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ABSTRACT

For a given catchment, information related with floods are many.
Informations such as statistical summary, check for validity of random-
ness, presence of outliers/inliers, satisfactory design flood estimates,
standard error of estimates and their confidence bands are of importance
to any designer. Some of the information can be tabulated and some
informations like the relationship between quantile estimate and return
periods (or reduced vafiates) for a chosen probability model can be well
represented graphically.

Generalised software package 'GRIF' (Graphical Representation of
Information related with Floods) has therefore specifically been developed
to assist the designer in obtaining necessary desired information
from the observed annual peak floods. This package written in FORTRAN
has the following features.

i) It runs in a user-freiendly mode and gives adequate flexibility

to the designer for exercising his choice/options.

ii) It brings out statistical summary of data either in natural

or log domain or even both.

‘ii) The designer has the option to go through the analysis for
outlier/inliers, view the modifications and either accept
or reject the analysis before going over to next podule.

iv) Analysis for checking the persistence structure of data is

available to the user.

v) It allows the designer to choose from amongst potential

distribution with different parameter estimation

techniques.
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vi) Quantile estimates together with their standard errors at
specified return periods with facility to compute quantiles
to additionally specified return periods are available to the
user.

vii) Options are also available to the user ro see graphical plot
of quantiles on the terminal.
Operational logic represented through a flow chart detailed
description of various subroutines and procedures used alongwith

a sample input and output are given in the user's manual
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1.0 INTRODUCTION

Graphical Representation of Information related with Floods
(GRIF) is a problem oriented generalised computer software for
summarising the flood information through various statistics as well as
through graphical representation such as bar charts, histograms and
probability plots of quantiles. It consists of a main program and seventeen
subroutines which are written in FORTRAN except for the Graphics
subroutines.

GRIF is designed to allow the user to exercise several options
while trying to derive relevant informations numerically as well as
graphically from the observed annual peak floods and is flexible.
Procedures/techniques adopted presently, exercising choice of probability
models can be modified or deleted, and updated by addition of new
subroutine(s). GRIF is practical and generally applicable. The results
which are produced in a tabular form and graphically, can be interpreted

easily by the user.




2.0 DESCRIPTION OF EQUIPMENT

This programame has been developed on VAX-11/780 system and
written in FORTRAN-77 language. The grapahical part has been written
using PLOT-10 IGL routines. The programame is very general and can
be implemented on any other machine with slight modifications. A colour
graphic terminal (TEK 4027) has been used to display graphs, bar chart
and histogram. In case the IGL graphical routines are not available
at the users' installation, the subroutines PLOT, PLOTI  and PLOTZ. need
be modified. If no graphical routines are available then the
subroutines PLOT, PLOT1 , and PLOT2 must be removed and all calls to it

must be suppressed.




3.0 RUNNING GRIF ON VAX-11/780

After successful compilation and linking, the programme can be
invoked by the DCL command 'RUN GRIF'. The data can be supplied from
an interactive terminal or can be read from a disk file. The programme
is interactive in nature and its flow depends upon the response of the
user. The results are displayed on the user terminal and also written
on a disk file (OUTPUT.DAT) for later reference and/or printing. The

flow cart for the program is given in Figure 1,
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4.0 PROCEDURE USED IN GRIF

4.1 Summary of Statistics
Following statistical parameters are calculated from the sample

observations.

a) Sample Mean is regarded as an estimate of the variable which would
be the most likely observed value next in the array of observations
and is computed fron Q = (IQ)/N )

b) Sample St. Deviation is the measure of dispersion of the
various values of the variable Qi’ about the mean value Q and

is obtained from

; _ mi2 4y 042

Sq * (2[Q - Q7] /1) 2
c) Skewness is the measure of assymetry and is obtained from

C. =Nz (Q; - Q)3 /sy> 1/ (1) (N-2) (3)

. N Q e
d) Kurtosis is the measure of peakedness and is obtained

£ . =4, 4 o

rom Ce =N" I(Q; - Q) /s;Q . (N-1) (N-2) IN-3) el )
e) Coefficient of variation is the measure of dispersion of the

variable about the mean expressed in dimensionless units.

It is obtained from

G (sQ/Q) ste Ely)
£) Standard error of the mean indicating the reliability of the

mean value, is obtained from

= 0.5
Se(Q) = sQ/(N) o u (B
g) Standard error of the standard deviation is obtained from
S (s) = [(0.750.2 + 1)/2N]* (7)
o(8Q) = - 75C - 8 iee
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Choice can also be expressed by the designer for computatidn of.

these statistics in the log-domain.

4.2

Outlier/Inlier Analysis

Statistical tests performed in the analysis for detection and

modification of outliers/inliers is based on the study of Singh and

Nakashima (1984) and are carried out in following steps.

)

d)

e)

f)

Observed series (Qi) is transformed to normality

(Zi) withz.l = (Q: - 1)/ A where, A is the
transformation parameter.

Transformed series (z;) is standardised by Z.,= (Z - E)/sZ
where z and s, are the mean and stad. daviation of transformed
series.

Sample departure (%_) for five lowermost and five upermost sus-
pected values are computéd by subtracting corresponding sample
standard deviates (Zi) from the standard normal deviates kYi)
corresponding to ith plotting Di =Xy = 7
The departures are then viewed through the first window repre-
senting the probability levels of 0.01 and 0.99 and 0.99 and are
compared with the departures listed against these level in Table
1 for possible detection of any outlier and inlier from amongst
the suspects.

The departure values for the detected outlier/inlier (if any)
are then modified hence modifying the correspodig sample stan-
dard deviates. Destandardization and detransformation of the
Z series gives a new Qiseries.

i
Steps from (a) to (e) are then repeated for each window i.e. 2
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through 6 for levels of probability pairs of 0.05, 0.95, 0.10,

0.90, 0.20, 0.80, 0.30, 0.70 and 0.40, 0.60.

4.3 Check for Persistance
Possibility of any significant serial dependance in the normalized
data (zi) is checked through the computation of lag-one serial correlation

co—efficient (Di) from

et s g N -9
Pq= [_ﬁ:T E (z;-2) (z;,4 - z)]/ﬁjﬁ § (z, -z “)]

For p > 0.2 and lying within the 0.5% significance level i.e. inside

FT: 1.%

(N-2)2,%
==
(N-17

variates hence in the return periods are carried out using the

necessary corrections in the standard normal

methodology suggested by Beran (1979) as given below -

et

y' = (1_pa)’éy raiw B9
where y' = standard normal variate for the dependent series

y = standard normal wariate for the independent series

Pa = average of the off diagonal correlation coefficient in

aorrelation  structure
2 P
) Pl = 0 el

[ P = NIN-TT (T = o) (N-1 I:ﬁi_(l 04 )) ] siee (10)

b4.b4 Plotting Positions

Formulae that are commonly used (i.e. Blom's, Weibull's,

Gringorlen's and Cunnane's) besides an open option for the designer are



available. The formulae are differentiated by the co-efficient 'C' in
the generalised formula G(Yi) = probability of non-exceedence
= (i-C)/(N+1-2C) as,

Blom C =0.375

Weibull C = 0.0

0.44

I

Gringor ten C
Cunnane C=0.4
Selection of plotting position formulae is exercised by the
designer through the entry of serial number corresponding to the

designed formula when enquiry appears on the terminal.




5:0 PROBABILITY MODELS

Commonly used probability models alongwith common methods »f
parameter estimation are available to tle user under six categories.
Upon exercising of proper choice, the user obtains the quantile esti-
mates for the predefined as well as for specified return periods
alongwith the standard errors of estimates and the confidence bands
for all the models. Computational procedure for each model is given

below.

Bl Two Parameter Normal Distribution
Method of Moments (MOM)
The choice is activated by calling SUBROUTINE NORM. Location

and scale parameters Q and s are computed from

Q

==

Q = (ZQ,)/N oo {113

=0 1/2
5q = [z (Q; -Q J(N-1) ] cwe (12)

The quantile estimate (QT) for any return period (T) is calcu-

lated from QT‘= 6 t .KT where KT is the Frequency Factor or Stan-

o)

dard normal variate for a given return period T.

Standard error (ST) of the quantile estimate for a given return
S
. . 1
period. T is computed from ST = F8 {—% )O - , where § = LleKf%JZJD’Q
Confidence bounds of the estmate QT for a given significance
level 207 is given by

Q= Q 7 S, +2). Ot L)

Qu = Q" Eu-0), +1). St . {14)

arealso computed, where, t (1) (n2) 1S the t statistics at {1+0) confidence

level for (N-2) degrees of freedom, quland Qqy are lower and upper bounds.

10



9.2 Two Parameter Log-Normal Distribution

Method of Moments

The choice is activated through the call of SUBROUTINE LGNB.
Procedures are however similar to as that of(a) above except that Qi are
taken in the log-transformed domain and the standard error ST computed
is improved through the following relationship to obtain average
standard error.

S =5

sp = Qe -1 - Qule -1)1/2 cee (15)

The estimated QT, Chlrand QTU are detransformed through

antilogs for arriving at values in the real domain.

5.3 Two Parameter Gumbel (EV-1) Distribution
(i) Method of Moments
The choice is activated upon call of SUBROUTINE GUMB .
The guantile estimate (CHJ for any return period (T) is
calculated by
an Qo i = @ #E Ky ... (16)
Kp = [0.5772+In (- In (1 - =) ) 1/1.2825

= frequency factor corresponding to any return period T.

Standard error (ST) of the estimated Qp is given by

s

B S l
S = —2 [ 1+ 1.4396K. + 1.10 K2 |= -ee (17)
[ VN i .

and it's confidence bands are calculated from

Q. = O~ Y(1-a),(v2)ST

Cu = & -0, (v2)°57 sk L)

11



ii) Method of Maximum Likelihood
The choice is activated by calling the SUBROUTINE GUMLH. Esti-
mation of scale and location prameters @ and B, can be achieved thro-

ugh solution of the folowing equations:

1 N _.uC%

8 - -1 NI e 1 ..(20)
Q. v N -0.Q.
P ge f o8- &t 0 .. (21)

Equation (21) is solved using Taylor's series expansion as
given by Panchang (1967), as it cannot be solved analytically.
If left hand side of equation (21) is represented as a function

of i.e. F (o) then, the new value of @ can be calculated from

Fla . = F(a, Sh,.F'(a, e (2
(GJ+1) ( J) i : ( J) (22)
Where F' ( aj ) = first order derivative of F(@) with respect to &
N -Q, N -aQ, N -0Q,
fe. P (@) --20% T+ (@1 fqe -lyle 't
a
. (23)
ard §h, = —F(uj)/F'( o)
. (24)
and o, = o, + 6h,
el J J o (259

Quantile estimate (QTJ for a desired return period T is computed

from
1 :
Q’I“ =B _[]_l'l —{In(l = T )) ]/C!, e (26)
Standard error (ST) of QT‘iS computed from
oo A 2 1/2
ST = 5 [(1.1086 + 0.5140\{T + 0.6079 Yy )/ NJ vaeai (2T

and the confidence bands of QT,for 2.7 of significance level with (N-2)

degrees of freedom are given by




A = &~ tqa) &v2) St -e (28)

Qg 5 e (29)

T
Slets Log - Pearson Type III Distribution

Il

Qr + T4-0) (N-2)

Method of Moments

The choice is exercised through call of SUBROUTINE LGPN
The location and scale parameters Q' and sQ'are computed from log-
transformed Qi series.

Frequency factor Kp which is dependent on the shape parameter is

computed using Wilson-Hilferty Transformation as

Yoo € C 3
Ry o B [ e e g ... (30)
G 6 36 C
s s
where,
Cs = co-efficient of Skewness of Qi' series, and
YT = standard normal deviate corresponding return period T.
The quantile estimate (Q') for any return period T is computed
1
| - ~ ! . . .
from Q;f = Q+ SQ‘KT and its value QT in natural domain
= Q'
QT exp QT )
Standard error estimates of QT is computed from
1 5q K,% 3C§
ST = N [1+KT.CS+_2(T+1J +3KT. Vo
3 2 2 4 %
(CS+CS ) +3\)T(2+3CS+§CS) ] - (31
4 8
where
- 3 _ 2
- Yol . 4(Yp 6Yf1f) Sy 3(Yp-1) 2. 4Y.n o
6 63 s 63 s 62+ S
e B2
10 Cg (32)
66
13




YT = standard normal deviate corresponding to return

period of T yrs.

Average standard error ST in linear units
Sl __Sl
QT(e s s r

2

Confidence bounds at 20.% significance leve! are calculated

from
Q —4
i B TR T e Lo (34)
QTL = QT - t(l_u)(N_B) ST ves (35)
5.5 Method of Power Transformation

The choice is exercised by calling SUBROUTINE BOX. Here,
transformation of data near to normality is done using the techniques
suggested by Box and Cox (1964) such that the transformed series'Zi

from the original Q; series is given by,

A
Q4

By o= e forA #0 swe {136)

Lo log Qi forX =0 wes (37)

where A= transformation parameter and can be computed using Newton-Raphson's
Technique.

Computation of parameters, quantiles, standard error of quantiles
and the confidence bounds at desired significance levels are computed
through call of SUBROUTINE NORM. The estimates are finally detransformed

i.e.

