CLASSES USED IN COMPUTING THE CHI— 

C SQUARE STATISTIC 
SMEAN=MEAN OF THE X SERIES 
SUB=STANDARD DEVIATION OF THE X SERIES 
NDF=NUMBER OF DEGREES OF FREEDOM (NCLASS—NUMBER 

OF PARAMETERS —1) 
SUBROUTINE CHIST(NsNCLASSsX,SMEAN;SSIT) 
REAL MINP 
DIMENSION FL(20);EXPF(20)ITHFL(20/sSND(20)$MINP(20),OBSF(20)sX(600) 
DO 10 1=1,NCLASS 
FL(I)=1./FLOAT(RCLASS) 

10 EXPF(I)FL(I)BFLOAT(N) 
NCLAS=NCLASS-1 
DO 11 I=1,NCLAS 
K=I 
THFL(1)=F(OAT(X)*FL(I) 
PIINFL(I) 
CALL NDIRI(PsYsDpIE) 
SND(I)Y 



MINP(X)=SMEANtSSDDSND(I) 
11 ODSFSXI=0, 

TNUM=0, 
J=1 
DO 14 1=10 

13 IFTX( -MINP(J)/70370$60 
70 OBSF(J)=OBSF(J)+1, 

TNUM=TNUM+1, 
GO TO 14 

60 IF(J,LT,MCLAS) 60 TO 15 
GO TO 16 

15 J=J+1 
GO TO 13 

14 CONTINUE 
16 OBST(N(LASS)=FLOAT(N)—TWOM 

CALCULATION OF CHI—SOUARE STATISTIC 
CHISQ=0. 
DO 17 I=1,NGLASS 
CH1S=l0BSF(I)—EXPF(I))**2/EXPF(I) 
CHISO=CHISOKHIS 

17 WRITE (20111)XsOBSF(I),EXPF(1);CHIS;CHISQ 
111 FORIVIT (10X,'I=1 / 15,4WOBSETX/=',F0,3CEXPFTIW 

1011:35'CHIS=1,F0,3CCHISQ='sF11.3) 
NDF=NCLASS-3 
WR1TE(22;51)NCLASSFNDF,CHISO 

51 FORMATT//40X,'NCLASS=1 /15,10X71 NDF=e)I5, 
110WCHIS0=';F7,3) 
RETURN 
END 

SUBROUTINE NDTRI 

PURPOSE 
COMPUTES X=P**(-1)(Y/, THE ARGUMENT X SUCH THAT Y=P(X) 
=THE PROBABILITY THAT THE RANDOM VARIABLE UYAISTRIBUTED 
NOR11ALLY(0,1), IS LESS THAN OR EQUAL 10 XI F(X), THE 
ORDINATE OF THE NORMAL DENSITY, AT X] IS ALSO COMPUTED, 

USAGE 
CALL NBTRIIP,X,CsIER/ 

DESCRIPITON OF PARAMETERS 
P —INPUT PROBABILITY 
X —OUTPUT AROUNENT SUCH THAT P=Y=1HE PROBABILITY THAT 

THE RANDOM VARIADLE ls um THAN OR EOUAL TO X 
C —OUTPUT DENSITYrFCX) 
IER —OUTPUT ERROR CODE 

=-1 IF P IS HOT IN THE INTERVAL (0,1)FINCLUSIVE 
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X=C:r.99999E+37 IN THIS CASE 
zc IF THERE IS NO ERROR 

SEE REMARKS BELOW 
REMARKS 
MAXIMUM ERROR IS 0,0004U 
if P=0,X IS SET TO —410itt74.0 IS SET TO C 
IF P=1,7. IS SET 10 (10)11474D IS SET TO C 

SUDROUTINES AND SUBPROGRAMS REQUIRED 
NONE 

ME THUD 
BASED ON APPROXIMATIONS IN C.HASTINGS,"APPROXIMATIONS 
FOR DIOXIA1. COMPUTERS"7PRICETON UNIV.PRESS,PRINCETON. 
N.J.,19Wi0SEE EQUATION 26.2.23s HAND BOOK OF KA1HEMAICAL 
FUNCTIONS7ADRAMOWITZ AND STE(IUN,DOVER PUDUCATIONSINC., 
NEW YORK. 

