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DISCLAIMER

Neither the Author nor Environment Canada assume

any responsibility.as to the accuracy and functioning
of the program or of the related material. The users
of such programs and related material shall utilize

them at their own risk.
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RICHELIEU-CHAMPLAIN FLOW GENERATION MODEL

1-1 INTRODUCTION

The program "GENER" was developed to compute the
monthly net basin suppliesl and then generate ten one-hundred
year series for Lake Champlain. The model incorporates a
reverse-flood routing method to determine monthly net basin
supplies and a lag-one Markovian model2 to produce the

synthetic series.

The hydrologic description has been given in detail
in the report "Lake Champlain-Richelieu River Synthetic
Series"S. The text given here relates more specifically to
‘the basic descriptions given in a piogrammer's manual, and
is primarily related to equations, various subroutines and

computer algorithms.

2-1 SCQOPE OF THE PROGRAM

The program was developed to read in monthly flows
of the Richelieu River, and stage-discharge relationships
(between the river and lake) and, to produce historic net
basin supplies (inflows), as well as to generate the pre-

scribed number of one-hundred year series.

The maximum number of years of recorded or computed
input and output data is one hundred. All the various equations
and methods used are either given in the following sections

or referenced.



3-1 STRUCTURE OF PROGRAM LOGIC

The computer program has been constructed of basic
functional components or subroutines specifically dedicated
to one purpose in the general flow operations. The process

can best be shown by a descriptive flow diagram (see Figure 1).

3-1-1 Input Data.

The basic input is recorded flows on the Richelieu
River and stage-discharge relationships. The annual stage-
discharge relation is a hysteresis loop, and the equation
used to describe the relationship is a three degree polynomial
curve. In the present program the input format was made com-
patible to the punched output which was produced from a curve
fitting program. The input procedure can be modified by
introducing the equations into the program directly as data

statements rather than reading the data cards.

The output from the model is a series of punched
cards which were to be used for analyses by the hydrologists
in the United States, associated with this study. For this
reason, a suitable format of punched card output similar to
the input data cards was'used. In addition, the complete
statistics, provided by a program written for computing

4

frequencies by the "Method of Maximum Likelihood" , was

adopted.
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3-1-2 User Supplied Programs

The user may wish to make use of the model progranm
and have at his disposal data with differing formats. All
that is necessary to use the model successfully is to rewrite
the program "DATAIN". The variables passed through the
argument list ére fully described in the program and are

listed in Section 4-1-2.

3-1-3 Functional Programs Used

The model is composed of various combinations of
;ubroutines that manage the more frequent tasks outside the
main stream of the program. These foutines compute statis-
tics such as long-term means, standard deviations (of a
normal variable), lag-one month correlation coefficients and
skewness; and, generate random mmbers. The random number
generator has utilized a basic system random number generator
(RANF). Because this routine produces a number which has an
even distribution (between 0 and 1), it is therefore trans-
formed to. produce a number whose mean and standard deviation

is zero and one respectively.

4-1 VARIABLE AND PROGRAM DESCRIPTION

The program consists of a main line program called
WGENER" and a number of subroutines. The main program
manages the various calls to these routines and controls

input/output of data as reqdired.



In all of the subroutines given in Appendix , the
variables necessary to be understood in order to make changes
are described in the comment section of the program. For this
reason, the subroutines are listed here, along with their
parameters. These parameter values are passed in or out of
the respective call locations. There are no common blocks

given in any routine and therefore respective routines can be

replaced with a minimum amount of effort.

4-1-1 PROGRAM GENER (INPUT, PUNCH, TAPES-INPUT, TAPET7=
PUNCH, TAPE6)

The mainline program is essentially the backbone
of the model. It governs the varioué functions that the
model is designed to do. The secondary part of the program
combines various input and computed data to produce a syn-

thetic series.

Variable Description

INPUT Unit 5 is the card reader for input
of data.

PUNCH Unit 7 is the card punch.

TAPE 6 Unit 6 is the default for printer,

but here it is used as an output file.



4-1-2 SUBROUTINE DATAIN (Q, NYEAR, IYEAR, STA})

This subroutine reads the river discharge data cards,
given in Water Survey of Canada format. All data are monthly,
and all missing data are assigned an arbitrary value of
-99999.0. The number of years of dafa, station number and

the actual years of record are passed through the argument list.