1/A

Qr ;[('ZT *1 )+ 1]7"", so also the standard error of estimates

and the bounds for obtaining the values in the natural domain.

14



6.0 DETATLED EXPLANATION OF COMPUTER PROGRAM

Much of the program 1is explained by comment cards and definition
of variables. However, various subroutines used in the package are
explained in details for reference such that suitable modification or

improvement if needed can be incorporated in future by the user.

6.1 Main Program
Data inputs are read in the main programme through an interactive
querry. The user has also the option of reading the data from a

file (INPUT.DAT).

6.2 Sub=Programs
6.2.1 Subroutine ORDER (C)

This subroutine arranges the input data (Q) in decreasing order.
It attaches each ordered data (AQ) with order no. (ORD), Return Period
(RP), exceedence probability (PG), non-exceedence probability (P), according
to assigned plotting position formula constant (C). It also picks maximum

(BG) of data series, minimum (SML) of series and calculated range (RNG)

of series. Input - N(Integer); Q,C(Real)
6.2.2  Subroutine MOMENT (N,Q,AVG,STDV,VAR,CVN,SK,CURT)

This subroutine calculates statistical parameters, mean (AVG),
Standard deviation (STDV), Variance (VAR), Co-efficient of variation (CVN)
Coefficient of skewness (SKEW), Kurtosis (CURT), for the input data (Q)
of length (N) used.

Input - N(Integer); Q(Real)

Output - AVG, STDV, VAR, CVN, SK, CURT (Real)

15




6.2.3 Subroutine LGMOM (AVGL, STDVL, VARL, CVNL, SKEWL, CURTL, IR)

This subroutine transtorms the input peak flow (Q) of the

corresponaing year (IR) into values in natural log (ALQ) domain and then

computes the statistical parameters such as, Mean (AVGL), Standard
Deviation (STDVL), Variance (VARL), Co-efficient of Variance (CVNL),
Co-efficient of Skewness (SKEWL), and Kurtosis (CURTL).
Input - IR, N(Integer); QJ(Real)
Output - AVGL, STDVL, VARL, CVNL, CURTL (Real)
6.2.4 Subroutine NORM (NF, NV, RP, P, AVG, STDV, VAR, SN, VN, ON, FN,
TITLED)

This subroutine computes from N number of annual peak flow

(Q) values, the mean (AVG), Standard Deviation (STDV), Variance (VAR) and

there from estimates Quantiles (QN), Standard Errors (SN), the Confidence

Band (QT1, QT2) at 5% significance level for different return periods

(RP) or the probabilities of non exceedence (P). The reduced variates

(FN) corresponding to P are also computed through sub-routine NENOPROB.

The grapahics part is initiated through a simple querry for total no. of

return period (NV) including the pre-assigned return period (NF).

Input - N,NV, NF(Integer), A, RP(Real), TITLE1(Alpha-numeric)

Output - P, AVG, STDV, VAR, SN, VN, QN, FN(Real)

6.2.5 Subroutine LGNB (NF, NV, RP, P, AVGL, STDVL, SL, VL, QL, FL,
TITLEL )

It's operation is similar to subroutine NORM except that the
computation is done in the log domain and detransformed to linearity

the end.

16
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Input - N, NV, NF (Integer); Q, RP (Real); TITLEl
(Alpha-numeric)

Output - P, AVGL, STDVL, SL, VL, QL, FL (Real)

6.2.6 Subroutine GUMB (NF, NV, RP, P, AVG, STDV, VAR, SK, CR,
SG, VG, QG, FG, TITLE1)

For parameter estimation and Gumbel Distribution this

subroutine uses the method of moments to compute various statistical
moments (AVG, STDV, VAR, SK) from the observed peak floods (Q) of N years
and using them with frequency factor (FG), estimates the quantiles (QG),
and their standard errors (SG) as well as the upper and lower bounds at
57 significance level (QT1l, QT2) for all (NV) the return period (RP)
including the specified ones (NF) at a given site (TITLE1l). The prob.
of non-exceedence (P) are computed using the Grin-gorten's plotting
position and are used the compute the corresponding reduced variates for

viewing the plot in screen.

Input - N, NF, NV (Integer); Q, RP, AVG, STDV, VAR, SK,
QR(Real); TITLE1l (Alpha-numeric)

Output - SG, VG, QG, FG (Real)

6.2.7 Subroutine GUMLH (NF, NV, AVG, STDV, RP, P, ALPHA, BETAl,
SGH, VGH, QGH, FGH, TITLE1)

This subroutine uses the method of maximum likelihood for
estimation of scale (ALPHA) and location parameters (BETA1) using Gumbel
distribution which is done through call of subroutine GUMBLS. Using
the return periods (RP) it computes reduced variates (FGH) and combined
with the estimated parameters it computes quantiles (QGH), their standard
errors (SGH) and their lower and upper bounds at 57 significance level
(QT1, QT2) for a given site (TITLE1l) for all (NV) including the

specified (NF) return periods.



Input - N, NV, NF (Integer); Q, RP, AVG, STDV(Real);
TITLE1l (Alpha—numeric)

Output - P, ALPHA, BETAL, FGH, QGH, SGH, VGH (Real)

6.2.8  Subroutine LGPN (NF, NV, RP, P, AVGL, STDVL, VARL, SQ, SPN,
VPN, QPN, FPN, TITLE1)

This subroutine uses the Log-Pearson Type - III distribution and
the method of moments for parameters estimation in the Log-domain.

It computes the quantiles (QPN) for various (NV) return periods
(RP) including the pre-assigned (NF) ones from the frequency factor (FPN)
as well as the standard error (SPN) of estimates and the confidence

bands (QT1, QT2) at 57 significance level.

Input - N,NV, NF (Integer); RP, AVGL, STDVL, VARL,
SQ (Real); TITLLEl (Alpha-numeric)

Output - P, SPN, VPN, QPN, FPN (Real)

6.2.9 Subroutine BOX (NF, NV, TQ, RP, P, AV, SD, AL, SKEW, SX,
VX, QX, FX, TITLE1)

This subroutine uses the method of Power-Transformation for
transforming the annual peak flow data (Q) through subroutine POWER
and computes the quantiles (VX) for all (NV) the return period (RP) and
their standard error (SX) as well as their 957 confidence bands
(QT1, QT2).

Inmput - N, NV, NF (Integer); RP, AV, SD, SKEW (Real);
TITLEL (Alpha-numeric)

Output - P, TQ, SX, VX, FX, AL (Real)

6.2.10 Subroutine RANDT (NV, AVG, AL, TQ, AV, SD, SKEW, Rl, RP,
RPM, TITLEL)

This subroutine tests for persistence in the annual peak
L100d series and makes necessary changes in the return period

(RPM) depending on the significance of serial - correlation co-efficient

18




by calling subroutine PERSM internally.

Input - N, NV (Integer); AVG, Q, RP (Real); TITLEL
(Alpha numeric)

Output - Al, TQ, AV, SD, SKEW, R1, RPM (Real)

6.2.11 Subroutine NENOPROB (GYY , YY)

This subroutine calculates the standard normal variates (YY) for
a given probability of non-exceedence (GYY)

Input - GYY (Real)

Output - GYY (Real)

6.2.12 Subroutine PRINT (NF, NV, RI, FR,XQ, SE, QLL, QUL, TITLE1)
Results obtained from the frequency analysis such as :
Return period (RI), Frequency Factor (FR), Estimated Quantiles (XQ),
Standard Error of Estimates (SE), Confidence Bands (Lower-QLL, Upper—-QUL)
are printed for total number of return period values (NV) including the
number of previously specified return period (NF) for a given site
(TITLELY.
Input - NF, NV (Integer); RI, FR, XQ, SE, QLL, QUL (Real);
TITLEL ‘Alpha-numeric)
6.2.13 Subroutine POWER (N, X, AAL, ZZ, A3, VAR, S3, C3, AK3, AM3)
This subroutine transforms the flood data (X) near to normality

to give ZZ values.

Input - N (Integer); X (Real)
Output - AAL, ZZ, A3, VAR, S3, C3, AK3, AM3 (Real)
6.2.14 Subroutine PLOT (NOY, NV, TITLE, TITLE3)
This subroutine,written for TEK-4027 terminal,plots NOY nos.

of observed floods (Qi} as well as computed quantiles against the reduced

i72)




variates and also writes the method used (TITLE) for quantile estimation
on the terminal screen. The minimum and maximum values on X and Y axis
are input through X, X1, and Y, Y1 respectively. The labelling on X
axis done through TITLE3.
Input - NOY, NV (Integer); X, Y, X1, Y1( Real) ;
TITLE, TITLE3 (Alpha-numeric)
6.2.15 Subroutine PTOT1

This subroutiane specific to TEK-4027 terminal selects the
ranges by itself and plots the histogram on the screen from N number of
flood events (Q)

Input - N (Inceger); Q (Real)

6.2.16 Subroutine PLOT2 (IR)

This subroutine specific to TEK 4027 plots the bar diagram of the
yearwise (IR) flood events (Q) on the screen

Input - IR (Integer); Q (Real)

6.2.17 Subroutine OUTLIER (N, AT, BT, B, AL)

This subroutine tests for presence of any outlier/inlier in the
observed sample (BT) through a statistical test on lowest five and highest
five values from out of N values and if successful modifies them to the
new values (AT). Pre-requisite to the test is that data be normally,
distributed for which power transformation technique with a suitable value
of transformation (AL) has been adopted and checks for deviations of data
are carried out against simulated deviations (B).

Inmput - N (Integer); B, BT (Real)

Output - AL, AT (Real)
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APPENDIX - A

40
1915
1?16
1917
1918
1919
1920
i®21
1922
19223
1924
1925
1924
1927
i928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
iv41
1942
1943
1944
1943
1744
1947
1948
1949
1950
1951
1952
1953
1954
19353
1956

ST. MARYS RIVER AT STILLWATER-STATION NO. 01E0Q001

19900,
10400,
10700,
20100,
8210,

14300,
8040,

8210,

13900,
8390,

18500,
13000,
16400,
14500,
13000,
17200,
13900,
11900,
13600,
12400,
18300,
12900,
18200,
9900,

10200,
2020, '
11800,
16100,
16900,
11800,
13900.
12300,
15100,
11900,
11000,
16000,
11600,
19900,
18400,
18000,
13100,
29100,

SAMPLE INPUT FILE (INPUT.DAT)



1957
1958
19359
1960
i961
1962
19463
1964
1965
1946
1967
1948
1969
1970
1971
1972
1973
1974

10300,
12200,
15600,
12700,
13100,
19200,
19500,
23000,
6700,

7130,

14300,
20600,
25600,
8180,

34400,
16100,
10200,
12300,
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APPENDIX - B LISTING OF- PROGRAM

GRAFPHICAL REPRESENTATION OF INFORMATION RELATED WITH FLOOLS
Xxx%¥x 6 R I F RkEXkx
MATIONAL INSTITUTE OF HYDROLOGY »ROORKEE
Q=ANNUAL MAXIMUM FLOOD(CUMECS?
ALOG=ANNUAL MAXIMUM FLOOD IN NATURAL LOG SFACE
FG=EXCEEDENCE FROBABRILITY

IR=YEAR
Rs RF=RETURN FERIOD
N=NO. OF DATA FOINTS INA=N+1:NN=NO. OF ASEIGNED RFINU=N+NN

PARAMETERS ! {AUG=MEAN» STOV=STANDARD DREVIATION:VAR=VARIENCE

CUN=COFF. OF VARIATION)SKEW=SKEWNESS COFF

CURT=KURTOSISy PFARAMETERS IN LN SFACE-AVGL:STDVLsVARselcC.§
BOX~-COX...AL= LAMEDA,AVsSDsSQSEV~-1 LIKLEIHOOD, .ALFHA»BETAL
XAs XK=STANDARD NORMAL DEVIATES
ALN:sWRsGLASRLAYFAQARsQEQNs VAL ERE

ARE ESTIMATED FLOOD FPEAK FROM DIFFERENT MODELS
ST=STANDARD ERROR OF ESTIMATED FLOOD

QT1, QT2 ARE UPFER AND LOWER LIMITS AT 95% SIGNIFICANCE
LEVEL(SY sidnificance). 5

CHARACTER ANSX1sHOG(S)%?Ss TITLE®1» TITLE1 %8y METHODXSO» TITLE3X50
CHARACTER%¥4 ZA»ZBX3,ZC

DIMENSION RP(80)sFG(8B0)sP(B0)»8N(B0)sAN(BO)

1IR(80) sUNCB0) »SL (80 »VL(80)»QL(BO)sTR(B0)»8G(BO)»II(80),VEB(8BO)
EQG(BO)sSGH(BO)sUGH(BO)vGGH(SO)rSH(BO)rUU(BO)’GH(BO)vSFN(BO)

T2 UPN(BO) sQFN(BO) s BX(80) ySX(80) s UX(BO) s FN(BO) »RR(BOQ)

4y RPM(BO) yAT(BO0)»KT(BO)»CT(BO)I»E(12,10)sFL(BO),FG(B0)T(8O)
SsFGH(B0) s FFN(BO) »FU(BO) s FX(80)sCPL(G) s
SET(BO)sR(B)1BT(B0)»QARLOG(BO)» TTX(33)» TTY(33)