SUBROUTINE NBTRI(PYXiDsIE) 
IE=C 
X=0/9999E1.37 
D=X 
IF(P)1,1,2 

1 
SO TO 12 
IF(P-1.0)775,1 
X=-0.999999E+37 
Dzzo 
GO TO 12 

7 D=P 
IF(D-0.5199s8 

8 
9. T2=ALOS(1.0/(D*D)) 

*NSORT(T2) 
X=1—(2.51515174.0.802853*T40.010328gT2)/(1.011.4327084T+ 
1).187249t12+0.001MO*1*T2) 
1RP-0.5)10910Y11 

10  
11 11=0.3989423tEXPC—XtX/2.0) 
12 RETURN 

END 
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APPENDIX -71 

TEST INPUT 

77,8,50,100,200,500,1000,10000,0.1,0.01,0.001 

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 

1971,1972,1973,1974,1975,1976,1977, 

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, 

3460,6150,5270,9000,5280,3310,3220,3520,2340,2430, 

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 
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Ii 1931 3460.0 1948 4880,0 ! 31 0.396 
32 1932 ! 6150.0 1972 020.0 ! 32 0.409 
33 1933 1 5270.0 059 5020.0 1 33 0.422 
34 1934 9000.0 1945 5100.0 f 34 0.435 
45 1935 I 5280.0 1971 5140,0 1 35 0.448 
56 1936 I 3310.0 1933 5270.0 1 36 0.461 
37 1937 1 3220.0 1935 5280.0 1 47 0.474 
38 1938 I 3520,0 190 5360.0 I 38 0.48? ! 
39 1939 I 2340,0 1953 5470.0 I 0 0.500 ! 
40 040 1 2440.0 1923 5480.0 1 40 0.513 ! 
11 1941 4130.0 071 5700,0 1 41 0.526 
42 1942 I 6620.0 1917 5710.0 I 42 0.50 
43 1944 4400.0 1962 5750.0 1 43 0.552 
44 1944 4220.0 1961 5920.0 I 44 0.565 
.45 1915 I 100.0 1732 6150.0 I 45 0.578 ! 
46 1446 I 4620.0 1930 6160.0 I 46 0.591 1 
47 1947 4340,0 1950 6190,0 47 0.604 ! 
48 1948 4880.0 1919 6280.0 I 48 0.617 1 
49 1919 I 4610.0 1970 6310.0 I 49 0.429 ! 
50 1950 1 6190.0 1963 6350.0 I 50 0.642 ! 
51 1951 1 4760.0 1956 6365.0 51 0.655 ! 
52 1952 3810.0 1954 6375.0 I 52 0.668 0  
53 1953 1 5470.0 1942 6620.0 I 53 0.681 
54 1154 6375.0 1976 6790.0 I 54 0.694 
55 1955 4610.0 1911 4940.0 55 0.707 
56 1956 6365.0 1906 7070.0 1 56 0,720 
5? 1957 12045 1927 7240.0 I 57 0.733 
58 1958 1 4050.0 1973 7400.0 58 0.746 
59 1959 5020.0 1922 7400.0 I 59 0.759 
60 1960 I 3880.0 1915 7400.0 60 0.772 
61 1761 I 4850.0 1903 7400.0 41 0.785 
62 1962 I 5750.0 1907 7530.0 I 62 0.798 
63 1963 I 6450.0 1920 8150.0. 64 0.811 
64 1964 I 4010.0 1912 8320.0 I 64 0.824 
45 1965 I 2430.0 1900 8320.0 I 65 0.837 
66 1966 I 4750.0 1917 8410,0 66 0.050 
6) 1947 5920.0 1904 8550.0 I 67 0.1162 
68 1968 3320,0 034 9000.0 I 68 0.875 
69 1969 I 5360.0 1921 9070.0 0 0.888 
70 1970 I 63104 1905 9070,0 10 0.901 
71 1971 5700.0 1911 9230.0 I 71 0.914 
72 1972 4920.0 1902 9250,0 I 72 0.9211 
73 1973 7400.0 1925 9650.0 I 74 0.940 
74 1974 5160.0 1901 11400,0 I 74 0.953 
75 1975 4810.0 1908 11500.0 75 0.966 
4 1976 6790.0 1910 1080.0 76 0.979 

. 7) 1977 5710.0 1924 19140.0 1 77 0.992 
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STATISTICAL ESTIKATES LW THE ORIIIIWAL SERIES ARE AS RUM: 