Variable Description

Q(100,12) Mean monthly river discharge
NYEAR Number of years of record
IYEAR Actual years of recorded data

(last two digits)

STA Station name (seven characters)

4-1-3 SUBROUTINE PRINCE (Q, QMEAN, SIGMA, RHO, NYEAR, SKEW)

The program computes the principal components of
a given data set. The computed statistical parameters are
based upon the assumption that the monthly values are normal
variables. The statistics are the long-term means (arithmetic
mean), standard deviation, coefficient of skewness, and lag-
one regression coefficient.

Variable Description

Q(100,12) the variable to be analyzed for the
following parameters

QMEAN (12) the long-term monthly mean values

SIGMA(12) the monthly standard deviation.of an

assumed normal variable



Variable Description

RHO({12) the computed lag-one correlation of the
monthly input variable

NYEAR number of years of input data

SKEW(12) the skewness coefficients of the assumed

normal imput variable

4-1-4 SUBROUTINE TRANSFM (Q, NYEAR, INDEX)

The program takes various logarithmic or log inverse
transformations of the input or output data. The trans-
formations are log to the base ten and base e; in addition,
.various combinations of transformations include adding or
subtracting a constant. In all four logarithmic and four

inverse transformations are possible.

Variable Description

Q(100,12) Input/Output array

NYEAR Number of years of study
INDEX

4-1-5 SUBROUTINE ARRAY (INDEX, X, Y, NYEAR, NUMBER)

The program produces a one-dimensional array from
a two-dimensional array. It is used in connection with the
frequency analysis on the mean, annual maximum and annual
minimum monthly values of a historic or synthetic data series.

In all there are 14 various functions performed.



Variable

INDEX

X(100,12)

Y(100)

NYEAR

NUMBER

Description

Control number for various internal
operations (value 1 to 14)

Input array to be reduced to a single
dimension array

single dimensioned.array to be deter-
mined by INDEX control

the number of years of study

number of variables in the array Y

upon return from the routine

4-1-6 SUBROUTINE FLDFRQ (INDEX, NF, X)

This is a Water Planning and Management library

routine that computes frequencies by the Method of Maximum

Likelihood. The input is monthly data given as a single

dimensioned variable.

Variable

INDEX

NEF

X(1)

The sample output is given in Section

Description

Parameter controlling the type of

printer output for the resultant descriptions
number of variables in array X

Variable 1list to be analyzed by the

program



4-1-7 SUBROUTINE INFLOW (Q, NYEAR,IYEAR)

This routine computes the net basin supplies based
upon the reverse-flood routing method. The storage equation
for the lake is a linear function given in the routine. Thig
routine calls a program ELEVAT, which determines the stage

on the lake with respect to specific river discharges.

Variable Description

Q(100,12) Variable is the river discharge on input
and computed net basin supply upon return

NYEAR number of years the net basin supplies
are to be computed

IYEAR{100) the actual years of the analysis period

(last two digits)

4-1-8 SUBROUTINE ELEVAT (INDEX, Q, IYEAR, MONTH, ELEV)

This routine computes the lake stage associated
with the specific discharge given. The program deterﬁines
which of the two annual stage-discharge relationships to use,
based upon the time of year, and reads in as required the
appropriate annual curves depending upon the year being ana-
lyzed. The returned value is the computed mean monthiy lake

stage.

.10



Variable Description

INDEX allows calculation of elevation from
various stage-discharge relationships

Q the mean morithly river discharge

IYEAR the individual year for which the stage-
discharge computation is to be made

MONTH the month within the above year

ELEV thé returned computed elevation deter-

mined by equation for the discharge given

4-1-9 SUBROUTINE DATAOUT (Q, NYEAR, INDEX, RANDOM, QMEAN,

SIGMA, RHO,.IYEAR, STA, SKEW)

This program conducts two functions. It lists the
appropriate input data sets with the corresponding titles,
It also provides the listing of principal components following
the table of input data. The routine serves to display the

various data sets used in the model,

Variable Description

Q(100,12) Input variable to be printed
NYEAR Number of years of study

INDEX Control number for title headings

of display tables
RANDOM{100,12) Variable input array of random number

to be printed

.11



Variable Description

QMEAN(12) long-~term monthly mean values
SIGMA{12) standard-deviation of input variable
RHO (12) lag-one correlation coefficient of

input variable

IYEAR(100) : the actual years of study (last two
digits)
STA the station number (seven characters)

4-1-10 SUBROUTINE PCHDAT (IYEAR, Q, NYEAR, ID)

The simple routine punches out data cards in HEC4,
U.S. format. The input data sets are either inflows or dis-

charges which are reduced to punch cards for further analysis.