COMMON/YY/ GT»TEMF,GET,QRLOG

COMMON/SKJ/ NsQ(BO) s XXX» YYY

BATA CPL/0.s 0.375y 0.44s 0.40s O/

DATA TTY/12.70694,30353,168292.77632:571+2,44792.385+,2,30692.262y
12.228+2.20192.17992.,160+2,145,2,131+2.120,2.110,2,101+2.093»
229086!2.030»2.07452.06?!2-064!2.060:2.056!2.052!2-048!2.045!
32,042,2.021+2.000+1,%980/

DATA TTx/l!2!3!4!5!&!?!899’10!11!12!13!14!15!16!17!13!19!20!
121+22,23:24925:26927928:29+30:40,605120/

,0PEN(UNIT=1!FILE='INPUT.DﬁTfrSTATUS=’ULH’)

OPEN(UNIT=2,FILE="0UTL.DAT’sSTATUS="0LD")
OFEN(UNIT=3,FILE='0OUTFUT.DAT +STATUS="NEW")

WRITE(65802)
FORMAT ¢




843

111
10

P19

199

19
11

1/9X'**##**tt*#*t#**#********t*t******#**t#*#****#***#****'
1/2X’UWelcome to the interactive session on VAX-11/7807/
FX‘sustem for GRAFHICAL REFPRESENTATION OF INFORMATION /
PX’RELATEDR WITH FLOODS and other summery statistice’/
9x‘derived from its attributes & modelling excercises., /

?X'FPlease keer dataz set readw for inrut throush the 7/

X terminal according to the instructions.’/
9x'*x***#***m*x*x*#******xtx**#**x**#*x****x**********#3'/}
DATA HDG/

i WEIRULL formula (for any Frob,. distributiony s

1’ BLOHM formula (for normal distributianm)

i’ GRINGORTEN formula (for EVisExer.distributiomn? ‘s

ALt CUNNANE formulas (For eny prob., distributiony’

1. Angy olher Flotting posilion formula’/
WRITE(&:843)

FORMAT(3X'The data maw be resd from the data files or msw be’

N b Wi

173X inerut through the terminzl, Tare "D" if datz is to be read”’

2/3x from the date file INFUT.DAT otherwise tlure sne olher
3 character & “5%)

READN(Sy4) ANS

NC=5

IF(ANS.EQ. ‘D’ .OR.ANS+EQ,"d’) NC=1

IF(NC.EQ.5) WRITE(&+10)

FORMAT(3IX’'Inrut river nsmer gauding site name and wesrs of’/
13Xs “record (21l in one lipne within 80 characters)’)
READ(NCs4) TITLE1

FORMAT(A)

IF (NC.EQ.S) WRITE(NC,»%)

FORMAT(3Xs “Inrut *"N"s the na. of datz sets being inrut,’/
13Xy 'For esch daeta set Tirve. inrul wesr and then inrul Lhe’/
13Xs ‘covresronding reak flood valuel{cumecs)’/)

READ(NC %) N (IRCII»QCIXsI=1sN)

URITE(&4:919)

FORMAT(/’ Do wow want to view the BAR CHART of flouod evants (Y/N?

2 7e8)
READN(S s 4)ANS

IF(ANS.EQ:. 'Y’ ,OR.ANS.EQ.’%*) CALL FLOT2C(IR)

WRITE(S5:19%)

FORMAT(/’ Do wou want to view the HISTOGEAM of floode (Y/N) ¢
READ(Ss4)ANS

IF(ANS.EQ.’ Y’ .OR.ANS.EQ."w’) CALL FLOT1

DO 11 M=1,12
READN(2s%) (B(MsJ)yJd=1,10)
FORMAT(10(1XsF&.3)1/)

CONTINUE
WRITE(&51)

FORMAT(/’ Do wou want to see the inrut dzta sel inrut (Y/N) 3
READ(Ss4) ANS

IF(ANS#EQ.’YraUT‘anSoEGr’BI} THEN

WRITE(Z»2) Ny (IRCID)sQCI)sI=1sN)

“a%)

“2%)



803

?911

999

808

928

?721

1000

WRITE(622) Ny {IRCIIR(IIsI=19N)

FORMAT(/3X’'Number of data sets input = ‘I3//10X Year s7Xs ANNUAL
1 FLOAD: /22X tCumecs) /10X I —— oo e =i i Ly
1(10XsISs4XsF10.2))

WRITE(6,803)

WRITE(3,803)

ENDIF

FORMAT (10X /' ~—==mmrmm e e e .43 i

no 2911 I~=1sN

IIC(I)=IRCI)

AT(I)=Q(I)

CTCI)=Q(1)

ET(I)=Q(I)

DT(IX)=Q(I1)

ETCI)=Q(I)

CONTINUE

NF=8

IN=N

WRITE(622%7)

FORMAT!/’ Do wou want to ansluse the inrut data for oulliers (Y/N)
1 F 798

READ(S»4) ANS

IF(ANS.EQ. 'Y’ .or.2ne.el.’g’) THEN

WRITE(4:211)

FORMAT(/® The analusis is done hy susrecting five lowest and

1 highest’/’ values of the series as cutlier/inlier and viewing
i them throush’/’ the window for culliev/inlier check., If the

1 susrpicion is confirmed’/’ the historic values are modified.’)
KK=KK+1 .

CALL OUTLIER(NsATsRTsBsAL)

WRITE(&,809)

FORMAT(/3Xy 'The new rezk Fflow series wilh the modified values of’
1/ the outliers/inliers is as follows ©t7/)
WRITE(Ss21)(CIR(I)AT(I) ) I=19M)

FORMAT(//10X’'Year’7X 'Feak Flow’/22X‘ (Cumecs)’/

DO e i s e e e e ‘Ll

110Xy IS+4XsF10.2))

WRITE(&6+808)

FORMAT (10X =mmmmm e s i e e o L)

URITE(4:9978)

FORMAT(/’ Do wou want to so throush the anslwsis with Lhe new data
1 set (Y/N) ¢ ‘“s%)

READ(Ss+4) ANS

IF(ANS,.NE.’Y " ,OR.ANS.NE.“=w") GO TO 1000

00 9921 I-=1sN

RQ(I)=AT(I)

GO TO 280

ENDIF

N=IN

ng 270 I=1sN

IR(IN=1TI(CI)




270
260

961

501

831

50

8%

949
45

AT(I)=CT(I)

WRITE(&:8)

CALL HMOMENT(NsQsAVGySTOVsVARSCUNsSKyCURT)

WRITE(&6,801}

WRITE(3,801)

CALL LGMOM(AVGL:STOVL sVARLsCVUNL»SKEWL+CURTL » 1K)

NV=NF+NN

DATA R/72:.055.0510,0525,0+50,03100:.05500.,0:100G.,0/

N0 5 I=1sNV

RFE(II)=R(I)

RFM(I)=0.0

WRITE(&6:561)

FORMAT(/

17 This errodramme makes resk flood estimsles corresronding Lo’/
2’ pre-assidgned return reriods of’//

15472y S5y 10y 25y 50 100y 5005 and 1000 Yesre.’ //

1’ No wou want to make reazk floud estimates for any other return
1 reriod (Y/N) § %)

READ(Ss4)ANS

IF(ANS.EQ:+ 'Y svorsans.eQ. "2’) THEN

WRITE(&yS01)

FORMAT(/' Fleazse dgive number of return—-rerviod desrs in sddition to’/
1’ the shove 8 reriods for whicih rezk flood estimates is recuired ‘s$)
READ(S s k) NN

NVU=NF+NN

WRITE(&s831)INN

FORMAT(’ Flease give the asdditionsl’i3’ relurn-reriod values’)
REALDC(S s %) (RR(JI»J=1sNN)

NG=NF+1

N0 S0 I=NGsNY

J=1~NF

RF(IY=RR{J)

ENDIF -

WRITE(4:899)

FORMAT(/’ Do wvou want to test the annuzl rezgk flood series foar
1 rersistance (Y/N) t7%)

READN(S»4) ANS

IF(ANS.NE. 'Y .or.ans.ne., ‘2’) GOTO S54¢%

CALL RANDT(NVsAVGsAL»TRsAV BN SREWsR1sRFRFMsTITLEL)
D0 45 I=1,NV

FG(IN=1.0/RFP(I)
F(I)=1,0-FG(L)
WRITE(&y&) (IsRF(OIISF(IYaFPG(I)sI=19NF)

WRITE(3:8) (IsRP(I)SF(I)sPG(I)Y s I=1sNF)

IF(NV.EQ.NF) GOTO 822

WRITE(Sy821) (I+RF{(IIsF{I)sPG(I)sI=NGsNV?

WRITE(3:821) (IsRFP{I)sF(I)sFG{I)sI=NGsHNV)

FORMAT(/3X‘'For rre-zssidned values of return rericds 7//
13X‘SERIAL “4X‘RETURN FERIODZ4X‘'NON-EXCEEDANCE "4X
17EXCEEDANCE’ 74X /NQ‘8X (Years) '?X/FRORBARILITY " SIX FPRORABILITY /



B804

1711
1744

1712
1745

16

1(4XsI3sE8XsFL1.237XsF10.634XsF10,.4))
FORMAT(/3X'For the addilionzlly reauired relurn reviods § 7

14Xy I35 6XsF11 . 297XsF10.614%2F10.6)

WRITE(&:806)
WRITE(3:8068)

TTT2=N~-3
IF(TTTLI.GT.TTX(33)) THEN
XXX=TTY(33)

GO TD 1744

ENDRIF
DO 1711 I=14533
IFCTTTIZEQ.TTX(I)) THEM
XXX=TTY(I)
GO TO 1744
ENIHF
IFCTTTILLT.TTX(I)) THEN
XXX=TTY (D)= (TTXCL)=TTTLIRCTTY (D) ~TTYL(I-1) ) /(TTX(I)=TTX(I~-1))

GO TO 1744
ENDIF

CONTINUE
po 1712 1=1,33
IF(TTT2.EQ.TTX(I)) THEN
YYY=TTY(I)

GD TO 1745
ENDIP

TFCTTT2.LT.TTX(I)Y) THEN

YYY=TTY (I )~ {TTX(I)=TTTL ) R(TTIY (I -TTY(I~-1) /7 (TTX(IY-TTX(I~-1))
GO TO 1749
ENDIF

IF(TTT2.6T.TTX(33)) THEM

YYY=TTY(33.

GO TO 1745

ENDIF

CONTINUE
WRITE(&516)

WRITE(3r14&)
FORMAT(/3X’'The estipatles of rezk flows for different return’
1/3x’reriods by different rrobability models follow’/)
CALL NORM(NFsNVUsRFHIFrAVGsSTIOV VAR SN UNsQNsFNsTITLEL)

CALL LONE(NFsNVIRFsFyAVGLsSTOVL v SLsVL s QLsFLsTITLE L)
CALL GUMB(NFsNVIRFsF«AVGsSTDVIVARSKsCURT»SGs VB QGFGsTITLEL)
CALL GUMLH(NFsNVsAVGISTOVSRP Py ALFHASBRETAL »SGHsVGHsAGH» FGH y
LTITLEL)
CALL LGFMN(NFsNVsRFsPrAVGLySTDOVL s VARL s SKEWL » SPNsUFNsAFNsFFHNy

ITITLE1)
CALL BOX(NFsNVsTRsRPyFPyAVsSOs ALy SKEWsSX s QX UXsFXsTITLEL)




348
3446

547
338

345

(o]

o o0

WRITE(&s101)
FORMAT(3X Inrut casse No. for choice of Flotting rositiont”/

153X‘Casel.r WEIRULL (1939) rlotting rposition (C=0.000) ",
25X‘Case2.,y RLOM (1938) Plotiing rosition (C=0,375)”~
35X‘Cased3.s GRINGORTON (1963) rlotting rosition (C=0.440)"'/
453X 'Cased4.» CUNNANE (1978) rlotting rosilion (C=0.400)7/
99X ‘Casedsy ANY OTHER Flotting rosition (C=?.7) //

63x‘Your choice § ‘%)

READ(S+%) ICSE
IF((ICSE.NE+1).0R.(ICSE+NE.2).0R.(ICSE.NE.3).0R., (ICSE.NE.4) .,0R
1{ICSE.NE.S))GB0 TO 888

C=CPL(ICSE)

IF(ICSE.EQ.5) THEN

WRITE(6s544)

FORMAT(/’ Inrut the vaslue of constant °C°® (of wour ortion)’/
17 in the rlotting rposition formulse! n=(1-2c)/(m-c)’/)
READ(Ss%k)C

ENDIF

WRITE(65538) HDG(ICSE)

FORMAT(/3X’You have chosen lhe following rlotlting rosition’/
13X 'metiiod Por the current analysis !//475)

CALL ORDER(CySML?