MEAN OF THE SERIES= 0.60268843E+04 

STANDARD DEV OF THE SERIES= 0.26401655E+04 

COEFF. OF SKEUNESS or THE %RIES= 0.19454383E+01 

CAM OF KURTOSIS OF THE SERIES= 0.99327736E401 

ttUttUttttUttttittttlttittIttittittUttrntttlitttt 
ANALYSIS OF THE LOG 0+4NSFORNE0 SEM t 

tIttlttttttattlittUnt*IUMIttltatttltitttttUtttt 

DATA IN CHRONOLOGICAL ORDER I DATA IN ASCENDING ORDER 

PROBABILITY OF 
SL.NO. I YEAR I DISCHARGE 1 YEAR I DISCHARSE RANK I NON-EXCEEDENCE 

1 1 1901 I 4.0569 I 1939 3.3692 I 1 1 0,008 
2 1 1902 1 3.9661 I 1965 3.3856 2 1 0.021 
3 1903 1 3.8692 I 1940 I 3.3856 3 0.034 
4 1 1704 3.9320 1941 1.4955 1 4 I 0.047 
5 I 1905 I 3.9576 1 1437 3.5079 5 I 0.060 
6 1 1904 I 1.8494 I 1916 1 1.5198 6 1 0.073 
7 1 1907 I 3.8768 1 1968 I 3.5211 7 I 0,086 
8 ! 1908 I 4.060Y 1 wat I 3.5391 U 1 0.099 
9 ! 1409 3.9201 I 1913 I 3,5451 I 9 1 0.112 
10 1 1910 1 4,0748 I 1948 3.5465 10 0.12U 
11 ! 1911 3.8414 I 1949 I 3.5575 1 11 10.118 
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12 1912 3.9201 1928 3.5658 I 12 0.150 
13 1413 I 3.5453 I 1926 I 3.5658 I 13 0.163 
14 1 1914 I 3.9652 19/5 1.5804 1 14 0.174 
15 1 1915 3,8692 I 1952 3.5809 15 0.189 
16 1914 44721 1960 34888 16 0.202 ! 
17 1917 I 3.1248 I 1964 3.6031 17 0.215 ! 
18 1918 I 1.4645 1 1958 3.6075 I 18 0.228 ! 
19 I 1919 1 3.7980 I 1944 3.6253 1 19 0.241 ! 
20 I 1120 I 4./112 I 1941 1.6375 I 20 0.214 ! 
21 I 1921 30576 1943 3.6435 I 21 0.267 ! 
22 1422 1 4,8692 1957 406551 122 0.280 ! 
23 1 1923 I 3.7388 1 1929 3.6571 I 23 0.293 ! 
24 1 1924 I 4.2817 1955 I 3.6637 I 24 0.106 ! 
25 I 1925 1 3.9845 1946 3.6646 I 25 0.314 ! 
26 1926 1 1.5458 1918 I 3.6665 1 26 0.332 
27 I 1927 I 1.8597 I 1916 I 3.6721 1 27 0.345 1 

28 I 1928 I 1.5638 1966 I 3.6/67 I 28 0.358 
24 I 1929 I 3.6571 1951 1 3.6776 I 29 0.371 
10 1 1930 I 4,7896 I 1961 I 3.6857 1 30 0.183 
31 1 1131 3,501 1 1948 I 1.6884 1 31 0.396 ! 

32 1 1932 3,7834 I 1172 I 3.6920 32 0.409 ! 
33 1 1933 3.7218 I 1951 1 3.7007 ! 33 0.122 1 
34 1934 1 1.9542 I 1945 I 1.7076 ! 34 0.415 ! 
35 1435 I 3.7226 I 1974 I 3.7126 1 35 0.448 ! 

16 1436 1.5198 1911 1 1.7218 ! 16 0.441 
37 1 1937 3,5029 I 1915 1 1.7226 ! 37 0,474 

38 I 1918 1.5465 1969 I .7292 1 38 0,487 t 

39 I 1934 I 3.3692 1953 1 3,7380 1 49 0.500 ! 

40 I 1940 I 3.3856 1123 1 3.7388 1 40 0.511 ! 
41 I 1941 1 3,055 1971 I 3.7559 ! 41 0,526 ! 

42 I 1942 3.8209 1 1977 I 3./166 ! 42 0.539 ! 
43 1943 I 3.6435 I 1962 I 3,7597 1 13 0.552 1 

14 1944 3.6253 1947 I 3.7/23 1 44 0.565 ! 
45 I 1945 3.7076 1 1932 I 3.7889 1 45 0,578 ! 
46 1 1946 I 1.6644 I 1930 I 3.7816 1 46 0.591 ! 