Variable Description

IYEAR(100) the actual years of the analysis period
(last two digits)

Q(100,12) the variable to be punched out; either
net basin supplies or discharge

NYEAR Number of years to be punched out

Ib Station identification to be punched

on each card (seven characters)

.12



4-1-11 SUBROUTINE RANDOM (RANDOM, NYEAR)

This program produces an array of random numbers
using the system routine RANF., The array is modified to
produce a set of numbers whose mean equals zero and a

standard deviation eqﬁal one.,

Variable Description
RANDOM(100,12) the random number data set
NYEAR number of years of data required

.13



5-1 DESCRIPTION OF INPUT

The input data 1is composed of two data sets. The
first data set is the monthly mean discharge on the Richelieu

River, then followed by the annual stage-discharge equations.

5.1-1 Monthly Discharges - DATAIN

The input data structure is the standard Water Survey

of Canada card format 72-102 type. It is given as follows:

Column Format variable: Description
1 - - : not used by program
2-8 A7 STA : Station number
9-11 I3 IYEAR(I): {(i.e.)} last 3 digits of year
12-14 - - : not used by program
15-50 6F6.0 Q(I,J) : . monthly discharge values

End of data set terminated by end of record mark.

5-1-2 Stage-discharge equations - ELEVAT

The equations are given for the rising and falling
limbs of the stage-discharge relationship. For fhis Teason
it is necessary to read in the dates when each equation applies
and as well, the separate equation parameters. In total three

cards are read in for each individual year.
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Card 1
Column Format Variable: Description
1-23 - not used
24-25 12 MON1 : Month of First Date (1 to 12)
26-27 12 IDAY1 : Day of First Date (1 to 31)
28-63 - not used
64-65 12 MON2Z : Month of Second Date
(1 to 12)
66-67 12 IDAY2 : Day of Second Date (1 to 31)
68-77 - not used
78-79 12 IYR 2 Year of Given Data
(2 digits)
Card 2 and 3
Column Format Variable: Description

1-80  4E20.10 A{4),B(4): Coefficients of Third-
: Degree polynomial equation

In the above sequence, the first card gives the respective
dates at which the minimum and maximum value of the product
of discharge and elevation had occurred. This determined the
limits of the two fitted curves. The curve which was derived
from data inclusive of these two dates is given by the curve
parameters A(4) of a three-degree polynomial. The data out-

side these limits are given by curve parameters B(4).

.15
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6-1 DESCRIPTION OF OUTPUT

The output from the model is in the form of punched cards and
printer results. The punched cards are net basin supplies, both computed
historic and generated. The printer output is the statistical analysis

conducted on the above met basin supplies.

6-1-1 Punched Output

5
The punched cards are produced in the H.E.C.4 format ., These

data arc to be further used in regulation studies. The historic computed
inflows are used in the statistical analysis in order to determine the
necessary model parameters for the generation of synthetic one hundred

year series. (See Figure 3)

6-1-2 Printer Output

The printer output provides a visual check of the input data
sets along with the statistical analysis. The input data are self-
explanstory, all that is necessary is a brief explanation of the frequency
analysis output.

The analysis is conducted on the data series in fifteen steps.
The first fwelve are month by month analysis, followed by a maximum and
minimum annual and the entire monthly series analysis. In each of these
cases the coefficients for the maximum likelihood equation are shown,
and, using these coefficients, the flood estimates for specific return
periods are given. The standard error of estimate, and one and five
percent exceedence levels are shown. These percentile bands are

statistical parameters which provide a check of the degree of agreement

N )



between the historic and generated data series,

is given in the hydrologic report (see reference 3).
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