WRITE(&y545)

FORMAT(/‘ Do wou want to tru zny other rlotling rosition formul
1 (Y/N) (/%)

REANN(Ss4) ANS

IF(ANS.EQ. 'Y’ ,OR.ANS.EQ,"w’) GO TO 12 )
FORMAT(/3X’Estimates of statisticel rarameters of the annual’/
13X’'flood reak series follow’/)

FORMAT(/3X Estimates of statisticzl rarameters of the’/

13X NATURAL-LOG TRANSFORMED annuzl flood reak series’/)
WRITE(6+813)

FORMAT(//’ Do wou want to anelese snotlher dete sel (Y/N) § “$)
READN(S+4) ANS

IFCANS.EQ. ‘Y .or.2ns.ea,’9’) GO TO 111

ZA=CHAR(27Y// CHAR(91) // CHAR(A9)// CHARC109)
ZB=CHAR(27)//CHAR(3S)// 6"

ZC=CHAR(27)//CHQR(91)ffCHﬂR(43)f/CHﬁR(109)
TYFE ¥»ZA»ZE»’ tHANK wOU AND LA-RYE',2ZC

END

SUBROUTINE ORDER(C»SML)

THIS SUEROUTINE ARRANGES THE ANNUAL FEAK FLOOD SERIES IN THE
DECREASING ORDER OF MAGNITURE AND COMFUTES RETURN FERIODS
EXCEEDANCE AND NON-EXCEEDANCE FRORAEILITY AS FER CHOICE OF
FLOTTING FOSITION QFTER FOR.

COMMON /SKJ/ NyQUBO) s XXXsYYY

DIMENSION OREBOY»ORD(BO) s RF(B0O)yORB(BO) yFG(BO) yF(BO)» YY(BOY
SORTING OF DATA SET

DO 5 I=1sN




10

i3

15

21

0Q(I)=0¢(T)

K=N-1

DO 11 I=1sK
IF(0Q(I).GE.0Q(I+1)) GO TO 11

AMAX=0Q(I)
0R(I)=00(I+1)>

0QCI+1)=AMAX
CONTINUE

ORDERING OF DATA SET AND RETURN FERIOD CALCULATIONS
K=K~-1

IF(K.BT.1)60 TO 10

TN=N+1.0-2,0%C

J=0

NX=N-1

DO 13 I=1sNX

IF(DR(I).EQ,0Q(I+1))60 TO 13

J=J+1

ORD(J) =1

RE(JI=TN/(I-C)

PG(JI=1,0/RFP (1D

P(J)=1,0-PB(J)
ORQ(J)=0QR(I)

PR=F(J)

CALL NENOFROE(FR»X)

¥Y (J) =X

CONT INUE

NENEES
IF(OR(N-1),EQ.OR(N)IGO TO 15

ORD(J) =N
RECII=TNA(N-C)
PG(S)=1.0/RP (1)
P(J)=1.,0-PG(J}
ORQ(II=0Q(N)
FR=F(J)

CALL NENOFROB(FRsX)
YY(J)=X

WRITE(S6s21)(ORD(IDYRFCIDsPCI) s ORB(II sy PG(IIsYY(IYsI=1y.0)

WRITE(3,21) (BRDCID yRP(TID s P(I)sORQCIDsPGCI) v YY(I)sI=1s.0)
FORMAT (/2X‘ORDER2X "RETURN’ s 3X‘NON-EXCEED, * y

14X’ ORDEREDN 94X EXCEEDANCE ‘ » 3X/REDUCED* /4X 'NU. * 52X/ FERIOD
22X *FROEARILITY’»4X'FEAK FLOWS’»2X’FPROBABILITY’»2X‘VARIATES"
3/8X’ (Years) /s 18X/ (Cumecs)’// —=—m=mewnm- e

S(2XsFI.092XsF5.196XsFB.e&23XrF10.397XsF8.622X%XsF7.4))
WRITE(&6:12)

WRITE(3,12)
EORMATIEC coacas to oo s o e e i s e e o S IR R T e

BG=0RQ(1)
SHL=0RR(J)




935

534

200

RNG=BG-SML

NOT=N/2

RNDT=NDT

RN=N

ONT=RN/2.,0

IF(DNT.EQ.RNRT)IGO TO 538

NMED=N/2+1

AMED=0RQ {NMED)

GO TO 534

NT=N/2

OMED=(0ORQ(NTIY+ORR(NT+1)>) /2,0
AMOD=3 ., 0KkQUMED~2 . 0%AVE
WRITE(AsS32)EG»SMLsRNG QMED QHODR
WRITE(3,S532)B6SHLyRNG:AMEDQMOD
FORMAT(/S5X'Range of vielues in the reazk flow series arei-’/
15X 'MAXIMUM DISCHARGE ‘sFB8.0s ‘Cumevs’/
25X ‘MINIMUM DISCHARGE ‘3FB.0s ‘Cumecs’/
35X’ DISCHARGE (RANGE) ‘yF8.0s ' Cunecs’/
45X "MEDRTIAN VALUE ‘yF8.0s ‘Cumecs’/
S5X‘/MODRE VALUE ‘3F840r ' Cumeus’)
RETURN

END

i 0

n

SURROUTINE MOMENT(Ns»QsAVGsSTIVs VAR CUNy SKyCURT)
STATISTICAL FARAMETER ESTIMATION OF THE ANNUAL FEAK FLOOD
SERIES RY MOMENT METHOD.
DIMENSION QR(80)

S1=0.0

82=0,0

§3=0.0

54:0,0

SUM=0,0

Do 200 I=1sN

SUM=SUM+Q (1)

AVG=SUN/N

SUM=0,0

SU10.,0

§U2=0,0

O 210 I=1sN

AA=R(TI)~AVB

AR=AAKAA

SUM=SUM+ AR

SU1=SU1+AAXAR

SU2=8U2+ABKAR

CONTINUE

VAR=SUM/ (N~1)

STOV=SART{VAR)
SK=(SUL1EN) 7/ (N=1)/(N=-2)
SK=8K/(STIVAK3)

CURT=SUZ2&N/ (N-1Y¥N/(N-2) /(N-3)
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CURT=CURT/(STOVEkX4)
CUN=STIV/AVEG

po 124 IT=1sN
§2=82+(AVGE-Q(I) I ¥¥2
G§3=83+(R(I)-811%%3
§4=84+(Q(I)-81)%%4

Uz2=82/(N-1.0)

U3=83KN/{(N-1.0)%(N-2,0))

U4=(SAK(NKKZ) ) /C(N=1, 00K (N=2,0)K(N=-3.0))
SIGMA=SART (U2)

COEFFICIANT OF VARIATION(CUN)
SEM=STIOV/ (NRX0.3)

SER=8K%XSK

SEDR=0,75%SED

SED=SED+1,0

SED=8QRT(SED)

SEN=SEDKSIGMA/ ((2.0kN)XX0.3)

SESA=6XNX(N-1)
SESE=(N-2)K(N+1IXK(N+3)

SESC=SESA/SESE
WRITE(&y14) AUG VAR STV SKs CURT s CUN» SEM» SED

WRITE(3s14) AVGsVARsSTIVsSKsCURTsCYUNySEM,SED

FORMAT(/

15X MEAN = ‘Fl2.4/
25X ‘VARIANCE = ‘Fl16.4/
35X ‘STANDARD DREVIATION = 'Fl12.4/
45X SKEWNESS COEFF = ‘Fl2.4/
55X ‘COEFF OF KURTOSIS = ‘F12.4/
&5XCOEFF OF VARIATION = 'F12.,4/
75X STANDARD ERROR OF MEAN = ‘Fl2.6/
85X’ STANDARN ERROR OF STANDARD DEVIATION = ‘F12.6/)
RETURN

END

SURROUTINE GUHB(NF-NU:RP;P:AUG;STBU;UAR:SK:QR:SGrUGsGGrFGp

ITITLEL)

ESTIMATION OF ANNUAL FLOOD FEAK FOR REQUIREDR RETURN FERIOD RY
GUMEREL. DISTRIEBUTION.

CHARACTERXBO TITLE1ls ANSX1

DIMENSION RP(BO):FG(SO)sGG(BO);SG(BO):GTI(BO);GT?(BO}
1yF(B0)YyUG(BO0)»Z(B0)»QA(BO)sFS(B0)»QB(8O)

COMMON. /SKJ/ NsyQ(80) s XXXeYYY

COMMON/YY/Z»QAF55QE

CHARACTERXS0 METHODSTITLE3

DATA METHOD/‘GUMEBEL distribution */

DATA TITLE3/‘Discharde in 10000 Cumecs e
WRITE(&y528)

WRITE(3s3528)
FORMAT(/3X’Estimates of reak floud using EV-1 distrioution
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1 (Method of Moments)’/)

BO 25 I=1sNV- .
FG(I)=~(0.5772+AL0OG(~-ALOG(1,~1./RF(I))))/1.2825

AG(I)=AVGH+STOVXFG(I)
SGC(I)=VARX(1.0+SKXFG(I)+(AR~-1.,0)¥FG(IIKFG(I)/4.0)/N
YB(II=86(I)%XN

SG(I)=SART(SG(I))

AT1C(I)=QG(I)-XXX%XSG(I)

AT2(I)=RB(I)+XXXKSG (I} =

QB(II=QG(I) /10000,

FS(I)=-ALOG(-ALOG(1.,~1./RF(I)))

CONTINUE

Ni=N-1

DO 125 K=1sN1

JJI=N-K

D0 125 L=1yJJ

IF(QR(L)LE.Q(L+1)) GO TO 125

VAL=Q(L)

QL)=Q(L+1)

G{L+1)=VAL

CONTINUE

DO 150 I=1sN

QA{II=QR(I)>/10000.

CONTINUE

ANN=N+0.,12

ng 1351 I=1sN

Al=1

P(I)=(AI-0,44)/ANN

Z(I)=~-ALOG(-ALOG(F(I)))

CONTINUE

CALL PRINT(NFsNUsRFFGyQGySGsQT1»QT2,yTITLEL)

WRITE(&9214)

FORMAT(/‘ Do wou want to view the grarh on the screen (Y/N) 1’$)
READ(S¢213) ANS

FORMAT(A)

IF(ANS.EQ. 'Y’ ,OR.,ANS.ER:‘u’) CALL FLOT(NsNV,METHODR>TITLE3)
RETURN

END

SUBROUTINE FRINT(NFsNVsRIsFRsXQsSE»QLL>QULTITLEL)
RESULTS OF FREQUENCY ANALYSIS ARE FRINTED THRU THIS SUBRCUTINE

CHARACTER%B80 TITLE1

COMMON /SKJ/ NsQ(BO) XXX YYY

DIMENSION RI(N)sFR(N)»XQIN)sSE(NI»QLLIN) QUL IN)
WRITE(6+,999)TITLEL

WRITE(3,999)TITLEL

FORMAT(3XsA/)
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WRITE(65101) (IsRICIIsFRCIDsXQ(I)»SE(TII»RLLIT)yQULCTI)»I=1sNF)
WRITE(3s101) (IsRICIDsFROIDIsXQCID)sSEC(I)»QLLCI)sQULCI)»I=1yNF)

fmm e e e = oy

23X SERIAL " s2X'RETURN’ » 3X"FREQUENCY ' y4X "COMFUTED " » 3X
3'STANDARD’ s 8% 95% CONFINED BAND‘/4X’'NO. s 4X'FERIODN:3X'FACT
A40R"7X'FEAKFLOW' y4X'ERROR "+ 7X LOWER " s ZX‘UFFER’ /11X ' (Yeasvrs)’
g§§§X’(Cumecs)’f3X’(Cumecs)’3X'(Cumecs)”5X’(Cumecs)’/

B(AXsI3s4XsF6.093XsF7.493XF10.,092X)F8,0s3XsF10.,0,2XsF10.0))

IFCNFJEQ.NV) GO TO 103
MH=NF+1%"

WRITE(69102) (ISRICIDIyFROIDsXACIDSE(I)»QLL(I) yQUL(I)» I=NHsNV)

WMRITE(35102) (IsRI(CIVsFREIDsXQACI)sySECIY)»QLLCI)sQULCIY»I=NHsNV)
FORMAT(/&6X'For additionzllyg recueslied relurn reriod veslues’//

L(AXsI394XsF6.093XsF7.4s3X1F10,0s2XsF8.0s3XsF10,0s2XsF10.0))
WRITE(&5104)

WRITE(3,104)

FORMAT (BX /=== == m e m o e e LT

RETURN
END

SUBROUTINE LGFN(NFsNVsRFsPyAVBL»STDVLsVARLySAsSPFNsVPNyQFNsFPNy
ITITLEL)

THIS SUERDUTINE ESTIMATES FEAK FLOODr FOR THE REQUIRED RETURN
PERIOD USING LOG-FEARSON III (3-FARAMETER) DISTRIERUTION.