47 I 1947 3,6375 1 1950 I 3.7917 ! 47 0,604 
48 1 1948 1 4.6831 1919 I 3.7980 1 48 0.617 t 
49 1 1944 1 3.5575 1 1970 P 3,8000 1 49 0.629 1 

50 I 1950 1 4,7917 I 1463 P 3.8028 ! 50 0.642 ! 
51 1 1951 I 3.6776 I 1956 1 3.8038 ! Si 0.451 ! 

52 I 052 I 3.5809 P 1954 P 3.8015 ! 52 0.668 1 

53 I 1953 3,7380 1442 P 3.8209 ! 53 0.681 ! 

54 P 054 3.8045 P 1976 P 308119 ! 54  
55 P 1955 3.6637 I 1911 I 3,8414 1 SS 0.707 ! 
56 I 1456 3.8038 I 1906 4.8494 ! 54 0,720 1 
57 I 1457 3,6551 1927 1 3.8597 ! 57 0.233 ! 
58 P 1958 1.6075 1973 1 3.8492 ! 58 0./46 ! 
59 P 1959 3.7007 1 1922 P 3.8692 ! 59 0.759 ! 
60 I 1960 3.5888 1915 P 3.8692 ! 40 0.772 ! 
61 1 1461 1.6857 I 1903 P 3.8692 ! 61 0.785 ! 
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62 1942 3.7597 190/ 3.8768 62 0.798 
65 1963 3.8028 1920 3.9112 63 0.811 

64 1944 3.6031 1912 3.9201 44 0.824 
65 1965 3.3856 1909 3.9201 65 0.832 
66 1966 3.6741 191 3.9248 46 0.850 

67 1967 3.7723 1904 3.9320 67 0.862 
i8 1968 34211 1934 3.9542 68 0.875 
69 1969 3.?292 1921 4.9576 67 04888 

70 1970 4.8000 1905 3.9576 70 0,902 
71 1971 3.7559 1914 3,9652 71 0.914 
72 1972 14920 1902 3.9661 72 0.927 
13 1973 3.8692 1925 3.9845 73 0.940 
74 19/1 1.7126 1901 4.0569 74 0.954 
75 1 1475 3.5809 1908 4.0607 41 0.966 

76 1976 3.8419 1910 4.0748 76 0.979 
77 1977 3.7546 1924 4.2817 27 0.992 

STATISTICAL ESTIMATES OF THE LOW TRANSIORKED SERIES ARE AS FOLLOWS: 

MEAN OF 1HE SERIES= 0.37453470E+01 

STANDARD DEO OF THE SERIES.: 0.17192274E+00 

COEFF. OF SKEWNESS OF THE SERIES= 0.25514001400 

COEFF. OF KORTOM UV THE SERIES= 0.34124138E+01 

OCLASE= 8 NDI:a t CHISO= 1.026 

ESTIMATED FLOOD PEAKS 
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SLIM. RECURRENCE I ESTIMATED 1 
INTERVAL 4 FLOOD ! 

1 50 YEARS! 12546.! ' 
2 100 YEARS! 13976,1 
3 I 200 YEARS! 154260 
4 I 500 yEARS! 1738/0 
5 1000 YEARS! 18909.! 
6 I 10000 YEARS! 24252.! 

******************1411444444414444444444***********144 
* ANALYSIS OF THE POWER TRANSFORMED SERIES 
****************************************************It 

! DATA IN CHRONOLOGICAL ORDER I 

1  
MAO. I YEAR DISCHARGE I 

DATA IN 

YEAR 

ASCENDING ORDER 

I DISCHARGE I RANK 
PROBASILITY OF 

I NON-EXCEEDENCE 

I f 1901 4.3857 1939 I 4,0699 I 1 I 0.008 
2 ! 1902 4.3492 1965 4.0784 1 2 1 0.021 
3 I 1903 4,3087 1940 4.0786 3 1 0,034 
4 I 1904 4435t 1941 I 4,1452 I 4 1 0.047 
5 f 1905 4.3457 1937 1 1.1414 I 5 I 0.060 
6 ! 1906 4,3002 1936 4.1474 I 6 I 0.073 
7 1 1907 4,3119 1968 I 4.1480 I 7 I 0.086 
8 ! 1908 4.3872 1931 1 4.1569 I 8 I 0.099 
9 ! 1909 4.3302 1113 I 4.1600 1 9 1 0.112 
10 I 1910 4.3928 1938 4.1606 I 10 I 0.125 
11 1 1911 4,2967 1949 I 4.1660 I 11 I 0.138 
12 I 1912 4.3302 1928 1 4.1/00 I 12 1 0.150 
13 I 1913 4.1600 1926 4.1700 I 13 I0.143 
14 1911 4.3489 1975 4.1774 1 14 I 0.176 
15 1 1915 4,3087 1952 I 4,1774 15 1 0.189 
16 1916 1,2207 1960 1 4.1812 1 16 1 0.202 
17 1917 4.3321 1964 I 4.1881 1 17 1 0.215 
1I I 1918 4,2181 1958 1 4.1901 I 18 0,228 1  
19 I 1919 4,2777 1944 1 4.1987 ! IV 1 0.241 I 
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70 1970 4,2786 1905 4.3457 70 0.901 