DIMENSION F(80)sRP(8B80)»FFN(BO)sQFN(80)»AT1(BO)QT2(80)
1sSPN(80)sVFN(B0)sG(BO)sZ(B0)sRA(BO)»FL(BO)sQE(80)
CHARACTERXB80 TITLE1l, METHODXSOs TITLE3XSOs»ANSXk1
COMMON/YY/ZsQAFL QR

COMMON /SKJ/ NsR(BO) s XXX»YYY

DATA METHOD/’3F LOG PEARSON III‘/

DATA TITLE3/ ‘Discharde in LOGL1O-—-—~- iy

WRITE(&6+68)

WRITE(3:68)

FORMAT(/’ Estimates of peak flooud using LOG-FEARSON III
1 distribution (3-PARAMETER) /)

D0 70 I=1sNV

PR=1.~-1./RF (1)

CALL NENOFROE(FR»X)

FL(I)=X

FRN(I)=2/5Q%(1,4FL(I)%XSQ/6-SA%X2/36)%%3-2/50

BPN(I)=AVGL+STRVLXFFN(I)
QFNCII=EXF(QPN(I))

SLOPE= (X¥X-1.0)/6.0 + 4. %(X¥%¥3-6.0%X)%SQ/216.0
1 ~ J.0K(XXkX-1,.0)%5Q%SQ/2146.0 + 4. 0%¥X*kSQ%k%3/1296.0
2 - 10,0%SQ%%4/(1296,.0%34) 146656
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Bl=1.,0+FPN(I)XSQ+ FPN(I)¥42%X0.5%(0,75%S0%S0+1.0)
B2=3 ., 0%kFFN(I)XSLOFEX{(SQ4+0,25%5Q%80%5R)

B3=3,04SLOPEXSLOPEX(2,0+%,0%SQ%SA4+5.0XkSA¥SAXSAXSR/8,0)
ST=VARL¥(B1+R24+R3)

UFNC(II=EXF(STIXAQFNC(TI)
ST=S5QRT(ST/N)
ST=0FN{IYX(EXF(ST)~EXF(~-8ST))/2.0
SPN(I)=ST

AT1CI)=AFN(I)~YYY¥ST
QT2(I)=QFNC(IY+YYYXST
GR(II=ALOGL1OC(AFN{I )

CONTINUE

Ni=N-1

RO 125 K=1sN1

Jd=N-K

DO 125 L=1sJJ

IF(R(L)WLE.Q(L+1)) GO TO 125
VAL=R(L)

Q(L)=R(L+1)

A(L+1)Y=VAL

CONTINUE

DO 27 I= 1N

QACI)=ALOG10(R(I))

CONTINUE

ANN=n+0,25

DO 31 I=1:N

G(I)=(1-0,375)/ANN

GG=G(I)

CALL NENOFROB(GG+ZZ)

Z{I)Y=2ZZ

CONTINUE

CALL FRINT(NFsNVsRFsFFPNsQPNySPFNsQT1I»QT2sTITLELD)
WRITE(6+28)

FORMAT(/’ Do wou want to view the drarh on the sereen (YZN) $74%)
READN(S»29) ANS

FORMAT(A)
IF(ANS.ER, ‘Y’ ,OR+ANS.ER.’s’) CALL FLOT(NsNVsMETHODOsTITLEZ3)

RETURN
END

SUBRROUTINE BOX(NFsNVsTQsRFsFsAVsSDyALySKEWISXs VX2 QXsFXs TITLEL)

THIS SUBROUTINE TRANSFORMS THE INFUT ANNUAL FEAK FLOOD SERIES

USING BOX-COX TRANSFORMATION AND THEN ESTIMATES THE FEAK FLOOD
FOR THE REQUIRED RETURN FERIOD FROM THE TRANSFORMER SERIES.

This subroutine uses transformalion Y=(XXELAMDA-1)/1 AMDA

It searches LAMDA such that skewness coeff. of the
transfarmed series is < 0.02,

B-12



506

14

67
444

445

175

519
446

200

CHARACTERX80 TITLE1, ANS%1s METHODXSO»TITLE3%XS50
DIMENSION TQ(80) RF(80),F(80),QE(80),QT1(80)+,8T(80),RX(80)

1sQT2(80) sFX(BO)sUX(B0O) 918X (BO)>B(80)»Z(8B0)sRA(BO) yFN(B0O)sRC(BD)

COMMON /8KJ/ NsQ(BO) »XXX2YYY

COMMON/YY/ZsQAsFNsQC

DATA METHOD/'’POWER TRANSFORMATIOnN

DATA TITLE3/'Discharde in 10000 Cumec——---- b S 4
WRITE(6:506)

WRITE(3+506)

FORMAT(/3X'Freauency aznzlwsis by FOWER TRANSFORMATION method.

CALL FOWER(NsQsAL»TAsAVsVR,SDy SKEWs AKURT s AMOMS )
WRITE(&s14)AL

WRITE(3s14)AL _

FORMAT(/3%X’Values of LaMIiaA = ‘F11.8)

WRITE(4567)SKEW

WRITE(3:67)SKEW

FORMAT(/3X’Skewness of the transformed series = "sF12.8)

WRITE(&6r444)
FORMAT(/’ INlo yYou want the trznsformed sevies to be tsbulzted (Y/N)

i’%)

READ(S,445)ANS

FORMAT (A

IF(ANS.NE. 'Y’ .,OR+ANS.NE. ‘9’ )60 TO 444

WRITE(62175) (I+sQCIXsTACI)»I=1sN)

WRITE(Z:175) (IyQCI)sTACI)»I=1sN)

FORMAT (/73X 'SERIAL‘SX‘FPEAK FLOW’3X’TRANSFORMED FEAK FLOW?/

15X Na . 7XoCEumen Y SN LCUNeCSs) /3K - r=m e mmmnesaa G ===
----------------- ‘/(SXsI336XsFP 108X F12:.6))

WRITE(é:Si?)

WRITE{(3:319)

FORUBILRX ~~ & rem—coposcsctsanenneroa=r=asasons S aE =S £4 )

WRITE(&671)8V 40 VR SKEW s AKURT » AMOMS

WRITE(3s1)AV»SNs VR SKEW» AKURT » AKOMS

FORMAT(/3X ' For the rower bransformed series 17

13X AVERAGE 'F12+4/73XSTND DEV ‘Fi12.8/

23X 'VARIANCE ‘F12,6/3%SKEWNESS 'F12.8/

I3XKURTOSIS ‘F12.6/38X°5TH MOMENT TF12.,47)

SEM=8D/(NXX0.5)

SED=SQRT (0, 75%kSKEWXSKEW+1.0)

SED=SEDNASD/( (2, 0kN)%¥%0.5)

SESA=6, 0kNX(N-1)

SESB=(N-2)4(N+1)X(N+3)

SESC=SESA/SESE

SESK=8QART(SESC)

WRITE(&,200)SEMSEDy SESK

WRITE(3:s200)SEMsSEDs SESK

FORMAT(3X‘STANDARD ERROR OF MEAN = ‘yF1Z2.6/
13X/STANDARD ERROR OF STANDARD DREVIATION = ‘yF12.6/

23X 'STANDARD ERROR 0OF SKEWNESS COEFFICIENT "3F12.8/)

ALINV=1.0/AL

| LA I
| I

4
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DO %0 I=1sNV

PR=1.=-1./RP(I)

CALL NENOPROBR(FR#X)

FX(I)=X

FNCID)=FX(I)

QBR(I)=AV+SNEFX{I)
BT(I)=BDASART( (1. O+FX(IIRFX(II/Z2:0)/N)
UXCI)=VURR(IIFACTI)RR2/2,)
UX(I)=(UX(IYRAL+L )
UXCI)=VALI kAL INY
STL=(ST(IY¥AL+1.0)
QBL=(QRBR(I)XAL+1.0)
BX(I)=8STLXXALINV
QAX{I)=QBLAXALINV
BTI1CI)=QB(I)-XXXXET(I?
RT2(I)=QB(I)+XXXXGT(I)
AT1(I)=(ATI(I)¥AL+1,0) % XALINY
QTZ(I)=iUT2(I)*QL+1;0)**QLINU

SX(I)=QT2(I)-QX(I?

AC(I)=RX(I)/ /10000,
20 CONTINUE

N1=p-1

DD 124 K=1,N1

JJS=N-K

DO 125 L=1sJJ
IF(Q(L)LE.R(L+1)) GO TO 125

VAL=Q(L)

eLI=R(L+1)

R(L+1)=VaAL
125 CONTINUE
124 CONTINUE

DO 700 I=1sN
RACLY=QCI) /10000,
700 CONTINUE
ANN=N4+0.25
Do 701 I=1si
G(11=CI-0.375)/ANN
G6=6(I)
CALL NENOPROE(GG»ZZ)
Z(Y)=Z27
701 CONTINUE
CALL PRINT(NFsNVsRPIFXsQXsSXoQT19GT2 TITLEL)
WRITE(&:702)

702 FORMAT(/’ Do wou want to view the dgrarh on the screen (Y/H) 17%)
READ(S+145) ANS

145 FORMAT (A2
IF(ANS,EQ. 'Y’ ,OR.ANS.EQ,‘w’) CALL FLOT(N:NV;METHOD>TITLES)

166 RETURN
END

C
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SUBROUTINE RANDV(NV,AVGsAL»TQrAVsSIySKEWIR1+RFsRFHY TTITLEL)

THIS SUBROUYINE TESTS THE INFUT ANNUAL FEAK FLOOD SERIES FOR
PERSISTANCE BY COMPETING THE LAG 1 SERIAL CORRELATIUN AND
IDENTIFYING IT FOR REING SIGNIFICANT OR NOT

CHARACTER%8O TITLE1
DIMENSION RP(BQ)»TQ(80)sRPHM(BO)
COMMON /SKJ/ HsQ(B0) s XXXsYYY
Q(N+1)={1)

S=0,0

81=0,0

852=0.0

DO 37 I=1sN

S1=S14Q(TI)Y/N

O &7 I=1sN
S2=824+(Q(I)-S1)%%k2

nOo 77 I=1sN
S=8+(Q(I)-AVE)XR(B(I+1)-AVG)
U2=82/(HN-1) %N

SIGMA=SART(UZ2)
R1=(8S/(82XK(N~-2)))%HN ’
D2={((N-2)/(N-1))X((N-2) /(N=-1))%(1./(N~-1))
DS=8SARTI(DZ)

C=1.94%08

Cl=1,/(N~1.2

cu=c-Ci1

CL=~cu

WRITE(&,SO7)TITLEL
WRITE(3+S07)TITLED
FORMAT(/A)
URITE(A4sG52IR1sCLsCU
WRITE{(3+S?)R1yCLyCU

FORMAT (7

1ISX'SERIAL CORRELATION COFFFICIENT LAG 1 = “3F7.4/
20XIts lower dignificent level value w s F7,4/
B38XIte urrper sisnificant level value = yF7.47)

IF(R1.GE.CU) GO TO 44

IF(CL.GT.R1) GO TO 102

IF((RLI,GBE.CLY yANDL(R1.LT.CUY) GO TU 101

WRITE(&6261)

WRITE(3s61)

FORMAT(/SX‘LAG 1 SERIAL CORRELATION Coefficient is highlu’/
15X’ sidnificant. Rebtuen reriods are btu be modified 317/)
GO TOD 200 :

WRITE(&+62)

FORMAT(/SX’'LAG 1 SERIAL CORRELATION COEFFIClENY iw’/
15X not sidnificant,. You mee use zng of the wmebhods’/
20X0f frequence eanalusis Tor random vaerisbileas,’ /)

GO TO 100




101 WRITE(&965)

45 FORMAT(/SX‘LAG 1 SERIAL CORRELATION COEFFICLENY is’/
15X ‘only somewhat significent. The return periovds modified’/
25X ‘for persistence are ass followsti-’/)

200 CALL FERSM(NVsALsTQRsAVsSDsSKEWsRFsRFMIVR)

100 RETURN
END

SUEROUTINE NORM(NFsNUsRPsFPsAVGySTDV VAR SNy UNsONyFN»TITLEL) 7

(55 ESTIMATED FEAK FLOON VALUFS USING NORMAL DISTRIBUTION
CHARACTER%80 TITLE1sANSX]1
CHARACTERXS50 METHODTITLES3
DIMENSION P(80) +RP(80)sAN(BO)yRT1(80)QT2(B0O)sFX(BO)
19FN(BO)ySNI(BO)Y s UN(BO)»G(8B0)sZ(80O)»BA(BO)»QR(BO)
COMMON/YY/ZsQAYFXs QR
COMMON /SKJ/ NsQ(8O) s XXXy YYY
nATA METHOD/ MORMAL DISTRIBUTION'/
DATA TITLE3/’Dischsrde in 10000 Cumec ----2'/
WRITE(&:5164)
WRITE(3:516)
316 FORMAT(/3X’Quentile estimastes using NORMAL
idistribution (Method of Moments) /)
Do 130 I=1sWV ‘
PCI)=1-({1/RFP(I)}
PR=F(I)
CALL NENOFROB(FR»X)
FNCL)=X
FX(I)=FN(I)
ANCI)=AVG+STOVEAFNC(I)
UNCI)=VAR¥ (1., +X%X2./2,)
STT=SART((VAR/NIYX(1,0+X%kX/2.0))
SN(I)=8TT
QTL(I)=QN(I)-XXXXBTT
AT2(I)=ANC(I) +XXXEASTT
AR(ID=(ANCI)I/10000 .Y
130 COMTINUE
Ni=H-1
Do 124 K=1sN1
Jd=H~-K
no 125 L=1s.0J
IF(Q(L)Y.LE.Q(L+1)) BD TO 128
VaL=Q((L)
QCLY=R(L+1)
QACL+1)=VAL
125 CONTINUE
124 TONTINUE
0 78 I=1sN
RACI)=R(I)/10000.
78 CONTINUE
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ANN=N+C .25

Do 77 I=1s
GCIr=(I~.3

GG=G(I)
CaLL NENOF
Z{T)=2Z
CONTINUE

M
753 /ANN

ROB(GG2Z2)

CALL PRINT(HFsNUsRFsFNsQNsSNoQT1 QT2 TITLEL)

WRITE(&s61
FORMAT(/”
READ(G¢ 3335
FORMAT(A)
IF (ANS.EQ.
CONTINUE
RETURN

END

0)

Lo wou want to view the grerh on the

) ANS

sOreel)

(Y /1)

YL ORVANEER, 7w’y CALL PLOT(Ny WU METHON, TITLES)D

SUBROUT INE LGHOM(AVGL » STIVL s VARL » CUNL » SKEWL » CURTL s TR

STATISTICAL FARAMETER ESTIMATION BY MOMENTS METHOR AFTER

THE NATURAL-LOG TRANSFORMATION OF THE INFUT ANNUAL FEAK FLOW

SERIES.

COMMON /SKJ/ NsQ(BO) s XXX YYY
CHARACTER%1 ANS

DNIMENSION
DO 6% 1=1:s

IR(BOI»ALRACEBO)
N

ALACI)=ALDG(R(I))

CONTINUE

WRITE(&989)

FORMAT(/’ Do wou wient the transformed series lLsbulsted (Y/N)

READ(S79)
FORMAT(A)

IF(ANS.NE.’Y’ .OR,ANS.EQ, ¢’} GO TO 73

ANS

WRITE(&y 70)

WRITE(3+70

WRITE(&»68) CIRCII s QUI) s ALQCI) s Tw1 9 ND
URITE(3+68) (IRCIIsQCI)sALQCI) s T=15)

)

FORMAT(/4X ' Year X FEAK FLOW SX/LN(Lrsusiormed)’/

113X (Cume

Esx o i g ooy ot s o g s . e e, e S PS40 v ST R S e . =

FORMAT (3K
WRITE(Sy71
WRITE(3s71
FORMAT (33X’

134 Four LN(Trensformed) FEAK FLOOD sRpPiegd-

cs) 29X (Cuinecs) "/

[4sGXeFB./QOsaXsF10,32
)
bl

CALL MOMENT(NsALQsAVGLySTLVLsVARLCUNL s SKEWL » CURTL)

RETURN
END

HE
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SUBROUTINE LGNE(NFsNVsRFPsFPsAVGLSTOVL »SLsVL s QLaFLs TETLE L)
ESTIMATION OF FLOODR RBY LOG NORMAL METHQR-TAKING THE NATURAL
LOG OF aNNUAL FEAK FLOWS(METHOD OF MOMENTS)

CHARACTER%X80 TITLE1» ANS®l

DIMENSTION FP(BO)sRF(B0)YsQL(BO)sQT1(RBOIRT2(B0)sFX (RO 0IR(ED
Ly DELTA(30)sGL B0 s VL(B0YsFL(BO)sGLEOY s Z(ED) sNACHO)
COMMON/YY/ZsQAsFXs QR

COMMON /SKJ/ NsQUEB0O) s XXX YYY

CHARACTER%(50 METHOL»TITLEZ

UaTa METHOLDSL0OG NORMAL HaM /s

DATE TITLEZ/ ‘Dischavdge in LMN=w——-=2’/

WRITE(SsT13)

FORMAT (/23X "Thise subroutine eslimstes reak Tlood Tor Lhe’/
134 vreanired return reviod using LOG-NORMAL dJdistribution’/
edxzfter teking HATURAL LOB Lrazpnsiovmevion be method of moements /)
D0 141 I=1snNV

FL{IY=0,0

00 140 I=1sNY

PRz

CALL MNENQFROB(FRs X

FLCTDY =X

FXRLLI=FLAT)

OLOTY“AVGLFSTRVLEFL (T

QLS Y=EXPORLCT ¥

DELVTACIY cSQRT(L .O+FL (T I &%X2/2,0)
SLATY=DELTA(I)RI(STIVL /(NEX0.5))
SLOIY=ALCLIYRCCEXPC(SLCINI -1 Q) -(EXFP(~8L(I))-1,0))1/2.0
PLOT ) =8LLI)ENRRO .S

BTICT=QL I -XXX48LCT)

AT2CI))=RL ¢TI +XXXkBL(T)

QRO <ALOG(RL (L)

CONTINUE

R (A

ne 12% K=1s»N1

Jd=EN-K

ne 12T Lelsdl

TECRCLY . LE.R{L+1 )Y GO TO 125

L= L

Rolr=0cL+1)

L4114l

CONTINUE

Dy 160 I=1isN

BAalIl=ALOGCACTI) )

CONTINUE

ANM-N+0, 25

N 183 I=1sN

GCIY=(I-0,375)/ANN

GG=l 1)

CALL NENOFROB(GG»ZZ)

ZCLY=2Z
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CONTINUE

URITE(&2S516)

WRITEL(3sGlA)

FORMAT(/3X’Quanlile eslimastes using LOG-NORMAL
1distribution (Method o Moments) /)

CALL FRINT(NF s NVsRFyFLeQL»SLsQT1QT2,TITLEL)

WRITE(&6s101)

FORMAT(/’ Do wou went tu view the grerh on the screen (Y/HY %)
READ(S T3 ) ANS

FORMAT CA)

IF(ANS.EQ, Y’ . OR.ANS,EQ. “u’) CALL FLOY(Ns>NVysMETHOD,TITLES)
RETURM

M

SURROUTINE GUMLH(NFE s NV AVG» STV RFs Py ALFHA RETAL» SGHs VGEH» QGH FGH

TeTETLEL S

COMFUTATION OF T YEAR FLOODyALONG WITH EXTERNAL TYFEL DISTRIBUTION
FARAMETER ESTIMATION 8Y MAXIMUM LIKELIHOOD. |

CHARACTER®80 TITLEL

NIMENSION QGH(80)ySGH(B0) s RF(BO)»F(S0)sRTL(HO) s NV2(BO)»
1AR(80) s FGH(80 )Y s VGH(BO)

COMMON /SKJ/ NsQ(BO) s XXXsYYY

CaLL GUMBLS(AVGsSTIVsALFHAsRBETALD

STOVG=1,2825/ALFHA

AVGG=RETAL+0.45X5TIVG

ND 148 I=1sHY

FGH(I ) =-ALOG(-ALOG(1.,0-1.,0/RF(12))

QGHL T =RETALFFGH(I ) /7ALTHA
SGH(I}=SGRT(1;1086+0.5140*FGH(IJ+0*60?9#FGH(I)*FGH(I))
VUGH(I)=(SGH(I)/ALFHA) %2
SEHOIY=SGH(IIXSERY (1 .0/ (W ALFHAXALFHAY)

QTL (T y=QEHOL Y- XAXFSGHT?

QT2(T ) =0GHCT )+ XXXKEGH(T)

CONYINUE

WRITE(SE: 1HOYALFHA» AVBGsBETAL» STUVE
WRITE(Zs1%0)ALFHAsAVEGGBETALSTIVG

CALL FRINT(NFsSNUSRFsFGHQGHs SGH QY1 QT2 TITLEL)
FORMAT(/3X Estimetes of rpesk flood using EV-1 disteibution
1 (lMethod af dMaximuwm likelihood) /s

16%X ALFHA = ‘F10.4,15X MEAN = TF10.2/
24X BETA = ‘F10.,4,1SX'STND DV = ‘F10.2/)
RETURN

END

SURROUTINE GUMELSC(AVGySTIVsALFHASRETA)
COMMUN /8KJ/ NsR(80) s XXX YYY
ALFHA=1,2825/8TIV

RETA-AVGE-0.43%ETIV

aML=-ALEHA

R=19




141

144

INC=0

INO=INO+I
f=1.0/(AMLEKED)
E=AVG-1.0/4ML

C=0,0

=040

E=0.0

o 142 I=1sN
TE=EXP(-AMLERC(I) )
C=C+TE

D=D4+TEXQ LY
F=E+TEXD (T ) k&2
CONTINUE ;
FCN=LI-BEXC
FPN-RkD-£-AXD
AS=ANL=(FCN/FFNDY
DELTA=ARS(ASH0.1E-2)
IF({ABS(AS-AML) LT .ODELTA) OR,(INO.GY.35))G0 TO 144
AML=AS

GO TO 141

ALFHA=A/S
BETA=(1,.0/ALFHA) XALOGI(N/T)
RETURN

END

SURROUTINE FRE(TsFROE)

PI=3,141522

A=1,0/(SART(2.0%F1))

B=(2,04T/(4,0%45.,0))

FROR=AXEX(7.0+32, 0KEXF(~(TXT)/32.0)+12,0KEXF(-(TXT)/8,0)
1432 0KEAP (=2 0K(TRT)/32,0)0+7 OXEXF (- (T®kT)/2.0))
FROR=FROR$+0,5

RETURN

END

GUEROUTINE NENOFPROE(GYYs»YY)

THIS SURRQUTIME USES PROBARILITY OF NON EXCEEDANDCE

AND CALCULATES THE REDUCED VARIATES FOR A SANMFLE

WHICH [$5 MORMALLY INSTRIBUTER N(MEUsSIGMA)

DIMENSION GY(72)sY(72)

N=72

NATA GBY/ 55,5199y .53985 5596, .5/53: . 3987y .617%1.63682.6004
1.,67365 691570885 .7257+ . 7422:.7580y.,77345.78815.80235,813%»
2,8789,,84135.85135.84435.87495.884%95.8944y,.2032s.59110:.9152>
F,924555 93325 ,93945 9452595855 .95545 ., 9599 9641 ,.F96785.9713>
4,974845 ,97721.97985.9821,.9842y .9861:,.98783,.98935,9%045 %918y
5,99295 99385 99487 .99035.99805 . PPE55 29270979745 2778y . 9981
6,90854y 99871 «F9P01.99935,.5959955,59975.9F9775,9978B4y . FFYRT s
7999935 . PP9757 . 299971 . 7299995/

DATA Y/ 009055 312105425200 ,892357 4745095 ¢59.0024067+605.7



&0

80
20

10
20

30
40

anon

0000

400

1.7% 5 e894855,57.9551.05s1.0%91,191,1551:291.2591:+351.3551.451.45
2514591 .5551+62146591,791.7551.891.8551.971.9592,052.0%22.152415
3!2?2?202592!3?203:&’204’2#45:‘203!2r‘jﬁ.’2|\5?2F’£\592t?!2r75’2&8’2r85
A2, 32955 3.093,1 93,213,238, 453,5934423:798,:85%:%54.004.4172/
IF(BYY . GT e o 929927 . 0RGYY..LT,..00003)60 O 70

IF(BYY-0.3)60:10920

GYY=1.0-GYY

o 80 I=2sM

[Tl ~-1

FECEYY BT .O0Y (T GO TO 8O

GO ro 96

CONTINUE

P=GY(I)~GY(IT)

Q=GY'r-6Y (L1

R=(lY LTI =-YCII)IRR) /P

YY=Q.0-0YLLL)+R)

GO TQ S0

Y O

no 30 I=2s0

I'L = l=4

IFLGYY.BT,.GY«I)) GOTO 30

GO T 40

CONTINUE

P=GY(L)-GY(II)

Q=GYY~GYL LI

= (Y(TIY=-Y(IT)%Q)/F

YY=Y{ILl)+R

GO TG S50

YY=10.0

SOME UNREAL ISTIC VALUE CHOSEHW SAY 10 IN THI1IS CASE

TQ INDICATE THAT THE FROER. VALUE DOESN’'T LIE WITHIN

THE RANGE(0.Q00003<FR,>0.,7%%%7)

RETURN

EMD

SUEBROUTINE FERSM(NVsAL»TQ»AV»SIy SKEWsRFsRFMsVR)

THIS SUEBROUTINE HMODIFIES THE VALUES OF ITNPUT RETURNFERIODS
IF THE PERSUSTANCE-TEST DIFICTS SUCH REQUIRMENTS

NIMENSION TRIBO)»RF(BO)sRFK(E0) ‘
COMMON /78R NsQUBO) » XXX YYY

CaLL POWER(NsQsALsTAIAV VR SHBRKEW s AKURT » AMOMT) ‘
SUM=0 .0

SU=0.0

N0 400 J=lsN-1

NN EE |
FR=(TQCJ)-AV)

RR=(TRCIII-AV)

SUM=8UM+ (FFXRR)

B-21



200

219

ANU=SUM/ (N=-1.)

nn 405 J=1sN

SU=SUHE(TRCD) -AV Y XX2

INU=SU/N

Fl=aNU/TINU

Ra=1.0~-R1

TF(R1ILWGT.0,2)G0 TO 450

WRITE({Ss13)R1

WERITE(I»13)R1

FORMAT(Y R1 < “F10.7)

G TR $00
RA=(2KRT/(NECN-1)KR2))I%(N-1-(R1/R2)%(1,0-R1%X(N-13))
WEITE(S:224)R1sRA

WRITE(I»224)R1RA

FORMAT (/3% K1 = ‘F10.7+3X'Ra = ‘F10.7/7)
IFI(RAGE.1.0)G60 TO %00

ng 200 I=1sNY

REMOTY=RFP({I)/ZCC1,0-RAYEXEO D)

WRITE(&s 13X (T sRFPCI)sRFMCID) s I=15NV)
FORMAT(3X Sl . Nos " 93Xs ‘Biven relurn reriods »3Xy ‘Modified return