71 1971 4.2590 1914 4.3489 71 0.914 

72 1972 4,2219 1902 4,3492 72 0.927 

73 I 1973 4.3087 1925 4.3568 I 73 0,940 

14 1 1974 4.2394 1901 4.3057 I 74 0.953 

75 I 1975 4,1774 1908 4,3872 I 75 0,966 

76 I 1976 4,2924 1910 4.3928 76 0.974 

77 I 1977 4.2593 1924 4,4201 1 77 0.992 

STATISTICAL ESTIMATES 01 THE POWER TRANSFORMED SERIES ARE AS FOLLOWS : 

VALUE OF LANA = -0.13900023 

MEAN OF THE SERIES = 4.25141573 

STANDARD DEVIATION = 0.07722939 

COEFE, OF SKEWNESS = -0.00007506 

COEFF. OF ,KURTOS1S = 3,20270395 

NCLASS= 8 NDF= 5 CH154= 1.234 

ESTIOMED FLOOD PEAKS 

SL.N00 RECURRENCE ! ESTIMATED ! 
! INTERVAL ! FLOOD 

1 ! 50 YEARS! 13168.! 
2 ! 100 YEARS! 149660 
3 ! 200 YEARS! 168720 
4 ! 500 YEARS! 195830 
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° ! S ! 1000 YEARS! 217970 
! 6 ! 10000 YEARS! 30344,1 

TABLE-1 

RELATIONSHIP BETWEEN BETA AND CK REDUIRED FOR KURTOSIS CORRECTED STANDARD NORMAL DEVIATES 

I DATA ! VALUES 

! BETA 1-1,00 -0,75 -0.50 -0,25 0,00 0.25 0.50 0.75 1.00 ! 
CK 1-1,20 -1.07 -0,91 -0.45 0.00 0.55 1.22 2,03 3.00 I 

TABLE-2 

ADJUSTED STANDARD DEVIATE K FOR SMALLER PROBABILITIES ALPHA FOR VALUES OF BETA 

!BETA ALPHA I ALPHA 1 ALPHA ALPHA I ALPHA I ALPHA 1 ALPHA 
0,25 I 0,10 0.05 I 0.025 1 0.01 1 0.005 0.001 

1-1.00 I 0.87 1 1.39 1 1.56 1 1.65 I 1.70 1.71 1 1.73 
1-0.75 1 0.94 I 1.34 1,S7 1.71 I 1.34 1 1,91 1 2.05 
1-0.50 I 0.90 1,35 1 1.61 I 1.91 I 2.03 I 2,16 I 2.41 
10.25 0.73 1.31 1.4 1 1.99 1 2.18 I 2.37 1 2,75 
10,00 I 0.67 I 1,29 I 1.64 1 1.96 I 2.33 I 2.59 3,09 
10.25 1 0,62 I 1.25 1 1.65 I 2.02 1 2.44 2.7) I MS 
10.50 I MO I 1.22 1 1.65 I 2,06 I 2,58 I 2,94 I 3.75 
10,75 I 043 1 1.18 I 1,64 I 2,09 2.69 1 3.10 I 4,08 
! 1.00 1 0,49 I 1.14 I 1.63 I 2.12 I 2,77 I 3.28 I 1.39 

CK AND THE CORRESPUNDINO BETA REWIRED FOR KURTOSIS CORRECTION IN THE STANDARD NORMAL DEVIATES ARE 

CK= 0.20 BETA= 0.10 

KURTOSIS CORRECTED STANDARD DEVIATES CORRESPUNDIN8 TO THE COMPUTED CK 

IBETA 1  ALPHA ' ALPHA ' ALPHA 1  ALPHA F ALPHA ! ALPHA 1  ALPHA 1  
0.25 1  0.10 1 0.0S 1  0.025 1 0.01 1  0.005 1  0.001 1 
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i 1.27 ! 1.64 ! 1.9c? ! 2.3K ! 2.46 ! 6.22 ! 

E1TIM4ILD FLuea PEAKS 

SL.NU.! RECURRENCE ! ESTIMATED 
INTERVAL FLOOD 

1 1 50 TEARS! 133V2.! 
2 1 100 VMS! 15380.! 
3 1 200 YEARS! 17561.! 
4 1 100 YEARS! 212980 
5 1 1000 YEARS! 23326.! 
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