P e el e S s e e e e e e e o o 0 e et e iy o o
== P /LT Xs IS 10XsF10.1510X»F10,.1))
G0 TO 1

O 2 I=1sNV

FRFHCI=RP{ID

URITE(&»®DL)

FORMAT(/ ‘Test ie nol sigsnificent. Return reriods not modifTied. )
RETURN

END

CURKOUTINE BKS(NKsAsCSKsAAVGR» ST AKUR s 3m3)
GIMENSION A(BO)

SUM=-0.0

ng 200 11 sNK

SUM=8UM+AC(TI )

BAVGE=8SUM//NE

S0, 0

SUL =G, 0

GUR2=0,.0

g 210 I=1sHR

it i I -AAVE

ABR=ANKAA

SUM=SUMTAR

SUL=SUlI+ARXAR

SU2=8U24+ABRXAER

COMTINUE

BTN=8ART(SUM/ (NK-113)

SKEW=(SULKNK) F(NK-1)Y/(NK-2)
CSR=SREW/(STDX%3)
AKU=SUR2ENR Y/ (NK=1 ) kNK/ (NK=2) /(NK-3)

Bz=22



C

10

100

ARUR=AKU/{STIk%4)
US=0
nog &00 I=1sNK
A=USHCACT ) -AAVG Y XS
AMS=US/ (NK=-1)%NK/ (NK=2) ENK/ (NK=-3) kNK/(NK~-4)
AMI=AMI/(STOXRS)
RETURN
END

SUEBROUTINE FLOYT(NOYsNVsTITLE-TITLES3)
COMMON/YY/XsYsXLlsY1

DIMENSION X(80)»Y(B80):X1(B0)sY1(80)yMF1(25)»MP2(23)

CHARACTER®EC TITLESTITLES: ANSX1
CHARACTER®4 THF1(13)»THF2(13)
YMAX=T (1)

YMIN=Y(1)

ne 30 I=1sNOY :

IF (YMAX.BE.Y(I)) GOTO 10
YMax=Y(1)

IF (YMINJL.LE.YC(I)) GOTO 30
YMIN=Y(I)

CONT INUE

IF (YMIM.GE.O) THEN
YYMIM=-YMAK/S

EISE

YYMIN=YMINTYMIN/S

ENOIF

IF (YHaX.LE.0) THEN
YYMAX~=-YMIN/S

ELSE
YYHAX=YMAX+YMAX/S
ENDIF

XXMAX=7 40
XXHIN==8, 0

K=0

N0 J=1,50s4

K+

THPI(K)=TITLEC(J: (J+3))
DECOQINE(45100s THF1(K)) HFL1(K)
FORMAT (A4)

ENDDO

K=0

ng J=1:50s4

e N

TME2(K)=TITLE3(J:(J+3))
NECONE(45 100y TUF2(K) ) MP2(K)
ENLIIO

CALL GRSTRT(4027s1)
CALL WINDOW(XXMINs XXMAXs YYMINsYYHAX)
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30

20

CaLL
CaLL
CALL
CALL
CALL
CALL
CaLl
el
CaLL
CalL
CALL

VWFORTOXXMIN XXMAX s YYMINs YYMAX)
GRAINCO.OQ)

TXAM
TXGAFR(~99,0y-3%,0)
NEWFAG
MOVEL(-&,03YYMAX)
LINCLRC1)
DRAW(-& .09 YYMIN)
TALCE RS
MOVE(-8.,020.0)
NDRAWC, e 000 .0

IXNIV=—4
no 80 I=1+13
DIV=TXDIV+I

ALl
call

IDTIV=

CaLL
CALL

MOVE(DIV,YYMAX/100,0)
ODRAWCDIV -YYMAX/100.0)
nry

TXICUR(?)
INUMEBROIDIV3)

CONTINUE
YRIV=0

ng s

Pr=1T

Ta1930

QIV=YDIVH+RAS

CALL
CALL
CALL
CAaL.L
CaLlL

MOVE(-5,920,01IV)
ORAWC-6,05,0IY)
MOVE(-&,10511IV)
TXICURC(A?

RNUMER(DIVs153)

CONTINLHE

Cal.L
caLL
CALL
CALL
ALl

CaLL
CALL
Cat.l
CALL
CALL
CALL
CaLL
CAlL

nog I=

CALL
Catl

ENDIIO

CaLL

Lo I-

CALL

TXANGL(?0.0)
TXICURCS)
MOVE(-7.0s YYMNAX/2)
TEXT (25 MF2)
TRANGL (. 15)
TXICURC2)
MOVE(2.0s YYMIN)

TEXT(28y ‘Reduced Variztes ——-————m== >

TXICURC7)

MOVE (-5.,0yYYMAXKB/?)
TEXT(14sTYFE OF METHOD: %)
TEXT(23 s MF1)

TXTCLRCO)

1 NOY

MOVE(X(TI)s (1))

TEXT(Ly "%

TATCLR(2)

21 g Ny

MOVE(X1(TI)>Y1(1))
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110

1460

96
?5

10

40

30

EAt-. TEXTAlw" s}
ENDDO

CALL LINCLR(1)

CaLlL SBSKIF

CALL FOLY(NVsX1sYL1)
FORMATC(IL)

CALL GRSTOR
WRITE(&y?H)
FORMAT(S5Xs” Te continue rress <RET>')
READ *

TYFEXy’ 'WOR O
RETURN

END

SUBKOUTINE FOWER(NsXsAALs 27835 VARISEyCI+AK3I»ANI)
DIMENSION X(80)sY(80)sZ(80)sAL(D0) s8R (BOY» LZ(8O)
ALCL)=1.0

AL(2)=-1.0

No 10 I=1sN

ZOI)=CCXCTyRkaL(1Y)-1.0)/7ALC)
YCI)={(XCIYRRALC2))-1,.0)/A1.(2)

CALL BKS{(NszZsClrAlsS1lsAK1sAk1)

CALL BRKS(NsYsC2:sA2:525AK2:AMH2)

SK(1)=C1

SK¢(2)=C2

IC=3
ODLAM=-SK{IC-1)%(AL(IC~1)-AL(IC-2))/(8SK(IC-1)-GR(IC-2))
ALCIC)=AL(IC-1)+DLAM

no 20 I=1sN

ZZOI)=C (XTI YXRALLICY)-1,0)/7ALCTIC)

CALL BRS(NyZZsC33A3s83sARE2AMI)

SK(IC)=C3

SS=ARS(SK(IC)-SK(IC~-1))

IF(SSLE.C.001) GO TO 30

IC=IC+1

GO TO 4¢

CALL BRKS(NsZZsC3IrA3sS3sAK3AN3)

AAL=AL(IC)

VAR=((SIXX2IK(N=-1)) /N

RETURN

END

SUEBROUTINE QUTLIER(NsATyRTsEsAL?

DIMENSION BT(80)sTR(80)sZZ(B0)sFR(BO)»Y(BO)sD(BOIF(B8O)sR(BOY»
1B(12:10)»AT(BOY»IF(10)»XX{10)

NNN=N-4

NN=N-1

00 915 K=1sNN

Jd=N-K

ne 915 L=1sJ4J

B~25



P15

911

filid2

2913

PR17

9910
99135

IF(RT(L).LE.BT(L+1))60 TO 915

TEMP=RBT (L)

BT(L)=RTC(L+1)

BT(L+1)=TEMF

CONTINUE

WRITE(&6:911)

FORMAT(/3Xs ‘Fullowing five lowest and five hisghest values of’
13Xy “the series are susrected 3s vublierslinlieprst-"//)
WRITE(S»X)(BT(I)»I=1,5)s (BT(J) s J=NNNsM)
WRITE(6:912)

FORMAT(/3¥s 'These are hbeing tsken Tor modification.’/)
no 2112 I=1:95

XX(I)=RT(I)

IN=NNN

nog 9913 I=6:10

XXCTI)=RTCIN)Y

IN=1N+1

CONTINUE

oo 9915 I=1,10

TA=XX(I)

ng 9910 J=1:N

IF(TA.EQ.AT(J))G0 TO 99217

GO0 TO 9910

IF(T) =l

G0 TO 2915

COMTINUE

CONTINUE

CALL FOWER(NsETsALsTRI»AVsVR S0y SKEWs AKURT » AMOHMT)
ng 20 I=1lsN

ZZ(1)=(TR(I)-AV)/BL
FR(I)=(I~-0.373)/(N1+0.23)

FRI=FPR(I)

CALL NENOPROE(FRIsX)

Y(T)=X

DCIY)=Y(I)-ZZ(I)

CONTINUE

nog S0 M=1ls12

ng &1 J=14+49

Nno &1 I=1+5

IF((M.EQ.2),0R,(M.ER,4))60 TO 31
IF((M.EQ.6).0R. (M.EQ.8))G0 TQ 31
IF(I{M.,EQ.10),0R.(ML,EQ.12))6G0 TO 31
IF(OCI) W LEWRBC(Ms )IDCIY =R (M J)

GO TO 41

IF(OCI)GEZB(Ms J)IDCI)=R(Ms I

D(CI)=NCI)

ZZ(I)=Y(I)-D(I)

TQCII=(ZZ(I %80 +AV
FOI)=CLTROIYXALI+1YERCLI/AL)Y

ETC(I)=F(I)



61

81
A

71

r3

(438
<

?¢18

CONTINUE

ne 71 J=6+10

0o 71 K=NNNsN
IF((H.EQ.2).,0R.(M.EQ.4))G0 TO 81
TF((M.EQ.&).OR.(M.,EQR.8))G0 TOQ 81
1F((M,EQ.10),0R. (M, EQ.12))GU TO 81
IF{O(R) JLECB(Ms DIDKY=R{Ms J)

GO TO %1

IF(DCKY WGEE(My J)ID(KY =B (Mr J)
DRy =T

ZZIRI=Y(R)=D(K)
TA(K)=(ZZ(KIRBD)+AY
RK)=(TR(KYXAL+1) kK (1/AL)
ET(RI=R{K]

CONT INUE

CAaLL PDUER(N:BTrﬁLrTGrﬁUyUR;Sﬂ:SKEthKURT,AHUHS)

ng 22 I=1sN

ZZ (1) =(TR(I)I-AV)/SD
FROI)=(I~0,373)/(N+0.25)
PR=FROI) :
CALL NENQFROE(FFsYI)
YOIy Y]
DCIy=Y(I)=ZZ(1)

CONT INUE

CONTINUE

e 7918 [=14+5

XXLT =BT 1)

TNN=NNN

o $91% I=6510
XX(T)=RT CINND
TMN=INN+L

CONTINUE
WRITE(&,9921)
WEITE(3s9921)

FORMAT(/3Xs ‘Modified values of inliers/outliers sre §

WRITE(&s k) (XX(I)sI=1+10)
uRITE(3:*)(XX(I);I=1:10}
ne 9220 K-1510
AT(IR(KY ) =XXIK)

RETURN

END

GURROUTINE FLOT1

COMMON /8KJ/ NsQ(BO) s XXX YYY

NIMENSION XﬁIN(li)rXHAX(12)sIFREQ(12)pRFREG(iE)
0ng 3 I=1s11

IFREQ(I)=0.0

XMIN(1)=-1000

MMAX(13=0.0

AA=10Q0

ST




10

15

il

13

iJ

L.=1
g 8 J=2sN

IF(AC) LT.QC(L)Y) GDOTD 8

L=J

CONTINUE

aMax=Q(L)

IF(AMAX.LE.1000) GOTO 10

IF((QMAX. T, 1000) . AND,. (QMAX.LE.25000)) GOTO 11
IF((QMAX.GT.25000) . AND, (OMAX T .75000)) GOTO 12
GOTO 13

no 15 I=2-11

AMAX(I)=AA%(I-1)

XMINC(I)=ARX(I-2)

GoTn 13

AA-AAXRZS

GOTO 10

BA=AAKT7S

GOTD 10

L0 2 I=1sN

np 2 J=1-,11

IFLCRCIY LT W XMAXCT) ) JANDLC(Q(T) JGEXHINCJII ) )
I1IFREQ(JIY=IFREQ(J)+1

CONTINUE

no 3 I=i1.11

RFREQ(I)=IFREQ(I)/FLOAT(N)

AXMAX=XMAX (11)+XMAX (11 /FLOAT(10)
XXMIN=-XMAXC(11)/FLOAT(10)

YYMIMN=-IFREQ(11)

CALL GRSTRT(4027s1)

CALL WINDOWOXXMIN XXMAX»y=~10,0:60.0)

CALL TXGAFC(-29.0s-929.0)

CALL MOVE(0.0:60.0)

CALL DRAW(O.0y-10.,0)

CALL MOVE(XXMIN2O.O0)

CALL DRAW(XXiHAX»0.0)

CaLL TXICUR((8)

Call TXAM

g 1=1s11

CAaLL MOVE(XMAX(I)»0.5)

CAlLL DRAW(XHMAX(I)»-0.5)

CALL MOVE(XHAX(I)»—=.5)

IF(XMAX(Y).EQ.0.0) THEN

IX¥=0

GOTO 55

B lRoiE
TEX=XMAX (1) /FLOATC(100)
ENDIF

CALL INUMER(IXX»3)
ENULQD

CALL MOQVE(XXMAX/3:-7.0)




10

30

40

CALL TEXT(18s’FLOW IN CUMECS --3")
CAaLL TXICURCZ2)

ng I=fs11

CALL MOVE(XMAX(I)20.0)
FREQ=IFREW(I)

CaLlL NRAW(XMAX(I)FREQ)

CALL DRAW(XHMAX(I+1)YFREQ)

CALL DRAWCXMAX(I+1)50.0)

CALL MOVE ( (XHAX (T +XMAXC(I+1)) /2, FREQT2)
IF(I.EQ,11) GO TO &5

cALL INUMBRR(IFREQ(I)»3)

CALL MOVE(XMAX(I+1)50.0)

ENDDO

call twicur(S)

vall txandgl(%0.0)

c2ll movelxxmin/2:30.0)

eall bLext(i4, FREQUENCIES-->7)
CALL GRSTOF

TYFE %5’ Hit “RET>» Lo continue’
READ %

TYFE ¥y !WOR O

RETLURN

end

SUBROUTINE FLOT2(IYEAR)
COMMON /8KJ/ NsQ(BO)Y s XXXsYYY
DIMENSION IYEAR(BO)
EMAX-IYEARCL)

XMIN=IYEARCL)

YMAX=Q(1)

ng 40 I=1sN

IF (XMAX.GE.IYEAR(I)) GOTO 20
XMAX=IYEAR(I)
IF(YHAX.GE.Q(I)) GOTND 30
YHMAX=Q(I)
IF(XMINJ.LE.IYEAR(I)) GO TO 40
XMIN=IYEARR(I)

CONTINUE
NIFF=IYEAR(2)-IYEAR(1)
XXMAX=DIFFX{N+4)
YYMAX=YMAX+YMAX/FLOAT (D)
XXMIN=~XXMAX/FLOAT(10)
YYMln=-YYMAX/FLOAT(10)

CAlLLL GRSTRT(4027s1)

CALL WINDOW(XXMINY XXMAXyYYMINsYYMAX)
CALL TXICUR(S)

CALL TXANM

CALL MOVEL{O.O0yYYMAX)

CALL DRAWCO.Q0sYYMIN)

CALL MOVE(XXMIN+O.O)




CALL DRAW(XXMAXs0.0)

CALL TXGAF(-99.0y-99.0)

CALL MOVE(XXMAX/2:YYMIN)

CALL TXICUR(2)

CALL TEXT(10s’YEARS =~=-~>")

CALL TXICUR(S)

D0 KK=1sNs10

CALL MOVE(DIFFXKKs0.,0)

CALL DRAWCDIFFAKKsYYMIN/FLOAT(4))
CALL MOVE(DIFFXKKruumin/2)

CALL INUMBr(Igear(kk)sd)

ENDID

CALL TXANGL(%0.)

N0 Kk=1lsN

CALL MOVE(DIFFXKKy0.,0)

CALL DRAWCDIFFXKK»Q(KK))

CALL MOVE(DIFFXKK»Q(KK)+Q(KK)/FLOAT(20))
IR=Q(KK)/FLOAT(100)

CALL INUMBR(iqsS)

ENDDO

CaLL TXICUR(S)

CALL MOVE(XXMIN/2:YYMAX/2)

CALL TEXT(23, FLOW IN 100 CUMECS --->‘)
CALL GRSTOP

TYFE %s° Hit <RET>» to continue’
READ ¥

TYFFE %» 1WOR 0O

RETURN

END



APPENDIX-C SAMPLE OUTPUT FILE (OUTPUT.DAT)
Number of data sets ineput = &0

Year ANNUAL FLOOR
(Cumecs)
1913 19900.00
1914 10400,00
1917 10700.00
1918 20100,00
1919 8210.00
1920 14300,00
1921 8040.00
1922 8210,00
1923 13900,00
1924 8390.,00
1925 18500.00
19246 13000, 00
1927 16400.00
1928 14500,00
1929 13000.00
1936 17200,00
1931 13900,00
1932 11900.00
1933 13600.00
1934 12400,00
1935 18300,00
1934 12%00.00
1937 18200.00
1938 9900,00
1939 10200,00
1940 9020.00
1941 11800.00
1942 15100.00
1943 16900.00
1944 11800.00
19435 13900.00
1744 12300,00
1947 15100,00
1948 11900, 00
1949 1100000
1930 16000,00
1951 11600.00
1952 19900,00
1953 18400, 00
1934 18000,00
1955 13100.00
1936 29100.00
1957 10300,00
1758 12200.00
1959 15400.00
1960 1270000
1941 13103.00
1942 19200,00
1943 19500.,00
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1944 2300000
1965 6790.00
1964 7130,00
1947 14300.00
1768 20500,00
1949 255800,00
1970 8180.00
1971 34400.00
1972 16100.00
1873 10200.00
1974 12300.00

Hodified values of inliers/outliers are

4559644 60635,614 6946,141
21607.42 23000,04 2393%.78
HEAK
VARTANCE

STANDARD DEVIATION

SKEWNESS COEFF

COEFF OF KURTOSIS

COEFF OF VARIATION

STANDARD ERROR OF MEAN

STANDARD ERROR OF STANDARD DEVIATION

i

7263,872
2611764

7698470
29394.80

14354, 6670
27320380,0000
§226.,8901

1.3357
£,0458
0.33%1

674.,788574

733,8R0048

Estimstes of statistical parameters of the
NATURAL-LDG TRAMSFORMED annual flood reak series

MEAN = 9,5285
VARTANCE = 0.1138
STANDARD DEVIATION = 0,3374
SKEWNESS CDEFF = 0.1942
COEFF OF KURTOSIS = 3,2592
COEFF OF VARIATIONM = 0.6334
STANDARD ERROR OF MEANM = 0.04355%
STANDARD ERROR OF STANDARD DEVIATION = 0,031242
Far pre-ascidned values of return periods
SERIAL RETURN PERIOD  NON-EXCEEDANCE  EXCEEDRAMCE

ND (Years) PROBARILITY FROBARILITY
i 2,00 0,500000 0,300000

2 3+00 0.800000 (4200000

3 10,00 $.900000 0,100000

4 23,400 0.960000 0049500

3 3000 0, 980000 0,020000

3 100,09 0. 790000 0.410000

o 300,00 0.998000 0.,002000

8 100¢,00 2.997000 0.001000
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The estisstes of resk flows for different return
periods by different rrobshilile models folluw

fluentile estimstes using HORMAL distribution (Hethod of Moments)

ST, MARYS RIVER AT STILLWATER-STATION NO. C1EQQ0L

-SERIAL RETURM  FREQUENCY

COHFUTER  STANDARD

5% CONFINED BAND

ND. PERIDD  FACTOR PEAKFLOW  ERROR LUKER UPPER
{Years) {Cumecs)  (Cumecs)  (Cumecs) (Cusecs)

1 24 0.0000 14535, 875, 13204, 15906,

2 S 0.841% 18533, 7834 17383 20527,

3 10, 1.2818 21255, 211, 19431, 23078,

4 25, 1,7312 23708, 1074, 21538, 25858,

B 50. 2,0543 25293, 1190, 22910, 27675,
& 100, 2,3267 26717, 1299, 24116, 29318,

7 500, 2,8833 29624, 1532, 26558, 32693,

8 1000, 3.1000 30758, 1826, 27303, 34013,

Guantile estimates using LOG-NORMAL distribution (Method of Homents)

ST, MARYS RIVER AT STILLWATER-STATION NC. 01E0001

SERIAL RETURN  FREQUENCY

COMPUTED

NO, PERIOD  FACTOR FEAKFLOW
(Years) {Cumecs)
1 24 0.0000 13746,
2 L §.,841% 18261,
3 10, 1.2818 21183,
4 25, 1,7812 24818,
3} 30, 2,0543 27491,
b 100, 2,326% 30137,
7 500, 2.8833 36344,
8 1000, 31000 39122,

STANDARD 257 CONFINED BAND
ERROR LOMER UPFER
{Cumecs)  (Cumecs) {Cumecs)
399, 12544, 14945,
926, 14407, 20115,
1244, 18489, 23678,
1722, 21371, 28244,
2114, 23249, 31724,
2541, 25073, 35206,
3603, 29151, 433577,
4113, 30884, 47357,
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Estimates of pesk 'lood using EV-1 distribution (Hethod of Moments)

ST, MARYS RIVER AT STILLUWATER-STATION NO. 01ECOO1

SERIAL RETURN  FREQUENCY  COMFUTED  STANDARD 95% CONFINED BAND

NO.  PERIOD  FACIOR PEAKFLOY  ERROR LOWER UPPER

Years) (Cumecs)  {Cumecs) (Cumecs)  {Cumecs)
1 2, -0.1843 13695, 608, 12479, 14513,
2 3¢ 0.71%5 183135, 10%4, 18125, 20508,
3 10, 1.3044 21374, 1494, 18378, 2436%,
3 25, 240437 25238, 2029, 21174, 29300,
3 0. 2,574 2814035, 2432, 232335, 32974,
& e, 3.1368 30950, 2856, 25272, 366294
7 500,  4.3749 37526, 3777, 29943, 45087,
8 1000,  4.9357 40333, 4183, 31979, 48727,

Estimstes of pesk flood using EV-1 distribution (Method of Maximum likelihood)
ALFHA 00003 MEAN = 14309.88
BEIA 1228%,5635 STHD IV = 4578.48

[T}

ST, MARYS RIVER AT STILLWATER-STATION NO. CIEGOGI

SERIAL RETURN  FREQUENCY  COMPUTER  STANDARD 9% COMFINED BAND

NQ. FERICD  FACIOR PEAKFLOH ERROR LOUWER UPFER

(Years! (Cumecs!  {Cumecs!  (Cumecs) (Cumecs)
| 2, 0:3665 13¢77, 588, 12514, 14870,
2 S 1.479% 18072, 703, 16284, 17900,
J 10, 2:2504 210403, 1158, 1B&BA, 23325,
4 29, 3.1985 24686, 1301, 21881, 2751,
5 30, 39019 27416, 1743, 23888, 30945,
& 100, 4,4002 30127, 2024, 26071, 34182,
7 300, 6.2136 36390, 2641, 31102, 41478,
8 10040, §,9073 39683, 2908, 33241, 44904,
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Estimates of peck flood using LOG-PEARSON III distribution (3-PARAMETER)

SERIAL
.

o ~Jd O~ U &a T3 b3

ST, MARYS RIVER AT STILLWATER-STATION NC. 01E000!

RETURN
PERICD
{Years)

r.y

< LA py &
P A |
2ori bt e

=
-

[

EAA
wiev b

1000,

FREQUERCY
FACTOR

Froguency enelysis by PUMER TRAMSFORMATIUN metiwad.

=
-
=
fo &3
=
3
3>
i
<
T
~a
I
=
&1
<5
oo
e

transforned series =

Far the rower trensformed series |

AVERAGE

STND DEY =
VARIANCE =

SKEWNESS

; R
RURTOSIS

=

STH MORENT =

4, 340554
€,032948

0,002757

-0, 000091

3.120473
0.613147

STANDARD ERROR OF HEAN
STANDARD ERROR OF STANDARD DEVIATION
STANDARD ERROR OF SKEWMESS COEFFICIENT

{1 BRE < < R

o 1 O~

COMPUTED  STANDWRD 95% CONFINED BAND
FEAKFLON  ERROR LOHER UPFER
(Cumecs)  (Cumecs)  {Cumecs) (Cumecs)
13575, 541, 12411, 14879,
18173, P75, 14241, 20145,
21320, 1391, 18535, 24104,
25374, 2244, 20902, 29847,
28472, 3098, 22268 346735,
31837, 4161, 23307, 399467,
39448, 74724 24488, 54408,
43073, 2412, 24429, 61717,
~{,00009051
= 0, 004636
= 0. 004834
= 0.3086%4

Gf, MARYS RIVER AT STILLWATER-STATION NO. 01E0001

RETURN
FERIOR
(Years)

COMPUTER  STANDART

FREQUENCY 95% CONFINED BAND
FACTOR PEAKFLOW  ERROR LOWER UFFER
{Cumecs)  (Cumevs)  (Cumecs) {Cumecs)
0,000C 13598, 12431, 12477, 14841,
0.841% 18184, 2073, 16340, 20257,
1.2818 21311, 2943, 18784, 24234,
1,7912 25382, 4353, 217469, 29735,
2:0043 28508, Se14, 23963, 34122,
2,3249 J171%, 7002, 26146, 38771,
2,8832 19722, 11204, 31339, 50928
3.1000 43477, 13409, 336754 56586,




APPENDIX - D
.0!0 “0639
9% 1,029
o 05 '1532,.
8o 1) 1580
+10s -o441
90, + 303
+20y - =318
80y o29‘
0391 '0221
t?ﬂl- 180
140!' ~.131
o“! 031

DATA FILE FOR OUTLIER/INLIER ANALYSIS (OUTL.DAT)
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-1 242
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- 376

=123
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081
'1032
+043

-+428
338
- 290
1262
=220
+208
-.138
+142
-.OBI
093
-:034
049

-910
407
-+ 341
+ 300
".253
241
=161
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‘|°9‘
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--033
059
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